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Abstract
The aim of this study was to evaluate the cross country skiing technique in dependence on the load intensity 
of students studying Physical Education at the Faculty of Education at the University of South Bohemia. This 
work is essentially a descriptive study, based on multiple case studies of 6 probands – 4 men and 2 women. 
According to video analysis was made the evaluation of technique errors of students´ cross-country skiing 
in three different load zones. We supposed that the number of technique errors will increase with the level of 
load. This assumption was confirmed. When students were running in the intensity of 130–150 beats was 
found only one technique error, in the intensity of 150-170 beats were a total of 10 errors, and in the intensity 
above 170 beats were found a total of 19 errors. The results indicate that the observed physical activity has 
not yet been fully automatized in variable conditions of different load intensity.
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Souhrn
Cílem předkládané studie bylo vyhodnocení techniky běhu na lyžích v závislosti na intenzitě zatížení u stu-
dentů tělesné výchovy na Pedagogické fakultě Jihočeské univerzity. Tato práce je ve své podstatě deskriptivní 
studií, vycházející z několikanásobné případové studie celkem 6 probandů - 4 mužů a 2 žen. Na základě 
analýzy videozáznamu bylo provedeno vyhodnocení technických chyb v běžecké technice studentů a to ve 
třech různých zónách zatížení. Předpokládali jsme, že počet chyb v technice běhu se bude zvyšovat s úrovní 
zatížení. Tento předpoklad se potvrdil. Při běhu v intenzitě 130-150 tepů byla zjištěna pouze jedna technic-
ká chyba, v intenzitě 150-170 tepů se jednalo o 10 chyb a v intenzitě nad 170 tepů bylo zjištěno celkem 19 
chyb. Z výsledků je zřejmé, že sledovaná pohybová činnost ještě není plně zautomatizovaná v proměnlivých 
podmínkách různé intenzity zatížení.

Klíčová slova: 
běh na lyžích, intenzita, technika běhu, studenti

Introduction
Cross-country skiing is one of the cyclical sports of 
endurance character. It shows through the regular 
work of the lower and upper limbs and torso musc-
les. Summary of sub-movements globally oppresses 
the muscles of the whole body and thus compre-

hensively and harmoniously develops functional 
fitness of the organism. It does not happen to abra-
sion of the musculoskeletal system due to gravity in 
the predominant character of the force-endurance 
load and it does not put too high expectations on 
them. (Ilavský a Suk, 2005)

Our study deals with the change of techniques of 
classical cross-country skiing during alternating 
two-stroke form, with increasing intensity. We used 
a scale, which was defined by Blahuš (1981), for our 
evaluation: Scaling is a set of methods for qualitati-
ve data transfer to the scale (range) in order to in-
fer their quantitative character. In our case, it was 
a record of the movements, which was followed by 
an assessment of the frequency of pre-established 
technical errors. Soumar and Bolek (2001) realize 
that the cross-country skiing is a recurring cycles 
of movement in changing conditions. They mean, 
with cyclicality, the alternating parts of the loco-
motor cycle in one type of running. The changes 
in the track, which are meant the profile, microre-
lief, change of the quality of the snow and running 
track. At the same time we realize that with grading 
of tiredness is necessary to change the type of cross-
country skiing. Adolfa’s study (2006) points out that 
during the same speed of the classical technique of 
cross-country skiing is higher heart rate and energy 
consumption than during the skating. This observed 
difference is between 7 and 25%. They point out that 
if more measurements were carried out for different 
types of athletes, ages and performance levels, so it 
would reach average values, which would corre-
spond to the correct execution of technique. Korvas 
(2007) mentions the factors affecting the resistan-
ce of cross-country skiing in snow cover, especially 
when there is friction between the sliding skis (skis, 
edges of skis, boots, and bindings) and snow surfa-
ce, and snow resistance, which is acting during the 
sliding against the front projection of ski tip, boot or 
overcoming inequalities in the snow track. The fric-
tion (R) of the ski in the snow track depends on the 
size of the force components (N), where the ski has 
perpendicular effect to the snow surface and the co-
efficient of friction (F) between the running surface 
and snow. At the same time we aware the following 
factors as ski movement (downhill, running, skating 
or classic technique), the level of skiing ability, prefe-
rred profile of the track, air temperature, snow and 
very important indicator - the quality of the snow. 
In cross-country skiing is given appropriate value of 
energy expenditure 1100 - 1900% of basal metaboli-
sm, which is 11-19 times higher energy expenditure 
in physical and mental rest, when it is 100% of the 
predicted value of basal metabolism. In comparison 
with other sports, this is one of the highest energy 
expenditure, when we take it as an endurance dis-
cipline. During the cross-country skiing, the energy 
expenditure is about 1,4 kJ/min/kg in speed 14 km/h. 
(Ilavský a Suk, 2005)

