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Objectives: The aim of the pilot study was to check the influence of the 

training process on the Special Aviation Gymnastics Instruments (SAGI) on 

the improvement of the psychomotor skills, expressed as an increase in 

the percentage of ability to perform all tasks and the number of reels on 

a loop.

Materials and methods: Cadets - second year pilots (n  = 20), male, mean 

age 20.8 years old, studying at the faculty of a pilot. Cadets were carrying 

out a 40-h special pilot training program on SAGI. They were subjected to 

two exercise tests (reels forward on looping), before and after the period of 

special training. Exercise tests were performed with the use of a diagnostic 

and training device used to assess psychomotor skills. During two tests, 

heart rate (HR) and blood pressure were measured. The obtained results 

were analysed statistically.

Results: There was a statistically significant increase in the percentage of 

ability to perform all tasks (p  < 0.01) and a statistically insignificant increase 

in the number of reels forward on looping, in test II in relation to test I. 

A significant increase was found in the correct execution of arithmetic 

operations (p  < 0.05) in test II in relation to test I. In the remaining tests, an 

increase in results in test II was noted, but it was not statistically significant. 

There was a significant correlation between the percentage ability to 

perform all tasks and the number of completed reels in test I  (p  < 0.05) 

and insignificant in test II. In test II, a statistically insignificant higher level 

of heart rate and blood pressure before and after the effort was noted, 

compared to test I.

Conclusion: It was found that the training process on SAGI increased the 

psychomotority level by increasing the percentage of ability to perform all 

tasks and the number of reels, in test II in relation to test I.
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Introduction

The process of special pilot skills preparation is a very 
important factor in modern flight preparation (Alexander and 
Stead, 2018). It is aimed at preparing the pilot for functioning and 
effective performance of complex and demanding tasks in the 
pilot working environment (Carretta, 2000; Li et al., 2005). As 
shown in other studies, for the conduct of an air mission by a pilot, 
required is appropriate level of preparation giving that allows 
possibility of processing a large amount of sensory information 
(Paśko et al., 2022). The level of this preparation is one of the 
determinants of the level of safety and effectiveness of the flight 
mission. Working environment of a military pilot requires a high 
level of psychomotor skills (McMahon and Newman, 2015). 
Researchers are studying the issues of psychomotorism for several 
dozen years. Despite many changes, testing of this feature is still 
present in modern training and selection systems for military 
pilots (Clem, 2020). Psychomotor skills is a motor activities that 
involve a significant perceptual and response load (Chaiken et al., 
2000). The work of a military pilot requires highly specialized 
preparation including response time (Temme et al., 1995; Griffin 
and Koonce, 2009), information processing efficiency and motor 
skills - airplane operator activities (Astani and Macarie, 2013). 
Moreover, his psychophysical predispositions are very important, 
giving him high tolerance to negative flight factors (mainly 
acceleration; Wojtkowiak, 1989; Street Jr and Dolgin, 1994; 
McMahon and Newman, 2018), neurosensory predispositions, his 
level of efficiency and physical skills (Wochyński et al., 2010a; 
Kattenbach, 2017; McMahon, 2019). Due to such a wide range of 
skills required from a pilot, it is necessary to monitor the effects of 
the training process and modify it if necessary. Until now, 
Düffoure apparatus has been used most frequently to check the 
level of the psychomotor skills which was a result of the 
effectiveness of the military pilot training process. It was used to 
determine the level of visual-motor coordination before and after 
training on the Special Aviation Gymnastics Instruments (SAGI), 
including: gyroscope, Rhine wheel and looping (Kobos et  al., 
1994). The appearance and structure of these instruments is 
presented in other scientific papers (Wochyński and Sobiech, 
2014, 2015, 2017). One of the most important elements of pilot 
training in preparation for flight is to achieve a habituation in 
psychomotor skills, high acceleration tolerance and spatial 
orientation (Wochyński et al., 2010b).

Taking into account the specificity of pilot’s work and the tasks 
facing him, it is important from the point of view of work 
efficiency to assess the psychomotor response during the exercises, 
and not only before and after the training. Therefore, in the 
present study, a diagnostic and training device was used to assess 
the level of psychomotority during physical effort. This test 
involves the use of complex visual-motor stimuli and the need to 
answer questions located in the central field of vision (in a specific 
time standard), while performing specific exercises (reels forward 
on the looping). The application of this test gives an opportunity 
to assess the ability to respond appropriately to a rapidly changing 

situation in the working environment of a military pilot 
(Glicksohn and Naor-Ziv, 2016). Psychomotor efficiency at the 
level of visual  - motor coordination can be  manifested in the 
reaction time parameters, i.e., the speed and correctness of their 
implementation (making a mistake; McMahon, 2019). Response 
errors may arise from a disturbance between stimulus and 
response, in a specific time standard. The test of visual - motor 
coordination efficiency during physical exertion is similar to the 
working conditions of a pilot during an air mission. Therefore, the 
authors undertook research on cognitive processes within in a 
specific time standard using the psychomotor test in cadets pilots 
during physical effort.

Objectives

The aim of the pilot study was to check the influence of the 
training process on the Special Aviation Gymnastics Instruments 
(SAGI) on the improvement of the psychomotor skills. In this 
pilot study the authors put forward a hypothesis that the training 
process on SAGI will improve the level of psychomotor skills, 
measured with a diagnostic and training device, through a 
percentage increase in the ability to perform tasks (answers to 
questions in the central field of vision) and the level of motor skills 
(the number of reels made forward on the loop), in the sample 
after the training process is completed in relation to the sample 
before the process begins. Moreover, the authors asked a research 
question whether the improvement of psychomotor skills after the 
training process will be confirmed by lowering the correlation 
between the percentage ability to complete the task [%] and 
number of completed reels on the looping?

