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ABSTRACT

There is currently a growing concern over the use of a representative survey, which could be 
used to develop standards in physical education and sport. The only reference data that can 
be usually found is that remaining from the 1980s. One of the new incentives could be the 
customized adjustment of standards, so that a person can compare themselves with the same 
group of people, not only by age and sex, as applies to most current traditional standards, but 
so that the group matches in other parameters, in other words, so that the standards are more 
differentiated. The aim of our research was to explore the differentiation of physical fitness 
standards in the Czech population, which in the future will be based on data management and 
analysis via a knowledge base. This system allows data differentiation according to specified 
criteria and thus the standard will become dynamic, i.e. relevantly adapted to each user. For 
our initial analysis, we chose the results of the motor test for the standing long jump in the 
male population aged 18–19 years, who are already adults, and for whom we have the largest 
database. Besides differentiation based on sex and age, we have also selected additional cri-
teria for body height, body weight, level of physical activity and the region where the tested 
person works or attends school. The effect of these parameters that has been monitored based 
on the analysis of variance. Statistically significant differences occurred with the factors for 
body height (p-value < 0.0001), body weight (p-value < 0.0001) and the level of physical 
activity (p-value < 0.0001), while on the other hand, there were no significant statistical dif-
ferences between groups in the regional factor (p = 0.1458). When evaluating the effect size 
of the variance analysis through the η2 coefficient, the regional factor shows very little effect 
(η2 = 0.0258), the body height factor and the level of physical activity show a medium effect 
(η2 = 0.0715 and η2 = 0.0775) and the body weight factor shows a great effect (η2 = 0.1473). 
Based on these results we consider expanding the number of criteria for the differentiation of 
standards as effective and appropriate. The analysis of the sorting factors is therefore one of 
the constituents, which will lead to the successful creation of a knowledge base.
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INTRODUCTION

The Czech Republic previously had a unique tradition of large-scale population surveys, 
which were particularly developed in the last century, post World War II. The most famous 
test system was undoubtedly the Tyršův fitness badge, which with the onset of the totalitar-
ian regime in the 1950s was renamed in the USSR style as PPOV and BPPOV (Prepared 
to work and defend the motherland and Be prepared to work and defend the motherland) 
(ČSTV, 1975; Novotný, 1961). Test batteries designed in modern way were developed in 
this country in the early 1970s and were applied in two large-scale nationwide school in 
1966 and university in 1965 surveys of young people. The authors of the papers published 
later are Pávek (1977) and Měkota and Šorm (1972). In the testing of the motor fitness of 
member of the Czech Union of Physical Education and Sports, which was carried out in 
two stages in 1972–73 and 1982 and included adults well as senior citizens, a seven items 
test battery was used. A summarizing report was presented by Kovář (1985). 

Nationwide surveys of motor performance were repeated, using modified test bat-
teries, in school population in 1987, in university students in 1986. The test sets are 
described in the book by Moravec (1990) and in the summarizing paper by Kolář, Měkota 
and Šorm (1989). In this vast research project were collected data needed for the construc-
tion of comprehensive test norms with nationwide validity. Nationwide surveys of motor 
performance were repeated, using modified test batteries, in school population in 1987, 
in university students in 1986. The test sets are described in the book by Moravec (1990) 
and in the summarizing paper by Kolář, Měkota and Šorm (1989). In this vast research 
project were collected data needed for the construction of comprehensive test norms with 
nationwide validity. These motor tests were systematically used in physical education 
classes at Czech universities, serving as diagnostic aids for classification of men and 
woman students into various categories of physical education classes (Kovář & Měkota, 
1995). After the Fall of Communism, this tradition was followed by the test battery – the 
Unifittest (6–60) (Kovář & Měkota, 1995) and so on (Rychtecký, Tilinger, & Dovalil, 
2009; Machačová & Bunc, 2009). It should fill the gap that arose after abolishing the 
PPOV badge and it should become an integral part of Physical Education lessons (Kovář 
& Měkota, 1995).

