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a comparison of character 
temperaments within sprint and 
water slalom athletes
Vladimír Süss, Milan Bílý, Edita Kolářová, Dominika Přibylová, Michal Pfoff, Richard Goeffrey Price, 
Jan Carboch
1Charles University, Faculty of Physical Education and Sport

Abstract
The aim of this contribution is to describe temperament characteristics of athletes in canoeing and explore 
differences between competitors in white water slalom and sprint. Temperament and characteristics were 
outlined and defined through the use of the ‘Eysenck temperament questionnaire’ (EPI). Research groups 
were comprised of national senior, and junior water slalom representatives (N=9) and sprint representatives 
(N=35). Temperament characteristics, knowledge, performance motivation, individual difference, perfor-
mance impact, motor learning and relationships are integral components to the training process. The results 
show that peak performance in sprint and water slalom canoeing, the most suitable temperament is a sangui-
ne type with low neuroticism scores. In comparing the two disciplines, it is shown that water slalom athletes 
exhibit significantly lower levels of neuroticism.

Key words
Canoe sprint, Canoe Slalom, Temperament Characteristics.

Souhrn
Cílem příspěvku bylo popsat temperamentové charakteristiky sportovců v kanoistice a porovnat rozdíly 
mezi závodníky ve vodním slalomu a v rychlostní kanoistice. Temperamentové vlastnosti a charakteristiky 
byly zjišťovány a definovány pomocí Eysenckova dotazníku temperamentu (EPI). Sledované soubory tvořili 
závodníci reprezentačních seniorských a juniorských družstev ve vodním slalomu (N = 9) a rychlostní kano-
istice (N = 35). Znalost temperamentu a výkonové motivace sportovce, respektování jejich zvláštností, vlivu 
na výkonnost, motorické učení, vztahy by měla být samozřejmou podmínkou tréninkového procesu. Výsled-
ky ukazují, že pro podání vrcholového výkonu v rychlostní kanoistice a vodním slalomu je nejvhodnější typ 
sangvinik s nízkým skóre neuroticismu. Ve srovnání obou disciplín se ukázalo, že ve vodním slalomu spor-
tovci dosahovali výrazně nižších hodnot úrovně neuroticismu.

Klíčová slova
Rychlostní kanoistika, vodní slalom, temperament

Introduction
Canoe sprint is a traditional Olympic sport, which 
was included in the Olympic Games program in 
1936. Distances can range from 200 m to marathon 
distance. Olympic distances range from 200 to 1000 
m. This gives a total of about 5 major race categories 
and each category exudes different demands on 
energy preservation, tactics, techniques and the 
mental endurance on an athlete. 
From a physiological perspective, canoe 
performance is composed of both aerobic and 
anaerobic exercise. The system used is dictated by 

the distance of a given event. The aerobic aspect 
is decisive for races over 1000 m, while anaerobic 
exercise is more important for race distances of 
200 m and 500 m. Generally, flat-water racing and 
training places greater demands on the aerobic 
system. However, the shorter distance races will 
require good anaerobic fitness. Anaerobic fitness 
is based upon a well-established level of aerobic 
fitness (Endicott, 1995). 
There are a wide range of canoeing disciplines and 
distances. Therefore, canoe sprint is among the 
‘speed-endurance’ sports category. Thus, in terms 
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of energy intensity and performance, athletes 
are supported by all three progressive sources of 
energy. These include the, ‘ATP-PC Energy system’, 
‘Anaerobic Digestion (LA) system’, and the ‘Aerobic 
(O2) system’. 
Canoe slalom became part of the Olympic games 
program in 1972. It can be characterized as a 
discipline conducted on white-water. It takes place 
in a natural environment that is changing not only 
as an external framework of physical activity, but 
also in terms of the conditions that determine the 
selection of adequate kinetic responses (Kratochvil 
& Bílý, 1997). 
Championship races consist of qualification, semi-
finals and final. Qualifying is conducted over 
two races. An athletes best time is counted. The 
organisation of semi-finals will depend upon which 
category of athlete is racing (male, female, junior, 
senior). The organisation of semi-finals is also 
influenced by the various championships (World 
Cup, World Championship, Olympic Games). 
For canoer slalom events, the semi-finals and 
finals will take place on a different course to that 
of the qualifying rounds and athletes have only 
one chance to record their best performance. 10 
boats then proceed to the final (except within the 
Olympic Games, whereby, the number of boats is 
less). For canoe slalom events, each attempt will 
usually occur over durations of 90 to 120 seconds. 
This system brings increased demands on athletes’ 
mental endurance. 
From a physiological perspective, it is a physical 
activity, where competitors must excel in strength, 
speed and endurance. Athletes can be characterized 
as having developed a high capacity cardiorespiratory 
system, high capacity transmission, and efficient 
utilization of oxygen by the formation of energy 
through anaerobic metabolism (Gonzales-de-Suso, 
D´Angelo & Prono, 1999).

Psychological factors
The structure of sports performance is influenced 
by each sport’s demands and specializations. Such 
factors include physical condition, technical skill 
and tactical decision-making. However, one of the 
greatest determinants in success in competitive 
canoeing is the psychological factor. This stems 
from the extraordinary demands of competitive 
situations on the human psyche (Hosek, 2002). 
Psychological factors of sports performance, 
just as other factors, influence the performance 
of a particular skill. However, skills (hitherto, 
their influences) are not solely linked with what 

occurs during the exercise. The content aspect 
of psychological processes is much more diverse 
and applies to all stimuli and influences from the 
external and internal environment. This occurs with 
varying degrees of intensity during the training and 
competitive process. Also, influences are not only 
from the activity itself, but include influences from 
both private and public life. All of these factors 
affect the psyche of athletes and influence the 
development of personality (Hosek, 2002).
The psyche in the training of canoe sprint ultimately 
affects athletic performance and personality 
structure. Personality in this context is composed 
of abilities, temperament, emotion, motivation, and 
human character. Temperament is seen as a certain 
style of behaviour and derives from the experience 
of the individual, which is reflected in his emotional 
tuning and prevailing mood. Eysenck wrote the 
most famous theory of temperament. Eysenck‘s 
theory suggests that individual psychophysiological 
differences are in relation to temperament. He 
focused on two dimensions: ‘introversion–
extroversion’ and ‘stability-liability (neuroticism)’. 
The introversion-extroversion dimension is based 
on different power and speed activations and 
inhibitions, and the speed of unwinding after 
activation. Extroverts are characterized by weak 
activation, which is caused by slow or fast and 
strong inhibition. It is suggested that an introvert 
is predisposed to fast and strong activation of weak 
and slow inhibition. Introverts, compared with 
extroverts, are more irritable and respond to weaker 
stimuli. Importantly, arousal rates are determined 
and triggered at different times for different 
individuals. 
According to the Yerkes–Dodson theory (1908), the 
execution of quality performance is appropriated 
to a medium level of activation, but is also highly 
individual. Because introverts are more excitable 
and conversely irritable, they often seek out smaller 
sensory stimulation, since it reduces their excitability. 
While extroverts seek greater stimulation, thereby 
increasing their excitability (Irmis, 2007). The 
neuroticism, or, emotional liability and stability 
dimension, is the response of the individual’s 
nervous system to stress. For the individual with 
a high neuroticism score (i.e. a liable individual), 
the same stimulus causes stronger physical and 
emotional reactions than that of extroverts, because 
the reactivity of the autonomic nervous system is 
higher. These factors make it harder to adapt to 
changing environments, especially when one is 
exposed to adverse conditions. This individual often 



8  journal of outdoor activities

suffers from anxiety and moodiness. In knowing 
this, the resulting knowledge temperament 
applications, sports training and competition 
practice can be adapted to individual needs. Here 
we see that ‘sanguine’ individuals are durable, 
coachable, approach training workloads slowly and 
recover quickly. In contrast, phlegmatic individuals 
undertake training workloads quickly yet take 
longer to recover (Höhm, 1987).
Canoe slalom is a very specific sport as it imposes 
greater demands on the psyche of the competitor. 
The unstable water terrain, combined with always 
differing deployment of slalom gates, makes each 
race totally different and unique. Water slalom is 
classified as a hazardous sport discipline (Rychtecky 
in Vanek et al., 1984). According to Gallucciho 
(2008), extroverts often seek activities that involve 
risk and danger. Extroverts also tend to seek 
competitive situations, as these are exciting and 
interesting for them.
Bily, Süss & Matoskova (2011) examined top level 
canoer slalom competitors (12 male and 3 female). 
They surveyed their temperament characteristics 
and main performance motivation. They used 
two standardized questionnaires: Eysenck’s 
questionnaire of temperament (character) EPI and 
a performance motivation questionnaire (DMV) 
from Pardel, Marsalova & Hrabovska (1984). The 
results of the study showed that for reaching peak 
performance in junior categories (under 23 years of 
age), a sanguine individual with a low neuroticism 
score, average performance motivation and 
average values was most suitable for overcoming 

performance anxiety. There was also a high value 
placed on the use of positive anxiety. In canoe 
slalom, athletes with a low score of neuroticism 
prevail. 
In a study from Bily & Süss (2007), the aim was to 
show how temperament, character, and motivation 
affects top athletes in canoe slalom. They found that 
the dominant character type was phlegmatic, with 
low neuroticism scores combined with lower levels 
of motivation. This combined to help avoid and 
overcome performance anxiety.
The aim of this contribution is to describe 
temperament characteristics of competitive athletes 
in canoeing and also demonstrate the differences 
between competitors in canoe slalom and sprint.

Methods
Participants
Research groups were comprised of competitors 
from national representation teams, in both senior 
and under 23s in canoe slalom in 2010 (N=9) and 
canoe sprint athletes in the year 2012 (N=35). 
Summaries of the research group are shown in table 
Procedures and data analysis
This research project is of an explorative nature. 
The results describe a specific group of elite 
athletes in canoe sprint and slalom. Questionnaires 
were submitted to the competitors at the end of 
the preparatory period and the evaluation was 
conducted by a sports psychologist.
Eysenck questionnaire of temperament and 
characteristics
The questionnaire comprises 57 questions regarding 

behaviour, negotiation and emotions. Only a 
‘yes’ or ‘no’ answer is possible. By grouping the 
responses into three of the five potential categories, 
we can see a final score represented in the three 
main categories: N (neuroticism), E (extroversion-
introversion dimension) and L („Lie score“, which 
had a negligible impact on the final result).
The values of E and N are then plotted on the 
intersecting x and y axis. This provides four 
quadrants that coincide with the four sectors of the 

„Eysenck Cross“. The ¨Eysenck Cross¨ is comprised 
of four personality types: Choleric (CH), Sanguine 
(S), Phlegmatic (F) and Melancholic (M). If the 
intersection is located close to one of the axis or the 
centre of the graph, it is considered to be ambivalent 
(Eysenck, 1960) with values ± 1 standard deviation 
(SD). For the assessment of the significance of 
differences in the final score of neuroticism and 
extraversion-introversion, we used a statistical 
method entitled: ‘ANOVA’.

