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Abstract:

Recently, as a result of physical inactivity, modern man has experienced a decrease in his level of physical
condition, including among rural residents. The development of innovative pedagogical methods for diagnosing
dynamic human performance, which are generally accessible, informative and easy to implement, continues to
be an urgent problem. Purpose: to develop and test an innovative method of pedagogical diagnostics of dynamic
performance, based on individual ranking of functional indicators of the human body. Material & methods. The
study was carried out on the basis of 24 educational institutions of general secondary education in the Brest,
Grodno and Minsk regions of the Republic of Belarus. 2334 rural residents aged from 6 to 75 years were
examined. To assess physical performance, a complex physical exercise was used, which included performing
three tests each lasting 1 minute. The test used was push-ups, sit-ups and squats. Among the functional
indicators, we used the measurement of heart rate before and after performing a complex physical exercise for 15
seconds during different periods of pulse recovery after performing the load, with the calculation using the
proposed formula of a complex indicator of heart rate, height, pulse reaction and pulse value of the recovery
period. The assessment of the individual rank of a person’s dynamic performance was carried out according to
the proposed formula, taking into account the values of the indicators of the individual rank of complex physical
exercise (number of times) and the individual rank of the height of the pulse response to complex physical
exercise and the pulse value of the recovery period (bpm). Results. We have developed and tested an innovative
method of pedagogical diagnostics of dynamic human performance, on the basis of which we assessed the
functional state of rural residents of the Republic of Belarus. The level of dynamic performance in the rural
community was 8.45% (1 point or low level) for female representatives and 6.72% (1 point or low level) for
male representatives. Analysis of the data obtained allows us to conclude a decrease in the function of the main
functional systems of the body of rural residents, ensuring dynamic performance. Conclusions. According to the
results of the study, the innovative methodology for pedagogical diagnostics of the dynamic performance of rural
residents is publicly available, quite informative and easy to implement. The methodology we have developed is
the basis for its mass application in the field of physical education.
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Introduction

The concept of “human functional state” was introduced into the lexicon by physiologists in the thirties
of the 20th century. Currently, in relation to various scientific fields, this concept has many semantic shades in
its interpretation (Kemerova, & Kerimova, 2020). In the field of physical culture, the “functional state of a
person” seems relevant and is considered as an important component in the organization of a person’s daily
motor activity. It is an integration characteristic of the adaptive, energetic and reserve capabilities of the main
functions of the body. These functions directly or indirectly determine the efficiency of a person’s motor sphere.
The level of development and current state of the functional systems of the human body is assessed in the
process of medical and pedagogical control for admission to educational or training classes in physical education
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or sports (Butakova et al., 2019; Mischenko et al., 2020; Kolokoltsev, 2021). Such control is necessary for
admission to competitions or permission to resume training after the athlete’s rehabilitation.

The cardiovascular system plays a key role in assessing a person's functional performance (Shved, &
Levitska, 2018; Bellenger & Buckley, 2021; Grassler et al., 2021). The functional characteristics of this system
serve as one of the first signals when overexertion, overtraining or overwork of the body associated with
physical overload occurs (Sergio Jiménez Morgan, José Arturo Molina Mora, 2017). The state of this system
indicates the course of the body’s recovery processes after exercise (Dupuy & Dugué, 2018), which is important
to consider when planning sports or physical education. The use of methods for monitoring the state of
functional indicators of people performing physical activity allows us to individualize the process of physical
education (Koryahin, 2018), which has a positive effect on a person’s health. The state of physical and mental
performance, its success in learning, work and creativity depend on the functional level (Kolpakova, 2018). This
allows us to reasonably assume that assessing the level of functional state as an integral component of a person’s
physical health should be an integral part of a comprehensive assessment of his motor culture (Snezhitsky et al.,
2022; Bocharin et al., 2023). Various methods have been proposed to diagnose the state of functional systems.
Such methods range from simple ones, for example, 20 squats in 30 seconds, which do not require complex
equipment, to instrumental or biochemical ones, which have a fairly high information content, but limited
possibility of use in mass examinations. The latter include a method for studying heart rate variability (Christiani
et al., 2021; Bocharin et al., 2022). Therefore, the search for methods for rapid and reliable assessment of the
functional state of the body using non-invasive methods continues to be relevant (Adams et al., 2018; Aparecida
Maria Catai et al., 2020). One of these methods may be to use the method of individual ranking of the values of
indicators of the functional state of the human body. In the scientific literature, this method of diagnosing a
person’s functional state is not fully covered. This is especially important when conducting screening
examinations of a large number of people. We believe that our proposed method for determining dynamic
performance, which is based on the use of individual ranking of functional indicators of the human body, will
make it possible to effectively use it in mass examinations of various population groups.

Research aims to develop and test an innovative methodology for pedagogical diagnostics of dynamic
performance, based on individual ranking of functional indicators of the human body.

Material & methods

The dynamic performance of 2334 rural residents aged 6 to 75 years was assessed on the basis of 24
secondary educational institutions in the Brest, Grodno and Minsk regions (Republic of Belarus). For
assessment, a complex physical exercise (CPE) was used, which included performing three tests each lasting 1
minute. The test used was push-ups, sit-ups and squats. Testing was performed in the gym (or at home or work)
with comfortable clothing that did not restrict movement. A height-adjustable crossbar (well-fixed table), a
gymnastic mat or a fitness mat were used. The unit of measurement was one repetition cycle of each control
exercise. The control test “flexion and extension of the arms in a prone position” included push-ups from a bar
that was securely fastened at the level of the subject’s waist (or from a window sill, desk, dining table, back of a
chair or any other similar object with a height of 90+10 cm). Starting position - lying on the crossbar (or other
object indicated above). At the tester’s command, the test subject bends his arms at the elbow joints until his
chest touches the crossbar. After this, it completely straightens the joints and returns to its original position. The
exercise continues at the maximum (or close to it) pace, which is determined by the subject himself. During the
control exercise, the torso maintains a straight position (does not bend or sag). At the end of the first minute, the
tester gives the command “Transition” and the subject immediately, without delay, changes the starting position
and begins to perform the second exercise “extension and flexion of the torso from a supine position with arms
on shoulders” (or “raising the torso from a lying position”). The starting position is sitting, arms bent at the
elbows, hands on the shoulders, legs bent at the knees at an angle of no more than 90° and no less than 45°, the
subject’s feet are pressed to the floor by an assistant. After taking the starting position at the tester’s command,
the test subject performs body extension until both shoulder blades touch the floor in a supine position with his
hands behind his head. After this, the subject lifts his torso into a sitting position, touching his knees with his
elbows. The exercise is performed at the maximum possible pace, and the tester continues to count repetitions in
a single flow, without interrupting it after completing the first exercise. After the second minute, the tester gives
the command “transition” and the test taker, without a pause for rest, immediately takes the starting position to
perform the third exercise “squats”. Starting position — feet shoulder-width apart, hands together in front at waist
level. On command, the subject bends his legs at the knee joints, leaning forward slightly (45£10°) until his
fingers touch the floor. After touching the floor, the subject returns to the starting position. When performing the
third exercise, the subject tries to maintain the maximum possible tempo of the load. The tester continues the
“through” counting of repetitions until the end of the last (third) minute of performing all three exercises.

Of the functional indicators, we used the measurement of heart rate (HR) before exercise (Py) and after
performing a complex physical exercise for 15 seconds at different periods of heart rate recovery after
performing the tests. The complex indicator of heart rate (CIHR), pulse response height (HPR) and pulse value
of the recovery period (PVRP) were calculated using formula 1:
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CIHR = (3 (Py, Py, Py, P3, Py, Ps) - (Pg % 6)) x 4 (formula 1)

(P, ) — heart rate immediately after physical activity in the first 15 seconds of the first minute of
recovery; (P;) — heart rate in the last 15 seconds of the first minute of recovery; (P,) — heart rate in the last 15
seconds of the second minute of recovery; (P;) — heart rate in the last 15 seconds of the third minute of recovery;
(P4) — heart rate in the last 15 seconds of the fourth minute of recovery; (Ps) — heart rate in the last 15 seconds of
the fifth minute of recovery.

To determine the individual rank of a person’s indicator (IR%) on the centile scale of the measurements
performed, we developed and used formula 2:

IR% = ((x—(Me-%R))/R)x 100  (formula 2)

Where: IR% — individual rank of a person’s indicator;

x — indicator measured by the number of repetitions of physical exercises;

Me — median (or arithmetic mean) of the basis population;

R — rank (variation range) of the basic population.

The resulting total number of all repetitions of the three types of control exercises was the result of the
maximum possible physical load performed by the subject.
The assessment of a person’s dynamic performance according to the CFU was carried out using formula 3:

IRDP = (IRCFE + IRHPR) / 2 (formula 3)

Where: IRpp — individual rank of dynamic performance, %;

IRcpg — individual rank of the complex physical exercise, number of times;

IRypr — individual rank of the height of the pulse response to complex physical exercise and the pulse
value of the recovery period, beats/min.

Before the start of the mass survey of rural residents, written consent to participate in testing was
obtained from the parents of all children, adolescents and tested adults, which does not violate the ethical rules of
the 2003 Declaration of Helsinki.

Results

The individual rank of dynamic performance (IRDP) of a person represents the arithmetic mean of the
percentile individual rank of the complex physical exercise (IRCFE), the height of the pulse response (HPR) and
the pulse value of the recovery period (PVRP). The individual rank of both types of measurements is calculated
relative to the values of the arithmetic mean or median of empirical data, calculated earlier as part of a
preliminary reference experiment among schoolchildren (n = 279, age 17.35 + 2.6 years), who were physically
active and led a healthy lifestyle. The indicated indicator for the CFE (formula 1) was 112.26 + 9.43 times
(median — 111 times) for female rural residents, and 133.15 + 11.81 times (median — 134 times) for males. The
total arithmetic mean (or median) TPR and PSPV for representatives of the female and male gender for this
physical activity did not have significant differences and was equal to 112.65 £ 7.53 beats (median - 113 beats).

Sufficient homogeneity of the values of the CFU indicator was established among representatives of
most age groups of the female gender population under study (coefficient of variation from 25.28 to 32.20%).
Overall, the entire sample was not sufficiently homogeneous with a coefficient of variation of 36.80%, Table 1.

Table 1. Descriptive statistics of CFE indicators in rural girls, young women and women (number of
times)

. . . Coefficien
}[liﬁ;’s xahd Mean Median Iz’;:.r(():gntlle I;;r(():gntlle Std t of | p IRo,, % I}){(;int
variation
6-9 101 81.75 82.00 62.00 101.00 23.19 25.28 0.02 -3.92 1
10-14 | 440 83.83 84.00 54.00 101.00 27.02 31.11 0.00 -0.25 1
15-21 | 163 85.73 82.00 56.00 100.00 31.09 36.26 0.03 3.11 1
22-35 | 176 71.23 64.50 51.00 85.00 22.94 32.20 0.01 -22.52 1
3655 | 405 68.44 68.00 57.00 73.00 17.87 30.57 0.00 -27.45 1
56-75 | 32 57.84 55.00 48.00 53.00 20.70 43.28 0.05 -46.18 1
675 1317 71.31 72.00 57.00 96.00 27.71 36.80 0.00 -22.38 1

The individual rank (IR) of the value of this indicator is found in most age groups (except for the age of
15 — 21 years) mainly outside the boundaries of the variation range of the trait, as evidenced by its negative
values, Table 1. In the age context, its dynamics have a certain positive trend from 6 years up to 21 years, and
then a pronounced decline by 75 years. The values of the 75th percentile of the study sample (53 — 101 times) at
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all ages do not exceed the median of the base population (112 times). This indicates a low level of physical
condition in these individuals.

Descriptive statistics of the height of the pulse response (HPR) of the female gender to physical activity,
as well as the pulse value of the recovery period (PVRP) indicate absolute and sufficient homogeneity of the data
among representatives of most age groups of the study population (coefficient of variation from 11.24 to
22.22%), Table 2.