From 1951 up to 2001, nationwide anthropological research was conducted every 
10 years, which provided valuable data on secular trends in the Czech population. Unfor-
tunately this tradition was interrupted in 2011 and for the first time since World War II, 
no research was conducted (SZÚ, 2011). Regarding the post-war period, the Spartakiads 
(mass gymnastics events) and compulsory military service also provided a considerable 
opportunity to conduct a population survey. Prior to the last full population survey – the 
census in 2011, the unwillingness of the population to participate in such a research could 
clearly be observed. We have therefore lost most of these opportunities to survey the 
population in a manner that was financially viable with the arrival of democracy and are 
forced to look for new solutions. 

Today’s rapidly changing information and communication technologies provide us 
with a number of interesting tools that can be used in the collection, processing and 
analysis of data. The basic principle is the development of a knowledge base, which basic 
characteristic is the Experience Management (EM), which will gradually prevail over the 
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preset algorithms (Berka, 2003). A knowledge base enables to continuously and physi-
cally create and share information with all subject units and constantly optimize processes 
to ensure the transfer of information between all participants. The first step in creating 
a knowledge base is the creation of a basic database, which at the first stage comprises 
data taken from the Unifittest (6–60), and the results are compared with the differentiated 
standards according to specified criteria. In order to avoid a large number of criteria filter-
ing and to avoid any unnecessary expansion of the database by data with no real use, we 
decided to find out if the acquired population data, sorted according to the given criteria 
in the Czech population, actually differs i.e. if it makes sense to differentiate the standards 
according to these criteria. 

OBJECTIVE

The aim of this particular study was to determine whether the male population aged 
18–19 years, differ in the motor test results in the standing long jump depending on body 
height, body weight, the region in which the person works or studies and the level of 
physical activity and therefore if it is useful to differentiate the standards according to 
these criteria.

METHODS

The sample consisted of 430 men aged 18–19 years (221 eighteen year olds, 209 nineteen 
year olds) from nine regions in the Czech Republic (1 = Prague, 2 = South Bohemian Region, 
3 = South Moravian Region, 4 = Karlovy Vary Region, 6 = Liberec Region, 7 = Moravian-
Silesian Region, 8 = Olomouc Region, 9 = Pardubice Region, 10 = Pilsen Region) with 
a mean body height of 180.3 ± 7.4 cm and a mean body weight of 72.9 ± 10.3 kg. The data 
from the rest of missing regions were not available, so the selection based on availability 
(Hendl, 2012) was used.

The sample was not taken at random, but taking into account the size and normal 
frequency of data distribution from a standing long jump test – see Table 2, where for 
our testing purposes and the selected methods, the data are considered to be satisfactory. 

For basic data analysis, taking into account the size of the contingent table and by 
combining all the factors, we have used a one-way analysis of variance by testing each 
factor separately. However, to avoid any interaction of the factors, we also conducted 
a multi-factor analysis of variance with interactions without repetition. We assumed that 
each factor level cannot acquire more repeating permutations. 

The dependent variable consisted of motor test results from the standing long jump, 
with selected factors – body height, body weight, the region in which the tested person 
works or studies and the level of physical activity. For the body height and body weight, 
intervals of 5 cm and 5 kg were created as ratio variables. The level of physical activity 
was categorized into nine groups according to the Compass questionnaire (Rychtecký, 
2006) (1 = competitive, organized, intense physical activity, where the frequency is 
greater than 120 times a year; 9 = no sports or physical activity). However, in our data, 
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only five of these groups are represented. Frequencies in different groups according to the 
factors are listed in Table 1. The combined factors relative to the size of the contingent 
table are not given. The difference in each level of the statistically significant factors 
was not analysed in this first phase; for our purposes, we are satisfied in determining 
whether at least two factor levels differ, i.e. it will make sense to count on the factor as 
a filtering criterion. In order to verify the assumption of homoscedasticity of each factor 
(verification of the hypothesis of equal variances in normal distribution), we did not use 
the traditional Bartlett’s test, because it is very sensitive to the violation of the assumption 
of normality and although the normality of our data was not simply rejected, we used the 
Fligner-Killeen test, which is not so sensitive, but is able to verify the homoscedasticity 
at a sufficient level (Neubauer, 2011).

