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Abstract
Introduction. In the current situation of the demographic low
and strong competition on the educational market, such issues as
the level of education as well as competences and predispositions
of students are under discussion more and more frequently. Aim
of Study. The aim of this study was to analyse differences in body
build and physical fitness of physical education (PE) students
in the years 2004 and 2014. Material and Methods. In 2004 the
authors examined 112 females and 287 males who were second-year
students. The tests were repeated in 2014 and included 98 females
and 242 males. Anthropometric features were measured according
to Martin and Saller guidelines, and these measurements, in turn,
were used to calculate body build type according to Heath–Carter
method. Physical fitness was assessed with the use of Eurofit test.
Results. In the assessed decade only slight changes in basic somatic
features and negative changes in body build (especially in men)
were noted. Physical fitness of students was similar to the results
obtained 10 years earlier. Conclusions. The observed secular trends
in body build and physical fitness may be interpreted as the effects
of the improvement of living conditions of the male subjects and
the improvement of admission process at the university.
KEYWORDS: secular trend, Heath–Carter method, somatotype,
Eurofit.
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Introduction
he development of science and technology which
serve as the foundation of socio-economic progress
has led to a significant improvement of living conditions.
Civilization changes are not a linear process; they differ
depending on the pace of economic development and
geographic location. They influence the pace at which
a young generation develops. The improvement of living
conditions combined with an increased consumption
of food products and a lower level of physical activity
leads to an increase in the occurrence of overweight and
obesity in the population [3, 4]. It is highly distressing,
especially with regard to a younger generation [11, 12,
26]. In the literature devoted to academic youth we
can find studies revealing positive changes in physical
growth and negative changes in motor abilities at the
end of the 20th century, and then the slowdown of
this trend at the beginning of the 21st century. Such
conclusions were reached, inter alia, by Mleczko and
Januszewski [13], Stachoń et al. [23], Avila et al. [1]
and Rębacz-Maron [18]. Authors dealing with the
issue of the somatic build of academic youth, athletes
and particular professional groups indicate close
similarities concerning morphological features with
regard to groups of people performing the same jobs,
practising the same sport or studying the same courses
at university [21, 22, 27]. Students from the University
of Physical Education should demonstrate a high level
of physical fitness and have more active tissue and less
fat tissue compared to the academic youth from other
fields of study [14].
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Aim of Study
Taking into account the aforementioned facts, it was
decided that this study should analyse changes in
somatic and motor predispositions of female and male
PE students in the years 2004 and 2014.

𝑇𝑇 = ((

𝑥𝑥𝑖𝑖 − 𝑥𝑥̃
) ∗ 10 + 50)
𝑆𝑆𝑆𝑆

xi – mean of 2014 results
x̃ – mean of 2004 results
SD – standard deviation of 2004 results

Material and Methods
In 2004 the authors examined 112 female and 287 male
second-year PE students from the Faculty of Physical
Education and Sport in Biala Podlaska. Anthropometric
features were measured according to Martin and Saller
guidelines, and these measurements, in turn, were used
to calculate body build type according to Heath–Carter
method [5]. The level of physical fitness was measured
with Eurofit test [2]. The results were collected within
the authors’ own research No. VII/146. The same
research methods were applied in 2014 when examining
98 females and 242 males within statutory activity No.
172. The research was carried out in compliance with
the rules included in the Declaration of Helsinki and
was accepted by the Senate Ethics Commission.
The collected variables were described with the use
of sample size (n), arithmetic mean ( ~x ) and standard
deviation (SD). The data gathered in the physical fitness
tests were converted to points on T scale. Calculated
from the formula:

Afterwards, the results obtained in 2014 were normalised
to the findings from 2004. In test attempts, when a lower
result means a better result (e.g. agility), the order of the
means was changed in the formula. In such calculations,
the 2004 group results are 50 points. Differences between
the selected groups concerning the analysed features
were estimated with the use of the Student’s t-test for
independent trials at the level from p ≤ 0.05 to p ≤ 0.001.
All statistical analyses were conducted using Statistica
Software 10.0 (StatSoft Inc., 2011). The detailed p-values
were presented in the tables.
Results
Long-term tendencies of changes in basic somatic
features and body build components were defined on the
basis of mean differences in absolute values (Table 1). It
was concluded that women currently studying were taller
by 0.47 cm and heavier by 0.32 kg than female students
from ten years before. Moreover, the endomorphy

Table 1. Values of basic somatic features and body build components as well as Student’s t-test of female and male students
in the years 2004 and 2014
Somatic features and body build components