Discipline N Age mean SD
Slalom 9 19  -  21 20.22 0.78
Sprint 35 17  -  39 23.61 4.25

Table  1.  Summaries  of  research  groups.
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Results and discussion
Insights from Eysenck`s Questionnaire
The results for canoe slalom athletes are shown in 
figure 1. Four competitors are ranked within the 

phlegmatic group (44.4 %), and five (55.6%) among 
the sanguine group. The results show a low score for 
neuroticism within this group of athletes. 

Figure  1.  Results  of  temperament  and  characteristics  amongst  water  slalom  canoe  athletes.

Legend:  M  -  melancholic,  CH  -  choleric,  S  -  sanguine,  F  -  phlegmatic  In  -  introvert,  Ex  -  extrovert  ,  L  -labile  S  -  stable  
SD  -  standard  deviation

The results for canoe sprint athletes are listed in 
figure 2. Seventeen participants (48.6%) were 
among the sanguine quadrant, six in the phlegmatic 
and choleric (17.1%) quadrants and three in 
melancholic. Two competitors are in between the 

sanguine and choleric quadrant, one competitor is 
in between the melancholic and choleric quadrant. 
Twenty-three participants (65.7%) exhibited a 
low score for neurosis, 10 participants (28.6%) by 
contrast, were among the ‘unstable zone’.
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Figure  2.  Results  of  the  temperament  and  characteristics  questionnaire  taken  by  sprint  canoe  athletes.

Legend:  M  -  melancholic,  CH  -  choleric,  S  -  sanguine,  F  -  phlegmatic  In  -  introvert,  Ex  -  extrovert  ,  L  -labile  S  -  stable  
SD  -  standard  deviation

A comparison of the averages from both research 
groups is shown in figure 3.

Figure  3.  A  comparison  of  average  values  in  both  sprint  canoe  and  water  slalom  athletes.
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of themselves, rather than an honest or realistic 
account. 
Contrastingly, Krizkova (1994) reports that more 
predictors can be found within the dynamics of 
personality, especially in the properties associated 
with actual behaviour in constantly changing situa-
tions. These are mainly predictors within motivatio-
nal and volitional areas of psychological resistance. 
She tried to identify the most important personal 
characteristics of top athletes that would facilitate 
the prediction of success in sport and performance. 
She found that the most successful slalom athle-
tes have significantly less anxiety and greater per-
formance motivation than less successful athletes. 
Furthermore, successful athletes have more neu-
rotic tendencies. For the examination, she used a 
questionnaire of performance motivation produced 
by Pardel et al. (1984). This was used in conjuncti-
on with another questionnaire measuring psycho-
ticism (DOPEN), extraversion-introversion and 
neuroticism. DOPEN was designed by Ruisela and 
Mullner (1982). DOPEN is also based on Eysenck`s 
theoretical background study of personality. 
Our results are also supported by the work of Bek-
ken and Mehrabian (1987) who demonstrated that 
higher levels of satisfaction and optimistic beha-
viour can be observed within participatory and 
active individuals. Sanguine people exhibit a high 
degree of optimism and carefree behaviour. 
Wlazlo (1995) examined the temperament of Polish 
boxers, focusing on the relation between tempe-
rament and achievement. The best boxing results 
were seen to be achieved in the main by phlegmatic 
individuals. This is in contrast to the worst results 
displayed by melancholic individuals. The relati-
onship between success in competitive wrestling 
and participants’ temperaments was investigated by 
Morgan (Le Unes, 2008). He also used the research 
method supplied by Eysenck’s questionnaire, EPI. 
He found a strong correlation between extraversion 
and success in wrestling. 
Concurrently, Watson & Pulford (2004) monitored 
athletes participating in „high-risk sports” such as 
parachuting, hang gliding, paragliding and scuba 
diving. They reported that these athletes exhibited 
predominantly higher levels of extraversion and 
low levels of neuroticism. The authors Guszkowska 
& Boldak (2010) also researched a group of athletes 
practicing high-risk sports (parachuting, wakebo-
arding, snowboarding) using factor analysis. They 
concluded with three main factors that are typical 
for these athletes: active sensation seeking, men-
tal endurance and a need for mental and physical 

The results of the variance analysis (ANOVA) show 
that with a significance level of p = .005, there are 
means (9.56 and 6.33) observed in the scores of 
competitors’ neuroticism. This is significant sta-
tistical difference (p = .005, F = 0.318). However, 
when reviewing introversion-extroversion scores, a 
significant difference is not seen (average value was 
13.61 resp. 13.56).
In the study we compared the temperament charac-
teristics of 35 canoe sprint competitors and 9 canoe 
slalom competitors. All research participants were 
top-level performers in their discipline whom were 
also a part of national teams (at the time of survey).
The results show that the average, dominant type 
of observed sprint and slalom canoe competitors 
are sanguine (see figure 3). Competitors in canoe 
slalom showed significantly lower levels of neuro-
ticism. 
Yang (2003) undertook similar research, exploring 
personality traits amongst canoe slalom athletes. 
Yang’s (2003) findings suggest that slalom athletes 
have lower levels of cognitive conditioned anxiety 
combined with higher self-esteem. These findings 
are consistent with our own.
In further comparison with other studies, Eysenck, 
Nias & Cox, (1982) states that top athletes exhibit 
low levels of neuroticism whilst showing signs for 
increased extroversion. Once again, our research 
supports this claim. Han (2006) also concluded that 
athletic individuals are more emotionally stable 
when compared to non-athletic people. Further-
more, Han (2006) suggested athletic individuals 
would have a greater tendency for sociability.  
According to Sack (1982), top athletes are extro-
verts, dominant and continually longing for perfor-
mance. He did not find differences in personality 
between top level and average athletes. However, he 
also suggests that there is a difference between per-
sonality traits within athletes and non-athletic peo-
ple. It is difficult to determine the typical structure 
of personality or temperament within top athletes.
Mummendey (1983) portrayed a different view than 
that of Sack (1982) and Eysenck et al. (1982). Mum-
mendey (1983) used the same analysis methods 
developed and used by the mentioned research psy-
chologists above.  He then argued that there is no 
connection between personality and performance. 
Furthermore, he argued that there is no significant 
difference in personality (temperament) between 
professional athletes, amateur athletes and non-
athletes. Mummendy (1983) based these conclusi-
ons on the issue of self-misrepresentation. Simply, 
research respondents might present an ideal view 
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stimulation. Sensation seeking personality traits 
should be understood as those that search for new, 
changing and intense experiences. To bring this 
in line with our research, Guszkowska & Boldak’s 
(2010) sensation seekers share character traits with 
extroverts. 
Finally, Marks, Supiński & Bukowska (2012) con-
ducted an analysis of personality traits in six Polish 
elite bobsleigh athletes. It was demonstrated that 
there was a high level of emotional stability (low 
levels of neuroticism). According to the authors, 
this confirmed the assertion that low levels of neu-
roticism, combined with emotional stability and 
consistent and appropriate responses to stimuli are 
essential characteristics of successful athletes.

Conclusion
In conclusion to this research, it is felt that greater 
significance should be placed on an individual’s 
temperament and achievement motivation when 

designing and implementing a training program. 
Furthermore, consideration should be given to 
these factors when analysing the impacts on motor 
learning. This of course translates to, and should 
be incorporated into, detailed and considered ana-
lysis of an individual’s performance, successes and 
results. 
We suggest that to achieve peak performance in 
sprint and slalom canoeing, the most suitable tem-
perament is a sanguine type with low neuroticism 
scores. In comparing the two disciplines, it is shown 
that canoe slalom athletes exhibit significantly 
lower levels of neuroticism.
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The effect of different bike tires 
to the energy expenditure of the 
organism
Matouš Jindra, Tomáš Brtník, Karolína Hejrová
Charles University in Prague, Faculty of Physical Education and Sport, Czech Republic

Abstract
Based on the research of accessible data resources we mention information about the influence of different 
bike tires to the energy expenditure of the body. The aim of the study is to determine the difference in energy 
expenditure (EE) of the body when using different types of bike tires. The analysis proved that there is a scarci-
ty in systematic research of bike tires´ resistance. We found out that there is a significant difference in EE when 
using road type tires and fat bike tires, and trekking tires and Fat Bike tires as well. The results of the study will 
be used for other studies, and as a support in bike tires selection. The data can serve as a basis for development 
of bike tires or as an interesting sign for cyclists´ trainings.

Key words: 
Mountain bike, rolling resistance, spiroergometry, calorimetry

Souhrn
Na základě rešerše dostupných informačních zdrojů uvádíme informace o vlivu rozdílných plášťů jízdního 
kola na energetický výdej organismu. Cílem studie je stanovení rozdílu v energetickém výdeji (EV) organis-
mu při použití různých typů plášťů kola. Analýza prokázala nedostatky v oblasti systematického zkoumání 
odporu plášťů kola. Shledali jsme významný rozdíl v EV mezi jízdou se silničními plášti a jízdou s plášti pro 
Fat Bike, dále také mezi jízdou s trekingovými plášti a jízdou s plášti pro Fat Bike. Výsledky budou využity pro 
další studie a jako pomoc při výběru plášťů jízdního kola. Data mohou sloužit jako podklad pro další vývoj 
plášťů nebo jako zajímavé ukazatele pro trénink cyklistů. 

