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Level of motor skills of preschool 

children: comparison of forest 

kindergarten and regular kindergarten 

Miroslava Dobrodinská1, Lenka Černá1

1
 Faculty of Education, Jan Evangelista Purkyne University in Usti nad Labem, Czech 

Republic 

ABSTRACT 

Introduction: This article describes research aimed at comparing the motor skills of 

children from the forest and regular kindergartens using the MABC-2 test battery. 

Objective: The main objective of the study was to determine the current level of motor 

skills, to verify the similarities or possible differences in children from the forest (FKG) 

and ordinary kindergartens (OKG) with regard to a different educational approach 

based on the environment. The question is how children from forest kindergartens are 

prepared for compulsory education in terms of motor skills. 

Methods: MABC-2 measures the risk of motor difficulties using eight partial tests in 

three different components of fine motor skills (MD - manual dexterity), gross motor 

skills (AC - aiming and catching), balance (BAL). A total of 55 children (20 from forest 

kindergartens and 35 from regular kindergartens) aged 5-6 years participated in this 

study. 

Results: The results show that children from forest kindergartens have significantly 

better gross motor skills, balance, overall test scores, and overall percentile. No 

difference was confirmed in fine motor skills. 

Conclusion: Children from forest kindergartens are prepared in terms of motor skills, 

especially gross motor skills, and the balance are at a very good level and it is possible 

to state that even in fine motor skills they are not worse than children from regular 

kindergarten. 

Keywords: motor skills, motor tests, MABC-2, kindergarten education, forest 

kindergarten, regular kindergarten 

SOUHRN 

Úvod: Tento článek popisuje výzkum zaměřený na porovnání motorických dovedností 

dětí z lesních a běžných mateřských škol pomocí testové baterie MABC-2. 

Cíl: Hlavním cílem výzkumu bylo zjistit aktuální úroveň motorických dovedností, 

ověřit podobnosti či případné rozdíly u dětí z lesních a běžných mateřských škol 

s ohledem na odlišný edukativní přístup vycházející z prostředí. Dále je otázkou, jak 

jsou děti z lesních mateřských škol z hlediska motoriky připraveny k povinné školní 

docházce. 

Metody: MABC-2 měří riziko motorických obtíží pomocí osmi dílčích testů ve třech 

různých komponentách jemné motoriky (MD - manuální zručnost), hrubé motoriky 
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(AC-míření a chytání), rovnováhy (BAL). Této studie se zúčastnilo celkem 55 dětí (20 

z lesních mateřských škol a 35 z běžných mateřských škol) ve věku 5-6 let. 

Výsledky: Výsledky ukazují, že děti z lesních mateřských škol mají signifikantně lepší 

hrubou motoriku, rovnováhu, celkové testové skóre a celkový percentil. Žádný rozdíl 

se nepotvrdil v jemné motorice. 

Závěr: Děti z lesních mateřských škol jsou po motorické stránce připraveny, zejména 

hrubá motorika a rovnováha je na velmi dobré úrovni a lze konstatovat, že i v jemné 

motorice nejsou horší než děti z BMŠ. 

Klíčová slova: motorické dovednosti, motorické testy, MABC-2, předškolní 

vzdělávání, lesní mateřská škola, běžná mateřská škola 

INTRODUCTION 

Many parents are interested in kindergartens with alternative pedagogical 

approaches for their children, especially forest kindergartens, of which there are 

currently almost 40 in the Czech Republic. Certified forest kindergartens are obliged 

to work according to the RVP PV (framework educational program for kindergarten 

education). A forest kindergarten choice is mainly about expecting better health, 

condition, and general physical fitness of children. The main starting point for the 

educational program is the situation, spontaneous play, and practical experience of 

children during a year-round stay outside in almost any weather (Vošáhlíková, 2012). 

Jančaříková and Kapuciánová (2013) state that several surveys were conducted around 

the world that compared the abilities and skills of preschool children in facilities where 

children go out for only one to two hours a day with children who are outside all day. 

However, the question remains whether education in forest kindergartens a sufficient 

alternative to regular education is, especially concerning graphomotor skills 

development. The degree of fundamental motor skills directly impacts the motor 

development of the individual and plays a crucial role in the child's physical, cognitive, 

and social development. (Ali et al., 2017; Musálek et al., 2017). It is known that by 

prioritizing educational programs and putting pressure on academic success, especially 

on cognitive functions, physical activity in ordinary kindergarten decreases. Physical 

activity in preschool children gradually decreases, resulting in a reduction in motor 

skills and physical fitness (Blank, 2012; Goldfield et al., 2012; Hnatiuk et al., 2012). 

Several research papers on mainstream kindergartens conclude that children in the last 

years have underdeveloped gross motor skills and are likely to have difficulty with fine 

motor skills, such as pencil manipulation, during compulsory education. An adequate 

level of children's motor development is an essential prerequisite for the successful 

start of education, especially learning how to read and write (Vágnerová, 2012). 

Although motor skills develop naturally with physical growth and adolescence, the 

motor skills level depends on the child's options to move (Dvořáková, 2011).  Children 

aged five to seven in a natural play environment provided by a forest kindergarten have 

shown significant motor development gains compared to children in a traditional city 

playground (Fjørtoft, 2001). Research suggests that risk-taking in spontaneous play in 
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the forest's natural environment helps children test their physical limits, develop their 

perceptual-motor capacity, and learn to avoid and adapt to dangerous environments 

and activities (Brussoni, Olsen, Pike, & Sleet, 2012). Studies conducted in our country 

do not show a difference in the level of motor skills between children attending a forest 

kindergarten (FKG) and a regular kindergarten (OKG) or, on the contrary, report worse 

performance in children from FKG. Many studies have been conducted that use various 

tests and test batteries that are either foreign or do not work with current standardized 

data for motor assessment and are therefore not comparable to the current level of 

motor skills in preschool children's Czech population. Therefore, it is desirable to 

conduct further research, using the current Czech standard to evaluate children's motor 

skills and loOKG for opportunities for the development of motor skills. 