2004
–x

2014
SD

–x

SD

Student’s
t-test value

p-value

Females
Calendar age

21.02

2.34

20.84

2.59

0.53

0.597

Body height

165.84

5.71

166.31

5.75

0.59

0.556

Body mass

59.30

7.18

59.62

8.62

0.29

0.072

Endomorphy

4.08

1.15

4.17

1.36

0.52

0.604

Mesomorphy

3.06

0.90

4.00

3.75

2.57*

0.011

Ectomorphy

2.73

0.99

2.60

1.14

0.88

0.380

Males
Calendar age

21.11

1.87

20.97

1.21

1.00

0.318

Body height

181.21

6.27

180.58

6.52

1.13

0.259

Body mass

76.77

9.25

78.45

10.63

1.94

0.053

Endomorphy

3.36

1.19

3.75

1.28

3.63*

0.001

Mesomorphy

4.51

0.96

4.00

1.65

4.42*

0.001

Ectomorphy

2.73

0.96

2.55

1.14

1.97*

0.049

Note: –x – mean, SD – standard deviation
* statistically significant differences at the level of p ≤ 05 and p ≤ 0.001

30

TRENDS IN SPORT SCIENCES

March 2020

CHANGES IN THE SOMATIC BUILD AND PHYSICAL FITNESS OF PHYSICAL EDUCATION STUDENTS...

component increased slightly by 0.09 points (from 4.08
to 4.17), while the ectomorphy component decreased by
0.13 points (from 2.73 to 2.60). Only the decrease in the
mesomorphy component by 0.94 points was statistically
significant.
However, statistically insignificant differences were
found in the basic somatic features between the studied
groups of male students. The men currently studying were
0.65 cm taller and 1.68 kg heavier than students ten years
before. Men currently studying had better component
endomorphy (by 0.39 points). Moreover, they had
significantly lower mesomorphy (by 0.51 points) and
ectomorphy (by 0.18 points). All differences in body
components were statistically significant.
On the basis of mean absolute values and T scale
points, the changes in physical fitness levels of students
were determined (Figure 1, Table 2). Women currently
studying had significantly better results in the ‘standing
broad jump’ test (by 5.98 cm, i.e. 4.25 T scale points) than
females studying a decade before. They also performed
better in the ‘sit-ups in 30 seconds’ test (by 2.45 sit-ups,
i.e. 6.97 points) and in the ‘endurance shuttle run’ test
(by 5.73 shuttles, i.e. 3.65 points). Moreover, a slight
(statistically insignificant) improvement was noted in
the results of the ’10 × 5 metre shuttle run’ (by 0.42 s,
i.e. 2.25 points), ‘flamingo balance test’ (by 0.18 trials,
i.e. 0.88 points), ‘sit-and-reach’ test (0.24 cm, i.e. 0.44
points) and ‘bent arm hang’ (by 0.30 s, 0.33 points).
However, they had significantly lower results in
‘handgrip test’ (by 3.80 kg, i.e. 7.68 points) and ‘plate
tapping’ (by 0.85 s, 6.54 points).

Table 2. Results of Eurofit tests and Student’s t-test of female
and male students in the years 2004 and 2014
2004

Eurofit tests

–x

2014
–x

SD

SD

Student’s
t-test p-value
values

Females
Flamingo
balance test

2.26

2.04

2.44

2.07

0.63

0.529

Plate tapping

10.70

1.30

11.55

1.82

3.93*

0.001

Sit-and-reach 29.16

5.42

29.40

7.47

0.27

0.787

190.06 14.07 196.04 24.21

2.22*

0.027

24.79

3.53

27.25

3.79

4.87*

0.001

13.36

9.02

13.66

12.29

0.20

0.842

Handgrip test 38.18

4.95

34.38

5.32

5.36*

0.001

19.83

1.87

19.41

1.37

1.83

0.069

60.30

15.68

66.03

14.79

2.71*

0.007

Standing
broad
jump
Sit-ups in
30 seconds
Bent arm
hang
Shuttle run
(10 × 5 m)
20 metre
endurance
shuttle run

Males
Flamingo
balance test

3.40

2.53

4.01

2.76

2.64*

0.009

Plate tapping

9.93

1.43

10.54

1.58

4.63*

0.001

Sit-and-reach 26.95

7.12

25.10

7.94

2.80*

0.005

235.06 22.73 247.02 21.01

6.28*

0.001

28.36

4.61

31.28

4.25

7.58*

0.001

25.91

10.71

30.09

12.59

4.08*

0.001

Handgrip test 60.97

9.39

51.73

8.19

12.09*

0.001

10.33*

0.001

4.70*

0.001

Standing
broad jump
Sit-ups in
30 seconds
Bent arm
hang

Shuttle run
18.88 1.60 17.61 1.22
(10 × 5 m)
20 metre
endurance
86.99 15.43 92.66 12.30
shuttle run
Note: –x – mean, SD – standard deviation