Materials and methods

Participants

The test included 20 cadets - pilots, second year, male, studying 
at the faculty of a military pilot, at the Military University of 
Aviation in Dęblin. The average age of the respondents is 20.8 years. 
The cadets implemented a special educational program, based on 
the Special Aviation Gymnastics Instruments (SAGI), to improve 
the level of psychomotority (Wochyński et al., 2010a). The test was 
carried out without a control group, due to the difficulty and 
specificity of the exercises included in the implemented test.

Heart rate and blood pressure

Cadets had the heart rate and blood pressure measured before 
and immediately after the test, at the beginning and at the end of 
the training process. The measurement was performed with the 
heart rate and blood pressure measuring device, Microlife AG, 
type BP A2 Basic.
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Description of the test

The test person was wearing a diagnostic and training device 
(Figure 1), consisting of a backpack and special glasses (opaque). 
The test person was attached to a looping swing (arm and leg 
mount). The test person set the looping swing in motion with his 
own muscles. The start of the test began when the test person was 
parallel to the ground. The backpack contained a small computer 
to communicate the tasks to be performed by the trainee in time 

standard. The tasks were sent wirelessly from the computer, from 
the operator (Figure 2) using a relay station, directly to the small 
computer. The test person was to solve 5 tasks: counting 
paratroopers in the same colour, counting cars in the same colour, 
solving arithmetic operations, counting shapes of one type, 
counting shapes in the same colour. All tasks were displayed in the 
central field of vision. In addition, immediately after the end of the 
test, 6th task was performed  - a synthetic memory test. Each 
subsequent test person had a changed order and content of task 
display. A person at the operator’s station had a preview of the 
correct answers, marked the correctness of the test person’s answers 
and controlled the test time (Wochyński et al., 2010a). The tasks and 
answers were archived by the test operator, at the operator’s station 
using the diagnostic and training device, immediately after the end 
of the test. After the end of the test, the operator printed out the 
report, which showed the test results in percentages and recorded 
the number of reels made forward. The whole test time was 128 s.

Training program

The training program on the Special Aviation Gymnastics 
Instruments included 40 training hours and was divided into 3 
parts. The first one covered 26 h and concerned teaching and 
improving individual exercises. The second part included 8 h of 
teaching and improving team exercises. The third part was 6 h 
long, focused on individual spatial orientation and its 
improvement, with the use of the air environment visualisation 
system on SAGI. The training program was carried out in the zone 
of metabolic - aerobic changes. Such a structure of the training 
process was to ensure adaptation to specific coordination motor 
skills under the pilot working conditions (Wochyński et  al., 
2010a). Special pilot training was carried out over 80 days.

Statistical analysis

Descriptive statistics were used for calculating the arithmetic 
mean and standard deviation for tests I and II. Results of tests I and 
II were analyzed for normal distribution using Kolmogorov–Smirnov 
test, skewness and kurtosis. The r-Pearson correlation between all 
tested variables was calculated. The difference of results between tests 
I  and II was calculated by analysis of variance (ANOVA) with 
repeated measurements using the Tukey HSD post-hoc test for 
pairwise comparison. Effect sizes were calculated using Cohen’s d and 
interpreted as low (d = 0.20 to 0.49), moderate (d = 0.50 to 0.79), and 
high (d > 0.80; Cohen, 1988). The obtained values were considered 
statistically significant when p was less than 0.05. Statistical analysis 
was performed using the Statistica 13.3 program. The G * Power 
program was used to assess the sample size (Faul et al., 2007). For 
evaluate the sample size with the size effect f2 = 0.25 was assume an 
alpha error of 0.05 and a test’s power of 0.80. The required size of the 
total sample was estimated at 25 people. Due to the length of the 
training process, the final analysis was included 20 people.

FIGURE 1

The test person with diagnostic and training device.

FIGURE 2

Operator’s station.
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TABLE 2 Difference in somatic data and in hemodynamic parameters during the psychomotor test before and after the training process of cadet 
pilots (n = 20).

Variable Before training 
process M ± SD

After training 
process M ± SD Cohen’s d test F p

Age [years] 20.8 ± 1.30 21.1 ± 1.29 0.23 0.000 1.00

Body height [cm] 177.30 ± 7.54 177.38 ± 7.52 0.01 0.0009 0.98

Body weight [kg] 72.21 ± 8.09 73.99 ± 9.1 0.20 0.42 0.52

BMI [kg/m2] 22.95 ± 1.96 23.5 ± 2.41 0.25 0.62 0.43

Systolic pressure before test [mm Hg] 135.35 ± 12.37 140.5 ± 10.07 0.45 2.08 0.16

Diastolic pressure before test [mm Hg] 78.85 ± 10.87 84.3 ± 11.32 0.49 2.41 0.13

Systolic pressure after test [mm Hg] 152.85 ± 18.10 158.1 ± 18.97 0.28 0.80 0.37

Diastolic pressure after test [mm Hg] 86.4 ± 18.10 90.05 ± 13.41 0.23 0.97 0.33

HR before test [bpm] 84.65 ± 14.68 80.7 ± 16.68 0.25 0.63 0.43

HR after test [bpm] 116.4 ± 13.56 112.7 ± 15.38 0.25 0.65 0.42

M ± SD—Mean, standard deviation; p-value of the difference.

Results

Descriptive statistics were used for calculating the arithmetic 
mean, Kolmogorov–Smirnov test, skewness and kurtosis, Cohen 
d for tests I and II (Tables 1–4). A statistically insignificant increase 

in blood pressure and a decrease in heart rate before and after the 
training process was found (Table 5).