MATERIAL AND METHODS 

Procedures 

The MABC-2 test battery (Movement Assessment Battery for Children-2; 

Henderson et al., 2007) was used to assess motor development and identify movement 

difficulties, standardized for the Czech population (Psotta et al., 2014). The version for 

children (3-6 years) contains eight test items divided into three subtests focused on the 

evaluation of fine motor skills, gross motor skills, static and dynamic balance: 

1. Manual dexterity (MD) – fine motor skills:

• MD1 – Inserting coins

The number of seconds is measured; each hand is tested; we use 12 coins for 

children aged 5-6. 

• MD2 – Threading beads

The number of seconds is measured; we use 12 beads for children aged 5-6 years. 

• MD3 – Drawing a path

The number of errors is monitored; the child draws a continuous line ("cycling") 

along the road without going over its edge. Halfway, the arch "ties" and continues 

"home". However, lifting a pen is not punishable if the child connects precisely where 

it brOKGe the line. The child can adjust the paper tilt up to an angle of 45 ° if it is 

easier to do so. Only the preferred hand is tested. 

2. Aiming and catching (AC) – Gross motor skills:

• AC1 – Sack catching

The number of correctly performed catches is monitored; the child catches the 

bag from the tester at a distance of 1.8 m, has ten attempts, 5-6-year-olds must catch 

the bag with their hands without the help of another body part. 

• AC2 – Throwing a sack on a pad

The number of correctly performed throws is monitored; the child throws the 

bag on the red target plate on the ground at a distance of 1.8 m; the child has ten 

attempts. 
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3. Balance (BAL):

• BAL1 – One leg balance

The number of seconds is measured (max. 30 s); the task is to stand on one leg 

without touching the ground with the other. The child has two trials on each leg. 

• BAL2 – Tiptoeing

The number of correctly performed steps is monitored; the task is to cross a 4.5 

m long line with raised  heels. There are two attempts. If the line is crossed as a 

whole, a maximum number of points (15) is  achieved. Otherwise, the number of steps 

is entered as the number of points. 

• BAL3 – Jumps on pads

The number of consecutive jumps is monitored; the child should jump 

continuously over six pads in a row and stop at last and stand for a while; otherwise, 

the last jump does not count. It has two attempts, and the number of jumps is recorded 

(max. 5). 5-6 years old children perform jumps with both legs simultaneously.  

The position on the mat must not be adjusted, and only one jump per mat is 

always allowed. 

Expressing the level of motor skills using standard scores, the total MABC-2 test 

score (TTS) corresponding to the total percentile (TT), the score obtained in each 

subtest, and the test items were used.  

The highest standard score that can be achieved is 19 points, which corresponds 

to a total test score ≥ 104 and a percentile of 99.9 

The results of the participants are classified into three color zones (so-called traffic 

light system) according to their achieved score and percentile: 

1. Green zone: TTS> 70 points (> 15. percentile) - no motor damage, average motor

level according to the child's age. 

2. Orange zone: TTS 62–70 points (6. - 15. percentile) - the risk of motor damage and

the child's motor skills should be monitored. 

3. Red zone: TTS ≤ 61 points (≤ 5. percentile) - significant motor damage.

Participants 

A total of 55 kindergarten children were included in the research. As the MABC-

2 test battery does not divide the evaluation into girls and boys, children were selected 

so that both types of kindergartens were represented by approximately equally aged 

children attending kindergarten for at least two school years. The research group from 

2 forest kindergartens consisted of 20 children, of which were 12 boys and 8 girls in 

the age range of 5–6 years with an average age of 5.71 ± 0.43. The experimental group 

of 3 regular kindergartens consisted of 35 children, of which were 20 boys and 15 girls 

in the same age range as the previous group with an average age of 5.73 ± 0.47 

kindergartens were randomly selected from the Ústí Region, where children are 

educated in mixed-age classes as is the case with forest kindergartens. In our study, we 

did not assess respondents' motor skills by gender because the Czech standard evaluates 

boys and girls uniformly, but the composition of our group by gender was 

approximately balanced. Informed written consent of parents to their children's 

involvement in the research and a consent statement of the Ethics Committee of FTVS 
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UK under number 92/2020 were provided for testing. Parents were informed of the 

purpose, procedures, and benefits of the study, and then a statement of consent was 

signed. Preschoolers with diagnosed mental or other clinical disabilities were not 

involved in the research. 

First, training was performed according to the MABC-2 manual. We used the 

original MABC-2 test battery, which contains all the tools needed to perform the tests, 

manuals for performing the tests, and evaluation tables to evaluate the individual tests. 

One examiner performed the testing, and this examiner had one assistant in each 

kindergarten. The assistant helped with the administration of the test and the 

organization of the children during the measurement. That means that all children were 

evaluated uniformly and evenly by one examiner, and the test results correspond to 

reality. The task is first explained and then displayed. Afterward, the child can test the 

task and then perform an official trial based on the accuracy (number of successful 

attempts) or on time, and the test results are also recorded in a record sheet. All testing 

was performed in the class of selected kindergartens during the morning, and children 

were tested in small groups (3-4 children per group). The order of all eight tests was 

randomized and performed on the same day. The children were introduced to each test, 

and two trials were performed for each test. The children then completed the formal 

attempt, and the score was used for our data analysis. 