In order to verify the results of the variance analysis, we had to further determine the 
effect size of the variance analysis through the η2 coefficient, which meets all its variants 
(Hayes, 2009). By multiplying the η2 coefficient by one hundred, the result is the percentage 
of the explained variance of the dependent variable of the factor used. According to Cohen 
(1988) η2 ≥ 0.0099 means little effect, η2 ≥ 0.0588 means moderate effect and η2 ≥ 0.1379 
means a great effect.

Data normality was tested using NCSS 2007 software, other analysis was conducted 
using R Project (R-2.15.3) software.

Table 1. Frequencies in individual groups classified by factors

Body 
weight

No.  
of PT

Body  
height 

No.  
of PT

Level of physical 
activity 

No.  
of PT

CZ  
Region

No.  
of PT

50 9 160 12 1 32 1 40
55 21 165 20 2 35 2 57
60 60 170 54 3 57 3 25
65 81 175 102 4 44 4 14
70 94 180 123 9 262 6 28
75 65 185 74   7 66
80 46 190 38   8 39
85 17 195 7   9 125
90 19     10 36
95 10       

100 8       
sum 430 sum 430 sum 430 sum 430

PT = people tested

RESULTS

The actual data analysis was preceded by verification of the preconditions for using the 
analysis of variance.
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Table 2. Normality test of frequency distribution

Normality Test Section of jump
Test Name

Test
Value

Prob
Level

10% Critical
Value

5% Critical
Value

Decision 5%

Shapiro-Wilk W 0.964851 0.219599   Cannot reject normality
Kolmogorov-Smirnov 0.0916  0.124 0.135 Cannot reject normality

The normality of the frequency distribution was tested using a wide range of tests offered 
by NCSS 2007 software; Table 2 shows the results of frequently used Shapiro-Wilk W and 
Kolmogorov-Smirnov tests. All tests consistently show that normality cannot be rejected. 

The homoscedasticity of the monitored factors was tested using the Fligner-Killen test; 
the results are shown in Table 3.

Table 3. Fligner-Killen homogeneity of variance test

Fligner-Killeen homogeneity of variance test chi-squared df p-value
Standing long jump × region 12.1586 8 0.1443

Standing long jump × body height 9.2715 7 0.2337
Standing long jump × body weight 9.4172 10 0.493

Standing long jump × level of physical activity 8.9788 4 0.06163

All p-values are greater than 0.05 i.e. at 5% level of significance so it can be stated that 
the variances in the different groups classified by different factors do not differ. 

The distribution of motor test results for the standing long jump into groups by factors 
is shown in the boxplots in Figures 1–4. 
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Figure 1. Standing long jump by region
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Figure 2. Standing long jump by body height

Figure 3. Standing long jump by body weight
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For the regional factor in Figure 1, the greatest evenness of the mid values for all 
groups is apparent. For the body height factor in Figure 2 and the body weight factor in 
Figure 3, the large intergroup variance is immediately apparent. For the body weight, we 
can see that the best results are achieved by individuals from the 77–84 kg group; on the 
other hand, the results plummet for weight over 94 kg.

For the body height it is obvious that the intergroup variance is great in extreme groups, 
on the other hand for medium size groups, the intergroup variance is small. For the level of 
the physical activity factor in Figure 4, the individual groups have fairly balanced medium 
values and variances; the only difference applies to the last group – number 9, which 
includes individuals with the lowest levels of physical activity. 

Table 4 shows the results of a one-way analysis of variance.

