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The thesis made by Osiński was supported with the results of rese‐
arch of multiple authors who presented the effectiveness of the work
of a physical therapist preventing the occurrence of the health “evil”
and delaying the need for pharmacological and surgical therapy [23].
The awareness of and skills for looking after our health is an
obligation of every citizen making decisions and choices
associated with functioning in the health culture. This is
confirmed in all the editions of the National Health Programs,
including the current one. The activities and strategies
described in the 20162020 National Health Program “serve to
improve the awareness of the society on the significance of
a properly balanced diet and of the benefits of regular physical
activity in prevention of diseases of affluence” [24]. The
Polish society has been provided with health competences, in
theoretical and practical terms, since 1999, when the “pro
health” attitude was included in the curriculum. In turn, in
2002, Polish schools of every type were obliged to develop internal
programs of preventive treatment of health threats, which
consolidated the position of health education at school [25, 26].Since
that time, Polish school have been supporting parents in health
education, promotion of health and prevention of threats to the health
of children and youth, while educating citizens and equipping them
with health competences. Another change in the school health
education was introduced in 2008, when health paths were replaced
with a crosscurricular program, which was consistent with the
distributed model recommended by the WHO [27]. Another new
solution was assigning physical education with a leading role in that
distributed model of health education, and making physical education
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Streszczenie
Wstęp. Wydolnoś ć izyczna stanowi bardzo waż ny element zdrowia każ dego człowieka. Jest to aspekt zdrowia, na
któ ry składają się czynniki mające wpływ na poziom wydolnoś ci izycznej. Dlatego też waż ne jest by wiedzieć co
decyduje o utrzymaniu jak najwyż szego jej poziomu.
Cel. Celem niniejszej pracy było wykazanie ró żnic w poziomie wydolnoś ci izycznej licealistó w klas pierwszych
i drugich.
Materiał i metody. Badania zostały wykonane wś ró d ucznió w liceum. W badaniu udział wzięło 70 ucznió w, w tym
37 kobiet i 33 męż czyzn. Poziom wydolnoś ci izycznej został zbadany poprzez wykonanie zmody ikowanej pró by
harwardzkiej (Harvard Step‑Up Test). W przeprowadzonym badaniu analizie poddany był wpływ – płci, wieku,
miejsca zamieszkania oraz wskaź nika BMI – na poziom wydolnoś ci izycznej.
Wyniki i wnioski. Wyniki badań pozwoliły na wyciągnięcie wnioskó w, iż płeć, miejsce zamieszkania oraz wskaź nik
BMI nie mają istotnego statystycznie wpływu na poziom wydolnoś ci izycznej osó b poddanych badaniu. Jeż eli
chodzi o wiek na podstawie wynikó w badań moż na stwierdzić, iż przy 5% poziomie istotnoś ci wiek istotnie
statystycznie wpływa na poziom wydolnoś ci izycznej – wraz ze wzrostem wieku, następuje wzrost wskazań
wydolnoś ci w stronę dobrej i bardzo dobrej, spada natomiast udział wskazań przeciętnej i słabej wydolnoś ci
izycznej.
Słowa kluczowe:
wydolnoś ć izyczna, pró ba harwardzka, wskaź nik sprawnoś ci izycznej
Abstract
Introduction. Physical endurance is a very important element of everyone’s health. It is a health aspect comprising
the factors which may affect the level of physical endurance. That is why it is important to know what allows to
keep it as high as possible.
Objective. The purpose of this study was to demonstrate the differences in the levels of physical endurance of
students of 1st and 2nd grade of secondary school.
Materials and methods. The studies were conducted on secondary school students. It covered 70 students,
including 37 women and 33 men. The physical endurance level was examined using the Harvard Step‑Up Test. The
study included analysis of the effects of sex, age, place of residence and BMI on the level of physical endurance.
Results and conclusions. The research results allowed to draw the conclusions that sex, place of residence or BMI
are not statistically signi icant for the level of physical endurance of the persons studied. As for age, the research
results may indicate that at 5% signi icance level, age is statistically relevant for the level of physical endurance –
older students demonstrate more good and very good itness results, while the number of average and poor
physical endurance results decreases.
Key words:
physical endurance, Harvard Step‑up Test, physical endurance index
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Introduction
There are many definitions of physical endurance. According to
Zagriadski, physical endurance is the physical ability to accura‐
tely perform a certain task in the given time limit, and with the