During the second test, a statistically significant (at p < 0.01) 
percentage increase in the ability to perform all tasks in relation 
to the first test was found. Among the specified tasks, a statistically 

TABLE 1 Elements of normal distribution in somatic and hemodynamic data before and after the training process in cadets pilots (n = 20).

Variable
Before training process After training process

M ± SD K-S Skewness Kurtosis M ± SD K-S Skewness Kurtosis

Age [years] 20.8 ± 1.30 0.31 2.61 6.84 21.1 ± 1.29 0.31 2.61 6.84

Body height [cm] 177.30 ± 7.54 0.11 0.54 1.71 177.3 ± 7.52 0.11 0.52 1.76

Body weight [kg] 72.21 ± 8.09 0.11 0.19 −0.88 73.99 ± 9.1 0.11 0.23 −0.85

BMI [kg/m2] 22.95 ± 1.96 0.12 0.18 −0.69 23.5 ± 2.41 0.14 0.48 −0.37

Systolic pressure before test [mm Hg] 135.3 ± 12.37 0.14 0.73 0.61 140.5 ± 10.07 0.12 −0.04 0.79

Diastolic pressure before test [mm Hg] 78.85 ± 10.87 0.10 0.21 0.009 84.3 ± 11.32 0.14 0.94 1.44

Systolic pressure after test [mm Hg] 152.8 ± 18.10 0.14 −0.89 1.25 158.1 ± 18.97 0.13 0.32 −0.31

Diastolic pressure after test [mm Hg] 86.4 ± 18.10 0.09 0.61 0.50 90.05 ± 13.41 0.18 0.79 −0.26

HR before test [bpm] 84.65 ± 14.68 0.14 1.06 1.28 80.7 ± 16.68 0.13 1.01 2.10

HR after test [bpm] 116.4 ± 13.56 0.12 0.17 1.44 112.7 ± 15.38 0.14 0.31 0.34

M ± SD—Mean, Standard Deviation; K-S-Kolmogorov–Smirnov test.

TABLE 3 Elements of normal distribution in individual psychomotor skills before and after the training process in cadets pilots (n = 20).

Variable
Before training process After training process

M ± SD K-S Skewness Kurtosis M ± SD K-S Skewness Kurtosis

Percentage ability to complete the task [%] 65.6 ± 24.51 0.21 −0.23 −0.85 86.4 ± 13.05 0.20 −0.37 −1.13

Counting paratroopers in the same colour [%] 80.0 ± 0.41 0.48 −1.62 0.69 90.0 ± 0.31 0.52 −2.88 7.03

Counting cars in the same colour [%] 75.0 ± 0.44 0.46 −1.25 −0.49 95.0 ± 0.22 0.53 −4.47 20.00

Arithmetic actions [%] 40.0 ± 0.50 0.38 0.44 −2.01 75.0 ± 0.44 0.46 −1.25 −0.49

Counting shapes of one type [%] 70.0 ± 0.47 0.43 −0.94 −1.24 90.0 ± 0.31 0.52 −2.88 7.03

Counting shapes in the same colour [%] 85.0 ± 0.37 0.50 −2.12 2.77 95.0 ± 0.22 0.53 −4.47 20.00

Synthetic memory test [%] 50.0 ± 0.51 0.33 0.000 −2.23 75.0 ± 0.44 0.46 −1.25 −0.49

Number of completed reels 32.55 ± 21.97 0.18 −0.30 −1.55 40.2 ± 20.06 0.25 −0.50 −0.60

M ± SD—Mean, standard deviation; K-S-Kolmogorov–Smirnov test.
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significant increase in the correctness of arithmetical actions was 
observed in the second test in relation to the first one (with 
p < 0.05). It was shown that the remaining tasks and the number 
of completed reels in the second test improved, but they were not 
statistically significant (Table 6).

The results indicate many statistically significant changes in the 
relationships before and after the training process (Table 7 and 
Table 8). In the first test (before the training process), it was shown 
that the number of reels performed correlates negatively and 
statistically significant with age (at p < 0.01) and positively with the 
percentage ability to perform all tasks during the test (at p < 0.05). 
The percentage ability to perform all tasks in the test positively 

correlates with three tasks included: counting paratroopers in one 
colour (with p < 0.05), arithmetic actions (with p < 0.01), as well as 
counting shapes of one type (with p < 0.01). Moreover, it positively 
correlates with the number of reels made forward (with p < 0.05) 
and negatively with age (with p < 0.05). The task of counting 
paratroopers in the same colour showed a statistically significant 
negative correlation with age (with p < 0.01) and a positive 
correlation with the percentage ability to perform all tasks during 
the test (with p < 0.05) and counting shapes of one type (with 
p < 0.05). The arithmetic task showed a significant positive 
correlation with the diastolic pressure measured before the test 
(with p < 0.01). The task consisting in counting shapes of one type 

TABLE 4 Difference in individual psychomotor skills before and after the training process in cadets pilots (n = 20).

Variable Before training 
process M ± SD

After training 
process M ± SD Cohen’s d test F p

Percentage ability to complete the task [%] 65.6 ± 24.51 86.4 ± 13.05 1.06 11.22 <0.01

Counting paratroopers in the same colour [%] 80.0 ± 0.41 90.0 ± 0.31 0.27 0.76 0.38

Counting cars in the same colour [%] 75.0 ± 0.44 95.0 ± 0.22 0.57 3.23 0.08

Arithmetic actions [%] 40.0 ± 0.50 75.0 ± 0.44 0.74 5.44 <0.05

Counting shapes of one type [%] 70.0 ± 0.47 90.0 ± 0.31 0.50 2.53 0.12

Counting shapes in the same colour [%] 85.0 ± 0.37 95.0 ± 0.22 0.32 1.08 0.30

Synthetic memory test [%] 50.0 ± 0.51 75.0 ± 0.44 0.52 2.71 0.11

Number of completed reels 32.55 ± 21.97 40.2 ± 20.06 1.35 1.32 0.26

M ± SD—Mean, standard deviation; p-value of the difference.

