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What do we have to learn in 
alpine skiing technique 
training? – Task variation as 
a crucial point in technique 
training

Josef KröllDr. Josef Kröll

training

The concept of Differential Learning / 
Variable Practice in Alpine Ski Racing

Single – Leg - Stance
Task:

Stabilization through destabilization

Josef Kröll

Differential Learning

(Schöllhorn ab 1999)

How do we learn?
(our brain)

What do we have to learn? 
(in Sport / in Skiing)

( )

Josef KröllDr. Josef Kröll

Nikolai Alexandrowitsch

Bernstein 
1896-1966

Differential Learning
/ Variable Practice

(Schöllhorn ab 1999)

Application to 
Alpine Ski Racing

( )

Josef KröllDr. Josef Kröll

Jürgen Birklbauer
Module der Motorik, 2006
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How do we (our brain) learn?

use it or loose it

Toni et al. 1999
(Nature 402)

Computer ≠ Brain

„ There is a remarkable ability of human brains to 
extract rules. For the knowledge of facts, the brain is 

only limited dedicated

Extend the right elbow
Task Galileo Galilei

What do we have to learn? 

M. triceps brachii

Sir Isaac Newton

1967
Bewegung

Bernstein´s approach of coordination and 
regulation of movement

What do we have to learn? 

Muskelinnervation

+ Gravitational Forces

+ Inertia Forces
complex System /

many Degree of + Inertia Forces

+ Stored Forces

y g
Freedoms

Josef Kröll

Reactive Phenomena

`From Freezing to Freeing´
(Bernstein)

1: Fixing DOF

What do we have to learn? 

2: Freeing of DOF

3: Optimal Use of DOF / 
reactive Phenomena Videos: 

CD CARVEN, 
Wallner & Wörndle 
2006
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1967
Bewegung

Bernstein´s approach of The coordination and 
regulation of movement

What do we have to learn? 

Muskelinnervation

+ Gravitational Forces

+ Inertia Forces
complex System /

many Degree of + Inertia Forces

+ Stored Forces

y g
Freedoms

Josef Kröll

Reactive Phenomena

CNS compensated forces through 
muscle activity

Necessary 
movement forcesMacroscopic level

Bernstein´s approach of coordination (1967)

What do we have to learn? 

Reactive phenomena (gravitation, inertial forces, stored energy in tendons)

Microscopic level

Microscopic ParameterMacroscopic Parameter

What do we have to learn? 
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What do we have to learn? 

You can’t repeat a movement p
in exactly the same way!
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Take home messages

What do we have to learn? 

1. You can’t repeat a movement in exactly the same way 
2. Macroscopic stability and microscopic Variability
3. Compensation function of CNS on occurring reactive 

phenomena
4. Highest level of coordination = to use reactive phenomena
5. A standardized (“grinded”) program can  per se not exist( g ) p g p

Josef Kröll

How to train?

Consequences for technique training Differential learning / Variable practice

without 
additional 

instruction
AA AA AA AA AA AAAA AA AA AA AA AA AA AA

Classical „Grinding-In“-Training

Übung E

Übung D

E

D

E

D

Übung E

Übung D

E E

D

Differential learning / Variable practice „Training with altered reactive 
phenomena“ (Bernstein)

„Tasks which produce noise 
around the target movement“

(Schöllhorn)Übung C

Übung B

A A

BB

C

B

A A A A

Übung C

Übung B

Ohne
Zusatzanweisung A A

BB

C

A A A A

(Schöllhorn)

Not the facts, but the 
underlieng rules are 
important to know

(Birklbauer)

Methodological Concept

Consequences for technique training Differential learning / Variable practice

1. Requirement Profile of the Task = general and individual 
guidelines of the Technique

2. To Provoke as much as possible perception differences and 

Josef Kröll

movement differences (experiences are important!!)
3. „Interpolating exercise progression / exercise character
4. Decreasing differences

1. Requirement Profile of the Task = general and 
individual guidelines of the Technique 

Consequences for technique training Differential learning / Variable practice
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2. To Provoke as much as possible perception differences 
and movement differences (experiences are important!!)
->especially on microscopic level!

Consequences for technique training Differential learning / Variable practice

Übung E

Üb D

E

D

E

D

Übung E

Üb D

E E

D

Training mit veränderten reaktiven Erscheinungen

Übung D

Übung C

Übung B

A A

BB

C

B

A

D

A A

D

A

Übung D

Übung C

Übung B

Ohne
Zusatzanweisung A A

BB

C

A A A

D

A

Stabilization through destabilization

Consequences for technique training Differential learning / Variable practice

3. „Interpolating exercise progression / exercise character
4. Decreasing differences

(a)(a) (a)

(b)(b)

(o)(o)
(c)(c)

(c)(c)Ta
sk

 /
ce

 / 
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n

Optimal technique (movement)

(a)(a) (a)
(b)(b) (c)(c)T

Ex
ce

rs
ic

Consequences for technique training Differential learning / Variable practice

Methodological Concept

1. Requirement Profile of the Task = general and individual 
guidelines of the Technique

2. To Provoke as much as possible perception differences 
and movement differences (experiences are important!!)

3. „Interpolating exercise progression / exercise character
4. Decreasing differences

Josef Kröll

Differential Learning
/ Variable Practice

(Schöllhorn ab 1999)

Application to 
Alpine Ski Racing

( )

Josef KröllDr. Josef Kröll

Jürgen Birklbauer
Module der Motorik, 2006
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START technique Pozzo et al. 2000, Raschner et al. 1991: 
Biomechanical analysis

Practical Application to Alpine Ski Racing

Kröll et al. 2009
& ICSS 2006

Kröll et al. 2004

TURNING technique

GLIDING technique

Passing finishing line

q

Introduction

Possibilities for steering  along the 
sagittal plane (posterior-anterior)

Practical Application to Alpine Ski Racing

Introduction

SensoWip
A ´see-saw´ based plate between binding and ski

Spring (SP)

Backward (BA) Forward (FO)

•Many variations through  combinations
•Easy to handle (change) on the slope

Which exercise was used?

