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ABSTRACT

The objective of this study was to compare Estonian 6th grade students’
physical fitness level with normative values from ALPHA fitness test and
international normative 20 m shuttle run values. The following healthrelated fitness components were assessed: cardiorespiratory fitness,
flexibility, muscular strength, muscular endurance and speed, as a skillrelated fitness component. Physical fitness results were evaluated with the
ALPHA health-related fitness test battery for children and adolescents
and with normative 20 m shuttle run values. Students from 6th grade
(n=178) participated in the study. Physical fitness performance was not
significantly different between boys and girls, except for flexibility and
upper body muscle strength and endurance. Boys’ percentage in very low
and low level was higher on every test compared to girls’ results based
on normative values. The results of the research indicate the importance
to measure the physical fitness of schoolchildren and to compare them
with the evaluation scales to plan and carry out more PE lessons focusing
on physical fitness development. Further research is needed to evaluate
students’ physical fitness levels among different age groups. Physical fitness development is urgently needed and should be included in school
curriculum.
Keywords: health- and skill related fitness components; physical fitness tests;
development of physical abilities
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INTRODUCTION
Physical fitness can be considered as an integrated measure of most body
functions (skeletomuscular, cardiorespiratory, hematocirculatory, psychoneurological and endocrine–metabolic) involved in the performance of daily
physical activity and/or physical exercise. Thereafter, when physical fitness
is tested, the functional status of all these systems is actually being checked.
This is the reason why physical fitness is stated one of the most important
health markers [14]. It is necessary that children and youth are sufficiently
engaged in physical activity. In addition, the physical education (PE) lessons
would be support the formation of healthy lifestyle. Although the knowledge
of physical activity benefits, the level of physical fitness has decreased during
last decade among both adults and youth [3].
Less than 25% of Estonian children and youth meet the WHO recommendation of at least 60 min daily moderate-to-vigorous physical activity
(MVPA) [12, 16, 20]. In the recent study of Cooper et al. [5], it was found
that in all 20 studied countries only 9% boys and 1.9% 5–17-year-old girls
met the guidelines of achieving 60 min of MVPA every day. Daily physical
activity tends to decrease during puberty [6]. Physical activity influences the
level of physical abilities. Physical abilities can be divided as health-related
and skill-related [1]. Physical activity and physical abilities are closely associated with the level of health-related fitness components: cardiorespiratory
endurance, muscle strength and endurance, flexibility and body composition, which are important in coping with daily activities and help to prevent
chronical diseases [17]. Skill-related physical abilities as balance, coordination, speed of movements, speed of reaction, power and speed of locomotion are associated with motor competence [7].
Evaluation of the level of physical abilities is an essential part of study
process in PE to give feedback to student and teacher. Knowing and analysing the level of physical fitness helps to set goals to develop children’s
physical abilities. The aim this study was to compare the 6th grade students’
physical fitness level with normative values from ALPHA fitness tests and
international normative 20 m shuttle run values.

MATERIALS AND METHODS
Participants

One hundred and seventy-eight 12–13-years-old 6th grade students (92
girls and 86 boys) from Tartu and Tallinn participated in this study. Written informed consents from parent and child were obtained from all
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participants. The study was approved by the Medical Ethics Committee of
the University of Tartu, Tartu, Estonia, approval no 265/T-15.
Procedures

Internationally accepted, time-saving and easily available physical fitness
tests were carried out in school settings. Following health-related physical
abilities were measured: cardiorespiratory fitness, flexibility, muscle strength
of upper and lower body and muscle strength endurance of upper body.
Speed of running was evaluated as skill-related physical ability. Physical fitness tests based on ALPHA fitness program were applied [17]. For evaluation of cardiorespiratory endurance, 20 m shuttle run test was used [19].
Table 1 describes the specific tests used.
Table 1.
Physical ability Test

Evaluated parameter

Result registration units

1.

Cardiorespiratory
fitness

20 m shuttle run
Cardiorespiratory
according to audio endurance
signals

Number of laps
run

2.

Strength of
lower limbs

Standing long
jump

Centimetres

3.

Muscle
endurance of
upper body

Hang on the
Muscle endurance of
horizontal bar with upper body
flexed hands

Seconds

4.

Muscle
strength of
upper body

Handgrip strength Handgrip strength
measurement with
dynamometer

Kilograms

5.

Speed of
running

4x10m shuttle run

6.

Flexibility

Back-saving flexion Flexibility of lower back Centimetres
in sitting position
and hamstring muscles

Explosive strength of
leg muscles

Speed, agility, speed of Seconds
reaction and changing
the direction of
moving

All tests were applied twice and the best values of two attempts were used
in the analyses, except the 20-m shuttle run and hanging on the bar test
that were only conducted once. Flexibility and handgrip tests was performed
with both limbs and the average of results was calculated. Warm-up was
carried out before testing. The technical performance of tests was observed
carefully to guarantee the reliability and comparability of results.
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Statistical analysis

Data analysis was made using the SPSS version 20.0 for Windows (SPSS,
Inc., Chicago, IL, USA). Descriptive statistics are presented as mean and
standard deviations. All variables were checked for normality before the
analysis. Group differences between means were analysed with independent
t-test. Spearman correlation analysis was used to find associations between
measured parameters. Chi-square test was used to compare categorical
values. Significance was set at p<0.05. The data were compared with the
physical fitness evaluation scales [13, 19].