given fitness parameters [1].
According to Jethon, physical endurance is the physiological
basis of physical work, regardless of work intensity or dura‐
tion [2].
Kozłowski defined physical endurance as the ability to perform
physical work over a long period of time without significant
changes in the body resulting in quick tiredness. According to
that author, the term of physical endurance also refers to tole‐
rance to the changes taking place in the internal environment, if
they take place during high intensity effort, while after such
work – the ability to quickly eliminate the disturbances appe‐
aring in the body [1, 3].
Jaskólski claims that physical endurance is the ability to per‐
form hard and longlasting physical work using big muscle gro‐
ups, without significant changes in homeostasis, after the end of
which the physiological indices quickly return to the resting le‐
vel [2].
Malarecki believes that physical endurance is the ability to un‐
dertake significant physical effort which cause the most effecti‐
ve and ergonomic adaptation reactions during work and resting.
The author believes it is a biological term describing all the
physiological mechanisms which allow the possibility to effec‐
tively and efficiently make a significant physical effort without
significant changes in homeostasis during and after work [4].
According to Kozłowski, the determinants that specify physical
endurance include:
• effort capability, including using the aerobic and anaerobic re‐
sources of the energy needed for work, and energy reserves;
• nerve muscle coordination;
• thermal regulation;
• psychological factors [5, 6].
In turn, according to Jethon, determinants of physical activity
include:
• metabolic safety of physical effort,
• ability to transport oxygen and the substances being sources of
energy,
• thermal regulation of body efficiency,
• constitutional factors,
• ability to eliminate the effects of metabolism,
• sensorymotor coordination,
• neurohormonal integrating function,
• psychological factors, i.e. motivation [1, 2, 3].
Jaskólski specified the following determinants of physical endu‐
rance:
• level of nerve muscle coordination,
• energy transformation, i.e. aerobic, anaerobic processes and
energy reserves,
• thermal regulation, as well as water and electrolyte manage‐
ment,
• physique properties,
• psychological factors [2].
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When analyzing the factors determining physical endurance,
Kozłowski demonstrates that the most important one is maxi‐
mum oxygen uptake (VO2max).
Many tests conducted so far demonstrate a significant relation‐
ship between submaximum effort capacity and maximum oxy‐
gen intake. That interdependence decreased with regard to
longterm work of medium intensity, and was relatively small
or disappeared completely in shortterm and maximum effort
[1, 3].
Physical effort is a function of skeletal muscles resulting in per‐
formance of external work together with all the functional
changes in the body. The duration and intensity of the effort, as
well as the type of muscle contractions and size of the muscle
groups participating in the work are decisive for the scope and
type of functional changes in the body.
There are different criteria of classification of physical effort.
The first criterion is type of muscle contractions. Taking that
criterion into account, we may differentiate between:
• dynamic work,
• static work.
Taking into account how many muscle groups are engaged in
the physical work, we may differentiate between:
• local efforts, engaging up to 30% of total muscle mass,
• global efforts, engaging over 30% of muscle mass.
Taking into account the duration, there are:
• shortterm efforts, of several minutes,
• mediumterm efforts, lasting ca. 2030 minutes,
• longterm efforts of over 30 minutes.
Taking into account the demand for oxygen in the body:
• maximum efforts, in which the demand of the engaged
muscles for oxygen is the same as the individual value of
VO2max,
• supramaximum efforts, in which the demand of the engaged
muscles for oxygen is higher than VO2max,
• submaximum efforts, in which the demand of the engaged
muscles for oxygen is, in turn, lower than VO2max.
The maximum intensity of an effort means the load of physical
work during which maximum oxygen intake is achieved. VO‐
2max is the maximum oxygen intake that the working muscles
are able to use during one minute at the level of maximum ef‐
fort [7, 8].
In terms of the energy transformations taking place in the body,
the following are distinguished:
• aerobic effort, with low intensity but long duration,
• mixed (aerobicanaerobic) effort lasting up to 7080
minutes, of higher intensity than aerobic effort,
• anaerobic, glycolyticlactate effort of high intensity and
duration of up to 23 minutes,
• anaerobic, phosphogenic effort of high intensity and
duration of 1015 seconds [5,9]