TABLE 5 Somatic data and haemodynamic parameters during the psychomotor test before and after the training process in cadet pilots.

Variable Before training Process After training Process Significance value

Age [years] 20.8 ± 1.30 21.1 ± 1.29 0.97

Body height [cm] 177.3 ± 7.54 177.38 ± 7.52 0.98

Body weight [kg] 72.21 ± 8.09 73.99 ± 9.1 0.52

BMI [kg/m2] 22.95 ± 1.96 23.5 ± 2.41 0.43

Systolic pressure before test [mm Hg] 135.35 ± 12.37 140.5 ± 10.07 0.16

Diastolic pressure before test [mm Hg] 78.85 ± 10.87 84.3 ± 11.32 0.13

Systolic pressure after test [mm Hg] 152.85 ± 18.10 158.1 ± 18.97 0.38

Diastolic pressure after test [mm Hg] 86.4 ± 18.10 90.05 ± 13.41 0.33

HR before test [bpm] 84.65 ± 14.68 80.7 ± 16.68 0.43

HR after test [bpm] 116.4 ± 13.56 112.7 ± 15.38 0.42

TABLE 6 Percentage ability to complete all tasks during the forward reels before and after the training process in cadet pilots.

Variable Before training Process After training process Significance value

Percentage ability to complete the task [%] 65.6 ± 24.51 86.4 ± 13.05 p < 0.01

Counting paratroopers in the same colour [%] 80 ± 0.41 90 ± 0.31 0.39

Counting cars in the same colour [%] 75 ± 0.44 95 ± 0.22 0.08

Arithmetic actions [%] 40 ± 0.50 75 ± 0.44 p < 0.05

Counting shapes of one type [%] 70 ± 0.47 90 ± 0.31 0.12

Counting shapes in the same colour [%] 85 ± 0.37 95 ± 0.22 0.30

Synthetic memory test [%] 50 ± 0.51 75 ± 0.44 0.11

Number of completed reels 32.55 ± 21.97 40.2 ± 20.06 0.26
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showed a positive correlation with the percentage ability to perform 
all tasks (with p < 0.01) and counting paratroopers of the same color 
(with p < 0.05) and negative correlation with age (with p < 0.01). 
Synthetic memory test showed a positive, statistically significant 
correlation with systolic pressure after the test (with p < 0.01) and 
heart rate before the test (with p < 0.05). The age of the respondents 
showed a statistically significant negative correlation with the 
number of completed reels (with p < 0.01), the percentage ability to 
perform all tasks during the test (with p < 0.05), as well as the tasks 
consisting of counting one type of shapes (with p < 0.01) and 
counting shapes of the same colour (with p < 0.05).

The results obtained during the second test (after the end of 
the training process) showed a negative, statistically significant 
correlation between the number of reels made and age (at p < 0.05; 
Table  8). A statistically significant positive correlation was 
observed between the percentage ability to complete all tasks and 
counting one type of shape (with p < 0.05) and a synthetic memory 
test (with p < 0.05; Table 8). It was found that the percentage ability 
to complete all tasks occurs in the same correlation with shape 
counting as before the training process, but it is at a lower 
statistical significance level. The other variables showed no 
statistically significant correlation (Table 8).

TABLE 7 Correlations between age. Hemodynamic ratios. Number of reels and individual test tasks before the training process.

Variable 1 2 3 4 5 6 7 8

1 X

2 r = 0.45 p < 0.05 X

3 r = 0.37 p = 0.11 r = 0.50 p < 0.05 X

4 r = 0.41 p = 0.07 r = 0.38 p = 0.10 r = 0.29 p = 0.22 X

5 r = 0.17 p = 0.47 r = 0.67 p < 0.01 r = 0.15 p = 0.52 r = 0.24 p = 0.32 X

6 r = 0.35 p = 0.13 r = 0.74 p < 0.01 r = 0.49 p < 0.05 r = −0.13 p = 0.60 r = 0.31 p = 0.18 X

7 r = 0.29 p = 0.21 r = 0.37 p = 0.10 r = 0.14 p = 0.56 r = 0.08 p = 0.74 r = 0.06 p = 0.81 r = 0.34 p = 0.15 X

8 r = 0.03 p = 0.91 r = 0.39 p = 0.09 r = −0.25 p = 0.29 r = −0.12 p = 0.63 r = 0.20 p = 0.39 r = 0.22 p = 0.36 r = −0.14 p = 0.56 X

9 r = −0.57 p < 0.01 r = −0.51 p < 0.05 r = −0.67 p < 0.01 r = −0.20 p = 0.39 r = 0.06 p = 0.81 r = −0.57 p < 0.01 r = −0.49 p < 0.05 r = 0.08 p = 0.74

10 r = −0.15 p = 0.52 r = 0.15 p = 0.51 r = −0.19 p = 0.41 r = −0.34 p = 0.14 r = 0.37 p = 0.11 r = 0.18 p = 0.44 r = 0.49 p < 0.05 r = 0.04 p = 0.88

11 r = −0.15 p = 0.54 r = 0.33 p = 0.15 r = 0.12 p = 0.61 r = 0.01 p = 0.96 r = 0.62 p < 0.01 r = 0.12 p = 0.60 r = 0.14 p = 0.56 r = −0.03 p = 0.89

12 r = 0.19 p = 0.42 r = 0.34 p = 0.15 r = −0.01 p = 0.96 r = −0.17 p = 0.48 r = 0.30 p = 0.20 r = 0.20 p = 0.39 r = 0.15 p = 0.54 r = 0.60 p < 0.01

