
MSC 62P10 DOI: 10.14529/mmp160409

STATISTICAL ANALYSIS OF THE FUNCTIONAL STATUS
OF THE STUDENTS

V.I. Zalyapin, South Ural State University, Chelyabinsk, Russian Federation,
zaliapinvi@susu.ru,
A.P. Isaev, South Ural State University, Chelyabinsk, Russian Federation,
yulya-74@yandex.ru,
V.V. Erlikh, South Ural State University, Chelyabinsk, Russian Federation,
erlih-vadim@mail.ru,
R.A. Gainullin, Bashkir State Medical University, Ufa, Russian Federation

The South Ural is one of the most advanced industrial regions in Russia. It has huge
industrial potential (metal industry, mechanical engineering, chemical process industry, oil-
extracting industry, mineral resource industry) which predetermines negative ecological
trends in the region. Levels of air pollution with salts of heavy metals, phenol and CO2 are 2-
4 times higher than national air quality standards. Moreover, natural background radiation
in the region is increased. Under the stated conditions, low levels of motor activity lead to
hypoxia and cumulative disorders of the locomotor system as well as to respiratory, gastric,
oncological, allergic and other diseases. Poor environmental background signi�cantly a�ects
demographic rates including the life expectancy which is 72 in average for the region: 60
years for men, and 75 years for women.

The paper studies how the main anthropometric and physiological parameters in the
local residents who are divided into three groups according to their health status and motor
activity (so called health groups) in�uence the physical �tness. Social-biological and medical
aspect of the study � to �nd out the correlation between parameters in the examined people
from di�erent groups � may also be of interest for specialists working on optimization of
physical education practice and student's health promotion.

Keywords: statistical analysis; cardiovascular system; Skibinski index; orthostatic test;

models.

Introduction

According to the existing Russian and foreign literature [1, 2], 75 % of population su�er
from disorders of general motor activity (foot deformities, disorders of extremities and
spinal column, shift of general center of mass, osteoarthritis, osteochondrosis, myofascial
and vertebrogenic pains) and visceral diseases (gastritis, colitis, gastric ulcers, oncological
diseases) as well as from restrictive and obstructive pulmonary diseases (bronchial spasms,
bronchoconstrictions).

In order to study the in�uence of certain health status parameters on motor activity
we invited the university students who were further divided into three groups according
to the results of preliminary medical examination.

The �rst group (16 students) included apparently healthy individuals, the second
group (15 students) � individuals with insigni�cant abnormalities, and the third group
(15 students) included individuals with signi�cant abnormalities. The age of the students
involved in our study was between 18 and 21. Physical exercising in the �rst group was
aimed at increased motor activity (two �tness classes per week and three classes per week
dedicated to their favorite sports) with 8 hours of exercising per week in total. The second
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group followed the regular program of physical education (2 classes per week) and, in
addition, practiced weekend hiking, so both kinds of activities took 8 hours per week in
total. Students from the third group followed the individual programs of exercise therapy
having their classes twice a week and also practicing self-exercises on the daily basis except
the exercise therapy days.

We analyzed the following parameters: age (Age), height (H) and weight (W) of the
examined students, levels of systolic and diastolic pressure (SAD and DAD, respectively),
heart rate reaction to orthostatic e�ect (Ort), Skibinski index (Ind-Skib) and some
other parameters including arm strength dynamometry results for right (Fright) and
left (Fleft) arms, and global strength endurance parameter. It is notable that arm
strength dynamometry index re�ects the speci�c of the students exercising, and heart
rate parameters may indicate the impairment of circulation.

Physical �tness test indicator was based on the student's performance in 100-meter
race (Sprint) and 500-meter and 1000-meter cross-country running (Cross). We were
mainly interested in morpho-functional parameters in�uencing the test results in di�erent
health groups. The results of preliminary medical examination which was used to form the
health groups agree nicely with the parameters under analysis. The performed discriminant
analysis of health group a�liation showed that identi�cation of the �rst and the second
group a�liation was absolute (100 % correct identi�cation), and that identi�cation of
the third group a�liation was su�cient � 80 %. The total percent of correctly ranged
individuals was over 93 %.