Klíčová slova: 
MTB, valivý odpor, spiroergometrie, nepřímá kalorimetrie

Introduction
Hulking bike tires with wide track and rough pattern, 
or tread pattern are the characteristics of mountain 
bike, also known as MTB, as we recognize it current-
ly. The bike tires fulfil many functions. Beside the 
fact, that they carry the weight of the cyclist and his 
equipment, they are responsible for transmission of 
driving and braking force (as well as all the forces 
needed for leading the bike). Other important fun-
ction is the damping of vibrations and bumps. As 
successfully selected tire can be considered the one, 
which has the minimal rolling resistance, ideal grip 
properties and excellent adhesion to the selected ter-
rain. Last but not least, from this tire it is required 
minimal weight and ability to lead the bike (especi-
ally on the front wheel). Furthermore, long life cycle 

and traffic safety, which are given by the resistance 
to the abrasions and puncturing (Hrubíšek, 1994).
From the point of view of understanding the techni-
cal parameters and a proper choice in regard to the 
usage, the tires are one of the trickiest parts of the 
bike. In case that we choose the right tread pattern of 
the tires for selected terrain, we still have to choose 
between many types of tires, sizes and rubber mix-
tures (Mountain Bike Action, 2013).
The tires filled with compressed air can be doub-
tlessly indicated as a revolutionary invention in the 
history of cycling. The fact that the popularity of 
biking would reach the same scale, in case the tire 
was not invented, is highly unlikely. Indeed, tires are 
the part of bike which supplies us with comfort and 
allows us to make for almost any terrain. All this has 



Volume 10       No. 2/2016   ISSN 1802-3908          15

a positive effect on driving experience and it allows 
us to undergo more extreme experiences.
Monitoring of the EE of the body during biking and 
its affection in regard to surrounding environment 
is very discussed issue. The EE of the body during 
biking is affected by many variables. The most of-
ten monitored parameters are the resistance of the 
environment (aerodynamics, rolling resistance) and 
the weight of the bike, at the same time. In this study 
From the bike tire it is expected ideal behaviour and 
safety in selected terrain. This ideal behaviour can be 
also named as riding qualities, among which are e.g. 
rate of rolling resistance, good rolling capabilities 
and adhesion (Konopka, 2007). 
The grip as well as rolling resistance are types of fric-
tion, i.e. they develop a frictional force, which coun-
teracts the force shunting the element onward the 
ground. This implies that to achieve the movement 
it is necessary to overcome the frictional force, or in 
case of adhesive friction to change it into another. 
The adhesive friction between the wheel and the 
ground is a crucial precondition for transmission of 
circumferential force (i.e. propulsive or braking) and 
sideway conducting force. This allows rolling of the 
element, which generates rolling friction (Gscheidle, 
2007).
In the context of cycling, these physical laws work 
in the following manner. When the tire is rolling 
it flattens in the place of contact with the ground. 
At the same time, the tread pattern and tread area 
are constantly being deformed and abraded by the 
surface of the ground to equilibrate uneven terrain. 
This external and internal friction along with inelas-
tic deformation of the tread pattern form the ability 
of the tire to grip, which supports rolling of the tire, 
in which the rolling resistance arises. But that means 
the loss of energy, which is necessary to be overcome 
(Burke, 2003).
Paradoxicaly, from the tire we require excellent 
adhesion, but minimal rolling resistance, although 
with higher adhesion the rolling resistance increa-
ses. 
Each frictional force is a product of normal force and 
the coefficient of friction (Gscheidle, 2007). Also the 
rate of rolling resistance is given by normal force and 
the coefficient of friction. Namely the size of rolling 
resistance depends on the surface of the terrain, 
construction of the tread area and its tread pattern, 
construction of the inner tube, the materials used, 
inflation of the tire, size of the gravity force, a dia-
meter of the cross section of the tire, wheel diameter, 
speed, temperature of the tire, torque and the angle 

of the steering axis (i.e. angle of the ‘head tube’ axis). 
The most important of these factors is the character 
of the terrain, material and the construction of the 
tire, pressure of the tire and its load (Burke, 2003). 
The higher the rolling resistance, the greater power 
the cyclist has to develop to overcome the resistance 
(Imexpo, 2015). This increased effort is reflected by 
increased work metabolism, or increased EE (Bar-
tůňková, 2013). 
Rolling resistance and the grip are therefore very 
important issues, which are closely related with our 
research, the aim of which is discovery of the size 
of the EE while using different types of tires. Fur-
thermore we focus on the factors, which influence 
mainly the rolling resistance and the grip of the tire.
We focus mainly on rolling resistance while using 
different types of bike tires.

The factors affecting riding qualities of 
tire
Weight
The lowest rolling resistance tires are characteri-
zed by its thinner walls. This reduction of rolling 
resistance is given by lower amount of used material, 
therefore lower weight of the tire.
Beside the amount of used material there is also 
important the type of the material used. For the pro-
duction of tire rim, it is the most effective to use thin 
silk, nylon or Kevlar fibres, not only because of lower 
weight, but also thanks to lower losses of the energy 
due to internal friction of the material (Burke, 2003).

Thickness of the material
There is another reason why, apart from lower 
weight, use of lower amount of the material influen-
ces riding qualities. It also means that less material 
is to be deformed less and therefore loose energy 
(Imexpo, 2015). 

Width
Although it seems paradoxical, it is true that the 
tires with smaller diameter are, when correspondin-
gly inflated, designated with higher rolling resistan-
ce. This is explained by greater deformation of the 
tire, i.e. its greater flattening, thus its greater grid and 
rolling resistance (Haymann, 2009).

Flexibility
With higher flexibility of the material (especially 
rubber mixture) the amount of energy lost when 
balancing the deformation decrease, thus there is 
lower rolling resistance (Imexpo, 2015).
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Tread pattern and tread area
The tread pattern of the tread area influences the rol-
ling resistance too. Regarding the abrasiveness, the 
tires with fine pattern have lower rolling resistance 
than the rougher ones. The lowest rolling resistance 
has so-called slicks. The primary task of the tread 
pattern is to improve grip of the tire and not to redu-
ce rolling resistance (Burke, 2003). When riding on 
a smooth road the type of the tread pattern is not 
so important, because in this kind of terrain we are 
able to provide the grip just by galling of the rubber 
mixture by the roadway. In contrast, in rugged ter-
rain, the role of the tread pattern in terms of traction 
is essential. Rough tread pattern is unlikely the fine 
one able to tie in the road and thereby mediate the 
transmission of propulsive, driving and braking for-
ce (Imexpo, 2015). So it is true that, the higher and 
sparse the blocks of tread pattern are distributed, the 
better is its ability to grip in dissected or wet terrain. 
Reversely, thick and fine pattern is suitable to be 
used on dry road and solid terrain (Makeš, 2002). 
There is also a compromise construction of road 
and cross country tread pattern at the same time, i.e. 
semislick. The tire with this tread pattern is, when 
underinflated, able to fairly roll in the terrain and 
reversely, when more inflated, it is able to roll in 
rigidified terrain (Hrubíšek, 1992). It is not possible 
to choose the only best type of tread pattern, becau-
se each type of the terrain requires its specific pat-
tern; it is also not possible to create all-purpose tire, 
which could reach the same results as the tires for 
road use solely (Makeš, 2002).

Rubber mixture
As it was mentioned before, the type of the rubber 
mixture is one of the factors, which affects weight 
and flexibility of the tire.
By replacing or change of the ratio of different com-
ponents of the rubber mixture it is possible to cre-
ate two tires, which seem to look the same at the 
first sight, but they have completely different riding 
qualities. Except that, one of the tires can compose 
of several different types of rubber mixtures. Maxi-
mum amount of used mixtures used for one tire 
varies according to the producer. For example, the 
company Maxxis offers single, dual or triple com-
pound technology, i.e. they use one to three types of 
rubber mixtures for production of one tire (Maxxis, 
2016).

Temperature
Along with higher temperature of the rubber, the 

viscosity decreases, thereby the internal friction  
of the material decreases too. Increasing  
temperature leads to air expansion, thus the  
pressure in tires increases. This means that  
heated tires better roll than the cold ones (Burke, 
2003).

Pressure
The pressure in the tire, along with the diameter 
of the tire, partake in determination of the size of 
the tire interface with the ground, whereas higher 
interface causes greater grip and rolling resistan-
ce (Burke, 2003). Concerning the pressure, in case 
of riding in smooth terrain we choose the pressure 
which is reaching the maximum. Thanks to that the 
tire is fewer deformed even burdened identically. In 
rough terrain, however the opposite is true, i.e. it is 
better to use inflation with lower pressure. The tire 
then better adapt to the disparities, it will not boun-
ce that much and thus will not be so much braked 
by them. Thereby the rolling resistance will decrease. 
Not always high pressure means low rolling resistan-
ce (Imexpo,  2015). It is necessary to avoid conges-
tion as well as underinflation. The first case will 
lead to loss of grip, thus loss of safety, and it will be 
uncomfortable in addition. In the second case, the 
rolling resistance as well as the risk of perforation of 
the tire will increase (Hrubíšek, 1992). To eliminate 
affection of the EE, there are all tires in this study 
inflated to the exact inflation range recommended 
by the producer. 

Tire diameter
Although the greater diameter of the tire is charac-
terized by greater interface with the ground, its rol-
ling resistance is lower. This is caused by the angle, 
under which the wheel approaches the roughness on 
the road, in combination with greater grip surface. 
Wheels with greater diameter which approach dis-
parity roll on under smaller angle, than those wheels 
with lower diameter. Thus they are less hampered. 
The disadvantage remains in higher weight and e.g. 
29 inch wheels cannot be used in all types of frame 
geometry due to its size (Imexpo, 2015).

Methodology
The research set was formed from a group of five 
men aged 26.4 ± 2.2 years, with body height of 
186 ± 7.6 cm and body weight of 87 ± 12.6 kg. All 
tested are active cyclists, especially they focus on 
following disciplines: Freestyle BMX, Dirt Jumping 
and Downhill. In selection these probands there was 
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an emphasis on comparable riding experiences and 
abilities. 
Laboratory testing was performed under following 
conditions: temperature of ambient environment 
24.6 ± 0.8°C, humidity 33.3 ± 1.9 %.
Each of tested undertook three rides on cyclists´ tra-
ining circuit, during which for each ride there were 
different types of tires used. Measuring of energy 
expenditure was done by the method of spiroergo-
metry via analyser of exhaled gases MetaMax 3B 
(Cortex), and sporttester.
Individual heat up and warm-up of the probands was 
prior the testing itself. Then there was trial ride with 
assistance and a trial ride without assistance. It was 
discovered that it is not possible to objectively mea-
sure energy expenditure without assistance because 
of the loss of balance, therefore it was necessary to 
perform all test rides with assistance.
After this, all group members completed the first 
ride using one of three types of tested tires.
Each tested men wore sporttester and a vest with 
analyser of exhaled gases. Then, there was time delay 
which was caused by necessary reconfiguration of 
the analyser. Before each man rides, the height of 
the bike seat was individually adjusted to fit his body 
height. After all adjustments, each of tested men got 
a rubber embouchure into his mouth and the testing 
ride started. The length of the testing ride was not 
established. For relevant results it was necessary to 
measure minimum 4 minutes rides, during which 
the values of VO2 did not excessively fluctuate 
(standard deviation could reach a maximum of 0.45 
l/min). Each probands, with regard to their diver-
se bodies and thus also performance parameters, 
reached this stabile level of oxygen consumption in 
individual time. Average time of one ride was 4:55 
± 1:50 min. Reversely, the pace, i.e. cadence of tre-
ading, bas exactly assigned to 80 turns per minu-
te. The riders followed the metronome, which was 
visible during entire ride.
Other two rides were conducted in the same way. 
Before the second and third circles it was necessary 

to change the tires to other tested type of tire.