Ilavský and Suk (2005) describe the energy trans-
formation, which is at cross-country skiing more 
than 90% covered by aerobic processes. Only after 
scratch, before the uphill and before the finish, it 
leads to an increase in the proportion of anaero-
bic processes. Cross country skiing is difficult for 
the switching frequent of the load during the race 
(sub-maximal to maximum gradients in the relative 
release in the downhill.). Number of breaths per 1 
min., during the cross-country skiing, reaches the 
values up to 60 breaths; minute ventilation of lungs 
- the volume of air, which passes in 1 min. with ex-
changing inside the lungs - is approximately 120-
152 liters. Maximum oxygen consumption - VO2 
max – by the world‘s elite is more than 5.5 l / min., 
more than 80 ml / kg.min., the best female skiers 3.4 
to 4.1 l / min., or 70 - 75 ml / kg.min.

Methodology
Our work is a descriptive study, based on studies of 
6 probands. Each of them skied by classic technique 
(alternating two-stroke form) 3x track of 1,500 m, 
which the first 1300 meters was used for inducti-
on and the last 200 meters in uphill was recorded 
on video and then it was analyzed. We used camera 
Nikon CoolPix P500 with parameters CMOS back 
illumination Wide Zoom 36x, 12.1 megapixels, full 
HD movie.
In the first section was set up intensity between 130 
and 150 beats by Sport-Testers. In the second, the 
intensity was set up at 150-170 beats. In the third 
was the minimum heart rate 170 beats. Among 
the sections was the passive rest, 5 minutes. The 
number of technical faults was taken as relevant 
variables which were previously quantified. It was 
these three technical faults: change of ski tempo, 
slip of the jumping-off foot and loss of balance in 
unifoot-hold position. We used the time of skiing 
in specific part of the track as a variable. To deter-
mine the statistical significance was used contin-
gency table with the calculation of the test criteria 
χ2 (Vincent, 1995).

The researched file
The measurement was attended by 6 probands. 
They were the students of the 3rd year of study 
program of physical education, who have success-
fully completed all three courses of skiing during 
the study of physical education. Students were se-
lected randomly by lottery. The students agreed 
with the measurement and use of Sport-Testers 
during the course and this fact did not affect their 
training.
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Table 1 The basic somatic characteristics and age of the probands
Men Height (cm) Weight (kg) Age (years)
F.D. 180,0 71,0 24,5
J.K. 186,0 87,0 22,0
J.B. 184,0 75,0 25,5
P.S. 176,0 77,5 22,6
average 181,5 77,6 23,7
standard deviation 3,84 5,89 1,41

Women Height (cm) Weight (kg) Age (years)
S.B. 164,0 50,0 21,9
E.B. 163,0 50,0 22,3
average 163,5 50,0 22,1
standard deviation 0,50 0,00 0,18

Scientific question
The frequency of technical faults of all probands 
will increase with higher intensity of the load. Based 
on this scientific questions we will verify the validi-
ty of the following statements:

1. The frequency of technical faults will be higher in 
the skiing track in the range of 150-170 beats than 
in the skiing track in the range of 130-150 beats.

2. The frequency of technical faults will be higher in 
the skiing track in the range above 170 beats than 
in the skiing track in the range of 150-170 beats.

3. The frequency of technical faults will be higher in 
the skiing track in the range above 170 beats than 
in the skiing track in the range of 130-150 beats.