1. Analysis of Health Group Homogeneity Relative to Certain
Parameters

1.1. Age, Weight, Height

Statistical analysis of these parameters (ANOVA and Multiple Range Tests in
particular) at 95 % reliability level does not show the in�uence of a certain group a�liation
on the stated parameters. The absence of such in�uence may be seen from the weight
levels ranging in groups shown in the tables below. Tables of weight (Table 1) and height

Table 1

Means for W with 95.0 percent LSD intervals

Group Count Mean Lower lim Upper lim
1 16 54,2 50,9 57,4
2 15 55,5 52,1 58,8
3 15 55,5 52,1 58,8

Total 46 55,0

(Table 2) of the examined and the corresponding tables (Table 3 and Table 4) of analysis
of variance.

The same is observed for the Age variable. Thus, the studied groups show homogeneity
relative to the parameters listed above � they do not di�er signi�cantly for members of
di�erent health groups.

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
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Table 2

Means for H with 95,0 percent LSD intervals

Group Count Mean Lower lim Upper lim
1 16 163 161 166
2 15 166 163 168
3 15 166 163 168

Total 46 165

Table 3

ANOVA for W by Group

Source Sum of Squares DF Mean Square F � ratio P � value
Between groups 17,1 2 8,54 0,10 0,9027
Within groups 3,58E3 43 83,2
Total (Corr.) 3,59E3 45

Table 4

ANOVA for H by Group

Source Sum of Squares DF Mean Square F � ratio P � value
Between groups 51,7 2 25,8 0,47 0,6291
Within groups 2,37E3 43 51
Total (Corr.) 2,42E3 45

1.2. Systolic and Diastolic Blood Pressure

Visual analysis (Fig. 1) of dynamics of mean values of systolic (Fig. 1 (left)) and

Table 5

Contrasts for SAD and DAD by Group
(Sign * denotes a statistically signi�cant di�erence.)

Contrast Sig. Di�er. ± Limits
1 � 2 * −11,1 7,2
1 � 3 −1,21 7,2
2 � 3 * 9,87 7,32

Contrast Sig. Di�er. ± Limits
1 � 2 * 7,42 5,47
1 � 3 * 6,96 5,47
2 � 3 −0,467 5,56

diastolic (Fig. 1 (right)) blood pressure shows that the examined groups di�er relatively
to these parameters. The corresponding statistical procedures (ANOVA, Multiple Range
Test) indicate the signi�cance of the observed di�erences: systolic blood pressure in the
examined from the second group is signi�cantly higher than in other groups. At the same
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Fig. 1. Means plot for SAD (left) and DAD (right)

time levels of systolic blood pressure in the �rst and the third groups are statistically
indistinguishable as seen from the table of contrasts (Table 5).

The same is true for the mean level of diastolic blood pressure for the �rst examined
group. It is signi�cantly higher than corresponding values in the second and the third
groups which are indistinguishable relatively to this parameter (Fig. 1 (right), Table 5).

1.3. Orthostatic E�ect

The distribution of this parameter is not Gaussian, so it is not appropriate to use
the standard technique of analysis of variance. To assess the health group homogeneity
relative to orthostatic e�ect we used the Kruskal � Wallis test by ranks which made it
possible to �nd out whether there were signi�cant di�erences between medians in each of
groups. It turned out that test statistics = 7,29 and p = 0, 0261 < 0, 05, so we had to
admit the signi�cant di�erence of orthostatic e�ect (Table 6) in di�erent groups at 95 %
reliability level. Moreover, the orthostatic e�ect level in the second group is signi�cantly

Table 6

Kruskal � Wallis Test for Ort by Group

Group Sample size Average rank
1 16 17,8
2 15 30,6
3 15 22,5

higher than in the �rst and the third groups, with insigni�cant di�erence between two
last-named groups. The same pattern is seen for the mean values.

1.4. Skibinski's Index

Adaptation parameters of cardiopulmonary system determined by Skibinski's index
(lung capacity, heart rate, timed inspiratory capacity) had low and average (10�30 units)

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
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levels which is normal for people with low motor activity. Mean group values are shown
in Table 7. Mean value for the second group di�ers from values of the �rst and the third
groups: it is apparently lower. The results of analysis of variance (Table 8) show that

Table 7

Summary Statistics for Ind− Skib

Group Count Average St. dev Min Max
1 16 24,1 6,68 15,0 38,1
2 15 14,1 2,97 9,52 20,0
3 15 25,0 7,32 11,6 32,6

Total 46 21,1 7,67 9,52 38,1

this di�erence is signi�cant, and the table of contrasts (Table 9) shows that the values of

Table 8

ANOVA for Ind− Skib by Group

Source Sum of Squares DF Mean Square F � ratio P � value
Between groups 51,7 2 25,8 0,47 0,6291
Within groups 2,37E3 43 51
Total (Corr.) 2,42E3 45

Skibinski's index in the �rst and the third groups are statistically indistinguishable.