Statistical Analysis 

For statistical analysis a non-parametric Mann-Whitney U-test (p ˂ 0,05) and 

Effect size (ES < 0,3 small effect, ES= 0,3 - 0,5 – medium effect, ES > 0,5 – large 

effect) was used for evaluation of the statistical or material significance of differences 

between children from forest and ordinary kindergartens. Evaluated in Statistica, MS 

Excel. 

RESULTS 

From Graph 1, "Representation of respondents in the "traffic light system" according 

to MABC-2, "we can see that the highest number of respondents from both groups is 

in the first ("green") zone, where respondents have a TT greater than the 15. percentile, 

no motor problems, and the average level of motor skills for their age. This band 

corresponds to a TTS > 70 points. In the second ("orange") zone, both groups' 

respondents have a minimal representation. There is a presumption of the risk of motor 

problems. This band corresponds to a TTS of 62-70 points, and the 5. to 15. percentiles. 

In the third ("red") zone with significant motor difficulties, respondents appear only 

from a regular kindergarten. This band corresponds to TTS ≤ 61 points and TT ≤ 5th 

percentile.  
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Graph 1 

The fundamental statistical indicators of descriptive statistics, which were 

calculated after measurement from values after conversion from gross scores to 

standard scores for partial tests, subtests, and further to TTS and TT of our research 

groups FKG and OKG, can be found in Tables 1 and 2. For subtests, the median AC 

difference was more pronounced; otherwise, the other subtests differ by one unit. The 

difference in the median TTS is more significant and was even more markedly reflected 

in the overall percentile, where the difference is always more than a quartile in favor 

of respondents from FKG. The standard deviations are also the largest for TTS and TT. 

That is mainly due to its broader scope. In the partial tests, when comparing FKG and 

OKG, the medians are regularly higher in favor of FKG. A more significant difference 

is between the medians in BAL1. On the contrary, BAL2 and BAL3 are identical. The 

most considerable deviations in the observed files are in the overall MD component.  

Table 1 Descriptive statistics - subtests, overall test scores and test percentile 

Variable Mean Median Minimum Maximum Lower Upper Std.Dev. 

Quartile Quartile 

MD* 11,2 11 4 18 9,5 13,5 3,41 

AC* 9,2 10 2 12 8 11,5 2,88 

BAL* 10,1 10 4 14 9 12 2,15 

TTS* 80,4 82 65 95 75 85 7,86 

TT* 57,25 63 9 95 50 75 25,27 

MD** 9,66 10 3 18 7 13 3,72 

AC** 7,69 7 2 14 5 10 3,07 

BAL** 8,314 9 1 12 8 11 2,68 

TTS** 70,6 73 33 94 59 82 15,32 

TT** 35,89 37 0,1 95 5 63 30,51 

* - FKG; ** - OKG; MD- Manual dexterity; AC - Aiming and catching, BAL - balance; TTS - Total Test Score;

TT - Test percentile 
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 Table 2 Descriptive Statistics of motor skills according to MABC-2 – partial tests 

Variable Mean Median Minimum Maximum Lower  Upper Std.Dev.  

Quartile  Quartile 

MD1* 10,35 10 1 19 8,5 11,5 4,22 

MD2* 10,9 10,5 4 18 9 13 3,95 

MD3* 10,8 11 6 16 9 12 2,17 

AC1* 10,4 10 5 15 9 12 2,82 

AC2* 8,65 9 2 13 8 10 2,83 

BAL1* 10,7 11,5 7 12 10 12 1,66 

BAL2* 9,35 10 6 10 10 10 1,35 

BAL3* 9,6 10 5 11 10 10 1,43 

MD1** 8,97 9 3 16 6 11 3,02 

MD2** 10,14 10 0 19 7 15 5,29 

MD3** 9,34 9 3 12 9 11 2,34 

AC1** 9,2 8 5 15 7 12 2,49 

AC2** 7,2 8 2 15 5 9 3,32 

BAL1** 8,51 9 1 12 7 11 3,19 

BAL2** 8,2 10 5 10 6 10 1,92 

BAL3** 9,2 10 1 10 10 10 2,1 

* Forest kindergartens; ** Ordinary kindergartens; MD1 – Posting Coins; MD2 – Threading Beads; MD3

– Drawing Trail; AC1 – Catching Beanbag; AC2 – Throwing Beanbag onto Mat; BAL1 – One-Leg Balance;

BAL2 – Walking Heels Raised; BAL3 – Jumping on Mats. 

Table 3 shows significant differences in the achieved values of MABC-2 

variables between kindergartens at a specified level of significance (p <0.05). Children 

from the forest kindergarten had a significantly higher TTS score and percentile than 

children from regular kindergartens with a medium effect size. No significant 

difference was found between the two groups in the fine motor component of MD. 