Objective
The purpose of this study was to examine the differences in the levels of
physical endurance of students of 1st and 2nd grade of secondary school:
• to examine the differences in the levels of physical endurance
of the persons living in cities and villages,
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• to examine the differences in the levels of physical endurance
of persons of different age,
• to examine the differences in the levels of physical endurance
of girls and boys,
• to examine the differences in the levels of physical endurance
secondary school students, taking into account their BMI.
Materials and Research Methodology
The group comprised students of the 1st and 2nd grade of a se‐
condary school.
The studies were conducted in September 2015.
It covered 70 students, including 37 women and 33 men.
It covered two age groups, 1617 and 1718.
It covered people who were underweight, overweight and of
normal weight. The body mass index was calculated on the ba‐
sis of the data stated in the survey: body mass expressed in kilo‐
grams and height expressed in meters. The body mass index
was calculated using the following formula:
BMI= weight(in kilograms) / height (in meters)2
A survey was used in order to characterize the studied material
and obtain answers to the research questions (sex, age, place of
residence, BMI).
In order to examine the level of physical endurance, a Harvard
StepUp Test was conducted.
The studied persons would step on the step. The women –
of the height of 30 cm, the men – 40 cm. Every person
would step on the step 30 times per minute. The duration
was 4 minutes for women and 5 minutes for men. Before
the test, the resting heart rate was measured. The fitness test
for all the students was performed in the gymnasium. Every
person was wearing sports clothes. The metronome was set
for 120 beats per minute. After the test, the person would sit
on a chair to undergo 3 pulse measurement using palpation
on the radial artery for 30 seconds in the following time
intervals:
• 1st measurement – between 60 and 90 seconds,
• 2nd measurement – between 120 and 150 seconds,
• 3rd measurement – between 180 and 210 seconds,
These three 30second resting pulse measurements allowed to
calculate the Physical Fitness Index based on the following for‐
mula:
FI = effort time in seconds * 100/ 2 * total of three pulse measurements
Points:
up to 55 points – poor level of physical endurance
56–64 points – adequate level of physical endurance
65–79 points – average level of physical endurance
80–89 points – good level of physical endurance
over 90 points very good level of physical endurance
Pulse was measured using palpation on the radial artery.
Rhythm was set by a mechanical metronome Wintter Picollo
838.
An electronic KOMPAS stopwatch was used for measuring du‐
ration of the test.
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Pearson’s test was used for the statistical analysis of the rela‐
tionship between the place of residence and the level of physi‐
cal endurance. The relationship between age and level of
physical endurance was based on the chisquare independence
test. Taking into account the specific character of BMI, two te‐
sts were conducted: ANOVA, comparing BMI in each level of
physical endurance and independence in order to determine
the impact of both descriptive variables. The impact of sex
and place of residence on the BMI was determined using the
independence test.
Results
To what degree does place of residence
determine the level of physical endurance?
In the survey, the place of residence was defined using the ge‐
neral classification into cities and villages. The answer structure
was presented on a pie chart (fig. 1).
Country

