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Athlete Information 

Thank you for your interest in participating in my studies.  As you may know, I am a 
Ph.D. student at the Norwegian School of Sport Sciences.  My project is entitled “A 
study of the key aspects of modern alpine ski racing technique and their relationship to 
performance.”  My primary goal is to deepen our understanding of alpine skiing 
technique, in particular turning technique, and how this relates to performance.  I intend 
to have a rather “practical approach” with the hope that the results of this work will have 
an immediate and practical benefit to the coaches and athletes in the Norwegian Ski 
Federation.  I have until October, 2008 to complete this project. 

Research Questions 

This on-going project is divided into a series of smaller studies to be completed over 
the next few years.  The particular study for which I am asking your participation will 
examine several interesting questions in regard to turning technique.  In general terms, 
these are the following: 

1. How do skiing line and degree of steering at the start of the turn relate to 
performance in varying course, terrain, and snow conditions? 

2. How does the degree of for / aft movement through a turn relate to performance 
in varying course, terrain, and snow conditions? 

3. How does the degree of up / down movement through a turn relate to 
performance in varying course, terrain, and snow conditions? 

Methods 

To examine these questions, we will use primarily a method referred to as “close-range 
photogrammetry.”  This method involves filming a section of a course from 4 to 5 
different camera angles.  These video images can then be used to create a 3 
dimensional model of your actions.  Then, this model can be used to quantify numerous 
aspects of your performance so that we can study the above stated questions.  In 
cooperation with your coaching staff, we have planned a series of studies in various 
terrain and course setting situations. 

These studies should not interfere with normal training.  The main difference that you 
will notice is that there will be placed so-called “control points” on the hill surrounding 
the section of the course we intend to examine.  These control points will be placed at a 
safe distance from the line and are constructed of safe materials (foam). 

In addition to filming, we will need to measure various lengths and circumferences of 
your body so that we can accurately estimate where your center of mass is located.  
These measurements take approximately one hour. 

Confidentiality 

Participation in this study is confidential.  You will be assigned a reference number that 
will be used in all references – both electronic and written - to the your data.  At the 
completion of the study, the list of reference numbers, names and data collection forms 
will be destroyed.  However, since the video recordings of the athlete’s skiing are an 
important part of the results, these will be saved.   
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Risks 

Risks with participation in this study are minimal.  The only additional risk beyond that 
experienced in normal training situations are the control points that are placed on the 
hill.  However, these are not only constructed of safe materials, but will also be placed 
at a safe distance from the line. 

Benefits 

In terms of benefits, these studies are being conducted in collaboration with your 
coaching staff.  It is hoped that through these studies we will deepen our understanding 
of the fundamental principles of turning technique and how these relate to performance.  
Additionally, you will receive copies of resulting reports as well as access to data that 
may assist you in your technique training.  Finally, certain components of the 
information assimilated in this project may be useful in developing documents for the 
coach’s education programs in the Norwegian Ski Federation. 

Participation in this study is voluntary and you have the right to withdraw at any point 
without having to give a reason.  If you should decide to withdraw from the study, all 
collected information to that point will be destroyed. 

This study is registered with the Ombudsman for Privacy in Research, Norwegian 
Social Science Data Services AS. 

If you have any questions or concerns, please feel free to contact one of the following: 

 

Contacts: 
Robert C. Reid (Ph.D. student)   Per Haugen (advisor) 
The Norwegian School of Sport Sciences The Norwegian School of Sport Sciences 
P.O. Box 4014 – Ullevål Stadion  P.O. Box 4014 – Ullevål Stadion 
NO-0806 Oslo     NO-0806 Oslo 
Norway      Norway 
Email:  robert.reid@nih.no  Email:  per.haugen@nih.no 
Mobile:  +47 97 18 45 28  Telephone: +47 23 26 20 00 
 
Gerald Smith (advisor) 
The Norwegian School of Sport Sciences 
P.O. Box 4014 – Ullevål Stadion 
NO-0806 Oslo 
Norway 
Email:  gerald.smith@nih.no 
Telephone: +47 23 26 20 00 
 
Again, thank you for your participation and interest. 
Sincerely, 
 
 
 
 
Robert C. Reid 
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INFORMED CONSENT 
 
Project Title: 
“The key aspects of modern alpine ski racing technique and their relationship to 
performance.” 
 