Table 9

Contrasts for Ind− Skib by Group
(Sign * denotes a statistically signi�cant di�erence)

Contrast Sig. Di�er. ± Limits
1 � 2 * 7,42 5,47
1 � 3 * 6,96 5,47
2 � 3 −0,467 5,56

1.5. Other Parameters

The similar statistical analysis of other parameters including the results of arm
strength dynamometry, stabilometry and ergospirometry showed that the individuals with
abnormalities of di�erent regions of vertebral column had cardiac abnormalities which
required treatment, rehabilitation and prevention. Low levels of motor activity, presence
of xenobiotics, unbalanced diet, excess CO2 and environmental pollution cause disorders
of homeostasis in students.

100 Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2016, vol. 9, no. 4, pp. 96�104



ÏÐÎÃÐÀÌÌÈÐÎÂÀÍÈÅ

2. Statistical Analysis of Physical Fitness

2.1. Sprint

The in�uence of a certain health group a�liation on performance in 100-meter race
was assessed on the basis of one-way ANOVA test (by health group) of the statistical
data with preliminarily stated nice agreement with normal-theory test. Table 10 presents
the summary statistics for groups (left), and Table 11 presents the results of analysis of
variance.

Fig. 2. Means plot for Sprint (left) and Cross (right)

Fig. 2 (left) shows the corresponding group means with 95 % con�dence interval. As
follows from Table 11, mean values of performance for 100-meter race in the second and
the third groups are statistically indistinguishable, meanwhile the values of the �rst group
are signi�cantly di�erent.

2.2. Cross

The results of the similar analysis of performance of di�erent groups in 500-1000-meter
cross-country running are presented in Tables 10 (right), 12 and in Fig. 2 (right).

As follows from Table 12, there are no signi�cant (p ≈ 0, 43 > 0, 05) di�erences between
health groups relative to cross-country running performance, though there is visually seen
tendency to decrease in physical �tness level with the growth of the group number.

Table 10

Summery stat for Sprint (left) and Cross (right)

Group Count Mean Std. dev. Var
1 16 16,7 1,03 6,16 %
2 15 19,0 1,96 10,3 %
3 15 19,8 2,01 10,2 %

Total 46 18,5 2,16 11,7%

Mean Std. dev. Var
2,38 0,429 18,0 %
2,51 0,416 16,6 %
2,59 0,495 19,1 %
2,49 0,446 17,9 %

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
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Table 11

ANOVA for Sprint by Group

Source Sum of Squares DF Mean Square F � ratio P � value
Between groups 80,7 2 40,4 13,38 0,0000
Within groups 130 43 3,02
Total (Corr.) 210 45

Table 12

ANOVA for Cross by Group

Source Sum of Squares DF Mean Square F � ratio P � value
Between groups 0,346 2 0,173 0,86 0,4289
Within groups 8,62 43 0,2
Total (Corr.) 8,96 45

2.3. Models

The performed study allowed the modelling of performance in 100-meter race general
for representatives of all health groups. After statistical analysis of signi�cance of
predictors, the following variables were determined as signi�cant: heart rate reaction to
orthostatic e�ect (Ort), general strength endurance parameter (pull-ups and sit-ups) (Pod-
press) and right arm strength dynamometry parameter (F-right). Regression model of
100-meter race performance was found as

Sprint = 29, 5− 0, 122 ·Ort− 0, 0715 · Podpress − 0, 205 · Fright.

The model predicts about 51% of Sprint parameter variability and indicates statistically
signi�cant in�uence of predictors on sprint performance as follows from ANOVA table
(Table 13). Correlation between calculated (predicted by model) and observed values

Table 13

ANOVA table for regression model

Source Sum of Squares DF Mean Square F � ratio P � value
Model 107 3 35,5 14,37 0
Residual 104 42 2,47

Total (Corr.) 210 45

of Sprint variables is presented in Fig. 3. Thus we found out the in�uence of heart
rate parameters under orthostatic e�ect (Ort), general strength endurance (Pod-press)
and arm strength dynamometry parameter (F-left) on physical �tness in sprint. At the
same time, it is impossible to design the similar model for cross-country running due
to absence of signi�cant correlation in�uence of the studied variables on cross-country
running performance.
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Fig. 3. Regresion line for Sprint
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ÑÒÀÒÈÑÒÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÔÓÍÊÖÈÎÍÀËÜÍÎÃÎ
ÑÎÑÒÎßÍÈß ÑÒÓÄÅÍÒÎÂ