RESULTS
Table 2 demonstrates the data of physical fitness testing and differences
between the results of boys and girls. Boys exceeded girls significantly in
muscle strength and endurance of upper body as the girls showed significantly better flexibility. The average results of tests to assess cardiorespiratory fitness, strength of lower limbs and speed of running did not differ in
comparison of boys and girls.
Table 2. Description of study sample, the average results and differences of results between boys and girls.
Whole sample
(n=178)

Boys
(n=86)

12.5±0.50
(n=178)

12.6±0.490

0012.4±0.49

23.12±8.710
(n=162)

17.47±7.040

027.77±7.05*

162.07±24.010
(n=164)

165.95±24.78

158.73±22.95

Handgrip strength (kg)

24.39±5.000
(n=168)

25.22±5.290

023.68±4.64*

Speed of running 4x10 m (sec)

13.04±1.220
(n=161)

12.98±1.420

013.08±1.02

Hanging on horizontal bar (sec)

9.05±9,99
(n=160)

10.82±10.96

007.51±8.84*

Cardiorespiratory fitness (laps)

37.91±16.96

39.46±18.26

036.35±15.49

Age (years)
Flexibility (cm)
Standing long jump (cm)

*p< 0.05 as compared with boys

Girls
(n=92)
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Associations between the parameters of physical abilities are demonstrated
in Table 3. Positive association was found between cardiorespiratory fitness
and muscular strength of lower body, as well as with muscular endurance of
upper body (Table 3). The strength of lower body was positively associated
with both strength and muscular endurance of upper body. Speed of running as skill-related physical ability had no positive association with healthrelated physical abilities. No positive associations were found between
flexibility and the other health-related physical abilities (Table 3).
Table 3. Associations between parameters of physical abilities
1.
1. Strength of lower body
2. Flexibility

2.

3.

4.

5.

6.

1
0.034

1

3. Strength of upper body

0.253**

–0.057

1

4. Speed of running

–0.704**

0.004

–0.113

1

5. Muscular endurance of
upper body

0.510**

–0.006

0.080

–0.483**

6. Cardiorespiratory fitness

0.548**

0.057

–0.002 –0.577** 0.572**

1
1

**p<0.01

The proportions of students on different physical fitness levels is depicted in
Table 4. The evaluation scales of Ortega et al. [13] and Tomkinson et al. [19]
were used to find the proportions of students on different physical fitness
levels. Significantly more boys than girls (12.4 vs 23.3 %) were on very low
level in flexibility test (Table 4). At the same time, nearly 37% of girls and
19% of boys showed very high level in flexibility test. The strength of lower
body was measured using standing long jump test. More than half (42%) of
participated girls achieved very high level (Table 4). In the test of evaluating
the strength of upper body 9% of boys reached very high level as nearly half
of boys were on low and very low level. More than one third of boys (35%)
showed very low level in running speed, while 1.4% of them were on very
high level in this test (Table 4). Simultaneously nearly 15% of girls reached
very high level in running speed. In the muscular endurance of upper body
about 22% of both boys and girls were on the highest level and same proportion of students stayed on the lowest level. More than half of girls achieved
high and very high result in cardiorespiratory fitness test which is significantly higher proportion than among boys (Table 4).
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Table 4. The proportions of students on different physical fitness levels
Physical fitness level

Very low

Low

Medium

High

Very high

Boys (n=73; %)

23.3

19.2

17.8

20.5

19.2

Girls (n=89; %)

12.4#

11.2

16.8

22.5

37.1#

Boys (n=76; %)

11.8

14.5

21.1

32.9

19.7

Girls (n=88; %)

3.4

9.1

22.7

22.8#

42

Boys (n=78; %)

21.8

30.8

24.3

14.1

9

Girls (n=90; %)

21.1

17.8#

23.3

18.9

18.9

Boys (n=74; %)

35.1

27.1

21.6

14.8

1.4

Girls (n=87; %)

12.6#

26.5

26.4

19.6

14.9#

Flexibility*

Strength of lower body*

Strength of upper body*

Speed of running*

Muscular endurance of upper body*
Boys (n=74; %)

22.7

26.6

18.7

10.7

21.3

Girls (n=86; %)

22.1

17.4

22.1

15.1

23.3

Boys (n=76; %)

25

23.7

26.3

10.5

14.5

Girls (n=75; %)

6.7#

20

18.6

21.4#

33.3#

Cardiorespiratory fitness**

*evaluation is based on Ortega et al 2011; **evaluation is based on Tomkinson et al 2016
#significantly different (p<0.05) as compared with boys