Testing bicycle
For testing, it was chosen a brand ‘Specialized’ 
bicycle, specifically the model Fuse Comp 6Fattie. In 
regard to the fact that it is a Fat Bike, the frame of 
this bike does not have a component of rear shock 
suspension, i.e. it is a hardtail. The Fat Bike was cho-
sen due to the fact, that one of tested tires was the 
one made especially for this bike type and it could 
not be used in other bike types because of its over-
size.
It was necessary to use two types of rim, because 
rims for Fat Bike tires are too wide for road bike 
tires, which were also one of the tested tires. The 
rims slightly differed in weight, but this difference 
does not have essential impact on energy expenditu-
re, thus was not considered.
Based on the highest stability during the trial ride, 
for the testing it was used the gearing of 1/7, i.e. the 
lowest gear, the seventh sprocket from above with 
the sprockets ratio of 30:18. This gear was also the 
most suitable in regard to cadence of treading.

Tested tires
There were 3 types of tires tested. Road type, trekking 
and fat bike tires. All used tires were the ‘Specialized’ 
brand. The category of road tires was represented by 
the model of Espoir Sport 700x25C, in the category 
of trekking tires it was Fast Trak Sport 29x2.0 and 
the tire for Fat Bike was Ground Control 2Bliss Rea-
dy 650Bx3.0 FATTIE. The technical parameters of 
those tires are mentioned in the following tables.
The tires were inflated to the middle level of pressure 
range recommended by the producer. In case of Fat 
Bike it was the value of 1 bar, for the trekking tire it 
was 3.5 bar and the road tire was inflated for 8.1 bar.

Measuring instrument
The desired values, i.e. oxygen ventilation (VO2), 
ventilation of carbon dioxide (VCO2), respiratory 
volume (VT), breathing frequency (BF) and minute 

Frame Specialized M4 Premium Aluminium, Trail 6Fattie 
geometry

Frame size 19“
Front suspension SR Suntour Raidon 650+, air spring
Approximate weight 9.8 kg (without wheels)
Wheels WTB Scraper i45, 29“

Table 1 – Specification of bicycle Specialized Fuse Comp 6Fattie
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ventilation (V), were recorded during entire testing 
by metabolic analyser of exhaled gases MetMax 
3B. The heart frequency (SF) was measured by the 
sporttester.
The MetaMax 3B device works on the principle of 
continuous analysis of breathing gases by the breath-
by-breath system (Cortex-Medical, 2016).

Results evaluation
Measured values of monitored variables were eva-
luated by basic methods descriptive statistics, i.e. by 
arithmetic average and relevant deviations. Avera-
ge values and relevant deviations VO2, and energy 

expenditure are listed in the tables.
Values of energy expenditure were found by the 
method of indirect calorimetry. The accuracy of the 
results could have been affected by two factors. It 
is a biological and technical factors. Biological er-
ror could be caused by the hyperventilation, oxy-
gen debt or by other influences. The technical error 
of analyser of respiratory gases MetaMax 3B was 
standard, i.e. maximum 5 %. Due to the factors 
influencing the accuracy of the measurement, as 
a significant we consider the difference in energy 
expenditure which exceeds 10 %.

Type of construction Without inner tube
Fabric density 120 TPI
Derailleur hanger Kevlar, butyl stiffener
Mixture 60a (medium hard compound) 
Approximate weight 1045 g
Recommended pressure min. 0.621 bar, max. 1.379 bar
Width 7.6 cm
Tread Rough, sparsely distributed massive blocks

Table 2 – Technical parameters - Ground Control 2Bliss Ready 650Bx3.0 FATTIE

Type of construction Classic
Fabric density 60 TPI
Derailleur hanger Wire
Mixture 70a (hard mixture)
Approximate weight 715 g
Recommended pressure min. 2.413 bar, max. 4.482 bar
Width 5.1 cm
Tread Semislick

Table 3 - Technical parameters - Fast Trak Sport 29x2.0

Type of construction Classic (with anti-defect protection BlackBelt X 2)
Fabric density 60 TPI
Derailleur hanger Wire
Mixture 70a (hard mixture)
Approximate weight 370g
Recommended pressure min. 7.584 bar, max. 8.618 bar
Width 2.5cm
Tread Slick

Table 4 - Technical parameters - Espoir Sport 700x25C
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RESULTS
In the following table, there are recorded values of 
oxygen ventilation and energy expenditure from 
all three rides of each proband in the interval of 
20 seconds. In next tables, the values of average 
oxygen consumption in millilitres per kilogram of 
body weight, and an average of energy expenditure 
within each ride as well as total energy expenditure, 
are shown.

Discussion 
For testing there was used mountain bike type Fat 
bike, which does not have a rear suspension. In stu-
dy there was used a bike ‚Specialized‘ Fuse Comp 
6Fattie (frame size 19“). The Fat Bike was chosen 
because one of the tested bike tires was the Fat Bike 

tire, which is not suitable for standard size frames 
due to its size. All tested tires were the same size of 
29“ to eliminate the influence of its different dia-
meter on the EE. The study of Steyn, J. et al. (2014) 
aimed to determine the degree of influence of par-
ticular variables to rolling resistance; and there was 
not proved that there is significant influence of the 
tire diameter or level of suspension on the rolling 
resistance. Therefore we can assume that the results 
of our measurements would remain the same even 
when using wheels with 29“ diameter or suspension 
type ‘full suspension’. The tires were inflated to the 
median value of the optimal range specified by the 
manufacturer and also for the reason of assumption, 
that overinflation or underinflation could influence 
rolling resistance of the tire and consequently also 

Proband
Energy Expenditure (kJ)

Fat Bike Road type Trekking
1 150.6 99.6 130.7
2 191.0 155.7 145.8
3 138.1 125.2 132.0
4 196.0 176.9 187.0
5 149.7 137.6 137.8

Relevant deviation 26.5 29.4 23.3
Total average 165.1 139.0 146.6

Table 5 – Average energy expenditure

Graph 1 – Average energy expenditure
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EE. This presumption was disproved by Ryschon, 
T. W. et al. (1993) study. The level of tire inflation 
was one of the observed parameters in the studies 
of Steyn J. et al. (2014) and Bertucci et al. (2013), 
who found made the same conclusion as Ryschon 
T. W. et al. (1993). 
In our study, the tires had different weight, but due 
to insignificant difference in EE influence during 
rotational movement is was not considered. 
We assumed the EE rise along with the size of the 
tire contact area, where we assumed significant dif-
ferences in EE when comparing road, trekking and 
Fat Bike tires. The largest contact surface has a tire 
for Fat Bike in width 7.62 cm, the smallest is the 
road tire with width 2.5 cm and width of trekking 
tire is 5.08 cm. This assumption was formulated on 
the basis of studies cited in theoretical part as well 
as on Bertucci et al. (2013) study. In Bertucci et al. 
(2013) study, there was the rolling resistance eva-
luated and it was discovered that when using narro-
wer tires with smooth tread pattern (Vittoria ‘Ran-
donneur’, road tire with 4 cm width), the results are 
lower than when using the wider one with rough 
pattern (Hutchinson ‘Python’, classic XC tire with 
5 cm width).
Our study proved that there is significant difference 
in EE when using road tires and tires for Fat Bike; 
the difference is 18.76 % (26.07 kJ). There was also 
proved significant difference in use of trekking tires 
and the Fat Bike tires, the values differed by 12.56 
% (18.43 kJ). Conversely, the difference in EE when 
using road and trekking tires reached 5.5 % (7.65 
kJ), so in regard to the value of standard deviation 
we cannot consider this difference as significant. 
The results show that the EE increased with increa-
sing interface, because the width of road tire is 2.5 
cm and the Fat Bike tire is 7.62 cm.
By the extrapolation of measured values we obtai-
ned the estimate of the development of the EE 
curve in longer time period. This estimate shows 
linear increase of the values of the EE in time for 
all rides, thus increase of the differences in EE. The 
difference in EE within one hour of ride with Fat 
Bike tires and road tires would, according to our 
estimate, reach the value of 452.8 kJ. The difference 
when using road and trekking tires would be 183.5 
kJ, when comparing ride with Fat Bike and trekking 
tires, the difference would be 269.4 kJ.
If we take into consideration the results of the stu-
dy from Steyn, J. et al. (2014), we can expect that 
the values of EE which were measured by us on the 
smooth training circuit would significantly differ 
in rougher terrain. Steyn, J. et al. (2014) mentions 

that the character of the terrain surface is the factor 
which influence the rolling resistance the most. 
This argument was supported by measuring the 
rolling resistance when so called cost-down is per-
formed. It means when the bike reaches a particular 
speed, the cyclist stop treading and stop by inertia, 
his speed is constantly monitored and the length of 
the stopway is measured.

Conclusion
Significant difference in energy severity of riding 
with Fat Bike tire and road tire was proved by this 
study with regard to standard deviation of the mea-
surement. Furthermore we found significant diffe-
rence in EE when riding with trekking tires and Fat 
Bike tires. The difference in riding with road and 
trekking tires was, with regard to standard deviati-
on of the analyser of breathing gases MetaMax 3B, 
not significant.
As a critical margin for conclusiveness of the dif-
ferences in EE, with regard to standard deviation, 
was set increase over 10 %. This level was during 
the measurement reached, but not in all cases. It 
is true, that ride with tires of the smallest interface 
showed the lowest energy consumption. Converse-
ly the tires with the biggest interface demanded the 
highest amount of EE: The difference in EE between 
those two rides was significant.
The average energy consumption, when riding on 
road tires the training circuit with 4 minutes length, 
was 139.01 ± 29.40 kJ. In case of trekking tires it 
was 146.66 ± 23.32 kJ and in case of Fat Bike it was 
165.09 ± 26.46 kJ.
The difference between ride on Fat Bike tires and 
road tires reached the level of 26.07 kJ, what is an 
equivalent of increase by 18.76 %. The difference 
between trekking and Fat Bike tire was also signifi-
cant, it was 18.43 kJ, i.e. increase by 12.56 %. Con-
versely, the difference when riding on road tires and 
trekking tires was only by 5.5 %, representing 7.65 
kJ, thus it was not significant.
By extrapolation of the results we obtained the trend 
of EE in time, which shows linear character. Part of 
this estimation is linear increase of the difference in 
EE between particular rides. The difference in one 
hour ride between Fat Bike tires and road tires is 
estimated at 452.8 kJ, when riding road tires and 
trekking tires the estimation is 183.5 kJ and the dif-
ference between the ride with Fat Bike tires and the 
trekking ones is estimated to 269.4 kJ. Two hours 
ride would increase the difference even to 910.8 kJ, 
371.7 kJ and 539.0 kJ respectively.
This study is considered as a pilot one.
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Abstract
The aim of this work is to describe the degree of equivalence while measuring performance through devi-
ce PowerCal integrated in commercial device Garmin. The principle of prediction of these data is the use 
of prediction equations, and monitoring of heart rate. We compared, in the context of burdening test on 
the ergometer Sanabike, power output in watts mediated by system PowerCal (mediated measurement of 
data from HR) and ergometer system Sanabike (the golden standard - direct power measurement in watts). 
direct power measurement in watts). The final measurements and the degree of equivalence show significant 
heteroscedasticity. PowerCal device exerts a considerable limits redeemable value especially in low and high 
levels of burdening.