13 r = 0.29 p = 0.22 r = 0.21 p = 0.38 r = −0.06 p = 0.81 r = 0.12 p = 0.61 r = 0.18 p = 0.44 r = 0.11 p = 0.65 r = 0.40 p = 0.08 r = 0.02 p = 0.93

14 r = −0.23 p = 0.32 r = 0.36 p = 0.12 r = −0.07 p = 0.76 r = −0.22 p = 0.34 r = 0.33 p = 0.16 r = 0.30 p = 0.19 r = 0.13 p = 0.59 r = 0.45 p < 0.05

15 r = 0.40 p = 0.08 r = 0.41 p = 0.07 r = 0.39 p = 0.09 r = 0.43 p = 0.06 r = 0.11 p = 0.63 r = 0.19 p = 0.42 r = −0.01 p = 0.97 r = 0.18 p = 0.44

1, Number of completed reels; 2, Percentage ability to complete the task; 3, Counting paratroopers in the same colour; 4, Counting cars in the same colour; 5, Arithmetic actions; 6, 
Counting shapes of one type; 7, Counting shapes in the same colour; 8, Synthetic memory test; 9, Age; 10, Systolic pressure before test; 11, Diastolic pressure before test; 12, Systolic 
pressure after test; 13, Diastolic pressure after test; 14, HR before test; 15, HR after test; r, Correlation value; p, Significance value.

TABLE 8 Correlations between age, hemodynamic ratios, number of reels and individual test tasks after the training process.

Variable 1 2 3 4 5 6 7 8

1 X

2 r = 0.33 p = 0.15 X

3 r = 0.23 p = 0.34 r = 0.31 p = 0.18 X

4 r = 0.19 p = 0.42 r = 0.37 p = 0.11 r = −0.08 p = 0.75 X

5 r = 0.12 p = 0.62 r = 0.31 p = 0.19 r = −0.19 p = 0.42 r = −0.13 p = 0.58 X

6 r = 0.15 p = 0.53 r = 0.53 p < 0.05 r = −0.11 p = 0.64 r = −0.08 p = 0.75 r = 0.19 p = 0.42 X

7 r = 0.19 p = 0.42 r = 0.37 p = 0.11 r = −0.08 p = 0.75 r = 1.00 p = −-- r = −0.13 p = 0.58 r = −0.08 p = 0.75 X

8 r = 0.01 p = 0.98 r = 0.46 p < 0.05 r = 0.19 p = 0.42 r = −0.13 p = 0.58 r = −0.33 p = 0.15 r = 0.19 p = 0.42 r = −0.01 p = 0.58 X

9 r = −0.50 p < 0.05 r = −0.19 p = 0.42 r = −0.35 p = 0.13 r = 0.13 p = 0.58 r = 0.19 p = 0.41 r = −0.11 p = 0.65 r = 0.13 p = 0.58 r = −0.34 p = 0.14

10 r = −0.24 p = 0.30 r = −0.16 p = 0.49 r = −0.41 p = 0.07 r = 0.11 p = 0.66 r = 0.06 p = 0.786 r = −0.37 p = 0.11 r = 0.11 p = 0.66 r = 0.09 p = 0.71

11 r = −0.20 p = 0.39 r = −0.30 p = 0.20 r = −0.29 p = 0.21 r = 0.01 p = 0.98 r = −0.15 p = 0.52 r = −0.40 p = 0.08 r = 0.01 p = 0.98 r = 0.11 p = 0.45

12 r = −0.05 p = 0.82 r = 0.26 p = 0.27 r = −0.06 p = 0.78 r = 0.44 p = 0.06 r = −0.02 p = 0.95 r = 0.22 p = 0.36 r = 0.44 p = 0.06 r = −0.08 p = 0.72

13 r = −0.07 p = 0.79 r = −0.16 p = 0.49 r = 0.12 p = 0.63 r = 0.07 p = 0.77 r = −0.17 p = 0.46 r = 0.01 p = 0.95 r = 0.07 p = 0.77 r = −0.27 p = 0.25

14 r = 0.28 p = 0.22 r = 0.10 p = 0.69 r = −0.09 p = 0.71 r = 0.09 p = 0.69 r = 0.02 p = 0.92 r = 0.07 p = 0.78 r = 0.09 p = 0.69 r = 0.06 p = 0.80

15 r = 0.17 p = 0.48 r = 0.17 p = 0.49 r = 0.26 p = 0.27 r = −0.23 p = 0.32 r = −0.13 p = 0.59 r = 0.13 p = 0.59 r = −0.23 p = 0.32 r = 0.38 p = 0.10

1, Number of completed reels; 2, Percentage ability to complete the task; 3, Counting paratroopers in the same colour; 4, Counting cars in the same colour; 5, Arithmetic actions; 6, 
Counting shapes of one type; 7, Counting shapes in the same colour; 8, Synthetic memory test; 9, Age; 10, Systolic pressure before test; 11, Diastolic pressure before test; 12, Systolic 
pressure after test; 13, Diastolic pressure after test; 14, HR before test; 15, HR after test; r, Correlation value; p, Significance value.
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Discussion