Even in terms of material significance, the difference is insignificant. In the gross 

motor component AC, a statistically significant difference was found between the two 

groups. Although almost below the limit of determination, the effect size is medium 

even in material significance. The statistically significant difference in balance (BAL) 

between the two groups was the largest of all components, again with a medium effect 

size. No statistically significant difference was found in the MD1 and MD3 tests 

regarding fine motor skills, not even in terms of material significance. In the MD2 test, 

children from the forest kindergarten achieved a higher score, a statistically significant 

difference was found here, but in terms of material significance, it is minimal. Children 

from the forest kindergarten had significantly higher scores than children from the 

regular kindergarten in items BAL1 – one leg balance and BAL2 – tiptoeing. No 

significant statistical or material difference was found in BAL3 – jumps on pads.  
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Table 3 Differences in the achieved values of MABC-2 variables between 

kindergartens 

Variable U p ES 

MD 265,5 0,142 0,2 

AC 236,5 0,048 0,35 

BAL 204,5 0,011 0,32 

TTS 215,5 0,019 0,32 

TT 203 0,01 0,32 

MD1 272,5 0,177 0,18 

MD2 298,5 0,037 0,12 

MD3 240,5 0,056 0,27 

AC1 253 0,091 0,23 

AC2 239,5 0,055 0,26 

BAL1 183 0,004 0,4 

BAL2 236 0,047 0,31 

BAL3 307,5 0,465 0,15 
* FKG; **  OKG; MD - Manual Dexterity; AC - Aiming and Catching; BAL  – Balance; Total Test Score –

TTS; Total Percentile (TT); MD1 – Posting Coins; MD2 – Threading Beads; MD3 – Drawing Trail; AC1 – 

Catching Beanbag; AC2 – Throwing Beanbag onto Mat; BAL1 – One-Leg Balance; BAL2 – Walking Heels 

Raised; BAL3 – Jumping on Mats; U - value calculated from Mann-Whitney test; determined level of 

significance p <0.05, ES - Effect size. 

DISCUSSION 

The study aimed to determine the current level of motor skills among children 

from forest kindergartens and regular kindergartens regarding different educational 

approaches and environments, whether children from forest kindergartens are prepared 

for compulsory education in terms of motor skills way as children from regular 

kindergartens. We did not find any study in the Czech Republic that would compare 

the level of motor skills using the MABC-2 test battery on children from FKG and 

OKG. Overall, children from regular kindergartens were slightly below the Czech 

standard average in terms of motor skills, while children from forest kindergartens 

were higher than the average of the Czech standard. It can be argued that the 

performances in all assessed criteria resulted in favor of forest kindergartens, which 

agrees with foreign studies, and we are in conflict with Czech research. 

Jančaříková, Kapuciánová (2013) state that some surveys were conducted around 

the world and compared the abilities and skills of preschool children in facilities, where 

children go out for only one to two hours a day with children who are outside all day. 

Unfortunately, we did not find any research work in the Czech Republic, where the 

level of motor skills would be measured using standardized test batteries. None of these 

works verifies their hypotheses statistically or from the point of view of material 

significance. They only contain individual tests of motor abilities and skills combined 

into groups that are not entirely objectively comparable with our study but provide us 

with alternative comparisons. Smutná (2014) states in her bachelor's thesis that motor 

skills do not differ in children from regular and forest kindergartens, but she tested 
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different skills including only gross motor skills, throwing a ball, long jump, and 20 m 

run. According to Havláková (2018), children from regular kindergarten performed 

better than children from forest kindergarten in 6 tests of motor abilities and skills. 

From motor skills, only one test is identical to MABC-2 - one leg balance endurance 

and two similar tests were inserting matches into a box, which would belong under the 

category of fine motor skills and catching balls from gross motor skills. Krischová 

(2020) concluded that the difference in children's movement skills from regular and 

forest kindergartens is not significant. The motor test consisting of 10 tests, which she 

used, contained only 3 similar tests out of eight MABC-2 tests. They tested tiptoeing 

along the line, standing on one leg and catching from the mentioned test battery, but 

with a slightly different methodology before the publication of the Czech MABC-2 

standard. 

Lettieri (2004) examined whether a forest kindergarten's attendance has a positive 

effect on the development of children's motor skills. She performed a comprehensive 

motor screening test with 13 children from a forest kindergarten and 17 children from 

a common kindergarten. Forest kindergartens did better in gross motor skills (Mann-

Whitney U test: p <0.05), which is in line with our research, where we found a 

difference in the AC component. Regarding fine motor skills, there were no significant 

differences as in our group, where we did not find any significant difference between 

the component or the partial tests of MD. Kiener (2004) compared three types of Swiss 

kindergartens: four forest kindergartens, five standard kindergartens with an integrated 

forest day once a week, and five regular kindergartens. At the beginning and end of the 

school year, there was a motor skills test (MOT 4–6) and other partial tests for fine, 

gross motor skills, and balance. A total of 181 children were tested. Children from FKG 

made significantly greater progress in gross motor skills compared to children from 

regular kindergartens. There were no significant motor skills differences between 

children from regular kindergartens and children who have one day a week in the forest 

at kindergarten. Some parents' fears that children from forest schools have fine motor 

skills deficiencies have not been confirmed. 

First-class teachers rated FKG children as equal or better in terms of gross motor 

development (Häfner, 2003; Gorges, 2000b). Regarding fine motor skills in FKG 

children, they did not find a significant difference, which coincides with our research. 

Our research, which we conducted, involved all the children we approached, 

except for two girls who refused to test. The children were positively motivated and 

did the tasks with enthusiasm. We saw competition in OKG children and an initial 

timidness in FKG. It would certainly be interesting to extend the test with the 

qualitative aspect, which is also allowed by the MABC-2 test. There is research based 

on case studies with room for both qualitative and quantitative components. It would 

also be interesting to evaluate children in terms of leisure activities. Some studies 

suggest that children from FKG fulfill all the recommended volume of physical 

activities in kindergarten, in contrast to children from OKG, who catch up on sports 

clubs' physical activities. We were surprised by the pencil's grip in FKG children, 

which was not ergonomic at all. There, we would recommend pencil holding, drawing, 

and relaxation exercises more often because these were children before entering the 1st 
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year of elementary school, where this is necessary. We find the research focused on the 

longitudinal monitoring of children in FKG initially and at the end of their attendance 

useful. Some research shows that parents' motivation to place a child in FKG is often 

medical, so it would be desirable to compare the personal change of children studying 

in a stimulating environment of nature. 