Key words: 
power output, heart rate, PowerCal, Garmin

Souhrn
Cílem příspěvku je postihnout míru ekvivalentnosti při měření výkonu prostřednictvím přístroje  PowerCal 
intergrovaném v komerčním přístroji Garmin. Principem predikce těchto dat je využití predikčních rovnic a 
monitorování srdeční frekvence. Porovnali jsme v rámci zátěžového testu na ergometru Sanabike výkon ve 
watecht zprostředkovaný systémem  PowerCal (zprostředkované měření z údajů SF) a systémem ergometru 
Sanabike (zlatý standart - přímé měření výkonu ve wattech). Výsledný měření a míra ekvivalentnosti vyka-
zuje značnou míru heteroskedasticity. Přístroj PowerCal – Garmin tak vykazuje značné limity výpovědní 
hodnoty zejména v nízkých a vysokých hladinách zatížení. 

Klíčová slova: 
výkon, srdeční frekvence, PowerCal, Garmin

Introduction
Monitoring of burdening during physical activities 
with the use of modern technologies is currently 
very popular. It is realized in the context of sports 
training and while recreational physical activities. 
During outdoor physical activities, these tenden-
cies are also evident. Cycling between such activi-
ties including.  The use of modern technology for 
monitoring cycling physical activities or training 
burdening of athletes (cyclists) is common for seve-
ral decades.

Monitoring of heart rate (HR) are commonly used 
in cycling, used both in the process of training and 
racing (Achten & Jeukendrup, 2003).  As a known 
problem with this method of monitoring is especi-
ally HR delay compared to the current intensity of 
burdening. In cycling, therefore, is also used a direct 
measurement of the cyclists performance, which 
is measured by the so-called power meters (watt-
meters) and is measured in watts - in this process is 
directly shown current power output without delay, 
because it is not a physiological index, but a physi-
cal indicator (Villerius, Bertucci, & Grappe, 2007). 



Volume 10       No. 2/2016   ISSN 1802-3908          23

The problem is very high purchase price of these 
products (eg. Comparing with monitors of HR), 
which are not available in this context for everyone, 
and are used especially in professional sport. One of 
the options, how the recreational cycling may reach 
the data of their performance, is the use of alterna-
tive determination of power output in watts while 
pedaling on a bicycle (further only PO) deriving for 
HR. Device that provides this option and its price is 
affordable for a broader range of candidates, is the 
device PowerCal (Cyclops, Madison, USA).
The company Cycleops, which produces device 
PowerCal, thereby indicates that it is the world‘s 
first power meter in which V is derived from the 
HR (Saris Cycling Group, 2016). Pattern under 
which derives V in watts from HR in pulse, is a tra-
de secret, which the manufacturer has not shared 
nor referred to the published researches, where we 
could find out more (A. Zárybnický, personal com-
munication, Ferbruary 25, 2015). Fundamental is 
the public message from manufacturer, which refers 
to „the analysis of tens of thousands files measuring 
performance over the years, researchers from the 
American University in the State of Colorado“ on 
which researchers calculated algorithms, based on 
the correlation of HR and PO while pedaling on 
a bicycle in real conditions (Saris Cycling Group, 
2016). In the nineties of the twentieth century they 
published Arts & Kuipers (1994) very strong cor-
relation (r = 0.97; P < 0.001) between HR and PO, 
but in standardized conditions. With this statement 
agree also (Costa, Guglielmoa, & Paton, 2015), but 
doubts about linearity while cycling outside labora-
tory conditions, ie. in outdoor environment.
The manufacturer indicates „PowerCal imbalance 
compared to conventional watt-meters on the phys-
ical principle in the range 10-15% of values“ (Saris 
Cycling Group, 2016) and he is aware that it is not 
such precise device, such as. PowerTap, which qua-
litative measurement indicators have already been 
verified (Duc, et al. 2007; Gardner, Stephens ,Mar-
tin, Lawton, Lee, & Jenkins, 2004).
The quality of the PowerCal measurement research 
verified Costa et al. (2015) – concretely validity and 
reliability. Criterial validity of device was found 
to be totally unsuitable. Authors investigated also 
reliability (test-retest) by 15 sec, 30 sec and 45 sec 
sprints at the ergometer and they did not find signi-
ficant difference, while repeated measurements by 
individual items. On the contrary, between some 
individual items (sprint time segments), they have 
found significant differences. Variation coefficient 

presents between 6,7–21,5 % and a large range of 
intra-subject correlation coefficient (0,39–0,92) 
between individual “sprint” items (Costa, et al., 
2015). Unfortunately, this is the only published 
research of this type.
Are therefore values of quality measurement of 
device PowerCal sufficient to use for sports training 
and recreational cycling? The aim of this work is 
to contribute to the issue of quality of performan-
ce measurement in watts while cyclist pedaling a 
bicycle. Concrete task was to establish the degree 
of reliability and validity, of device PowerCal, ,inte-
grated in commercial device Garmin.

Survey methodology
In the research took part in 4 probands, two men 
(23 years, 180 cm, 72 kg, 22 years, 184cm. 80 kg 
respectively) and two women (21 years, 172, 62 
kg, 21, years 167 cm. 58 kg respectively). All were 
acquainted with the burdening protocol and they 
experienced it in the past.
Description of burdening protocol and equipment
Burdening protocol consisted of three phases, and 
the data were recorded in the research in phase 
2. In the first phase proband went through the 
initial warm-up on the cycloergometer Sanabi-
ke 250 (Ergosana, Gmbh, Germany in the length 
2x3 minutes, with burden 60 and 120 W (men) 
respectively 40 and 80 W for women. Then pro-
band continuously moved to the phase 2, in which 
was the burden escalating from starting 60 W 
(men) respectively 40 W (women) gradually (step 
protocol) to vita maximum. Burden was increasing 
every minute by 30 W (men) and 20 W (women). 
Proband was informed about the observance the 
same cadence throughout whole test in the range +  
5 turns per minute. The option of optimal caden-
ce made every proband on the basis of subjective 
feelings in phase 1. Every finished minute of the 
test, the data of power output was recorded, from 
the system Garmin and the integrated system in 
cycloergometer Sanabike. Within the system, Gar-
min was recorded also heart rate data, and more, 
in the research unrated data. After completion of 
phase 2, followed relaxation phase 3 – running off 
at a lower intensity.
Parallel power measurements from both systems 
(Garmin and Cycloergometer) was then compared 
within mathematical-statistical procedures with 
use of Bland-Altman graf. As reference method 
was chosen data gained from cycloergometer 
Sanabike 250. 
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Order of secti-
on

Length of secti-
on (min:sec)

Average HR 
(pulse.min-1)

Average PO 
(W) Cycloergo-

meter

Average PO 
(W)

Garmin

Difference of 
measurement

1 1:01.1 114 60,00 119,00 -59,00
2 1:00.1 114 90,00 110,00 -20,00
3 0:59.9 122 120,00 138,00 -18,00
4 0:59.9 131 150,00 161,00 -11,00
5 1:00.6 137 180,00 177,00 3,00
6 0:59.2 143 210,00 193,00 17,00
7 1:00.2 150 240,00 213,00 27,00
8 0:59.5 157 270,00 220,00 50,00
9 1:00.3 163 300,00 239,00 61,00

10 0:59.7 170 330,00 263,00 67,00
11 1:00.6 173 360,00 257,00 103,00
12 0:59.6 176 390,00 259,00 131,00

Avereage 29,25
SD 52,89

Table 1 Results of proband 1 (man). Data of power output and heart rate measured by Garmin system and data of PO measu-
red by reference methods (cycloergometer Sanabike 250).

Order of secti-
on

Length of secti-
on (min:sec)

Average HR 
(pulse.min-1)

Average PO 
(W) Cycloergo-

meter

Average PO 
(W)

Garmin

Difference of 
measurement

1 1:01.2 112 60,00 128,00 -68,00
2 0:59.9 115 90,00 121,00 -31,00
3 0:59.9 123 120,00 153,00 -33,00
4 0:59.8 130 150,00 145,00 5,00
5 1:01.2 137 180,00 178,00 2,00
6 0:58.4 142 210,00 187,00 23,00
7 0:59.8 149 240,00 202,00 38,00
8 1:07.1 155 270,00 218,00 52,00
9 0:53.5 161 300,00 238,00 62,00

10 1:00.1 167 330,00 247,00 83,00
11 1:01.3 173 360,00 266,00 94,00

Avereage 20,64
SD 48,86

Table 2.Results of proband 2 (man). Data of power output and heart rate measured by Garmin system and data of PO measu-
red by reference methods (cycloergometer Sanabike 250).
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Order of secti-
on

Length of secti-
on (min:sec)

Average HR 
(pulse.min-1)

Average PO 
(W) Cycloergo-

meter

Average PO 
(W)

Garmin

Difference of 
measurement

1 1:00.2 104 40,00 156,00 -116,00
2 1:00.7 109 60,00 156,00 -96,00
3 0:59.9 119 80,00 175,00 -95,00
4 1:00.1 131 100,00 197,00 -97,00
5 0:59.3 145 120,00 213,00 -93,00
6 1:00.2 158 140,00 248,00 -108,00
7 1:00.1 171 160,00 264,00 -104,00
8 1:00.0 180 180,00 295,00 -115,00

Avereage -103,00
SD 8,57

Table 3 Results of proband 3 (woman). Data of power output and heart rate measured by Garmin system and data of PO 
measured by reference methods (cycloergometer Sanabike 250).

Order of secti-
on

Length of secti-
on (min:sec)

Average HR 
(pulse.min-1)

Average PO 
(W) Cycloergo-

meter

Average PO 
(W)

Garmin

Difference of 
measurement

1 1:00.2 132 40,00 156,00 -116,00
2 1:03.4 133 60,00 156,00 -96,00
3 1:01.9 144 80,00 175,00 -95,00
4 0:55.4 153 100,00 197,00 -97,00
5 1:01.8 162 120,00 213,00 -93,00
6 0:57.5 170 140,00 248,00 -108,00
7 1:00.7 176 160,00 264,00 -104,00

Avereage -101,29
SD 7,78

Table 4 Results of proband 4 (woman). Data of power output and heart rate measured by Garmin system and data of PO 
measured by reference methods (cycloergometer Sanabike 250).