Table 4. Results of a one-factor analysis of variance

 Df Sum Sq Mean Sq F value        Pr (>F)  
Region 8 10911 1364 1.5265 0.1458  

Residuals 14 376150 893    

Body height 1 17958 17958 20.824 <0.0001 ***

Residuals 428 369103 862    

Body weight 10 44456 4446 5.4369 <0.0001 ***

Residuals 419 342605 818    

1 2 3 4 9

100

150

200

250

300

level of physical activity 

st
a

n
d

in
g

 lo
n

g
 ju

m
p

 [
c

m
]

1 2 3 4 9

100

150

200

250

300

level of physical activity 

st
a

n
d

in
g

 lo
n

g
 ju

m
p

 [
c

m
]

Figure 4. Standing long jump by the level of physical activity
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 Df Sum Sq Mean Sq F value        Pr (>F)  
Level of physical 
activity 

4 28965 7241 8.5942 <0.0001 ***

Residuals 425 358095 843    

Pr (>F) = the p-value associated with the F statistic
*** p-value ≤ 0.001

The already apparent finding from the boxplots was once again established, i.e. that 
statistically significant differences exist among the factors for body height, body weight 
and the level of physical activity at a significance level of less than 0.001. On the other 
hand, the statistically significant differences for the factor region between groups were 
not established. 

Table 5. Results of the multi-factor analysis of variance with interactions without repeating

 Df Sum Sq Mean Sq F value Pr (>F) 

Body height 1 17958 17958 25.5835 <0.0001 ***

Body weight 10 39468 3947 5.6227 <0.0001 ***

Region 8 10919 1365 1.9443 0.0562 °

Level of physical activity 4 24033 6008 8.5595 <0.0001 ***

Body height – Body weight 10 9853 985 1.4036 0.182  

Body height – Region 8 6785 848 1.2083 0.29659  

Body weight – Region 62 57020 920 1.3102 0.0886 °

Body height – Level of physical activity 4 253 63 0.0899 0.98551  

Body weight – Level of physical activity 26 9804 377 0.5372 0.96822  

Region – Level of physical activity 28 9133 326 0.4647 0.99057  

Body height – Body weight – Region 32 32429 1013 1.4437 0.07136 °

Body height – Body weight – 
Level of physical activity 

16 16274 1017 1.449 0.12409  

Body height – Region – 
Level of physical activity 

20 10552 528 0.7517 0.76767  

Body weight – Region – 
Level of physical activity 

24 19704 821 1.1696 0.27588  

Body height – Body weight – 
Level of physical activity 

1 37 37 0.0524 0.819  

Residuals 175 122840 702    

Pr (>F) = the p-value associated with the F statistic
*** p-value ≤ 0.001; ° p-value ≤ 0.1

The results of the multi-factor (specifically four-factor) analysis of variance with 
interactions without repetitions are shown in Table 5. Even with multiple classifica-
tions, the individual factors appear to have the same results, i.e. statistically significant 
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differences between the groups of factors are body height, body weight and the level of 
physical activity. Compared to the one-way analysis, a 5% significance level also showed 
differences in the regional factor. Differences which can be attributed to the interaction 
of factors: body weight – region and body height – body weight – region are also at the 
same level of significance. For the results of a multi-factor analysis of variance we must 
take into account the fact that some groups of combined factors were not represented at 
all and many of these had a low frequency of people tested.

The results of the variance analysis are also in line with the established size of the 
effect through the η2 coefficient. The coefficient values for statistically significant factors 
are shown in Table 6. 

Table 6. Results of the effect size determination through the η2 coefficient

Factors

Region 0.0258

Body height 0.0715

Body weight 0.1472

Level of physical activity 0.0775

Body weight – Region 0.1473

Body height – Body weight – Region 0.0838

The regional factor shows according to Cohen interpretation (1988) very little effect, 
the body height factor and the level of physical activity show a medium effect and the 
body weight factor shows a great effect. The combined body height, body weight and 
regional factors show the medium effect size and the combined body weight and regional 
factors show a great effect size.