Miasto

Fig. 1. Classification of students by place of residence

The classification of respondents was similar  mainly residents
of villages (57.1%), with fewer residents of cities (42.86%).
Further results were associated with the other examined
property – physical endurance (fig. 2).
poor
satisfactory
very good
average
good

Fig. 2. Level of physical endurance of tested students
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The largest group of students demonstrated average physical
endurance (48.57%). Other frequent results was good and very
good physical endurance, i.e. 21.43% and 17.14% of students.
Poor and satisfactory physical endurance was demonstrated by
only nine persons.
Pearson’s independence test was performed in order to
determine the relationship between the variables – the results
are presented in Tables 13.

Table 1. Relationship between the level of physical endurance and place of residence
Observations
Included

Residence * fitness

Excluded

Total

N

%

N

%

N

%

70

100%

0

0%

70

100%

Tabela 2. Zamieszkanie * Wydolność [zlicz, wiersz %, kolumna %, % Ogółem]
Table 2. Residence * Fitness [sum of line %. column %. % Total]
Fitness
Very good

Good

Satisfactory

Average

Poor

Total

City

7.00
23.33%
58.33%
10.00%

6,00
20,00%
40.00%
8.57%

4.00
13.33%
57.14%
5.71%

12.00
40.00%
35.29%
17.14%

1.00
3.33%
50.00%
1.43%

30.00
100.00%
42.36%
42.86%

Country

5.00
12.50%
41.157%
7.14%

9.00
22.50%
60.00%
12.36%

3.00
7.50%
42.86%
4.29%

22.00
55.00%
64.71%
31.43%

1.00
2.50%
50.00%
1.43%

40.00
100.00%
57.14%
57.14%

Total

12.00
17.14%
100.00%
17.14%

15.00
21.43%
100.00%
21.43%

7.00
10.00%
100.00%
10.00%

34.00
48.57%
100.00%
48.57%

2.00
2.86%
100.00%
2.36%

70.00
100.00%
100.00%
100.00%

Residence

Table 3. Chisquare tests
Statystyka
Statistics

Wartość
Value

df

Istotność asymptotyczna (dwustronna)
Asymptotic (bilateral)

Pearson’s Chisquare

2.64

4

0.619

Probability ratio

2.63

4

0.621

N of valid observations

70
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The value of the test does not provide unequivocal grounds for dismis‐
sing the zero hypothesis. This means that both examined variables are
independent, which implies lack of a statistically relevant impact of the
place of residence on the level of physical endurance of students.
How does sex affect the level of physical endurance?
The frequency statistics for physical endurance were presented
on the basis of the first research question. Please find below the
frequency diagram by sexes.
Women

Men

Fig. 3. Classification of students by sex

In terms of sex, the distribution of students is relatively equal –
there were a little more women (two persons more – 51.43%)
than men – 48.57%. The independence test to determine the
relationship between sex and physical endurance was presented
in tables 46.
Table 4. Relationship between the level of physical endurance and students’ sex
Observations
Included

Residence * fitness

76

Excluded

Total

N

%

N

%

N

%

70

100%

0

0%

70

100%
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Table 5. Gender * Fitness [sum of line %. column %. % Total]
Fitness
Gender

Very good

Good

Satisfactory

Average

Poor

Total

5.00

9.00

4.00

17.00

1.00

36.00

13.89%

25.00%

11.11%

47.22%

2.78%

100.00%

41.67%

60.00%

57.14%

50.00%

50.00%

51.43%

7.14%

12.86%

5.71%

24.29%

1.43%

51.43%

7.00

6.00

3.00

17.00

1.00

34.00

20.59%

17.65%

8.82%

50.00%

2.94%

100.00%

58.33%

40.00%

42.86%

50.00%

50.00%

48.57%

10.00%

8.57%

4.29%

24.29%

1.43%

48.57%

12.00

15.00

7.00

34.00

2.00

70.00

17.14%

21.43%

10.00%

48.57%

2.86%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

17.14%

21.43%

10.00%

48.57%

2.86%

100.00%

Men

Women

Total

Table 6. Chisquare tests
Statistics

Value

df

Asymptotic (bilateral)
significance

Pearson’s Chisquare

1.02

4

0.907

Probability ratio

1.03

4

0.906

N of valid observations

70

The test results do not provide any grounds for dismissing the
zero hypothesis, which means the examined variables are in‐
dependent. Sex is not statistically relevant for the level of
physical endurance.
What is the relationship between BMI
and physical endurance?
The BMI value was presented through description after
classification, and in quantitative terms, with regard to the
relationship between weight and height. The statistics
concerning the observations were presented below. (fig.4)
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Norm