Race
Setup

Practical Application to Alpine Ski Racing

Josef Kröll

(Kröll et al. 2007)
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Methode

RaceRaceForward 
(FO)Race Backward 

(BA) RaceBackward 
(BA)

Springs 
(SP)Race

8543 7 9621

Practical Application to Alpine Ski Racing

Pedar insole system
Bilateral, 100Hz

Results

•Dynamic: macroscopic parameter
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Practical Application to Alpine Ski Racing
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(useful) variations on the movement 
seems to be possible

Practical Application to Alpine Ski Racing

Example of a Training 
session with Sensowip:

Practical Application to Alpine Ski Racing

E

D

E

DDD

E

ft Task Change

GS Start

A A

BB

C

B

A A A AA A

BB

C

A A A AA

B

C Li
f Task Change

GS Finish

Tendybelt
Practical Application to Alpine Ski Racing

Basisübungen

Differentielles Lernen / variables Üben in der Praxis

Schaufel zentralFerse 1x

Ferse 2x uniFerse 2x
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Practical Application to Alpine Ski Racing Practical Application to Alpine Ski Racing

EN
S

O
W

IP C

E

Practical Application to Alpine Ski Racing

Ta
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normal ski racing
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D
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B SENSOWIP TENDYBELT

Josef Kröll
(Kröll et al. 2009)

Example of a Training 
session with Sensowip:

Practical Application to Alpine Ski Racing

E

D

E

DDD

E

ft Task Change

GS Start

A A

BB

C

B

A A A AA A

BB

C

A A A AA

B

C Li
f Task Change

GS Finish
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Sensowip

Entwurf einer rennspezifischen Techniktrainingseinheit nach dem Prinzip des variablen Übens / differentiellen Lernens
unter Verwendung des Trainingsgerätes Sensokeil (Übungsprogramm für 3 Athleten)

Schwerpunkt: Steuern entlang der Skilängsachse; Ansteuern des Fehlerbildes: Schwerpunkt in Summe zu weit hinter Skimitte 

Sensokeil

OrganisationsrahmenÜbungsabfolge
Sensokeile in der Mitte positionieren (Wechselstation)

Trainingsstart in der Mitte des Hanges

d en

GS Start

d en

GS Start

Practical Application to Alpine Ski Racing

Athlet A Athlet B Athlet C

1 & 2a
2b

3 mFO eBA FOs
4 eBA mFO Bas

5a
6

5b
7 eBA mFO FOs
8 mFO eBA BAs

9a
10
11

1/2  Frei oder Race
Race

idealerweise A & B gleiche Sohlenlänge

1/2 Frei

1 1/2 Frei Einfahren
1/2 Race (Tore bis zur Wechselstation)

Race
Race

1/2 Frei
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Legende
eBA extrem Backward
mFO medium Forward

BAs Backward & spring
FOs Forward & spring

Keile

Wippe

Race

F
re

ifa
hr

en
un

S
en

so
üb

un
g

GS Ziel
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GS Ziel

Josef Kröll

•Functional analysis of the target  movement 
to add appropriate task variations

Starts in Alpine Ski Racing

Starts in Alpine Ski Racing

Gate push off 
+ first acceleration step Acceleration phase

•Analogy to XC skiing techniques
(Kröll et al. 2010)

Optimal Skating Push-off (Lindinger et al. 2009)

Analogy to XC skiing techniques

Starts in Alpine Ski Racing

F  

COG

Methodological Consequences:
•GLIDING

•ROLL ON EDGE
•PUSH-OFF

FV 

FH 

FR 

PoA

CD Perfect Skating,
by Lindinger & Minatti

http://www.perfectskating.com

Gate push off 
+ first acceleration step

Acceleration
phase

Complex start technique

7

Starts in Alpine Ski Racing

Basic
elements

Specific 
techniques

Basic
elements

Specific 
Techniques

•Theoretical confrontation 
with the topic

25 45

4 5 1826

with the topic 
•Videofeedback •Inline skates90´

•123 structured task variations, 7 “real” starts, 90´ “education”
•separated into 14 Trainings sessions; in addition to ski training

(Kröll et al. 2010)
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Consequences for technique training Differential learning / Variable practice

Methodological Concept

1. Requirement Profile of the Task = general and individual 
guidelines of the Technique

2. To Provoke as much as possible perception differences 
and movement differences (experiences are important!!)

3. „Interpolating Exercise progression / Exercise character
4. Decreasing differences

Josef Kröll

T i i h R t ti h

Study Results:
Constant Practice vs Variable Practice

Trainingphase Retentionsphase

rf
or

m
an

ce

Constant
Variabel

Time

Pe
r

1997 World championship SG  4th 0.06 s

1998 Olympics GS 4th 0.02 s 

1999 World championship SG  3rd 0.01 s

hundreds of a second may decide…

p p

1999 World championship DH 4th 0.02 s

2003 World championship SG 2nd 0.03 s

0.14 s5 Races
What do we have to 
learn in alpine skiing

Josef Krölljosef.kroell@sbg.ac.at

learn in alpine skiing 
technique training? 
–Task variation as a 
crucial point in 
technique training 