* statistically significant differences at the level of p ≤ 0.05 and
p ≤ 0.001

Figure 1. T scale results of Eurofit tests of male and female
students from 2014 normalised to the results of students from
2004
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Bigger differences were noted when comparing the
results of male students. In 2014 the participants
performed better in the ’10 × 5 m shuttle run’ (by 1.27 s,
7.94 points), ‘sit-ups in 30 seconds’ (by 2.92 sit-ups,
6.33 points), ‘standing broad jump’ (by 11.96 cm, 5.26
points), ‘bent arm hang’ (by 4.18 s, 3.90 points) and in
‘endurance shuttle run’ (by 5.67 shuttles, 3.67 points).
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However, they obtained significantly lower results in
the remaining Eurofit tests, i.e. in the ‘handgrip test’ (by
9.24 kg, 9.84 points), ‘plate tapping’ (by 0.61 s, 4.27
points), ‘sit-and-reach’ (by 1.85 cm, 2.60 points) and in
‘flamingo balance’ (by 0.61 trials, 2.41 points).
Defining general fitness with the mean of the point
differences from all the tests, it may be concluded
that female and male participants of the 2014 research
demonstrated a slightly higher level of physical fitness
compared to their counterparts from a decade before.
The differences were at the level of 0.31 points for
females and 0.89 points for males, and were statistically
significant.
Discussion and Conclusion
The entry requirements at sports universities result in
PE students demonstrating higher levels of somatic
features as well as physical fitness and efficiency than
students from other fields of study [15, 21]. Changes
which occurred in the years 2004 and 2014 and regarded
body height and mass of female and male students
reflect changes in the physical development of children
and youth in the whole region of eastern Poland [19,
29]. The sustaining high secular trend in the somatic
development of the youth from eastern Poland and the
inhibition of this process in other regions of Poland [17]
cause developmental differences to diminish.
Lower entry requirements, especially those concerning
physical fitness combined with the demographic low led
to a limited selection. This, in turn, resulted in the fact that
each secondary-school graduate meeting those lowered
requirements may become a student of the University of
Physical Education. In the long-term these changes lead to
an increase in endomorphy and a decrease in ectomorphy
and mesomorphy. These tendencies are unfavourable in
terms of educating future PE teachers. In the continuous
research on American students (Andrews University)
Pribis et al. [16] observed an increase in somatic build
parameters (especially adiposity) with a simultaneous
decrease in the level of physical fitness. Also, a high pace
of increase in basic somatic features (height, mass and
adiposity) with a simultaneous decrease in the results in
a number of Eurofit test trials (FLB, PLT, SAR, SBJ,
SUP, SHR) among Hungarian students at the University
in Pecs and Kaposvir was noted by Kaj et al. [7].
Students surveyed demonstrated somatic build similar
to their counterparts from the Medical University in
Gdansk [8, 9] or Medical University in Lublin [10].
However, they presented higher physical fitness levels
than students from the above-mentioned universities.
Students surveyed obtained similar results in physical
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fitness tests to their peers from Zagreb [22], Kaunas [6]
and Hungary [7] but had clearly lower results than
students from typical sports universities, e.g. the
University of Physical Education in Wroclaw [23] or the
sports department at the University in Bratislava [20].
As long as a decade ago it was noted that somatic build
of the candidates for the first year of physical education
studies, and especially high adiposity accompanied by
weak musculoskeletal system, differed significantly
from the patterns noted in the youth from the same field
of study at other universities or in individuals doing
sports actively [28]. In the course of studies at sports
faculties an increased number of practical classes exerts
an influence on somatic features. Therefore, it may be
presumed that more distinct differences between the
groups of female and male participants might be noted
in the case of older students since physical exercises
may affect energetic balance of the system and body
tissue composition. This correlation was also noted
by Yildiz et al. [30] who observed students from the
sports university in Aydın in Turkey. Also, the authors
of publications devoted to the correlations between
somatic features and the level of physical efficiency
and sports results in various disciplines [24, 25] noted
that apart from body build typical of a given sport,
body composition as well as the proportion of fat tissue
and lean body mass were particularly significant. At
the same time they highlighted the fact that training
effects differentiating tissue components depended
on the specificity and duration of a training process,
participants’ age and the discipline itself.
The analysis of changes in motor skills revealed that
physical fitness of the students was similar to the results
obtained ten years before and differences were noted
only at the level of certain motor skills. It should be
highlighted that bigger changes were noted in men than
in women. It may have stemmed from the fact that young
people adapted to the changing environment and to the
requirements of the study programme. Similar changes
could be noted among students at sports universities.
Mleczko and Januszewski [13] emphasised the fact
that students presently beginning studies at sports
universities have better somatic features (e.g. adiposity)
than motor skills, which is compliant with the national
secular trends among the youth graduating from uppersecondary schools [17].
In general, the research revealing 10-year-long changes
in body height and mass as well as physical fitness of
students are in line with the conclusions of other authors.
Contrary observations refer to an increase in adiposity,
especially in men, with a simultaneous decrease in muscle
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and skeleton mass. The observed secular trends in body
build and physical fitness of students may be interpreted
as a confirmation of the lowering of biological potential of
the youth originating from the areas where students live.
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