Students:      Advisors: 
Robert C. Reid     Gerald Smith 
Tron Moger      Per Haugen 
Håvard Tjørhom     The Norwegian School of Sport 
Sciences 
The Norwegian School of Sport Sciences 
 
Purpose: 
This research is being completed in partial fulfillment of the requirements for a Ph.D. in 
biomechanics (Robert Reid) and two Master’s theses (Tron Moger & Håvard Tjørhom) 
at the Norwegian School of Sport Sciences.  The project is designed to examine the 
following general questions regarding turning technique in alpine ski racing: 
 

   How do skiing line and degree of steering at the start of the turn relate to performance in 
varying course, terrain, and snow conditions? 

   How does the degree of for / aft movement through a turn relate to performance in varying 
course, terrain, and snow conditions? 

   How does the degree of up / down movement through a turn relate to performance in varying 
course, terrain, and snow conditions? 

 
Methods: 
To study these questions, we are planning – in conjunction with your coaching staff - a 
series of studies to be completed in varying terrain and course situations.  These 
studies should not interfere with normal training.  The main difference that you will 
notice is that there will be placed so-called “control points” on the hill surrounding the 
section of the course we intend to examine.  These control points will be placed at a 
safe distance from the line and are constructed of safe materials (foam).  We will film 
training from 4 to 5 different camera angles.  The data generated from this filming can 
be used to reconstruct a 3-dimensional model of each skier’s execution of the selected 
turns.  This data can then be used to study our research questions.  In addition to 
filming, we will need to measure various body segment lengths and circumferences in 
order to accurately calculate the center of gravity.  This takes approximately 1 hour. 
 
Confidentiality: 
Participation in this study is confidential.  Each athlete will be assigned a reference 
number that will be used in all references – both electronic and written - to the athlete’s 
data.  At the completion of the study, the list of reference numbers, names and data 
collection forms will be destroyed.  However, since the video recordings of the athlete’s 
skiing are an important part of the results, these will be saved.  This study is registered 
with the Ombudsman for Privacy in Research, Norwegian Social Science Data Services 
AS. 
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Risks & Benefits to Participants: 
Risks with participation in the study are minimal.  The only additional risk beyond that 
experienced in normal training situations are the control points that are placed on the 
hill.  However, these are not only constructed of safe materials but will also be placed at 
a safe distance from the line.  In terms of benefits, these studies are being conducted in 
collaboration with your coaching staff.  It is hoped that through these studies we will be 
able to deepen our understanding of the fundamental principles of turning technique 
and how these relate to performance.  Additionally, each participating athlete will 
receive copies of resulting reports and access to data that may assist him in 
understanding technique.  Finally, certain components of the information assimilated in 
this project may be useful in developing documents for the coach’s education programs 
in the Norwegian ski federation.   
 
Agreement: 
I agree that Robert C. Reid, Håvard Tjørhom, and Tron Moger can use the information 
generated during my participation in the above-described projects for their Ph.D. 
Dissertation, Masters Theses and related publications.  I understand that my 
participation in this project is confidential and that all information will be reported 
anonymously.  I also understand that my participation in this project is voluntary and 
that I can withdraw myself from participation at any point without having to give a 
reason. 
 
 
 
Participant Signature   Date    Location 
 
 
Investigator    Date    Location 
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(Images adapted from www.anatomy.tv)
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(Images adapted from www.anatomy.tv)
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Figure E.1. Challis algorithm output for HEAD (t)


P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.2. Challis algorithm output for SJC (t)


P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.3. Challis algorithm output for EJC (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.4. Challis algorithm output for WJC (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.5. Challis algorithm output for HCOM (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.6. Challis algorithm output for POLE (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.7. Challis algorithm output for HJC (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.8. Challis algorithm output for KJC (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.9. Challis algorithm output for AJC (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.10. Challis algorithm output for TIP (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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Figure E.11. Challis algorithm output for TAIL (t)