DISCUSSION
The aim of this study was to evaluate the level of physical fitness among 6th
grade students and to compare the results with the recommended evaluation
scales [13, 19]. The results of the study are important to assess the health status of children and to give feedback to students and teachers. Physical fitness
of 11–17 years old adolescents was evaluated by EUROFIT tests in Estonia
and Lithuania 1998 [8] and since that survey, the data of physical fitness of
Estonian schoolchildren are scarce.
As comparing the average results of boys and girls it is not unexpected
that the boys exceeded girls in upper body strength and endurance (Table 2).
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The girls had significantly better results in flexibility which could be
explained with different preferences in sport and free time activities of both
genders (Table 2). Our results support the findings of Ortega et al 2011 [13].
Several health-related physical abilities were significantly associated
with each other in our study (Table 3). Positive associations were registered
between cardiorespiratory fitness and muscular strength of lower body,
as well as with muscular endurance of upper body (Table 3). The strength
of lower body was positively associated with both strength and muscular
endurance of upper body (Table 3). These findings would explain the importance of many-sided physical training in childhood and youth. Speed of running as skill-related physical ability had no positive association with healthrelated physical abilities. Unexpectedly, we found no positive associations
between flexibility and the other health-related physical abilities (Table 3).
However, flexibility is important physical ability ensuring the amplitude of
movements [9]. Non-sufficient flexibility of joints disturbs the performance
and can lead to injuries [9]. Thus, the importance of developing flexibility
should be more emphasized among basic school students, especially among
boys.
Based on the standards of Ortega et al. [13], the testing results of healthrelated physical abilities can be associated with the health status. Very low
and low level of certain ability gives a signal that the person can be in health
risk and developing this ability would be urgently needed. Results on the
medium and higher level are recommended from the standpoint of good
health [13]. As compared the proportions of students in different physical
fitness levels the worst performance was observed in hanging on the horizontal bar. Even 34% of participants did not reach the result and from the
remained students 49% of boys and 39% of girls achieved very low or low
result (Table 4). The usefulness of this test in this age group can be stated
questionable because also the results of previous studies [2, 13] were low
among numerous participants. The results of our study participants remain
weaker in most tests than those in the study of Jürimäe and Volbekiene [8]
almost two decades ago.
Cardiorespiratory endurance is considered to be one of the most important health-related physical fitness components [18]. High level of cardiorespiratory fitness in childhood and youth is strongly associated with better
cardiorespiratory health in later age [13, 17]. Using reliable and valid 20 m
shuttle run according to audio signals is effective to test students while running together helps to motivate children and achieve better results [18, 19].
The result of test is expressed as number of laps run. The results of our study
show low aerobic capacities of participants which could be associated with
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low physical activity. Nearly half (49%) of boys and almost one fourth (27%)
of girls reached very low or low result (Table 4). One third (33%) of girls and
14.5% of boys showed very high cardiorespiratory fitness level (Table 4). The
big discrepancy could be explained by the remarkable difference of standards: to reach the medium level the boys have to run 39 laps but girls only
25 laps.
As in several previous studies [4, 8, 11] our girls showed significantly
better results in flexibility than boys. The very high level was achieved by
37% of girls and 19% of boys while 43% of boys and 24% of girls reached
very low and low level (Table 4). Flexibility should be more developed in PE
lessons to prevent injuries and maintain normal movement amplitude.
Strength is necessary physical ability in developing speed, coordination
and flexibility. Strength exercises enable to prevent osteoporosis, regulate
body weight, diminish the effect of risk factors of diabetes and cardiorespiratory diseases [15]. The explosive strength of leg muscles was evaluated with
the result of standing long jump in our study. As compared with other tests
performed the smallest proportion of students achieved very low results –
12% of boys and 3.4% of girls. On the other hand, 42% of girls and nearly
20% of boys showed very high level in standing long jump (Table 4). Still the
results are significantly lower than those in the previous study of Jürimäe
and Volbekiene [8]. The health status of muscles, nerves, joints and bones
could be evaluated by assessment of upper body muscular strength [18].
Among adults an association has been found between coping with daily
activities and upper body muscular strength [10]. More than half of our boys
showed very low or low level of upper body muscular strength. However, the
results of girls were almost equally distributed between all levels (Table 4).
The speed of running as skill-related physical ability was negatively associated with the health-related physical abilities (Table 3). Few boys (1.4%)
reached the very high level and 35% of boys were on the very low level
(Table 4). Among the girls almost 15% reached the very low level and 12.6%
the highest level.
The sample number was the limiting factor of this study. Still it can be
concluded that remarkable proportion of participated students were on the
low or very low level of cardiorespiratory fitness, muscular strength of upper
body and flexibility. More boys were on very low or low fitness level than
girls in all physical fitness tests. As compared with the study carried out
two decades ago the nowadays children achieved weaker results. Attention
should be paid on the physical activity and developing of physical abilities
among Estonian children.
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