Correlation coefficients used in the paired compa-
rison of the individual power values determined 
by parallel methods (Garmin and Cycloergome-
ter; Tab. 1–4) established by regressive analysis, 
showing a high degree of dependence - values in 
the range 0,98–0,99. The fact, that parallel measu-
rements significantly correlated among themselves, 
says nothing about their actual conformity. These 
informative value limits of the correlation coeffici-
ent in the comparison of two methods are based on 

minimal sensitivity to systematic overestimation or 
underestimation of some of these methods. Single 
fact that the repeated measurements significantly 
correlate among themselves, yet says nothing about 
their actual conformity. Low information potential 
has also graphical representation of the dependency 
rate - correlogram. 
Therefore, in the context of our study was used the 
method of Bland-Altman graph.

Results and discussion
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Graph 1 Proband 1 (men) – Bland-Altman graph of the depending averages of parallel measurements (axis X) and their differences (axis Y). Positions 

of average differences are marked and positions 95% limits of conformity (G-Garmin data, C-cycloegometer data).

Graph 2 Proband 2 (men) – Bland-Altman graph of the depending averages of parallel measurements (axis X) and their differences (axis Y). Positions 

of average differences are marked and positions 95% limits of conformity (G-Garmin data, C-cycloegometer data)..
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Graph 3 Proband 3 (women) – Bland-Altman graph of the depending averages of parallel measurements (axis X) and their differences (axis Y). Positi-

ons of average differences are marked and positions 95% limits of conformity (G-Garmin data, C-cycloegometer data).

Graph 4 Proband 4 (women) – Bland-Altman graph of the depending averages of parallel measurements (axis X) and their differences (axis Y). Positi-

ons of average differences are marked and positions 95% limits of conformity (G-Garmin data, C-cycloegometer data).
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By visual inspection can be detected within the gra-
phs 1 and 2 heteroscedasticity, i.e. differences incre-
ase with increasing value. In our case, we follow this 
trend in both directions from the average power 
output.
In graphs 3 and 4 is clearly detectable significant 
deviation from the zero difference. In these cases, 
(girls and burdening protocol, starting at 40 W gra-
ded by 20 W every minute) are power values gene-
rated by the device Garmin systematically higher 
in the entire measurement range (95% confidence 
interval differences from 85 W to 121 W, respecti-
vely from 101.5 to 138.5 W W).
Within the discussion, it is necessary to highlight 
the fact prediction data characterizing performance 
is based on quality of dataming respectively com-
mercial companies, hence the quality of prediction 
equation. Results of our research significantly point 
to the limits of notice value of a particular model. 
It is possible that further development in this area 
and accumulation of data, we can expect more 
accurate prediction equations towards better esti-
mation of various performance parameters. Relia-
ble standard then remains currently only as direct 
measurements of specific parameters. This trend 
is noticeable especially in professional and perfor-
mative performing of outdoor physical activities.
Generally, we believe that the heart rate is not 
optimal parameter for predicting the derived data, 
by its very nature, the physiological phenomenon, 
which is influenced by many others, under the 
prediction equations hardly detectable parameters.

Conclusion
Differences of power outputs diagnosed through 
device Garmin and system PowerCal compared 
to the reference method show significant heteros-
cedasticity and differences depend on the size of the 
value measured performance. For this reason, the 
data provided by Garmin device have only roughly 
approximate value and can not be responsibly used 
to detect the values of the current power output. 
Partially corresponds to reality only in the area of 
average performance. Thus, while burdening on the 
low intensity conversely in intensities submaximal 
and maximal do not match the values detected by 
the reference method.
For the above reasons, we recommend to conti-
nue in examine the quality of measuring by devi-
ce PowerCal supplied with a commercial device 
Garmin while measuring performance in cycling. 
We believe that this can be achieved by enriching 
knowledge not only in the area of methodology 
of performance measurement but also the practi-
cal use in the management of physical activities in 
outdoor activities. We believe that the device can be 
successfully used in school practice. Firstly, in phys-
ical education, both in the context of inter-subject 
relations. Physical and physiological parameters 
and their relationship can be also demonstrated. 
It is used in subjects such as physics, mathematics, 
biology. For use in sports training, the device exhi-
bits an insufficient degree of validity and reliability.
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Abstract
The article deals with preferred sports environment for sports Czech population - from children to seniors. 
It is focused especially on the parameter of outdoor and indoor environment. The differences in the use of 
sports areas are noticeable according to the age, gender, season, weather, location, especially among children 
cycle of the school year (holidays) weekdays, weekends and others. The study points to the issue of multi-
factor sporting activities of the general population and thus the use of the sports environment. First part of 
the study is based on the survey already implemented surveys on the Czech environment, so it is an analysis 
and analysis of secondary data. Second part concerns 50 focus groups with students (N=948) of Elementary 
Schools and Grammar Schools in years 2015 and 2016. Generally, there were Prague schools, eventually cen-
tral Bohemian schools. The results from focus groups showed preferences of indoor activitiesamongchildren 
and youth. Physical passivity was also mentioned, but very fashionable eSports. It does not appear that it 
would „only“ significantly improved conditions for sports - indoor and outdoor - were significantly higher 
and regular warranty of sports activities for children and youth.

Key words: 
elementary school, grammar school, senior, sports areas, sport

Souhrn
Článek se zabývá preferovaným sportovním prostředím pro sportovní aktivity české populace – od dětí po 
seniory. Zaměřuje se zejména na parametr outdoor a indoor prostředí. Odlišnosti ve využívání sportovišť 
jsou patrné dle věku, pohlaví, ročním období, počasí, lokalitě, zejména u dětí cyklu školního roku (prázd-
niny), všední dny, víkendy ad. Studie ukazuje na multifaktorovou problematiku sportovních aktivit běžné 
populace a tím i využívání sportovního prostředí. První část studie vychází z přehledu již zrealizovaných 
šetření zaměřených na české prostředí, takže se jednalo o analýzu a rozbor sekundárních dat. Druhá část 
šetření zahrnovala 50 focus groups s žáky (N=948) základních škol a gymnázií v letech 2015 a 2016. Zpravi-
dla se jednalo o pražské, příp. středočeské školy. Z focus groups vyplynuly preference dětí a mládeže k indoor 
aktivitám. Byly též zmiňovány pohybově pasivní, ale velmi módní eSporty. Nezdá se, že by „jen“ významně 
vylepšené sportovní podmínky – outdoor a indoor – byly zárukou výrazně vyšší a pravidelné sportovní 
aktivity dětí a mládeže.

Klíčová slova: 
základní škola, gymnázium, senior, sportovní zařízení, sport

Introduction
What kind of environment prefers Czech populati-
on across generations for the sport activities? Gene-
rally abroad studies suggest to the space, hence 
material conditions, as one of the necessary factors 
for the realization of sport and physical activiti-
es (Duncan et al., 2005; Jutras, 2003; Hume et al., 
2005; Morrow, 2001; Pikora et al., 2002; Rütten and 
Abu-Omar, 2004; Timperio et al., 2004; Trayers et 
al., 2006). Sallis et al. (2000) defined five primary 

determinants of physical activities: demographi-
cal and biological; psychological – cognitive and 
emotional; behaving and skills; social and cultural; 
external living conditions - spatial and material. 
Jürimäe & Jürimäe (2001) speak about ecological 
determinants, which ranks spatial and material 
conditions, security, climate conditions.
In the last years, conditions for mainly unorganized 
non-specific public gains importance in the Czech 
environment, because these conditions were for this 
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group of citizens for a long time underestimated. 
Especially in the time of socialism, organized acti-
vities were significantly preferred, and thus condi-
tions for their management. Moreover, in recent 
years, it is increasing rather unorganized individu-
als engaged in sports at the expense organized
Fast every region within the bigger region or coun-
try has its own specific aspects caused by, among 
other things. historical, cultural, demographic 
developments, which are also reflected in sport and 
thus in sports infrastructure. Historical-sociologi-
cal perspective is also quite substantial for sports 
facilities and must be approached with a certain 
degree of humility and respect. Novotný (2000) 
points to the fact that a substantial part of sports 
infrastructure was on today in the Czech Republic 
built between the years 1870-1945. Another spe-
cifications of sports infrastructure are determined 
by climatic and geographic conditions (ski centres, 
summer recreational areas, etc.), which of course 
brings outdoor and indoor preference.
In the last decades is a wide range of different 
outdoor activities, especially with a touch of adven-
ture and risk (eg. bungee jumping, fetrock trek, 
skateboard, snowboard, snow kiting, freeride, 
freestyle). Otherwise it is usually quite financially 
expensive activities and usually very individualized 
and to some extent limited capacity, so we can not 
speak about any mass issues. Within indoor acti-
vities, the biggest “boom” in the last days noticed 
floorball, both in school and Physical Education, 
and outside it. Others are for instance squash, rico-
chet, badminton (sport is changing all the time, 
because it runs in certain „fashion waves.“). 
While designing a space for physical exercise gene-
ral population is important to consider the reasons, 
which people without regular fitness training states 
as limiting factor for their realisation. Mainly, they 
state these reasons: I do not have a time, there is a 
bad weather outside, financial limits, a do not know 
how, I do not have where, it is dangerous. On the 
issue of security alert Cihlář & Fiklík (2015).
Sport activities may be classified according to many 
views: season – summer, winter; environment – 
outdoor, indoor; number of people involved – indi-
vidual, collective; organisation – organized, unor-
ganized etc. The next important attribute of sport 
is its designation in terms of performance on the 
attainment, on the recreational, performing and top 
(or professional). We will be interested in outdoor 
and indoor environment, mostly within recreatio-
nal and performative sports in our article.
There exist seven basic determinants, which sig-