P  in the Course 

Coordinate System X′-, Y′-, and Z′- dimensions. Gray lines are 
each individual trial and the dark line is the ensemble average. 
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APPENDIX F. Control Point Maps 
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Figure F.1. Control point map of the 13 m course. 
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Figure F.2. Control point map of the 10 m course. 
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APPENDIX G: Descriptive Statistics 
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TABLE G.1. Center of mass speed descriptive statistics. Values are means ± 
standard deviations (n = 6). 
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TABLE G.2.  Outside ski mid point speed descriptive statistics. Values are means 

± standard deviations (n = 6). 
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TABLE G.3.  Center of mass and outside ski turn radius descriptive statistics. 

Values are means ± standard deviations (n = 6). 
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TABLE G.4.  Center of mass attack angle descriptive statistics. Values are means ± 
standard deviations (n = 6). 
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TABLE G.5.  Outside ski edge angle descriptive statistics. Values are means ± 
standard deviations (n = 6). 
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TABLE G.6.  Outside ski attack angle descriptive statistics. Values are means ± 
standard deviations (n = 6). 

 



 

46 

 

 

 

 

TABLE G.7.  Center of mass inclination angle descriptive statistics. Values are 

means ± standard deviations (n = 6). 
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TABLE G.8.  Hip angulation descriptive statistics. Values are means ± standard 
deviations (n = 6). 
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TABLE G.9.  Knee angulation descriptive statistics. Values are means ± standard 
deviations (n = 6). 
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TABLE G.10.  Center of mass position orthogonal to the snow surface (Z′ in the 

Course Coordinate System X′Y′Z′ reference system) descriptive statistics. Values 

are means ± standard deviations (n = 6). 
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TABLE G.11.  Center of mass to outside ankle joint center distance descriptive 

statistics. Values are means ± standard deviations (n = 6). 
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TABLE G.12.  Center of mass fore/aft position descriptive statistics. Values are 

means ± standard deviations (n = 6). 
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TABLE G.13.  Air drag force descriptive statistics. Values are means ± standard 
deviations (n = 6). 
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TABLE G.14.  Air drag force power descriptive statistics. Values are means ± 
standard deviations (n = 6). 
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TABLE G.15.  Snow reaction force descriptive statistics. Values are means ± 
standard deviations (n = 6). 

 



  

  55 

 

 

 

 

TABLE G.16.  Snow reaction force power descriptive statistics. Values are means ± 
standard deviations (n = 6). 
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TABLE G.17.  Vertical component of the snow reaction force descriptive statistics. 

Values are means ± standard deviations (n = 6). 
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TABLE G.18.  Gravitational force power descriptive statistics. Values are means ± 
standard deviations (n = 6). 
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TABLE G.19.  Energy dissipation descriptive statistics. Values are means ± 
standard deviations (n = 6). 

 



   

APPENDIX H. Individual Ski and Center of Mass 
Turn Radius Data 
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FIGURE H.1. Ski and center of mass turn radius for subject 5 on both the 10 and 

13 m courses. 
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FIGURE H.2. Outside ski and center of mass trajectories for Subject 5 on the 10 m 

course. Color indicates trajectory turn radius. 
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FIGURE H.3. Outside ski and center of mass trajectories for Subject 5 on the 13 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.4. Ski and center of mass turn radius for subject 6 on both the 10 and 

13 m courses. 
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FIGURE H.5. Outside ski and center of mass trajectories for Subject 6 on the 10 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.6. Outside ski and center of mass trajectories for Subject 6 on the 13 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.7. Ski and center of mass turn radius for subject 7 on both the 10 and 

13 m courses. 
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FIGURE H.8. Outside ski and center of mass trajectories for Subject 7 on the 10 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.9. Outside ski and center of mass trajectories for Subject 7 on the 13 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.10. Ski and center of mass turn radius for subject 8 on both the 10 and 

13 m courses. 
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FIGURE H.11. Outside ski and center of mass trajectories for Subject 8 on the 10 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.12. Outside ski and center of mass trajectories for Subject 8 on the 13 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.13. