
4

   PHYSICAL 
  EDUCATION 
OF STUDENTS

Indicated factors of physical development, physical readiness, 
functional condition and efficiency of female students  

in the process of adaptation to training
Avdeeva M.S.1ABCD, Tulyakova O.V.2ABCD

1Department of Physical Education, Vyatka State University, Russia 
2Department of Students’ Research Work, Vyatka State University, Russia

Authors’ Contribution: 
A – Study design; B – Data collection; C – Statistical analysis; D – Manuscript Preparation; E – Funds Collection.

Abstract
Purpose: to determine indicated factors of physical development, physical readiness, functional condition and efficiency of 

female students in the process of adaptation to learning.
Material: it was examined female students at the beginning of the first and second year of training (n = 342, age 18-20 years). 

The investigation was conducted on 10 indicators of physical development, 9 indicators of physical preparedness 
and 13 indicators of functional status and performance.

Results: It is established that during the first year of study takes place changes in the factors of the physical development 
of students, such as: increase of body weight, mass-growth index, muscular strength of the right hand. From the 
factors of physical readiness: increase the time of the visibility on the crossbar and the number of push-ups from 
the floor; decreases the length of the jump from the place. From the factors of the functional state: the frequency 
of breathing and the Genci test increase; decrease the coefficient of circulatory efficiency, endurance factor and 
systolic blood pressure.

Conclusions: Indicated factors of female students’ adaptation to learning is to be considered the strength of the hand (factor of 
physical development), long jump from the place (factor of physical preparedness), the Genci test (factor of the 
functional state), the coefficient of circulation efficiency and the endurance factor.

Keywords: physical development, physical readiness, functional state, adaptation, training, working capacity.

Introduction1

There is a problem of determining indicated factors 
of physical development and the functional state of 
students. At the initial stage of training, the health of 
young people is deteriorating [1, 2]. This is due to a 
decrease in motor activity [3], a decrease in motivation to 
exercise, [4], excessive interest in the Internet and gadgets 
[5], unhealthy eating behavior [6, 7]. It is also associated 
with climatic [8], geographical [9] and environmental 
conditions [10, 11], adaptation to a new way of life [12, 
13], the appearance of bad habits [14], deterioration in 
the socio-moral qualities of the person [15, 16]. Thus, 
the functional state of the circulatory system is estimated 
as “a tension of adaptation mechanisms” among 8% of 
students [17]. This is due to the period of adaptation to 
the new conditions. Long-term preservation of such 
conditions leads to depletion of the body’s functional 
reserves, contributes to the development of diseases. The 
authors consider the process of studying at the university 
as a factor that negatively affects the health of young 
people [18].

In other studies [19] it is noted that 217 medical 
students develop chronic emotional stress during 1-3 
training courses. The severity of this stress depends on the 
individual psychophysiological status of students. 60% 
of the students initially did not have sufficient adaptive 
capacity. This led to psychological problems and disorders 
of the autonomic nervous system. The authors show [20] 
that the processes of students’ adaptation to learning can 
be assessed by the nature of the shifts in the parameters 
of heart rate variability. Positive trends were established 
in the first three courses. At the senior courses the tension 

of mechanisms of regulation of a warm rhythm amplifies. 
Student survey [21] (1 course, Amur State University, 
Russia, 2000-2014) made it possible to reveal a number 
of statistically significant changes during the training: the 
speed decreased by 8,16%; total endurance – by 9,75%; 
strength muscle endurance – by 30%; speed-strength 
(dynamic force of the legs) – by 5,28%; agility – by 
9,45%; The index of flexibility – by 43,6%.

Indicators of students’ health can be improved through 
sports. It is important to optimize physical activity [22, 
23], to form a positive attitude toward one’s health [24], 
to take into account the didactic patterns of training [25], 
to select adequate tests [26], pedagogical control of motor 
activity [27]. In classes on the physical education of 
students, it is necessary to take into account the following: 
the initial parameters of health level [28]; parameters of 
the psychological state [29]; morphofunctional health 
parameters [30]; individual health parameters [31]; 
criteria for restoring health [32]; new technologies 
in physical education [33, 34]; standards of physical 
education [35, 36]; models of motor development and 
competence [37, 38]; the effect of physical training on 
academic performance [39]; features of sports pedagogy 
[40].

A topical issue remains the question of determining 
the criteria, procedures, methods for assessing indicated 
factors of students’ adaptation to learning. Many of the 
indicators are ununified. Their combination is different 
in various studies. This makes it difficult to verify the 
results. The informativeness of the used factors is not 
studied in full and become the subject of discussion in the 
scientific community. Therefore, the question arose about 
the formation of a complex of indicated factors.© Avdeeva M.S., Tulyakova O.V., 2018 
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Indicated factors are important for the analysis of 
ontogenetic development and evaluation of the functional 
state of the leading systems of the body. They can be used 
to assess the adequacy of motor regimes [41, 42].

In the literature, it is proposed to use as indicator 
indices the following: long jump from the place [43], 
breath delay on the exhalation (the Genci test) and 
the Ruffier index [44], heart rate variability indices 
[20], maximum oxygen consumption [45], Martine-
Kushelevsky test [41], the results of hand dynamometry 
[46, 47]. The literature data on the informativeness of the 
mass-growth index are contradictory [48]. In general, 
the presented data are fragmented, there is no systematic 
approach to determining indicated factor.

Hypothesis: one assumes that in order to successfully 
solve the issue it is necessary to identify informative 
indicator indices of adaptation to learning.

The purpose of the study is to determine the indicated 
factors of physical development, physical readiness, 
functional condition and efficiency of female students in 
the process of adaptation to learning.

Material and methods
Participants. The study involved students (n=342) 

of the first year of study (aged 18,35±0,04 years) and 
the second year (aged 20,33±0,92 years) of study. The 
research was conducted during the first and third semesters 
(September and October month). During the research no 
one complained of health problems. All the students gave 
voluntary consent to participate in the research.

Organization of the study. It was examined 32 
indicators: 10 on physical development, 9 on physical 
fitness and 13 on functional condition and performance.

To measure physical development, the body length 
(cm), body weight (kg) and circumference of the chest 
(CC, cm) were measured [49].

The flexion muscle strength (kg) of the right and left 
hand was measured using the hand dynamometry method 
[50]. Then the power index was calculated: the percentage 
of muscle strength to body weight.

To assess the status of cardiovascular system (CVS) 
in rest conditions it is evaluated heart rate (HR), systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
(mmHg) [51].

To assess the state of the respiratory system it was 
measured the vital capacity of the lungs (VCL, l), it was 
performed the Stange test and the Genci test. VCL was 
measured with a portable spirometer [52] and calculated 
the vital index (VI): the ratio of VCL to body weight (ml 
/ kg). The Stange test (c) was performed as follows: the 
student in standing position breathes in; then the student 
makes a deep exhalation; then the student takes a breath 
that is 80-90% of the maximum; then the student holds his 
breath. There is a time delay in breathing. In the Genci test 
(c) after a normal exhalation, the student holds his breath 
as long as possible [53].

Physical efficiency was assessed by the maximum 
oxygen consumption (MOC, ml/min). Calculation of 
MOC was carried out according to the work power and 

the heart rate recorded during the step test (climbing the 
bench at a height of 0,35 m for 4 minutes at a frequency 
of 20 cycles per minute). The working power N, in kg m/
min, was found from the formula:

N = 1,2×P×h×n,

where P – is the body weight of the subject (kg); h – 
bench height (m); n – is the number of cycles (min); 1,2 
– coefficient of ascent and descent.

The MOC was calculated using the Dobeln formula:

MOC = A× [N/(H-h)] -1/2×K, 

where A – is the empirical correction to the formula, 
depending on age and gender; N – power of work, in kg/
min; H – heart rate (bpm) at a given work power; h – age-
sexual correction to the pulse, K – age coefficient [53].

The Kredo index was calculated by the formula:

KI = (1-D/P)×100,

where D – is the diastolic pressure (mmHg), P – is the 
pulse (heart rate), bpm [53].

The coefficient of efficiency of blood circulation 
(CEBC) was calculated by the formula:

CEBC = (SBP – DBP) • HR, 

where SBP - systolic blood pressure (mmHg), DBP - 
diastolic blood pressure (mmHg), HR - heart rate (bpm) 
[53].

The coefficient of endurance (CE) was determined by 
the Kvass formula:

CE = (10 • HR) : PP, 

where HR is the heart rate (bpm), PP is the pulse 
pressure (mmHg). The PP was calculated as the difference 
between SBP and DBP [53].

Adaptation to learning was assessed by the value of 
the adaptation potential (AP):

AP = 0,011 • HR + 0,014 • SBP + 0,008 • DBP + 0,09 • 
BM – 0,009 • W + 0,014 • A – 0,27, 

where BM – body mass (kg), W – weight (cm), A – 
age in years [53].

To determine physical fitness, the level of development 
of the basic motor qualities was assessed in accordance 
with the “Model program of the discipline “Physical 
Culture” [54]. According to this program, the girls 
practiced physical culture 2 times a week for 2 hours. 
The annual load of 144 hours was evenly distributed 
over semesters. The program included such sections 
as: athletics (42 hours), volleyball (28 hours), athletic 
gymnastics (42 hours), swimming (28 hours), tests (4 
hours). Classes were conducted according to a typical 
structure: the introductory part (15-20 min), the main part 
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(35-45 min), the final part (19-15 min). The introductory 
part consisted of a set of general development exercises. 
The main part consisted of the exercises of the relevant 
sections (see below). The final part consisted of a set 
of breathing exercises and exercises that developed 
flexibility. Here is an example of the content of the main 
part of the classes:

1) in the track and field athletics classes studied the 
technique of improving run, special exercises of the 
runner, running technique for long and short distances, 
technique of jumping in length from the place. Also 
prepared for the implementation of control standards for 
athletics (running 30 m, 100 m, 2000 m).

2) in the volleyball classes studied the basic rules of 
the game, overarm reception, attack blow, blocking the 
ball, group and team interactions.

3) in the swimming lessons, we studied feeding 
exercises, gliding on the chest and back, movements of 
the hands and feet in the rabbit on the back and chest.

4) athletic gymnastics classes developed strength 
qualities, power endurance. In the lesson, exercises with 
weights and exercises were used. Also prepared for the 
implementation of control standards for general physical 
training (flexion and extension of the arms in the supine 
position, the torso of the trunk from the supine position on 
the back, hanging on the crossbar).

During the training, group and individual game 
simulation methods were used.

At the end of each semester, the students passed 
the following tests: (in the conditions of sports hall 
and stadium): running at 30 and 100 m (speed); a long 
jump from the place (speed force); inclination from the 
standing position on the bench (flexibility); flexion and 
extension of the arms in the supine position; hanging on 
the crossbar; slopes from the supine position on the back 
(power endurance); running at 1000 m; running for 2000 
m (total endurance).

Statistical analysis. The results of the investigation 
were processed in the Microsoft Excel Licensed Software 

Package. The quantitative data were verified for the 
normal distribution in several ways (an estimate of 
the symmetry of the sample by the histogram and the 
Kolmogorov-Smirnov method). Further, the indicators of 
descriptive statistics were calculated: the arithmetic mean 
(M), the standard deviation (s), and the error of the mean 
value (m).

In the text and tables are presented as M±m. The 
differences were estimated by the Student’s criterion (t) 
for independent samples and the chi-square test: they were 
considered reliable at p <0.05 (in the text is indicated as 
“*”).

Results
It is established that the data obeys the law of normal 

distribution, according to our study. This is confirmed 
by the estimation of the symmetry of the sample in the 
histogram. Figures 1-3 give examples of histograms for 
the parameters of physical development (body weight), 
physical readiness (long jump from the place) and 
functional state (the Genci test).

The study found statistically significant differences 
in 11 indicators (out of 32 indicators) (Table 1-3). From 
the indicators of physical development is increased: body 
weight, mass-growth index, muscular strength of the right 
hand. According to the mass-growth index, 12,83% of 
students had a body weight deficit, 16,37% had excess 
body weight.

From the indicators of physical preparedness, the time 
spent on the hanging on the crossbar and the number of 
push-ups from the floor increased. The length of the jump 
from the place decreased.

From the indicators of the functional state and working 
capacity, the frequency of breathing and the Genci 
test increased. The coefficient of efficiency of blood 
circulation, endurance factor, systolic blood pressure 
decreased.

The study established a number of statistically 

Fig. 1. Evaluation of the symmetry of the sample according to the histogram for the indicator “Body mass”
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Fig. 2. Evaluation of the symmetry of the sample according to the histogram for the “Long jump”

Fig. 3. Evaluation of the symmetry of the sample according to the histogram for the indicator of the “Genci Test”

	

	

Table 1. Physical development of female students

Parameters
Group 1 Group 2

n M m n M m

Body length, cm 235 164,25 0.36 270 165,28 0,53

Body weight, kg 236 56,19 0.50 260 58,57* 0,99

Mass-growth index 226 341,32 3,21 258 351,36* 3,28

Muscular strength of the right hand, kg 334 22,61 0,26 241 23,85* 0,98

Muscular strength of the left hand, kg 333 20,64 0,25 241 22,23 1,00

Power index 218 40,74 0,63 235 40,65 1,17

Circumference of chest, in the rest, cm 342 85,04 0,30 269 85,99 0,78

Circumference of chest, breath, cm 342 89,60 0,30 269 90,61 0,76

Circumference of chest, exhalation, cm 342 83,24 0,29 269 83,61 0,79

Chest excursion 342 6,35 0,12 269 7,99 0,99

Note: * - the differences are reliable, p>0,05
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significant differences in physical development, physical 
fitness, functional status of female students. It is increased 
the body weight, mass-growth index, muscular strength 
of the right hand, the time of hanging on the crossbar, 
the number of push-ups from the floor; breathing rate. 
Decreased the length of the jump from the place, the 
Genci test, the coefficient of efficiency of circulation, 
endurance factor, systolic blood pressure.

Discussion
The results of our study correspond to the physical 

development of school leavers [55] and female students 
[56] in Kirov (Russia), students from Nizhny Novgorod 
(Russia) [57], Cherepovets (Russia) [58] and Kazan 
(Russia) [59].

Physical development. The data obtained by us on the 
increase in body weight in first-year students confirm the 
literature data. According to [60], the girls added about 
1 kg of weight during the first year of schooling at the 
university. The authors consider the first semester to be 
a critical period in the weight set [60]. They attribute this 
to significant changes in life [12] and unhealthy eating 

behavior [61]. In another study of Belgian female students, 
weight and body mass index for the first 1,5 years at the 
university have not changed [62]. Thus, the literature 
data on the informativeness of the mass-growth index are 
contradictory [48]. The data obtained on the increase in 
the muscular strength of the right hand (increased by 1,85 
kg) are consistent with the literature data [62].

Physical fitness. The data obtained by us agree with the 
literature data [58]. They testify to ambiguous dynamics 
of speed-strength and strength qualities of female students 
during the first year of study. In particular, about the 
improvement of power qualities (flexion and extension 
of the arms in the support lying hanging on the crossbar) 
and deterioration of the speed-strength qualities (long 
jump from the place). Other authors [63] is recognized 
jump in length from the place as the most informative 
indicator for the evaluation of muscle strength. In our 
opinion, the decrease in the “long jump” may be due to an 
increase in body weight and a general decrease in motor 
activity. According to [58], this is due to the selective 
activity of certain muscle groups and their ability to 
maximal power and speed. This ability, in the 17-18 

Table 2. Physical preparedness of female students

Parameters
Group 1 Group 2
n M m n M m

1000 m, min 199 5,07 0,06 179 6,11 0,97
2000 m, min 34 11,94 0,28 29 11,73 0,28
100 m, sec 23 18,29 0,41 20 18,25 0,41
30 m, sec 213 5,43 0,04 200 6,38 0,97
Broad jump from the place, m 237 164,10 1,31 241 159,66* 1,30