Table 2. Descriptive statistics of pulse response height indicators in rural girls, young women and women

during physical activity and after five minutes of recovery (beats/min)
. . . Coefficien
Age, Valid . Percentile Percentile 1R, IR,
yegars N Mean Median 25.00 75.00 Std ¢ . of | p % ’ point
variation

6-9 101 119.17 120.00 110.40 120.00 14.13 11.86 0.02 36.13 | 3
10-14 | 440 124.14 125.00 125.00 125.00 13.95 11.24 0.00 2523 | 2
15-21 163 118.62 119.00 75.80 119.00 22.19 18.70 0.04 3734 | 3
22-35 176 115.49 115.00 82.60 116.00 19.79 17.14 0.02 4421 3
36-55 | 405 111.17 118.40 93.60 118.40 20.81 18.72 0.01 53.69 | 3
56-175 32 111.21 110.60 101.00 111.60 2471 22.22 0.05 53.70 | 3
6—75 1317 117.74 118.00 107.60 122.00 19.14 16.26 0.00 3927 |3

At the same time, the individual rank in terms of HPR and PVRP for the majority corresponds to

average values from 36.13 to 53.70% (3 points), except for the age of 10 - 14 years (IR% = 25.23%), which is
two points. The lowest individual rank of dynamic performance (IR%pp) was observed at working age and
retirement age. The assessment of the dynamic performance indicator of rural girls, girls and women of the

Republic of Belarus as a whole was 8.45%, which corresponds to one point, Table 3.

Table 3. Individual rank of dynamic performance of rural girls, young women and women

. Age, years
Indicators
6-9 10-14 15-21 22 -35 36 -55 56 -175 6-75
[Ross ccpes %0 -3.92 -0.25 3.11 -22.52 -27.45 -46.18 -22.38
IR9, 1pR and PVRP> 70 36.13 25.23 37.34 4421 53.69 53.6 39.27
IRy;pp, % 16.11 12.49 20.23 10.85 13.12 3.71 8.45
IR, point 2 1 2 1 1 1 1

Control complex of physical exercise (CCPE) - an indicator of the sum of all repetitions. Thus,

according to the results of pedagogical testing, the individual rank of dynamic performance of rural women is
quite homogeneous (1 — 2 points). This indicates the low motor and functional readiness of such girls, girls and
women of different ages for aerobic physical activity for various muscle groups of the body (the belt of the upper
and lower extremities, torso) relative to the established norm for representatives of a healthy lifestyle of the
modern community. Analysis of the statistical description of the CFU indicators of male rural residents shows
the presence of insufficient homogeneity of the study population on this basis (coefficient of variation from
22.32 t0 40.16%), Table 4.

Table 4. Descriptive statistics of CFE indicators in rural boys, young men and men (number of times)

. . . Coefficien
}[}eiﬁ;’s I\\I/ahd Mean Median ggir(c)gntlle l;;:.rggntlle Std t of | p IR, % 119Ro7int
variation
6-9 180 84.08 81.50 71.00 110.00 27.57 32.79 0.00 | -19.25 1
10-14 | 450 100.49 97.00 65.00 125.00 3547 | 35.30 0.00 | 3.91 1
15-21 152 115.49 115.00 73.00 145.00 37.84 32.76 0.01 | 25.08 2
22-35 | 53 101.94 100.00 67.00 132.00 39.53 38.78 0.04 | 5.96 1
36 -60 | 140 76.48 75.00 67.00 109.00 30.72 | 40.16 0.01 | -29.97 1
61-75 | 42 73.73 75.00 75.00 94.00 1646 | 22.32 0.01 | -33.86 1
675 1017 84.08 81.50 71.00 110.00 27.57 32.79 0.00 | -3.15 1

The individual rank of this indicator is represented in most age groups (and in the entire population as a
whole) by negative values from -33.86 to -3.15% (1 point). Only ages 15 — 21 have an average value, where IR%
=25.08% (2 points).
Descriptive statistics of indicators HPR and PVRP of the male population indicate absolute and

sufficient homogeneity of data among representatives of most age groups of the study sample (coefficient of
variation from 11.50 to 20.17%), Table 5.
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Table 5. Descriptive statistics of pulse response height indicators in rural boys, young men and men
during physical activity and after five minutes of recovery (beats/min)

. . . Coefficien IR,
;}g;’s ?\]/ahd Mean Median ggggntlle Sgrggntlle Std t o of | p (I;:%’ poin
variation t
6-9 180 140.33 141.00 127.00 154.00 17.64 12.57 0.00 -10.29 1
10— 14 | 450 144.95 145.00 136.00 164.00 23.04 15.89 0.00 -20.43 1
15-21 152 145.72 145.00 131.00 169.00 27.22 18.68 0.01 -22.11 1
22-35 | 53 139.21 140.00 131.00 154.00 28.08 | 20.17 0.03 -7.83 1
36 -60 | 140 136.42 135.00 126.00 144.00 24.15 17.70 0.00 -1.71 1
61—-75 | 42 133.55 135.00 126.00 142.00 15.36 11.50 0.01 4.59 1
675 1017 140.33 141.00 127.00 154.00 17.64 12.57 0.00 -10.29 1

At the same time, the individual rank according to the indicator HPR for the majority of the surveyed
individuals corresponds to a low level from 22.43 to 4.59% (1 point). The assessment of the dynamic
performance indicator of male representatives was 6.72%, which corresponds to one point, Table 6.

Table 6. Individual rank of dynamic performance of rural boys, young men and men

. Age, years
Indicators
6-9 10-14 15-21 22-35 36 — 60 61-75 6-75
IRz ccpes %0 -19.25 3.91 25.08 5.96 -29.97 -33.86 3.15
IRo, HPR and PVRP> 0 -10.29 -20.43 -22.11 -7.83 -1.71 4.59 -10.29
IRy;pp, % -14.77 -8.26 1.49 -0.94 -15.84 -14.64 -6.72
IR, point 1 1 1 1 1 1 1

The lowest indicator of the individual rank of dynamic performance (IR% DP) is found at school,
second working age and retirement age. This basically repeats a similar situation among the female half of the
rural community. Thus, the individual rank of dynamic performance of the male population of the Republic of
Belarus is absolutely homogeneous (1 point) and shows negative values, figure.

25
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tott 12,49 13,12
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] 1,49 —

D m T T T L T 1
-0,94,

-5 | l 3 4 l

-10 -6,72

10 -8,26

215 -
-14,77

20 15,84 1464

W Masculine Female

Note. 1 —age 6 — 9 years, 2 —age 10— 14 years, 3 —age 15— 21 years; 4 —age 22 — 35 years;
5—age 36— 55 (60) years; 6 —age 56 (61) — 75 years, 7 —age 6 — 75 years
Fig. Comprehensive pedagogical assessment of the dynamic performance of rural residents in Belarus

The data presented in the figure indicate extremely low dynamic aerobic performance of rural women
and men in Belarus.

Discussion

Currently, to determine a person’s physical performance (as a basic predictor of physical health), a
variety of pedagogical tests and functional tests are used. The most popular among specialists in the field of mass
physical culture are tests that are designed to assess the cardiovascular system under standard physical activity
(Shved, & Levitska, 2018; Grassler et al., 2021; Bellenger & Buckley, 2021). These include the Ruffier, Dixon,
and Martinet-Kushelevsky samples. Unlike more informative tests (bicycle ergometer test PWC-170, Harvard
step test, etc.), they do not require additional (often expensive) equipment, as well as a sufficiently high level of
physical fitness of the subjects, which is not always feasible during a mass examination. On the issue of testing,

33

JPES ®  www.efsupit.ro



PAVEL SNEZHITSKY, ELENA ROMANOVA, ALEXANDER BOLOTIN, VIKTOR KRAYNIK, EVGENIYA KETRISH,
TATYANA ANDRYUHINA, NINA ARNST, PAVEL TYUPA, SERGEY AGANOV, IRINA PLOTNIKOVA

the system of using the Cooper pedagogical test is separately highlighted. This test uses only a quantitative
indicator of physical activity over a certain period of time (12, 8, 6, 4 minutes) without taking into account heart
rate (Kolpakova, 2018).