Results and discussion
In our study, we recorded the time in the last part 
of the track and the number of technical faults in 
the classic cross-country technique. Each proband 
was supposed to ski different parts of the track 
with given intensity (130-150, 150-170 and above 
170 bpm). Time of skiing the last 200 meters track 
was taken as a covariate variable for monitoring the 
compliance of the intensity. The faults in technique 
are monitored as a variable. Both factors are presen-
ted in tables 2 – 4. 

Table 2 Time of skiing 200 meters and the number of 
faults in technique within intensity of 130-150 beats

TF 130-150 Time T1 number of faults
F.D. 1:05 0
J.K. 1:08 1

TF 130-150 Time T1 number of faults
J.B. 1:10 0
P.S. 1:08 0
S.B. 1:08 0
E.B. 1:55 0

Table 3 Time of skiing 200 meters and the number 
of faults in technique within intensity of 150-170 
beats

TF 150-170 Time T2 number of faults
F.D. 0:55 2
J.K. 1:00 3
J.B. 1:05 0
P.S. 1:04 3
S.B. 1:19 2
E.B. 1:23 0

Table 4 Time of skiing 200 meters and the number 
of faults in technique within intensity above 170 
beats

TF nad 170 Time T3 number of faults
F.D. 0:46 2
J.K. 0:57 6
J.B. 0:57 3
P.S. 0:59 5
S.B. 1:17 4
E.B. 1:15 0

To assess of compliance with the intensity we pre-
sent a table of time differences between parts of the 
track. In the first column is the difference of times 
between the first and second section T2 = T2-1 
(150-170)-T1 (130-150).In the second column is 
the difference of time between the second and the 
third sector T3-2 = T3 (+170)-T2 (150-170). It is 
evident, that every proband has to run faster with 
an increasing of the intensity.

Table 5 Time difference between segments.

time difference T2-1 T3-2
F.D. 0:10 0:09
J.K. 0:08 0:03
J.B. 0:05 0:08
P.S. 0:04 0:05
S.B. 0:04 0:02
E.B. 0:32 0:08

We are much more interested in the number of 
technical faults in the 200-meter section of the 
track. We assumed that the number of technical 
faults would increase between sectors during higher 
intensity. From Table 6 it is evident that the validity 
of established scientific question is confirmed, be-

cause all probands except one, have more technical 
faults during rising intensity.

Table 6 The increasing of technical faults among the 
each segments of the track.

Difference 
of faults

CH2-CH1 CH3-CH2 CH3-CH1

F.D. 2 0 2
J.K. 2 3 5
J.B. 0 3 3
P.S. 3 2 5
S.B. 2 2 4
E.B. 0 0 0
Total 9 10 19

To evaluate the statistical significance and cal-
culation of the second test criteria χ2 was used a 
contingency table. During the comparison of the 
calculated values (χ2= 16,2) with the degree of 
freedom (χ2=13,82) we confirmed the validity of 
our scientific question. It means that the level of 
probability α ≥ 0.001 is statistically significant dif-
ference in the occurrence of the technical faults in 
classical cross – country skiing in different degrees 
of intensity.

Table 7 The increasing of technical faults expressed in the contingency table.

TF 130-150 TF 150-170 TF › 170 Total
observed 1 10 19 30
expected 10 10 10 30
Total 11 20 29 60

Conclusion
Cross-country skiing is a very popular sport in the 
Czech Republic. This is demonstrated by the suc-
cesses of Czech skiers in the international compe-
titions. This is also the reason why the students of 
physical education are familiarized with it, because 
they will teach this beautiful sport to others. On 
our faculty has skiing long tradition supported by 
significantly higher number of lessons than other 
schools. Basically, there are three compulsory cour-
ses in the first three years of study. In the first year 
it is a combined course of alpine skiing and cross-
country skiing, in the second year it‘s only course 

of alpine skiing and in the third year is only cross-
country skiing. At the end of this course we realized 
this measuring, which was interested in changing a 
technique of cross-country skiing depending on its 
intensity. The results clearly show that at very low 
intensity, the students were able to go technically 
right, without a significant number of faults. But 10 
technical faults occurred during medium intensity. 
And the number increased to 19 technical faults 
during very high intensity. It is obvious that the 
students are still in an early stage of motor learning 
and to fully automate the movement they even must 
train harder for a while.
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