On the basis of the results obtained in the sample after the 
training process (test II), an increase in physical skills was found 
in the number of completed reels, an increase in correct answers 
in tasks such as: counting parachutists in the same colour, 
counting cars in the same colour, counting shapes of one type, 
counting shapes of the same colour, synthetic memory test and an 
increase in the values of indicators such as age, systolic and 
diastolic pressure before and after the test, heart rate before and 
after the test, compared to the pre-training period (test I), but not 
statistically significant. However, a statistically significant 
difference was found in the percentage of ability to perform all 
tasks and in the task of arithmetic operations. It follows that the 
percentage ability to complete all tasks is closely related to the 
number of completed reels. It was observed from the course of the 
tests that the respondents performing a larger number of reels 
made more mistakes in answering the questions asked in the 
central field of vision. With a smaller number of completed reels, 
they achieved a higher percentage of ability to complete all tasks. 
The reason for the feedback between the number of reels and the 
percentage ability to complete all tasks during the test is the 
specificity of the reels performed on the looping. During these 
exercises, there are positive +Gz (head  - legs direction) and 
negative -Gz (head - legs direction) accelerations in the tested 
body, which may contribute to lower efficiency in answering the 
questions. Similar conclusions were made in tests, carried out 
using a human centrifuge, concerning the acceleration tolerance 
level. It has been shown that an increased level of loading causes 
a delay in response time and a delay in response to visual stimuli 
(Truszczynski et al., 2014). The results obtained by the subjects 
depend on the rate of fatigue during exercise and the level of 
exercise adaptation. Taking into account the results obtained by 
the respondents in the number of completed reels on the looping 
and the percentage ability to complete the task [%], it can 
be concluded that the completed training process increased their 
level of psychomotor performance, as evidenced by the value of 
the Cohen’s test effect (Table 4).

The tests showed an increase in the number of completed reels 
and the percentage of ability to complete all tasks. This shows a 
higher level of psychomotority, after the training process on SAGI, 
compared to test I. The improvement of psychomotority is 
achieved by means of two subsystems  - motor and sensory 
(Lisowski and Mihuta, 2013). As a result of the training process 
the level of integration of the subsystems increased. Barron and 
Rose (2017) showed that pilots with a higher level of multitasking 
achieve higher performance in flight (tested by math tasks, 
memorizing and monitoring). They recommended multitasking 
as a predictor for the selection of future military pilots. This is 
confirmed by a significant correlation showed in authors study 
between the percentage ability to complete all tasks and the 
number of completed reels in test I  and the lack of statistical 
significance in test II, which is characterised by higher results in 
both the number of completed reels and the percentage ability to 

complete all tasks (psychomotor level). This may be explained by 
the fact that a decrease in the correlation value (feedback) between 
the two subsystems in test II is associated with an increase in the 
level of psychomotority and the level of multitasking of the tested, 
cadet - pilots.

In these tests, it is interesting to note that age shows significant 
correlations in both test I and test II. In test I with the number of 
completed reels, the percentage ability to perform all tasks during 
the test and the tasks included in the test, such as counting 
parachutists in the same colour, counting shapes of one type and 
counting shapes of the same colour. In test II, it shows a correlation 
only with the number of reels and it is at a lower level of 
significance, which may indicate an increase in psychomotor skills 
despite the increase in age. In the previous studies it has been 
proved many times that the level of psychomotor skills is strongly 
related to age and the level of difficulty of tasks performed 
(Armbruester et al., 2007; Sutter and Oehl, 2010; Tan and Sun, 
2021). Considering the identical training process and the same 
conditions of everyday functioning of the test persons, these 
results indicate a positive effect of the training programme on 
SAGI on the level of psychomotor skills.

The percentage ability to perform all tasks during test I was 
significantly correlated with its components, such as counting 
paratroopers of the same colour, arithmetic activities and counting 
shapes of one type. In test II, significance was demonstrated with 
counting of one type of shapes and a synthetic memory test. What 
is important, attention should be  paid to the decrease in the 
number of statistically significant correlations and their level of 
significance in test II, as compared to test I. This may indicate an 
increase in the level of psychomotority, which results in a decrease 
in the influence of individual components on the percentage 
ability to perform all tasks. It should be emphasized that the test 
persons in tests I and test II performed physical effort in the zone 
of aerobic metabolism, as evidenced by HR values. Also 
noteworthy is the pre-exercise increase in blood pressure. This 
may be due to pre-exercise stress and lack of knowledge of the 
training device (test I) and the desire to improve the previously 
obtained result (test II). The higher blood pressure found at the 
end of test II may be due to an increase in the number of reels, 
which may be associated with a longer effect of this exercise on 
blood system receptors. Similar indicators were analyzed in 
studies on performing various tasks on aviation simulators. These 
studies showed that heart rate and blood pressure levels are 
influenced by the difficulty level of the pilot’s task. In addition, the 
difficulty of the tasks and the amount of visual information causes 
a decrease in the number of movements (blinking eyes) and their 
duration. It has been demonstrated that mental effort increases 
arterial pressure and heart rate (Veltman and Gaillard, 1996). 
Similar conclusions were reached by Leino et al. (1999), analyzing 
neuroendocrine responses and psychomotority in the selection 
process of candidates for military pilots. Comparing the test 
procedure to an air mission, they proved that it is characterized by 
a high level of mental strain. Moreover, they showed that low 
neuroendocrine responses in the psychomotor test were associated 
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with good stress tolerance. It is important, however, that both 
these tests, unlike ours, were not characterized by physical strain. 
These studies show that raising blood pressure is not only the 
result of physical effort, but it can also be raised by mental strain.

So far, pilots were tested before and after the training process 
was completed, however, in resting conditions (without 
connection with physical exercise; Leino et al., 1999; Russo et al., 
2005; Tomczak, 2015; Tomczak et al., 2017). The authors of these 
studies have demonstrated that their tests have diagnostic value in 
terms of physical and mental skills under normal and extreme 
working conditions of a military pilot. Realization an aerial 
mission in extreme conditions for a long time may lead to disorder 
motor skills. That observations were made by Tomczak et  al. 
(2019) on the soldiers of the Polish Army. Therefore, the authors 
believe that for military pilots, the psychological test should 
be performed under strain conditions.