CONCLUSION 

Our research shows that children from FKG performed much better in tests than 

children from OKG. Given that physical activity is one of the most critical components 

of a child's healthy development, we should provide children with this suitable 

environment for movement. The solution can be attending FKG, children are prepared 

in terms of motor skills, especially gross motor skills, and the balance is at a perfect 

level, and it can be stated that even in fine motor skills, they are not worse than children 

from OKG. 
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ABSTRACT 

Introduction: Cross-country skiing performance is affected by many factors. To reach 

the best performance, and ensure further performance progress, it is necessary to pay 

full attention to each determinant. The cross-country skiing technique is one of the 

most important ones. 

Aim of the Study: The study aims to describe the changes in the competitive cross-

country skiing technique in the past ten years. 

Material and Methods: The theoretical methods, such as descriptive and comparative 

methods, were used to evaluate the development of the individual cross-country skiing 

technique. The available articles from PubMed and ResearchGate databases from the 

past eight years (2010-2019) were used for evaluation. 

Results: The result of the study is a kinematic evaluation of innovative changes in the 

technical design of classical technology and skating. 

Conclusion: Two cross-country skiing techniques were improved during those eight 

years – double poling and V2 skate technique. 

Keywords: cross-country skiing, technique, development 

SOUHRN 

Úvod: Sportovní výkon v běhu na lyžích ovlivňuje mnoho faktorů. Pro dosažení 

maximálního výkonu a dalšího výkonnostního růstu je nutné se plně věnovat každému 

z nich. Mezi ty nejvýznamnější patří faktor techniky zastoupený optimalizovanou 

technikou běhu na lyžích. 

Cíl: Cílem studie je popis změn v technice provedení v závodním běhu na lyžích za 

posledních 10 let. 

Materiál a metody: Hlavními metodami byly metody teoretické, a to deskriptivní 

a komparativní, jež posloužily k hodnocení vývoje jednotlivých technik běhu na lyžích. 

K hodnocení jsme využili dostuné články v databázích PubMed and Researchgate za 

posledních 8 let (2010-2019). 

Výsledky:Výsledkem studie je kinematické hodnocení inovativních změn v technickém 

provedení klasické techniky i bruslení. 

Conclusion: V běhu na lyžích došlo ke zdokonalení techniky především u soupaže 

a dále v provedení jednodobého bruslení. 

Keywords: běh na lyžích, technika, vývoj 
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INTRODUCTION 

Cross-country skiing performance is affected by many factors. To reach the best 

performance and ensure further performance progress, it is necessary to pay full 

attention to each determinant. The cross-country skiing technique is one of the most 

important ones. The optimal technique form leads to the higher efficiency of muscle 

work performance and the more excellent movement economy, i.e., to save energy 

during the physical activity. 

The cross-country skiing technique has developed dynamically since the beginnings of 

this sport. Nowadays, the technique is categorized into two main groups – classical 

technique and skating (free technique). The traditional classical technique includes four 

different sub-techniques - diagonal stride – DS, double poling – DP, double poling with 

a kick – DK, and herringbone technique – HB (Nilsson et al., 2004). On the other hand, 

the skating technique, which has started to develop at the beginning of the 80s of the 

20th century, is divided into five main sub-techniques. The sub-techniques are V2 – 

double dance, one skate; V2 alternate - single dance, two skates; the V1 – paddling, 

offset; gliding diagonal skate; and combi skate (free skating). 

However, it is clear that due to many factors, especially the ones of a technique 

and technical nature, the cross-country skiing technique constantly evolves, progress, 

and accelerates. For that reason, scientific research should occur continuously.   

Many scientific articles concerning the impact of cross-country skiing 

techniques on physiological determinants of successful performance can be found. 

These articles are mainly focused on specific problems described in detail, such as 

Lindiger, Holmberg, Müller & Rapp, 2012; Stöggl et al., 2019. However, there have 

not been many articles focusing on cross-country skiing development in biomechanics 

or the usage of new modern technologies recently. One of the possibly newer studies 

that can be mentioned is Holmberg, Lindinger, Stöggl, Eitzlmair, and Müller's (2005) 

research focusing on "modern double-poling" problematics. Furthermore, a unique 

example is an article from 2012 that evaluates the classical technique's present and 

perspectives (Nosek, 2012). The author evaluated a progressive trend of double poling 

and wondered whether one of the classical techniques - diagonal stride will last until 

2020. Subsequent practice confirmed the massive onset of double poling technique 

dominance in cross-country skiing competitions at all levels. Nevertheless, the 

question remains, has there been any progress in the cross-country skiing technique in 

the past eight years? 

The research confirms that choosing the most suitable technique might have 

a significant effect on physical efficiency and sports performance (Andersson et al., 

2010; Kvamme et al., 2005, Pellegrini et al., 2013; Stöggl et al., 2018). 

The study aims to describe and discuss the main changes in classical cross-

country skiing in the last decade and think about future developments. 