Â.È. Çàëÿïèí, À.Ï. Èñàåâ, Â.Â. Ýðëèõ, Ð.À. Ãàéíóëëèí

Þæíûé Óðàë îäèí èç íàèáîëåå ðàçâèòûõ â ïðîèçâîäñòâåííîì îòíîøåíèè ðåãèî-

íîâ Ðîññèè. Îí îáëàäàåò ìîùíûì ïðîìûøëåííûì ïîòåíöèàëîì (ìåòàëëóðãèÿ, ìàøè-

íîñòðîåíèå, õèìè÷åñêàÿ, íåôòåäîáûâàþùàÿ, ãîðíîäîáûâàþùàÿ), ÷òî ñîçäàåò ïðåäïî-

ñûëêè äëÿ íåáëàãîïðèÿòíûõ òåíäåíöèé â ðàçâèòèè ýêîëîãè÷åñêîé îáñòàíîâêè ðåãèîíà.

Ñîäåðæàíèå â àòìîñôåðå ñîëåé òÿæåëûõ ìåòàëëîâ, ôåíîëà, ÑÎ2 ïðåâûøàåò ïðåäåëüíî

äîïóñòèìûå êîíöåíòðàöèè â 2�4 ðàçà. Âñå ýòî ñîïðîâîæäàåòñÿ ïîâûøåííûì åñòåñòâåí-

íûì ðàäèîàêòèâíûì ôîíîì. Â ýòèõ óñëîâèÿõ íèçêàÿ äâèãàòåëüíàÿ àêòèâíîñòü ïðèâî-

äèò ê ãèïîêñèè è ðàñïðîñòðàíåíèþ ñîâîêóïíûõ äåôîðìàöèé îïîðíî-äâèãàòåëüíîãî àï-

ïàðàòà, ðåñïèðàòîðíûõ, æåëóäî÷íî-êèøå÷íûõ, îíêîëîãè÷åñêèõ, àëëåðãè÷åñêèõ è äðó-

ãèõ çàáîëåâàíèé. Âñëåäñòâèå íåáëàãîïîëó÷íîãî ýêîëîãè÷åñêîãî ôîíà ñóùåñòâåííî èç-

ìåíÿþòñÿ äåìîãðàôè÷åñêèå ïîêàçàòåëè, â òîì ÷èñëå ïðîäîëæèòåëüíîñòü æèçíè, êîòî-

ðàÿ ñîñòàâëÿåò ïî ðåãèîíó â ñðåäíåì 72 ãîäà, ñîîòâåòñòâåííî â ìóæñêîé ïîïóëÿöèè �

60, à â æåíñêîé � 75 ëåò. Â íàñòîÿùåé ðàáîòå èññëåäîâàëîñü âëèÿíèå îñíîâíûõ àíòðî-

ïîìåòðè÷åñêèõ è ôèçèîëîãè÷åñêèõ ïîêàçàòåëåé æèòåëåé ðåãèîíà, ðàíæèðîâàííûõ

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
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â ñîîòâåòñòâèè ñ îñîáåííîñòÿìè ñîñòîÿíèÿ çäîðîâüÿ è äâèãàòåëüíîé àêòèâíîñòè íà
òðè ãðóïïû (ò.í. ãðóïïû çäîðîâüÿ), íà èõ ôèçè÷åñêóþ ïîäãîòîâëåííîñòü. Ñîöèàëüíî-
áèîëîãè÷åñêèé è ìåäèöèíñêèé àñïåêò èññëåäîâàíèÿ � âûÿâëåíèå âçàèìîñâÿçåé ïîêàçà-
òåëåé ó îáñëåäóåìûõ â ðàçëè÷íûõ ãðóïïàõ � òàêæå ïðåäñòàâëÿåò îïðåäåëåííûé èíòåðåñ
ñ òî÷êè çðåíèÿ îïòèìèçàöèè ïðàêòèêè ôèçè÷åñêîãî âîñïèòàíèÿ è ïîâûøåíèÿ óðîâíÿ
çäîðîâüÿ ñòóäåíòîâ.

Êëþ÷åâûå ñëîâà: ñòàòèñòè÷åñêèé àíàëèç; àíòðîïîìåòðèÿ; ñåðäå÷íî-ñîñóäèñòàÿ

ñèñòåìà; èíäåêñ Ñêèáèíñêîé; îðòîïðîáà; ìîäåëè.
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