DISCUSSION

The data analysis conducted suggests that the current adult population, although in our 
research the sample is only represented by the 18–19 years old male category, is on 
the level of the explosively-power capabilities of the lower extremities differentiated 
according to three of the four factors selected. We have only analyzed the results of the 
test – standing long jump out of the entire spectrum of motor tests that are included in 
the various test systems, because the largest amount of data available to us is from the 
adult population. Based on the results, we can assume that even in the case of other 
motor tests, which are included in the battery of tests aimed at physical fitness, the results 
would be similar. Although numerous research analyses addressing physical fitness and 
focusing on a specific factor (medical disability, the elderly population, biological age 
of children, obesity etc.) already exist (Brahler, 2004; Ka Yee Wong, 2006; Miyatake, 
Miyachi, Tabata, & Numata, 2012; Rikli & Jones, 1999), obtaining population data from 
the healthy adult population appears to be a significant problem, and not just in the Czech 
Republic. Baumgartner, Jackson, Mahar, and Rowe (2007) suggested that the sample size 
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should be several hundred with scores collected over several years. Morrow, Jackson, 
Disch, and Mood (2005) stated that the sample size should be at least 200 per gender 
(group). But the sample in the present study unfortunately doesn’t meet the sample size 
criteria for each group, because our factors have lots of groups and it was impossible for 
us to obtain 200 people per group. Strand, Hjelm, Shoepe, and Fajardo (2014) also dif-
fered standards according physical activity factor in their study of individuals aged 19 to 
20 and like us they came to the following conclusion: arithmetic differences were seen 
for all levels of physical activity (e.g. never, rarely, 1–2 times/week, etc.). The study of 
Condon and Cremin (2013) examined relationships between height, gender, weight and 
lower limb muscle power to balance performance, but correlations were in most groups 
nonsignificant. On the other hand balance test evaluating coordination abilities depend on 
other factors than our explosively-power capabilities.

Published standards of widely used Unifittest 6–60 test batteries (Kovář & Měkota, 
1995), Eurofit (Pekka & Tuxworth, 1997) and Fitnessgram (Suchomel, 2003) for one 
thing, no longer correspond to the current population and are only differentiated by 
age and sex, which is not suitable for the sporting population, which is always com-
pared with those standards as above average nor the handicapped population, which 
in different ways is then below average. This is confirmed by other studies. Baker, 
Heath, Smith, and Oden (2011), Gjonbalaj, Gllareva, Gjinovci, and Miftari (2015) and 
of Purashwani, Datta, and Purashwani (2010) have shown that we cannot compare 
physically active population (students of sports schools and table tennis players) with 
the standards of the general population and it is necessary to draw up special norms 
for these groups. In accordance with our findings turns out that especially the level of 
physical activity is very important factor.

The issue of standards of test batteries was, for example, addressed by Sharon Plow-
man (1992), who compared the standards of the most frequently used test batteries in the 
USA and concluded that the percentile standards, which may have a very different rating 
of the same performance under different test batteries are particularly problematic, and 
that they must be revised. However, the creation of updated plus differentiated standards, 
poses substantial challenges to the amount of data required and to the effective manage-
ment and analysis of this data. The current trend in this regard are information databases, 
and which have been established in many fields for the purpose of managing and admin-
istering data analysis (Adams, 2010). The analysis of the sorting factors presented in this 
article is therefore one of the constituents, which, we hope, will lead to the successful 
creation of a knowledge base. 

CONCLUSION

We have demonstrated in our constituent study, based on the results of the analysis of vari-
ance of the motor test in the standing long jump, that the male population aged 18–19 years 
shows different results depending on body height, body weight and the level of physical 
activity and it is therefore advisable to differentiate according to these criteria, in particular 
for the newly designed standards. We were unable to demonstrate to a sufficient degree, the 
differences in results depending on the region in which the tested person works or studies. 
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The current standards can well rank only mean individuals. In practice, differentiated stand-
ards make a better comparison possible, because person can compare himself with similar 
individual, like himself.
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