nificantly define the sports infrastructure: econo-
mic, climatic, demographic, legislative and legal, 
diversification of physical / sports activities, higher 
demands from others. On the communal level is the 
political process very important factor of develop-
ment and maintenance of sports facilities in the city 
(for example Houlihan & White, 2002). The next 
evidence we can state increased frequency of res-
toration of sports infrastructure, mainly including 
the opening ceremony, for the inhabitants of towns 
and villages connected with the election campaign 
of candidates to elected organs in the area.
We need to remind, that the basic problems, which 
limit “participation” of citizens to the realisation of 
physical activities, is their knowledge about these 
activities, and this is positively problem of educa-
tion in the family or in the school, and the conditi-
ons, which is responsible the family, the school, but 
also the public administration.
General principles regarding the participation of 
Czech residents in physical activities in force in 
the Czech environment. Rychtecký et al. (2006) 
reminds at ambivalent participation of adolescents 
in sport – since very engaged in sports adolescents 
to physically inactive or sporting occasion. Further-
more, it was found that already in the category of 
16-19 years, the involvement in organized form of 
sport is declining. Generally, the slight decline of 
sport preferences and physical activities was de-
tected among youth in years 10-19, compared with 
the year 2000. On the other hand, a positive trend in 
loss of passive individuals not involved in sports and 
physical activities was detected, especially among 
boys. Among the confirmed participation of trends 
Youth (10-19 years) in sports and physical activiti-
es belongs (Rychtecký, 2006): greater inclination of 
boys to form an organized sport; higher participa-
tion in organized sports in uran settlements; bigger 
popularity unorganized activities in rural areas; 
higher attraction commercially oriented activities 
(dance studios, fitness centers) for girls; increasing 
popularity of exercise at home or with family mem-
bers for girls. 
According to Sigmund et al. (2003) are Czech ado-
lescents more active in the natural locomotion – 
walking, which is raising up to 16-17 years old girls 
and 18-19 years old boys. 
Problematics of sport and physical activities enhan-
ced the fact that it is an „integrated“ social pheno-
menon, so fast all influences of our society enter it, 
that we can separate to two basic levels. 
The first of them are de facto given, permanent 
attributes, such as demography (younger are more 
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sport-active than older ones), gender question 
(men are more sport-active than women), urbani-
sation (by adults commonly pays bigger sport-acti-
vity of city dwellers; among children is the situati-
on relatively stable), education (higher educational 
attainment translates into greater participation in 
sport, the wealthier the individual, the usually more 
exclusive sport etc. 
The second category includes changing societal 
attributes of type: financial crisis, financial demands 
of energy inputs, etc. While, according to research, 
in the Czech Republic pays great sensitivity to the 
price of entry to the sports facilities (monitored at 
swimming pools and ice rinks).
Adolescents often regards out of time as the greatest 
barrier to sporting activities (In this research, the 
lack of time was younger adolescents second most 
common barrier to their bigger spors activity) (for 
instance Flemr, 2009; Sigmundová et al., 2005; Sle-
pička, 2000), what can be interpreted as the reason, 
which is generally most acceptable and is consi-
dered to be the external barrier. 
What interests us the most, is where people sport 
most often, whether they prefer outdoor or indoor 
activities. The higher social status, the more impor-
tant is the sport considered, and also people with 
this status devote to sports more. As more proble-
matic thus appears people with basic education, 
workers, pensioners – seniors, and housewives

Methods
The first part of study is based on a review of already 
completed surveys, focused on the Czech environ-
ment, so so it was the analysis and analysis of secon-
dary data.
The second part of study concerned 50 focus 
groups – moderated discussion with students 
(N=948) in years 10-18, in the Elementary schools 
and Grammar schools (also multiannual) in years 
2015 and 2016. From there results, 54% of boys and 
46% of girls. The majority of these focus groups was 
realised separately for boys and separately for girls. 
These tended to be Prague, eventually central Bohe-
mian schools. Focus groups with students were held 
before or after physical education classes (including 
actually non-exercising students; within hours of 
class inspections TV). Within those focus groups, 
questions were asked by interviewer, particularly on 
the sport area and sports interest of children. Stu-
dents freely expressed or reported on these issues 
and the number of them were counted. 
The last complementary method was the observati-

on of the five so-called Prague senior fields, during 
2016.

Limits of the study
Objectively it is necessary to admit, that that visited 
schools did not have the character of a represen-
tative selection, usually they were called Faculty 
schools (either official or unofficial status; there was 
Faculty schools of Physical Education and Sports, 
or the Faculty of Education, eventually Faculty of 
Science, all at Charles University), where students 
can fulfil pedagogical practice in the subject of 
physical education (and usually other subjects). 
Otherwise, chosen schools should not be substan-
tially limit of study, because the subject of interest 
was leisure activities of children, respectively where 
are these activities realised or where they would like 
to possibly realise them.
The main reasons were verification of previous 
results and deepening the acquired data.
In general terms, it can be stated, that there exist 
differences in using sports facilities, respectively 
areas for sports activities according to the age and 
gender. Some differences can be observed even 
by place of residence of the respondents – town, 
countryside. According to a lot of factors (season, 
already stated sports facilities, age, gender, financial 
demands, etc.), which relates to the visit of sports 
areas or fields designated for sport, here are only 
basic tendencies. Further difficulties arise from 
incompatibility of research studies in terms of vari-
ous sports groups, typically offered in the question-
naire, etc. More detailed analysis is available in the 
below cited studies.

Results and Discussion
By the youngest individuals - until the beginning 
of compulsory school attendance – are one of most 
used areas for physical activities outdoor playg-
rounds. 
In the framework of compulsory physical educa-
tion, children habitually more adapt to the indoor 
areas, and also by the influence of summer holiday 
and thereby dominance of the school year in the 
fall, in winter and in spring at the expense of sum-
mer, but also preferred „laziness“ of participants. 
In this case, indoor activities have certain advanta-
ge, they get bigger space for “introducing” by the 
general population. One of the problematic pounts 
of indoor activities in sports areas, typically in the 
context of school physical education, is the ventila-
tion and the associated sufficient of fresh air. Minis-
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try of Health Decree no. 343/2009 Coll. on hygienic 
requirements for premises and operation of faciliti-
es and establishments for the education of children 
and adolescents states, that the areas for the Physical 
Education and gym, in the facilities for the educa-
tion and establishments for education and training 
needs, for its construction and technical conditions, 
to allow the implementation of physical education. 
These places must be ventilated; requirements for 
ventilation are modified in the attachment no. 3 
to this Decree.  The manipulation with ventilation 
openings must be reachable from the floor. 
Annex no. 3 (Ventilation requirements on para-
meters of microclimate conditions) above decree 
specifies the number m3 supply of fresh air in the 
gym for 20 to 90 cubic meters in 1 hour. To one  
student (with regard to a specific use - according 
to the type of exercise capacity and gyms). In  
this Annex, is also mentioned required tempera-
ture in the gym - the minimum is 18°C, optimal  
20°C, maximum temperature 28°C. It does not 
appear that these values were implemented in rea-
lity.
By the Czech younger adolescents according to Frö-
mel et al. (2002), who dealt with the stability of pre-
ferences in the sports area, by 10-14 year individuals 
in 5-years longitudinal study with sports preferen-
ces, showed to be relatively stable, especially among 
girls. This survey was attended by 245 respondents 
(118 girls and 127 boys). Girls preferred (according 
to the order) swimming, dancing and ice skating 
(and inline skating). Boys preferred also swimming, 
sports games and also ice skating. While the girls 
were especially interested in physical activity recre-
ational, non-competitive type - exercise with music, 
relaxation exercises, etc. Boys preferred endurance 
sports activities - sport in the narrower sense or fit-
ness exercises.
Among boys and girls attending Grammar Schools 
in adolescent years (15-18), they use sports areas as 
follows (Jansa, 2015). The highest value reported 
boys 15-18 years in “large indoor areas” – 58,9%, 
then girls 17-18 years in 53,8%, then older girls – 
52,3%. Second most visited area is “fitness center or 
gym”, among boys 17-18 years (22,5 %) and in same 
year among girls (19,4 %), then follows girls 15-16 
let (15,9 %). Very interesting is also item “exercising 
at home”, which prevails among girls of both age 
groups 21,6% and 19,1% over boys. “Public areas” 
use respondents in the range from 5,7 to 6,8% of all 
ages. Other items are represented in the relatively 
low number of responses (in nature; outdoor are-

as - playground on the estate, swimming pools, ice 
rinks etc.).
Conditions for sports and physical activities in the 
place of residence found out Jansa (2015).  The 
biggest value has the second item “It is quite good, 
who wants, will find an opportunity” by all ages and 
genders from 49,6% (17-18 years girls) to 52,6 % 
(15-16 years boys), the first item, “Very well, may 
be practically do everything”, ranges from 23,3 % 
(15-16 years girls) to 27 % (17-18 years boys). We 
can see certain problems in the third and fourth 
item, “there is only a few opportunities” and “the-
re is practically nothing,” in terms of resolution of 
conotation importance, they are almost identical. If 
we associate those items, we get real percentages of 
around 20%.
Previous question complemented another question 
about whether respondents have an overview of the 
occurrence or termination of sports areas in their 
place of residence. Between years 15-17, boys and 
girls less than half claim that the number increased 
(47,4 % and 42,5%), in older category between 17-
18 years 52,1 % boys and 58,1 %, girls. In item “It 
is equal” oscillates percentage value from 29,9% to 
38,5%. Only a small portion of the file believe that 
some equipment disappeared.
Respondents commented also the question who 
wants to use these sports areas for exercising, 
should they all the associated costs cover by the-
mselves. With this opinion agreed in 15-16 year 
boys 50% and girls only 42,3%. In older age groups 
then 52,1% of boys and 43,6 of girls, significant in 
p=0,05. It shows, that more than a half of files need 
support from the organization running these facili-
ties or elsewhere. 
Do you think, that the operation of sports areas 
should be paid by state (municipality) with a free 
access, especially for youth? There prevails an opi-
nion, that operation of sports areas should be paid 
by state with a free access, especially for youth. 
Agreement higher than 60% gives boys of both age 
categories, girls gives higher values 8,9 % and 10,4 
% than boys. Similar question: “Do you think that 
all costs for active sports should be paid state?”, 
respondents gave their answers in each age groups 
disapprovingly in the range of 72-76%. It shows, 
that 15-18 years old adolescent youth agrees with 
approximately 25% contributions from the state.
Sport should be primarily a source of entertain-
ment, which is also confirmed. among boys, 
another view are performance motives. among girls 
again appearance motifs. Generally, it is possible to 
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submit, that if sport is too competitive for adoles-
cents, what means too much pressure, they leave 
sport activities and they try to find another sport 
activity, which would be more attractive for them. 
On the other hand, they also leave because of the 
lack of excitement, challenges and others, and in the 
last but not least they want to be able to copy their 
sports idols.
Among the adult population of working age, on the 
basis of analysis of available studies it is possible 
to say, that in summer time, swimming pools and 
aquaparks are the most used areas for sports activi-
ties in natural environment (Rychecký et al., 2000; 
Slepička & Slepičková, 2002; Zich et al., 1995). In 
winter time, ski resorts are frequently used. Among 
adults population genders, it is possible to  obser-
ve the differences in active using of sports areas, as 
follows, which are connected with smaller sports 
activity of women in outdoor sports areas, in the 
contrary, their bigger sports activity in domestic 
conditions – in a flat or in the garden – compared 
with men. This statement is proven by very suc-
cessful concepts exclusively for women‘s fitness and 
gyms (např. Havrdová, 2016), what concerns main-
ly the urban environment,
More illustrative for the need of sports infrastructu-
re is the list of most running sports and physical 
activities of Czech adult population over the last 
month (state in the first place, Jansa et al., 2005): 
walking, other physical activities and cycling are on 
the first places by both of genders, and also in the 
front positions among all age categories. Following 
activities are mixed genders. Among women, fol-
lows aerobic, fourth place is swimming – bigger 
loss, gymnastics – callanetics, tourism, downhill 
skiing, jogging, cross-country skiing. Among 
men, the third is football, with bigger loss is fourth 
downhill skiing, then jogging, swimming, tourism, 
tennis, volleyball, gymnastics.
Intergenerational differences while active exercising 
or physical activities are the boldest in bigger share 
of spatial natural conditions by adult population, 
comparing with children and youth, which prefer 
“artificially” built sports areas (Jansa, 2002; Rych-
tecký et al., 2000, 2006; Zich & Ungr, 1995), what 
is paradox with regard to the financial seriousness. 
One of them are gyms and Fitness centres, which 
are often visited by youth (Flemr, 2009; Jansa, 2002; 
Jansa et al., 2005).
Universally ageing Czech population and new 
generation of seniors – for new generation of seni-
ors, are beside antecedent generation characteristic 
higher activity and better health condition. Called 