Bending and extension of arms in support, times 249 9,91 0,46 220 12,58* 1,09

Body sit-up for 30 sec., times 233 22,77 0,71 242 23,06 0,95
Hanging on a crossbar, sec 241 8,66 0,64 200 11,40* 1,16
Inclination forward from standing position, cm 236 12,43 0,62 199 13,00 1,17

Note: * - the differences are reliable, p>0,05

Table 3. Functional state and efficiency of female students

Parameters
Группа 1 Группа 2
n M m n M m

Vital capacity of lungs, ml 333 2794,74 28,16 258 2872,81 42,74
Vital index, ml/kg 229 49,43 0,79 246 51,51 1,14
respiration rate, for 1 min 333 16,45 0,21 261 19,06* 1,27
The Stange test, с 283 47,81 0,81 255 48,26 1,24
The Genci test, с 279 30,18 0,58 255 32,84* 1,10
Maximum of oxygen consumption, ml/min 146 9,74 0,24 256 10,82 0,99
Kredo index 327 17,16 0,92 228 16,31 1,53
The coefficient of efficiency of blood circulation 327 3782,07 58,16 226 3460,18* 68,46
The coefficient of endurance 327 18,80 0,33 215 15,30* 0,97
The adaptation potential 327 2,24 0,03 218 2,99 0,99
Heart rate, bpm 336 81,89 0,64 264 81,22 1,02
SBP - systolic blood pressure (mmHg) 330 113,86 0,71 228 111,21* 0,95
DBP - diastolic blood pressure (mmHg) 330 66,78 0,52 228 68,42 0,95

Note: * - the differences are reliable, p>0,05
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years, is predominantly manifested by the muscles of the 
lower extremities involved in performing the jumping 
exercises (speed strength). In 20 years, this ability is 
mainly manifested by the muscles of the abdomen and 
back (power endurance). For the first time we have shown 
the increase in the process of adaptation to learning such 
indicators as: time of the hanging on the crossbar; amount 
of push-ups from the floor.

Functional state and efficiency. The data obtained 
by us on the state of the respiratory system testify to the 
multidirectional processes in the body of female students 
in adapting to training. An increase in the frequency of 
respiration at rest indicates disadaptation processes. 
Increased respiratory retention on exhalation (the Genci 
test) indicates adaptive processes. The Genci test is 
considered to be an informative indicator of the health of 
students [18]. There is a decrease in indicators: CEBC, 
systolic blood pressure; coefficient of endurance. In this 
case, the CEBC and the endurance coefficient tend to the 
physiological norm. We believe that supporting activities 
in physical culture played an important role in this. For 
the first time we showed a decrease in the process of 
adaptation to learning indicators: CEBC, systolic blood 
pressure; coefficient of endurance.

In our opinion, the indicator indices for the adaptation 
of female students to learning are characteristics with 
statistically significant differences. We suggest using 
those that are confirmed by consistent information in the 
literature.

We include such indicators: the results of hand 
dynamometry (an indicator of physical development), 
a long jump from the place (an indicator of physical 
readiness), the Genci test (an indicator of the functional 
state). We also propose to use CEBC and endurance factor 
as indicators of functional status. This choice is due to the 
fact that in the process of adaptation, their values tend to 
a physiological norm.

We do not agree with a number of authors [19] who 
consider the learning process at the university as a negative 
factor in reducing the health of students. In our opinion, 
the negative impact is manifested in part – in reducing 
the speed-strength qualities and increasing the frequency 
of breathing. Positive trends (the completion of growth 
processes and the adaptation process) are confirmed by 
the growth (by the end of the first year of training) of 
power qualities and indicators of the functional state.

Conclusions
1. During the first year of training, ambiguous 

dynamics of the functional state, speed-strength and 
strength qualities of students was established.

2. We suggest to consider the indicator indices of 
the process of female students’ adaptation to learning: 
the results of hand dynamometry (physical development 
index), long jump from the place (the indicator of physical 
readiness), the Genci test, CEBC and the endurance factor 
(indicators of the functional state).
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