 

 

Vol. 13 No. 2/2019        ISSN 1802-3908                                                                                                        23 

METHODS  

 The theoretical methods, such as descriptive and comparative methods, were 

used to evaluate the individual cross-country skiing technique's development. The 

available articles on the topic, from PubMed and ResearchGate databases from the past 

eight years (2010-2019), were used for evaluation. Another applied method was an 

observation method used to analyze the cross-country techniques and evaluate them on 

the YouTube platform. The results are divided into sections according to the 

developmental changes in cross-country skiing from 2010 to 2019. 

 

 

RESULTS AND DISCUSSION 

In the following section, we present the main changes in the cross-country skiing 

technique. First, we display the essential factors that affect the cross-country technique, 

and then we analyze the main changes in the individual sub-techniques using the 

cinematographic analysis. 

 

General factors influencing the cross-country skiing techniques 

 The cross-country skiing techniques development has been influenced by several 

historical factors that are displayed in Fig. 1. The foundation of the skating technique 

can undoubtedly be considered among the main ones. From a historical point of view, 

changes in the format of individual races and especially the inclusion of sprint 

competitions have also affected the cross-country skiing technique (Holmberg, 

Lindinger, Stöggl, Eitzlmair & Müller, 2005; Larsson, 2011; Smith & Holmberg, 

2010). These sprint disciplines have brought changes not only in strength and 

endurance training (Hoff, Gran, & Helgerud, 2002; Smith, & Holmberg, 2010) but 

especially in the technique forms (for example, in V2 and double poling) (Holmberg, 

Lindinger, Stöggl, Eitzlmair, & Müller, 2005; Sandbakk, 2011). Another essential 

factor that undoubtedly has affected the skiing technique is the usage of better 

technologies for ski and track preparation. An example is the increasingly frequent 

racing on artificial snow, which is generally less variable and provides a more solid 

surface that allows better power transmission without deep penetration of poles or skis 

into the snow, thus speeding up the ride. Furthermore, an essential factor is the ever-

improving technical and technological quality of skis, bindings, and poles, and 

improving ski wax quality (Hoffman, & Clifford, 1992; Pellegrini, Stöggl, & 

Holmberg, 2018; Smith, & Holmberg, 2010). 
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Fig. 1. Fundamental determinants of the cross-country skiing development 

(Pellegrini, Stöggl, & Holmberg, 2018) 

THE CLASSICAL TECHNIQUE DEVELOPMENT 

Several kinds of research (Carlsson, Carlsson, Wedholm, Nilsson, Malm, & 

Tonkonogi, 2016, Hébert-Losier, Zinner, Platt, Stöggl, & Holmberg, 2017) display that 

the elite cross-country skiers' performance in classical technique is based, especially 

on the high-level abilities of the respiratory and cardiovascular system that has already 

reached the so-called ceiling. With that, it is almost impossible to push their limits 

further. Thanks to these changes, athletes have begun to think about the poles' correct 

length and their effect on performance. It is proved that longer poles have a positive 

effect on athletes' performance, but also affects the performance technique and athletes' 

strength abilities (Losnegard, Myklebust, Skattebo, Stadheim, Sandbakk, & Hallén, 

2016, Onasch, Killick, & Herzog, 2017, Torvik, Heimburg, Sende, & Welde, 2019). 

Therefore, the training system and several kinds of research (Carlsson, Wedholm, 

Nilsson, & Carlsson, 2017, Stöggl, & Müller, 2009, Zoppirolli, Holmberg, Pellegrini, 

Quaglia, Bortolan, & Schena, 2013) have begun to focus increasingly on progress in 

strength and technical side of performance. Simultaneously, it was reflected not only 

in the double poling technique but also in the diagonal stride technique. 

DP Progression and Benefits 

As it was said in the introduction, in the last ten years, there has been a massive 

onset of double poling technique dominance in cross-country skiing competitions at all 

levels. This dominance has resulted in using DP along the racing track in regular 

competitions and the FIS World Cup. The disappearance of DS in World Cup races, 

World Championships or Olympic Games was prevented only by the FIS intervention, 

when from the 2016/17 season a new rule on the maximum permissible pole length 
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applies, which must not exceed 0.83 times the height of the figure of an athlete in shoes 

and on the skis. Simultaneously, the sections where it is mandatory to use the diagonal 

stride technique were determined (FIS, 2016). Despite these limitations, the DP 

technique is undoubtedly the most significant progressive change in recent years. 

           With a high-quality strength power and maximum use of kinetic energy through 

optimal technical design, DP becomes the dominant form of running on flat and slightly 

undulating terrain and mild and moderately tricky climbs. The kinematic analysis of 

the double poling is shown in fig. 2. In the first part (A), the propulsion phase from the 

general athletic stance begins. In the first part of the propulsion phase (B), the body's 

weight is transferred to the poles, and the action of the direct abdominal muscles and 

flexors of the shoulder joint causes a sudden forward movement and pulling the body 

towards the poles. In the second part (C), due to the elbow's extension, the tapping is 

stretched behind the body until the poles (D) are released, whereby the propulsion 

phase ends. This movement is followed by a free glide (recovery) phase (E), during 

which there is a swinging work of the arms and vertical work of the lower limbs (F) 

together with an upright torso (G) when the body enters the most powerful overflow in 

the entire movement cycle (H). Then the body returns to its general athletic stance, and 

a new cycle begins. The completion of the propulsion by stretching the arms is the only 

moment in the whole cycle when the body's center of gravity gets significantly behind 

the heels (see the red line). 

           During the whole movement cycle, the lower limbs already mentioned vertical 

work is also essential, supporting the propulsion. Therefore, the angles' size changes 

differently in the knee and the hip joint (see the yellow line), and thus there is no so-

called sitting position in the propulsion phase (Zoppirolli, 2013).  The lower limbs will 

never be fully stretched during the cycle. 