Based on the results of the tests, it has been shown that the 
training program on SAGI has a great influence on increasing 
psychomotor skills in cadet pilots. The diagnostic and training 
device used during the looping test gave an opportunity to assess 
attention concentration, reaction and psychophysical condition 
under extreme environmental conditions. The test combined with 
a diagnostic and training device was found to be highly useful in 
the process of special pilot training.

Moreover, the conducted pilot studies will be  helpful in 
assessing future studies that will be carried out before and after 
aviation practices in the air. As a reference point, it will allow to 
assess the impact of stress occurring in conditions of real flight in 
pilots on the level of them psychomotoricity. Comparing the speed 
of response to the questions (stimulus) and the speed of execution 
of reels on forward on looping in a limited time can provide 
valuable guidance for practical use in pilot training.

Conclusion

The authors found that a special training process on SAGI 
had a positive effect on the level of psychomotority in cadet 
pilots, by increasing the percentage of the task capacity measured 
by the diagnostic and training device and the number of reels 
performed in the test after the training process (test II) compared 
to the test before the training process (test I). After the training 
process (test II), a reduction in the positive correlation between 
the ability to perform tasks [%] and the number of forward turns 
on looping compared to test I was found. According to the size 

of the Cohen’ d effect the training process influenced at 
psychomotor skills and percentage ability to complete the task at 
high level improved.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by the researchers have obtained the consent of the 
Bioethics Committee, at the Medical University of Poznań, issued 
on 15 May 2019 with the number 610/19. The patients/participants 
provided their written informed consent to participate in 
this study. 

Author contributions

AP and ZW contributed to conception and design of the 
study. AP organized the database. AP and ZW performed the 
statistical analysis. AP wrote the first draft of the manuscript. AP 
wrote sections of the manuscript. All authors contributed to the 
article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Alexander, K., and Stead, G. (2018). Aptitude assessment in pilot selection. In 

aviation instruction and training (pp. 15–33). New York: Routledge.

Armbruester, C., Sutter, C., and Ziefle, M. (2007). Notebook input devices put to 
the age test: the usability of trackpoint and touchpad for middle-aged adults. 
Ergonomics 50, 426–445. doi: 10.1080/00140130601127885

Astani, A. I., and Macarie, A. (2013). The ideal ability profile of the student future 
military aircraft pilot. Rev Air Force Acad 23, 89–94.

Barron, L. G., and Rose, M. R. (2017). Multitasking as a predictor of pilot 
performance: validity beyond serial single-task assessments. Mil. Psychol. 29, 
316–326. doi: 10.1037/mil0000168

Carretta, T. R. (2000). Air force pilot selection and training methods. Aviat. Space 
Environ. Med. 71, 950–956. doi: 10.21236/ada430320

Chaiken, S. R., Kyllonen, P. C., and Tirre, W. C. (2000). Organization and components 
of psychomotor ability. Cogn. Psychol. 40, 198–226. doi: 10.1006/cogp.1999.0729

https://doi.org/10.3389/fpsyg.2022.1019495
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1080/00140130601127885
https://doi.org/10.1037/mil0000168
https://doi.org/10.21236/ada430320
https://doi.org/10.1006/cogp.1999.0729


Prokopczyk and Wochyński 10.3389/fpsyg.2022.1019495

Frontiers in Psychology 09 frontiersin.org

Clem, P. (2020). The place of psychometric testing in pilot selection. J. Australasian 
Soc. Aerospace Med. 11, 1–4. doi: 10.21307/asam-2019-003

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd Edn.) 
Hillsdale: Erlbaum Associates.

Faul, F., Erdfelder, E., Lang, A. G., and Buchner, A. (2007). G*power 3: a flexible 
statistical power analysis program for the social, behavioral, and biomedical 
sciences. Behav. Res. Methods 39, 175–191. doi: 10.3758/BF03193146

Glicksohn, J., and Naor-Ziv, R. (2016). Personality profiling of pilots: traits and 
cognitive style. Int. J. Pers. Psychol. 2, 7–14.

Griffin, G. R., and Koonce, J. M. (2009). Review of psychomotor skills in pilot 
selection research of the US military services. Int. J. Aviat. Psychol. 6, 125–147. doi: 
10.1207/s15327108ijap0602_2

Kattenbach, A. (2017). Working environment of a military pilot. Ann Uni Mariae 
Curie-Skłodowska 29, 183–192. doi: 10.17951/j.2016.29.4.183

Kobos, Z., Truszczyński, O., Jędrys, R., and Terelak, J. (1994). Formation of sight-
movement coordination by training on the aerial special gymnastics instruments. 
Med Lotnicza 1, 122–125.

Leino, T. K., Leppäluoto, J., Ruokonen, A., and Kuronen, P. (1999). 
Neuroendocrine responses and psychomotor test results in subjects participating in 
military pilot selection. Aviat. Space Environ. Med. 70, 571–576.

Li, W. C., Harris, D., and Yu, C. S. (2005). The identification of training needs for 
developing aeronautical decision making training programs for military pilots. In 
2005 International Symposium on Aviation Psychology (p. 445).

Lisowski, V. O., and Mihuta, I. Y. (2013). Importance of coordination skills 
essentials psychophysical demonstrated competencies as a military specialists. Phys 
Educ Stud 6, 38–42. doi: 10.6084/m9.figshare.840501

McMahon, T. W. (2019). The effect of sustained operations on the psychomotor 
performance of helicopter pilots (Doctoral dissertation, Swinburne University).