“the new senior” do similar activities as people of 
lower age with respect of the age and slower pace. 
That makes big demands to for leisure sports are-
as.  “New senior” is in a contrast with previous 
generation more economically ensured, has higher 
financial income, what allows him greater partici-
pation in recreational areas. On the otherhand, the 
generation of “traditional seniors” still remain, they 
are less active, tend to the lower or no physical acti-
vity. The difference between rich and poor part of 
this age group rises(Kalman, 2005; World Health 
Organisation, 2003). Another significant fact which 
now clearly gaining importance is that appropriate 
physical activities, is able to largely reduce the age-
dependent changes, therefore the effects of getting 
old (Newman et al., 2003; Seguin & Nelson, 2003; 
Spirduso, 1995). Observation of five Prague senior 
courts in attendance showed a superiority of wo-
men - older women over men seniors.
It may seem that top sporting events have little in 
common with the physical activity of the general 
population (The effect of higher sporting activity 
of the population after organizing a major sport 
events or big sporting success is only tempora-
ry and usually lasts for a short period in several 
months.). The citizens have essentially the only 
choice, and that is to visit sports matcg as passive 
sports consumers – spectators. However, probably 
mainly due to public opinion about organizing top 
sporting events in attractive coastal area of cities, 
often associated with certain restrictions for citi-
zens, tourists and undoubtedly associated with high 
financial costs consequently provide „competitive“ 
areas or „medium“ (snow) for the sports activities 
for public. For example, at first for competitions for 
children and youth, then snow is (usually technical) 
moved to more suitable locality for sports of pub-
lic. By this “gesture” the organizers and the relevant 
institutions, individuals, improve image among the 
public, especially that is not a fan of these actions. 
It can be stated, that in these days organizing top 
sporting events is becoming a pattern for the creati-
on of making spatial conditions for sports activities 
to the general public, especially in larger cities.
One of the unquestionable tendency in recent years 
is therefore approaching of top sporting events 
spectators, ie. that many sports events are being 
moved from its first natural habitats directly into 
the urban area. In many cases, into the very center 
of the metropolitan regions or countries. This phe-
nomenon refers to a large extent, especially in cross 
country skiing, which in recent years, is growing 
the share of sprint races compared to traditional 
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endurance in the World Cup. Moving these races to 
urban centers may be due to two main reasons - the 
already mentioned increasing number of a sprinter 
races and a greater marketing potential, which is 
closely associated with television broadcasts. How-
ever, the penetration of top sporting events to the 
centers of large cities is not only about cross-coun-
try skiing, but also for downhill skiing, so far only 
for example in the forms of exhibition in parallel 
slalom. Furthermore, we can eg. notice a large num-
ber of urban grand prix in F1 compared to previous 
years.
One of the major problems in the creation of the 
concept of building sports infrastructure - outdoor 
versus indoor, but also the strategy of sport pro-
pagation, are three completely different goals for 
sporting or physically active people. Current sport 
can be divided into three basic areas: sport with 
the aim of achieve the best performances („classic“ 
concept of sports performance); sport with a pur-
pose of maintaining or enhancing health (especially 
relevant in middle age and older adults); sport as 
an active leisure time, experiencing extraordinary 
emotional states, experiences (fear, fear, excitement, 
etc).
Strong trends towards individual and disorgani-
zed sports, or rather the characteristics the current 
lifestyles require building another type of sports 
areas - unofficial sizes, freely accessible areas, than 
what was recently in the Czech Republic preferred. 
Generally, it is still valid critical evaluation of sports 
infrastructure for unorganized sports, which is in 
line with the previously highly preferred form of 
organized sports (Flemr, 2007; Zich & Ungr, 1995). 
Experiences especially from abroad shows that for 
the sport for the general public is often not ful-
ly suitable sports areas with official sizes designed 
for competitive sports. This can be documented, eg 
at the football fields where spontaneously usually 
does not matter 22 players to be able to play all over 
the football field (plus it‘s physically challenging 
enough for regular untrained individuals), athletic 
ovals - most candidates have probably rather go for 
a jog in nature, park etc.
The same goes for indoor aquatic complexes, whe-
re the tendency after more diverse family-oriented 
offer and other attractions than just the possible 
rectangular swimming pools from wall to wall, etc. 
Recreational cyclist also tended to give priority to 
„open terrain“ before the velodrome. On the other 
hand, the sports industry, which de facto require 
the official dimensions of the playing area for the 
practice of sport at all levels, it is mainly about 

indoor sports (basketball, volleyball, handball, hoc-
key, etc.), As well as tennis and table tennis. Even 
though even in these cases, there are many excepti-
ons in various „variations“ of these sports - of Bas-
ketball at particular in the second half of the 90s of 
the 20th century many popular streetball (sufficient 
only for one basket and substantially lower areal 
dimension of the field), at various volleyball varia-
tions depending on the number of players („doub-
les“), according to various surfaces (beach on sand), 
after all, with a volleyball can be bouncing on the 
beach without a net, the same is true for examp-
le. in badminton. In addition, for us to penetrate 
also other new sports such necessary beach tennis, 
which can be played on the beach volleyball court.
Difficulties in identifying and generalizations regar-
ding to the visits to sports areas, is among others 
enhanced by one of current requirements for con-
struction and operation of areas used for sport 
activities, namely the attempt for multisport and 
multifunctional use of these buildings or premi-
ses. Some sports are sometimes outdoor and other 
times indoor...
Especially in unorganized forms of sport are impor-
tant in temporally and locally available attractive 
spatial and material conditions. It is very difficult to 
fully satisfy every individual, because today‘s varie-
ty of sports and physical activities is very wide. To a 
large extent it depends on fashion trends, so it pays 
among others into novel finding genuine solutions.

Focus groups
From focus groups with children (10-18 years) in 
schools (elementary and secondary schools) con-
firmed the preference of indoor environments over 
outdoor in education, and leisure activities for chil-
dren. While teaching physical education for the 
higher comfort of children (and possibly teachers); 
it is easier to practice sports games to competition, 
which usually take place in gyms and halls; grea-
ter variety of equipment in gyms (typically gym-
nastics); and of course, weather.
In case of possibilities, children would prefer indoor 
sports areas, which are – according their opinions, 
usually more “attractive”, “active”, “more interesting” 
and other. Furthermore, children emphasize the 
quality of the sport that is very important for them. 
And especially girls drew attention to the environ-
ment cleanliness and also preference for indoor 
sports, because there „was so please do not smutch“ 
(eg. From clay, etc.).
It was shown that individuals sporting in organized 
form are willing to a high-quality spatial, material 
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equipment and coaching leadership of finish (or be 
driven by their parents or grandparents, of course, 
depended on the age of children and away sports), 
but the willingness of non-organized „spontaneous“ 
athletes in this is regardlessly limited. This finding 
is in direct line with previous findings (Flemr et al., 
2010).
Most had been alerted to the fact of safety, respecti-
vely danger of traffic for some greater spontaneous 
sports activity. This was more interpreted by chil-
dren from their parents side. As usual, as the biggest 
barrier of greater participation in sport was the 
most frequently placed lack of time, which is consi-
stent with many studies (Flemr, 2009; Sigmundová 
et al., 2005; Slepička, 2000). It was found out that 
the vast majority of children is being transport by 
car to school by their parents.
Children would appreciate outdoor, but primarily 
indoor sports areas, which they visited somewhere 
else and they liked it. However, they admitted that 
they quite regularly would not do any sport (those 
who do regularly, besides while physical education).
Imagining new and plentiful sports areas showed, 
that more children are doing sports, those who 
already sports enough, which is probably the most 
fundamental and not very positive findings from 
focus groups with children. Most of physically inac-
tive children would not beguiled in the longer term, 
nor improved their spatial and material conditions 
for sports conditions.
The new phenomenon of our time, especially among 
children and youth, are called e-sports. These have 
nothing in common with sports - physical activity. 
This is eg the game League of Legends (the largest 
gaming community in the world), in which runs a 
number of worldwide tournaments, including the 
prestigious championship Professional players of 
this game are from 2013 in terms of US visa policies 
seen as other professional athletes from the „tradi-
tional sports“.

Conclusions
It is being shown that children and youth in most 
of cases prefer sports activities in indoor areas. 
This preference is valid, both in free time, and in 
within school physical education. More concrete 
expression of relationship between outdoor and 
indoor sports areas would be misleading, because 
it depends on the given locality, age of individuals, 
their gender, actual weather and of course season, 
also other factors. These tendencies can also be seen 
at the top level of sport, in the form of a retractable 

roofs in typical outdoor sports - soccer fields, tennis 
natural surfaces - and during matches or trainings 
in the various tunnels with snow, etc. On the other 
hand, it appears that „normal“ adult population in 
the Czech Republic continues to prefer sports in 
natural conditions - walk, bike, run. When we reali-
ze, among others for example financial costs for the-
se types of sports, so we find out quite a paradoxical 
situation, namely that sport for children and youth 
is usually incomparably financially demanding due 
to the preference of indoor environment that is usu-
ally difficult to operate and maintain. It seems that 
actively operating leisure activities by moving can 
be divided into two basic groups: the performan-
ce-oriented individuals (number of run kilometers, 
time, etc.). a large share of entertainment including 
refreshments (rather unhealthy type). 
The trend at this time is to use everyday physical 
activities, ie activities that need to be performed eg. 
On the way to work, for entertainment, shopping 
etc. These activities can represent and often repre-
sent the only regularly organized physical burde-
ning for a substantial part of population, which at 
an appropriate adjustment can cover at least a por-
tion of the current physical deficits.
For sports areas is the traditional problem of van-
dalism and legal responsibility for possible injuries, 
which at the right outdoor - somewhere in the 
countryside in essence, both these biggest risks are 
eliminated.
From the focus groups, among others. was show-
ed that children who are already sufficiently active, 
in case of better and more abundant conditions for 
sport, even more active. Conversely, passive indivi-
duals would generally not beguiled even better and 
more abundant conditions, whether of indoor or 
outdoor nature.
Excessive generalization is generally not valid, 
because what is true among girls during pubes-
cence and possibly among women in the working 
age, compared with men, is already not the case for 
older women, who are generally more active than 
men, seniors, and especially within group exercises 
and training some group compositions of different 
type.
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