 

 

Fig. 2 Double poling cinematographic analysis (Burian, 2018), A- propulsion phase 

B- weight transfer to the poles C – elbows extending, D – realizing the poles, E - free 

glide (recovery) phase, F – arms swing and vertical movement of the body, G – torso 

upright, H - powerful movement towards  

 

    The frequent use of the double poling and its dominance the expense of 

diagonal stride results is visible. Despite the involvement of a smaller number of 

muscle groups, these benefits include, in particular, a sharp increase in kinetic energy 

during a relatively short phase of propulsion. During the racing load, this results in the 

achievement of lower overall lactate values, saving energy reserves and significantly 

 A                      B                     C                  D                E                   F                  G                   H 
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higher speed of concurrent engagements, especially on the profile of milder tracks 

(Dahl, Sandbakk, Danielsen, & Ettema, 2017; Stöggl & Holmberg, 2016; Stöggl et al., 

2018; Welde et al., 2017). 

   However, the effectiveness of these benefits depends on physiological and 

biomechanical factors. With increasing inclination, the frequency of the movement 

cycle, and the intensity of the propulsion increases. This fact demonstrably increases 

some functional requirements much more in a double poling than in a diagonal stride. 

A smaller number of active muscle groups is associated with faster fatigue. However, 

this physiological response can be successfully corrected by some extent, immense 

force potential. From a biomechanical point of view, the work with the center of gravity 

mentioned many times and, last but not least, the optimal coordination of movement 

for its economy is essential for the effective use of kinetic energy (Zoppirolli, 2013). 

Therefore, the condition is a high level of functional systems, excellent strength, and 

optimal technical fitness. 

Running Diagonal Stride Progression and Benefits 

A few years ago, the unthinkable, "non-ski", basically criticized cross-country 

skiing technique was a technique without a slide. Since 2017, all that has changed, and 

this sub-technique has become a phenomenon "Klæbo style". The description of this 

sub-technique is simple. It is an athletic run with skis on the feet. It is used at the ends 

of steep ascents, which are crucial, especially during sprints, to develop the race 

further. This specific sub-technique, first demonstrated by Johannes Klaebo at the 2017 

Lahti World Championships, is characterized by a high lifting of the bent lower limb 

in the kicking phase and a long jump forward. At the same time, there is significant 

support of the stuck pole (Fig. 3). From the point of view of biomechanics, the 

propulsion is performed more over the feet' tip. After completing the propulsion, there 

is no swinging of the propulsor leg, but a bending of the knee and the limb's movement 

forward not by the glide but by the step – as in the athletic running step. The transfer 

of the center of gravity to the standing leg, in this case, is not gradual but immediate. 

Thus, the movement cycle is shortened by the entire glide phase, which is replaced by 

the flight phase (A), when not a single ski or foot is in contact with the ground. The 

movement is very uneven because the immediate transfer of the center of gravity to the 

standing leg results in a loss of kinetic energy, and thus the movement towards the 

ground (B) is completely stopped. In this case, stepping on the ski is more intense, and 

thus the subsequent propulsion (C) is naturally more dynamic. Besides, shortening the 

movement cycle results in a significantly higher frequency. The arms also play a 

significant role. In addition to penetrating the poles, the arm holds the body's entire 

weight literally at some point. It is the moment between stepping on the standing leg 

and its subsequent propulsion when waiting for the other leg to step on. At that moment, 

the body has zero kinetic energy, and we can call it the dead phase (B). 
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Fig. 3 Characteristics of the innovative “diagonal running” in classic skiing technique 

by J. H. Klæbo (Burian, 2018), A- flight phase, B – dead phase, C - propulsion 

 

 The main benefit of using running diagonal stride, especially in sprint 

disciplines, is immediate acceleration, either from zero speed at the start or when 

increasing the pace at the end of a steep climb. This acceleration is based on high 

frequency, maximum dynamic force, and excellent work with the body's gravity center. 

The composition of muscle fibers genetically limits the first two factors. However, this 

composition can be influenced to some extent and the muscle fibers differentiated 

within the training process. The degree of frequency affects the development of 

coordination skills and works with the center of gravity. The conditions for diagonal 

stride effectiveness in given situations are the neuromuscular system's level of abilities, 

the level of explosive and absolute strength, and optimal technical fitness (Burian, 

2018; Stöggl et al., 2018). 

 

SKATING DEVELOPMENT 

 Skating technique developer significantly during the first years after its 

introduction in the 1980s. As we mentioned in the introduction, five basic sub-

techniques have now been established. The double dance V2 sub-technique has 

recently improved, mainly due to the introduction of several contacts and relatively 

short distance sprint races. For that reason, the demands on acceleration and maximal 

speed have increased. The double dance V2 sub-technique is similarly dominant as DP 

in the classical cross-country skiing technique in recent years. Furthermore, since 

skating initially came from double poling, it is no surprise that these two techniques 

are very close. Both cross-country skiing techniques' movement cycles are very similar, 

especially the torso and upper limbs movements. As with double poling, in V2 in the 

propulsion phase, there is a sharp increase in kinetic energy and subsequently in the 

glide phase due to the swinging work of the arms, vertical work of the lower limbs, and 

shifting the center of gravity to the overflow to maintain the energy gained. However, 

V2 is mainly advantageous over DP by alternating the lower limbs' propulsion, 

increasing the potential propulsion (Losnegard, Myklebust, Ehrhardt, & Hallén, 2017). 