Underweight

Overweight

Fig. 4. BMI of the tested students

In the conducted study, most BMI results were normal = 72.86%.
Obesity was recorded in 14.29% participants, while 12.86% were
underweight. Descriptive statistics were presented below.
What is the joint impact of the respective factors on the level
of physical endurance (logit model)?
The structure of the probability model will allow to assess the impact
of the respective factors on the level of physical endurance. For the
purposes of the model and taking into account the specific character
of the logit approach, a 10% relevance threshold was assumed. Fur‐
thermore, the dependent variable (fitness) was recoded and assigned
with the value of 1 – for average and higher values and 0 – for poor
and satisfactory values. The results were presented in tables 78.

Table 7. Model 1: Logit Estimation based on observations 170; Dependent variable (Y): Fitness; Standard errors based
on Hessian matrix

78

Coefficient

Standard error

z

p value

Const

37.4446

43.5253

0.8603

0.38963

Sex

0.612655

1.37102

0.4469

0.65497

Age

0.381509

0.79985

0.4770

0.63338

Residence

0.404009

0.787015

0.5133

0.60771

BMI

0.0820278

1.20343

0.0682

0.94566

Weight

0.220389

0.333392

0.6611

0.50858

Height

0.142641

0.246234

0.5793

0.56239

BMI_1

0.872675

1.00641

0.8671

0.38588
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Arithmetic mean of dependent variable

0.871429

SD of dependent variable

0.337142

McFadden Rsquared

0.098507

Adjusted Rsquared

0.199374

Logarithm of likelihood

24.21081

Akaike information criterion

64.42161

Bayesian information criterion

82.40957

HannanQuinn information criterion

71.56665

Number of “correct predictions” = 62 (88.6%)
f(beta'x) for mean independent variables = 0.337
Likelihood ratio test: Chisquare(7) = 5.29107 [0.6245]
Step by step, the statistically irrelevant variables were
removed, leading to the final form of the model, presented
below.

Table 8. Model 14: Logit Estimation based on observations 170; Dependent variable (Y): Fitness; Standard errors
based on Hessian matrix
Coefficient