The simplest and most accessible among the listed tests is the Ruffier test, which offers an assessment
of the functional state (or physical performance of a person as a whole) using the five-stage index of the same
name (Maltsev, & Vekshina, 2019). We have attempted an integrated approach to solving a number of issues
related to the problem of ensuring the mass scale and accessibility of control exercises, as well as the
informativeness and objectivity of indicators that allow us to assess a person’s physical performance. The
method we propose for determining physical performance involves independently counting and recording the
heart rate at rest, after physical activity and after every minute for a five-minute recovery period. Physical
activity of the most common types of motor actions is used as a trigger, reflecting the level of their readiness for
everyday interaction with the surrounding biogeosociocenosis (push-ups, lifting the body and squats). An
important requirement is the motor-active performance of the pedagogical test for three minutes with the test
subject aiming to achieve the maximum result in the number of repetitions.

According to experts (physical education teachers at general education institutions in rural areas in the
Republic of Belarus), the author’s proposed method of pedagogical diagnostics of dynamic human performance
is easy to use and comfortable for the subject. It is also easy to process the material, which makes it possible to
objectively quantify the results of changes in the functional state in 6 to 75-years-old of rural population
(Snezhitsky, 2023). The method for assessing a person’s dynamic performance based on individual rank is
original according to several criteria. Firstly, one control exercise combines three types of activities, maximally
covering a large number of muscles of the musculoskeletal system. Secondly, the physical activity performed has
an objective quantitative indicator, and is also both individual and maximum for each subject. This is due to the
fact that it is performed at the highest possible pace and at the maximum heart rate (aiming for 170 beats).
Thirdly, one pedagogical test contains two synergistic parameters of the external and internal manifestations of
the functional systems of the human body to physical activity (physical work and reaction to it). Fourthly, the
performance assessment is calculated using a proven formula, which allows you to determine the individual rank
of a person on an objective centile scale (from 1% to 100%) relative to the norm (the arithmetic mean of the base
population). All this makes it possible to massively cover the contingent of people being tested in any social or
professional community.

As a result of our research on the external reactions of the body to repeated aerobic locomotion, an
assessment was made of the functional state of the rural population of the Republic of Belarus aged from 6 years
to 75 years. Low indicators of dynamic performance of the surveyed population were established, which did not
exceed 1 point in most age groups, which confirms the experimental data we obtained earlier (Snezhitsky et al.,
2022). These results are consistent with the conclusions of many researchers (Junger et al., 2019; Zhang et al.,
2019; Kolokoltsev et al., 2021) about the low indicators of physical health of the population of many countries
on the planet and the need to take urgent measures to improve their quality of life.

Conclusions

A method for assessing the dynamic performance of the human body in the age range from 6 to 75 years
has been proposed and tested. The technique is based on the response of the cardiovascular system to the
maximum control physical activity possible for each individual, based on natural everyday motor activity
algorithms that involve a large number of muscles of the upper, lower extremities and torso. To assess dynamic
performance, a complex physical exercise was used, which included performing three tests each lasting 1
minute. The test used was push-ups, sit-ups and squats. Among the functional indicators, we used the
measurement of heart rate before and after performing a complex physical exercise for 15 seconds at different
periods of heart rate recovery after performing the load. Calculations were carried out using the proposed
formula for a complex indicator of heart rate, the height of the pulse reaction and the pulse value of the recovery
period. The assessment of the individual rank of a person’s dynamic performance was carried out according to
the proposed formula, taking into account the values of the indicators of the individual rank of complex physical
exercise (number of times) and the individual rank of the height of the pulse response to complex physical
exercise and the pulse value of the recovery period (beats/min).

A low level of individual rank of dynamic performance was established among representatives of both
genders of the rural community. It was found that the level of dynamic performance among female
representatives of the Republic of Belarus was 8.45% (1 point or low level), among male representatives - 6.72%
(1 point or low level). These data indicate that over the past decades, rural residents in Belarus have significantly
decreased the functional capabilities of the cardiovascular and musculoskeletal systems. This can be explained
by the insufficient use of the optimal level of regular aerobic physical activity by rural residents.

The proposed innovative methodology for pedagogical diagnostics of dynamic human performance is
publicly available, quite informative and easy to implement, which makes it possible to recommend it for mass
use in the field of physical education.

Conflicts of interest. The authors declare no conflict of interest
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