Within the motion cycle division, we can distinguish two sub-techniques V2; the first 

is double push skating V2 with vertical movement and more dynamic V2 double jump 

skating. 

 

 

 

A                      B                              C                        A                        B                           C 
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V2 Double Push Skating Progression and Benefits 

This style's progression is mainly based on the movement cycle, where the 

vertical work of the lower limbs is especially important, which can be perceived as the 

most significant trend in V2 at present. In the kinematic analysis and division of the 

movement cycle, we can divide the reflection phase into two parts (Fig. 4.). During the 

first part of the propulsion phase, pole penetration occurs (A). In the second part, the 

arm's force is amplified by the foot's lateral propulsion from the edge of the ski (B-E). 

Although both parts of the propulsion phase start at different times, they are already 

completed synchronously. This phase combines the forces, and its resulting action is 

maximally effective. It follows that the arms' action is longer than the reflection from 

the foot, and therefore the arm work in V2 (double dance, one skate) plays an important 

role (Myklebust, 2013). We also observe the similarity of V2 and DP in the phase of 

preparation for poles penetration (G), when there is a significant increase in the center 

of gravity and extension of the gliding leg (Fig. 5), which is not as pronounced due to 

the balance on one leg as at the DP (Losnegard, Myklebust, Ehrhardt, & Hallén, 2017). 

Fig. 4. Cinematographic analysis V2 double push skating (Burian, 2018), A - 

propulsion phase, pole penetration, B-E - feet's lateral propulsion from the edge of the 

ski and arm work F – gliding phase, G - preparation for poles penetration  

A B     C D             E        F   G      A 
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Fig. 5. V2 double push skating – Plantar flexion in the preparation phase for 

propulsion (Norges Skiforbund, 2019) 

  Due to the lower limbs' vertical work, the lateral propulsion range is extended, 

and the vertical propulsion. That increases the propulsion potential, which in the case 

of optimal technical execution of the whole movement is effectively used through a 

more prolonged and more intense action of forces, reflected in the overall movement 

speed. However, the effectiveness of this benefit is conditioned by physiological and 

biomechanical factors. With the involvement of many muscles, V2 has a sizeable 

physiological response, which burdens the body's energy metabolism (Nilsson, Tveit, 

& Eikrehagen, 2004; Stöggl, Kampel, Müller, & Lindinger, 2010). Another feature is 

that the lower limbs' continuous vertical workplaces higher demands on functional 

systems, and the increasing inclination significantly increases the load on the muscles 

of the upper limbs and torso. The considerable force potential can relatively well 

compensate for these physiological factors. From a biomechanical point of view, 

dynamics, swinging of the arms, and work with the center of gravity are essential for 

the effective use of kinetic energy. Finally, optimal movement coordination is essential 

for its economy (Losnegard, Myklebust, Ehrhardt, & Hallén, 2017). 

V2 Double Jump Skating Progression and Benefits 

The movement pattern of this style is similar to V2; only it runs in too high 

dynamics. Sometimes this technique is referred to as "in-line" because it resembles the 

technique used by speed skaters. This technique is mainly characterized by the fact that 

it is a ride in a straight line, and the deflection of the gliding ski is, in this case, almost 

zero (Fig. 5). Individual phases of the movement cycle are identical with phases V2 – 

propulsion (pushing off) phase (A), vertical propulsion (B), gliding phase. However, 

when V2 double jump skating running, the so-called double propulsion occurs, and the 

subsequent glide phase is replaced by the flight phase, during which the center of 

gravity is transferred. This phase makes the movement cycle more difficult to 

coordinate (Stöggl et al., 2008). 

https://www.youtube.com/channel/UCbFD699IpX59SunYbkXIi3g
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Fig. 5 Techniques Comparison – V2 double jump skating (upper picture) and V2 - 

double push skating (lower picture.) (Stöggl, Kampel, Müller, & Lindinger, 2010) 

It has been proven that during a 100 m sprint start, the V2 double jump skating 

technique can produce speed approximately 3 to 6.9 % faster than those achieved 

with V2, even at lower cycle frequencies (Stöggl et al., 2008). The V2 double jump 

skating on steep climbs is as fast as the V1 technique, with a lower cycle speed, and 

is also faster than the conventional V2 technique (Stöggl, Kampel, Müller, & 

Lindinger, 2010). 

CONCLUSION 

There have been significant changes in cross-country skiing, especially in ski 

equipment. Despite these extensive efforts, there is still considerable room for 

improvement. Although a ban on the use of fluorinated waxes in FIS competitions may 

be a step backward. The ban on the use of these waxes is expected from the 2020/2021 

racing season, which may reduce the skis' speed and thus reduce cross-country skiing 

performance. Some innovations can also be expected in the preparation of ski base 

structures that would provide better adaptation to different conditions. Further 

development can be presumed in skin ski improvements, which could be used in 

difficult snow conditions. 

In the future, we can also expect a higher share of modern technologies in performance 

testing in field conditions, such as the use of various sensors and subsequent wireless 

transmission of detected data to increase the measurement accuracy, furthermore, in 

the analysis of current snow and climatic conditions and the evaluation of ski base 

during testing. It can also be assumed that the biomechanical development of skiing 

techniques that have manifested themselves in the last decade, leading to higher 

maximum strength, speed, and speed endurance, will continue. Future developments 

can also be expected in cross-country research. Modern transferable technologies can 

be required to test and evaluate individual techniques' usability depending on different 

terrain types, snow conditions, race format, and tactical approaches. Efforts will be 

made to optimize the technique concerning physiological demands and energy 

expenditure. 

A                             B                                    C                                           D
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