McMahon, T. W., and Newman, D. G. (2015). A methodology to determine the 
psychomotor performance of helicopter pilots during flight maneuvers. Aerosp Med 
Hum Perform 86, 641–646. doi: 10.3357/amhp.4258.2015

McMahon, T. W., and Newman, D. G. (2018). The differential effect of sustained 
operations on psychomotor skills of helicopter pilots. Aerospace Med. Human 
Perform. 89, 496–502. doi: 10.3357/AMHP.4895.2018

Paśko, W., Guła, P., Brożyna, M., Dziadek, B., Zadarko, E., Śliż, M., et al. (2022). 
Psychomotor abilities of candidates for polish special forces. Sci. Rep. 12, 1–8. doi: 
10.1038/s41598-022-09138-4

Russo, M., Sing, H., Kendall, A., Johnson, D., Santiago, S., Escolas, S., et al. (2005). 
Visual perception, flight performance, and reaction time impairments in military 
pilots during 26 hours of continuous wake: implications for automated workload 
control systems as fatigue management tools. Computer science. In strategies to 
maintain combat readiness during extended deployments – a human systems 
approach, meeting proceedings RTO-MP-HFM-124. Paper 27, 1–16.

 Street, D. R. Jr., and Dolgin, D. L. (1994). Computer-based psychomotor test in 
optima training rack assignment of student naval aviators. Naval Aerospace Medical 
Research Lab. doi: 10.1037/e448972004-001

Sutter, C., and Oehl, M. (2010). “Of age effects and the role of psychomotor 
abilities and practice when using interaction devices,” in Advances in human factors 
and ergonomics series. eds. T. Marek, W. Karwowski and V. Rice (Boca Raton: Taylor 
and Francis, CRC Press), 757–766.

Tan, J., and Sun, X. (2021). The relationship between cognitive ability and flight 
driving performance in adolescent pilot cadets. In International Conference on Human-
Computer Interaction (pp. 52–64). Springer, Cham. doi: 10.1007/978-3-030-77932-0_5

Temme, L. A., Still, D. L., and Fatcheric, A. J. (1995). Jet pilot, helikopter pilot, and 
college student: a comparison of central vision. Aviat. Space Environ. Med. 66, 
294–302.

Tomczak, A. (2015). Coordination motor skills of military pilots subjected to 
survival training. J Strength Conditioning Res 29, 2460–2464. doi: 10.1519/
jsc.0000000000000910

Tomczak, A., Dąbrowski, J., and Mikulski, T. (2017). Psychomotor performance 
of polish air force cadets after 36 hours of survival training. Ann. Agric. Environ. 
Med. 24, 387–391. doi: 10.5604/12321966.1232762

Tomczak, A., Różański, P., and Jówko, E. (2019). Changes in coordination motor 
abilities of naval academy cadets during military survival training. Aerospace Med. 
Human Performance 90, 632–636. doi: 10.3357/AMHP.5302.2019

Truszczynski, O., Lewkowicz, R., Wojtkowiak, M., and Biernacki, M. P. (2014). 
Reaction time in pilots during intervals of high sustained G. Aviat. Space Environ. 
Med. 85, 1114–1120. doi: 10.3357/asem.4009.2014

Veltman, J. A., and Gaillard, A. W. K. (1996). Physiological indices of workload in 
a simulated flight task. Biol. Psychol. 42, 323–342. doi: 10.1016/0301-0511(95)05165-1

Wochyński, Z., Jędrys, R., and Stelęgowski, A. (2010a). Methodology of training on 
special aviation gymnastics instruments. Dęblin: Air Force Academy.

Wochyński, Z., and Sobiech, K. (2014). Effect of exercise on special aviation 
gymnastics instruments on blond serum levels of selected biochemical indices in 
cadet. Ann. Agric. Environ. Med. 21, 106–111.

Wochyński, Z., and Sobiech, K. (2015). Post-exercise proteinuria in the cadet 
trained on special aerial gymnastics instruments. Int. J. Occup. Environ. Health 28, 
863–873. doi: 10.13075/ijomeh.1896.00454

Wochyński, Z., and Sobiech, K. (2017). Impact of special aviation gymnastics 
instruments training on selected hormonesin cadet blood serum and plasma. Int. J. 
Occup. Environ. Health 30, 655–664. doi: 10.13075/ijomeh.1896.00904

Wochyński, Z., Stelęgowski, A., and Kłossowski, M. (2010b). Use of aero-synthetic 
efficiency test in selection of candidates to the air force academy for multirole 
fighters F-16. Pol J Aviat Med, Bioeng Psychol 4, 309–320.

Wojtkowiak, M. (1989). Selected physical exercises preparing pilots to perform cardio-
respiratory tests to increase acceleration tolerance. Postępy Astronautyki, ½, 83–94.

https://doi.org/10.3389/fpsyg.2022.1019495
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.21307/asam-2019-003
https://doi.org/10.3758/BF03193146
https://doi.org/10.1207/s15327108ijap0602_2
https://doi.org/10.17951/j.2016.29.4.183
https://doi.org/10.6084/m9.figshare.840501
https://doi.org/10.3357/amhp.4258.2015
https://doi.org/10.3357/AMHP.4895.2018
https://doi.org/10.1038/s41598-022-09138-4
https://doi.org/10.1037/e448972004-001
https://doi.org/10.1007/978-3-030-77932-0_5
https://doi.org/10.1519/jsc.0000000000000910
https://doi.org/10.1519/jsc.0000000000000910
https://doi.org/10.5604/12321966.1232762
https://doi.org/10.3357/AMHP.5302.2019
https://doi.org/10.3357/asem.4009.2014
https://doi.org/10.1016/0301-0511(95)05165-1
https://doi.org/10.13075/ijomeh.1896.00454
https://doi.org/10.13075/ijomeh.1896.00904

	Influence of a special training process on the psychomotor skills of cadet pilots – Pilot study
	Introduction
	Objectives

	Materials and methods
	Participants
	Heart rate and blood pressure
	Description of the test
	Training program
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