Standard error

z

p value

Const

5.73827

2.46613

2.3268

0.01997**

BMI_1

0.175274

0.108816

1.6107

0.10724

Arithmetic mean of dependent variable

0.871429

SD of dependent variable

0.337142

McFadden Rsquared

0.047225

Adjusted Rsquared

0.027245

Logarithm of likelihood

25.58805

Akaike information criterion

55.17610

Bayesian information criterion

59.67309

HannanQuinn information criterion

56.96236

Number of “correct predictions” = 61 (87.1%)
f(beta'x) for mean independent variables = 0.337
Likelihood ratio test: Chisquare(1) = 2.53658 [0.1112]
The quantitative impact of BMI occurred to be (conditionally)
statistically relevant, resulting in the probability of achieving
specific level of physical endurance.
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Discussion
The joint element of health and physical fitness is, in
particular, physical endurance. Kozłowski stated that physical
endurance “is the ability to make physical effort without
significant disturbance of homeostasis and without the signs
of tiredness that result from that disturbance”. The basis of
physical endurance is the best possible provision of muscles
with energy substances which are necessary for performing
physical work, as well as elimination from the body of
metabolic products which are redundant and harmful to the
body [10].
Examination of physical endurance in youth from secondary
schools is usually used for preventive activities aimed at
maintaining physical endurance at a certain level or at
increasing that level. As for the youth of that age  it is
particularly important, because while attending secondary
schools, a significant part of endurance starts to fully develop
and reach its maximum values. It is the moment when the level
of physical endurance starts to come close to the maximum
values in development of the organism of the given person. It
is the time when that level may be increased with the
application of proper training. Developing and increasing the
level of physical endurance in that period of life is very
important, because it constitutes a sort of capital which one
may use in the future, when the level of physical endurance
starts to decrease naturally. Specification of physical endurance
in secondary school students allows to obtain the information
on how to most effectively perform everyday activities in older
age.
Of the examined students, 48.57% demonstrated average level
of physical endurance. Other frequent results was good and
very good physical endurance, i.e. 21.43% and 17.14% of
students. Poor level of physical endurance was demonstrated
only by 12% students. It may be concluded from the research
that the examined group of secondary school students
demonstrate quite a high level of physical endurance.
The studies performed in that scope cover numerous factors
which affect the level of physical endurance to a higher degree,
to a lower degree, or have no effect at all.
In this study, one of the factors to determine physical
endurance, was sex. In the study, the classification of
participants by sex was relatively uniform, there were a few
more women (51.43%) than men (48.57%). The research into
that group of secondary school students demonstrated that
sex is not statistically relevant for the level of physical
endurance.
The same sexrelated result was analyzed by Łazicka et al.
[2]. The study covered students of the 1st and 3rd year of
higher education schools. The study was to demonstrate the
differences in the physical endurance of women and men, and
to illustrate the changes in physical endurance between the
1st and 3rd year of higher education. The research results
indicate that men demonstrated a higher level of physical
endurance, while women – lower. Additionally, it was
demonstrated that the level of physical endurance in women
dropped slightly between these years of study, but was
maintained at the average level. As for men, the level of
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physical endurance also dropped, but was maintained at the
level of average physical endurance [9].
The studies by Pujszo et al., Stępniak and Jopkiewicz only
covered women. The level of physical endurance was
examined in female students of physical education at the
Bydgoszcz Academy twice, first in 2002/2003 and then 10
years later, in 2012/2013. The studies demonstrated that, over
the years, the level of physical endurance decreased in female
students. The conclusions was that the school physical
education classes do not guarantee maintaining a proper level
of physical endurance [5].
The studies by Jopkiewicz indicate that younger and younger
people demonstrate a decrease in the level of physical
endurance. That level of physical endurance results from
a decrease in functional reserves of the body. That change is
dangerous in biological and social terms. Even if, upon the
best biological capacity, the youth do not demonstrate
a proper level of physical endurance, even the smallest
physical work will be associated with a significant effort [11].
Another analyzed factor was the place of residence. In the
study, the classification of respondents was similar  mainly
residents of villages (57.1%), with fewer residents of cities
(42.86%). The studies clearly demonstrated that the place of
residence is not statistically relevant for the level of physical
endurance.
In their research, Pytasz et al. assessed children aged 1214
living in different environments. They included children from
cities, towns and villages. The studies confirmed the
observation from the previous analyses and studies, i.e. that,
in physical terms, children develop better in the places with
a higher standard of living. These differences are starting to
disappear which, according to the authors, may result from
the civilizational leap in towns and villages [12].
The BMI is analyzed very often. In the conducted study,
72.86% BMI results were normal. Obesity was recorded in
14.29% participants, while 12.86% were underweight. It
seems that the results are typical for groups of similar BMI
results.
The study entitled “Physical endurance in Obese Women” by
OlszaneckaGlinianowicz only covered obese women, i.e.
with the BMI outside the normal limits. The study included
34 obese women without associated diseases. The results of
a stress test conducted using a cycloergometer led to the
conclusions that physical endurance of obese women without
associated diseases depends on the level of training [5].
The subject of examination of the level of physical endurance
is addressed frequently. There are numerous factors that affect
that level. There are numerous studies, in which the same
factors, associated with physical endurance levels, are
examined very differently.
Conclusions
1. The place of residence, sex or BMI do not affect the level of
physical endurance of the examined youth.
2. The age between 1618 is the factor that is statistically
relevant for the level of physical endurance.
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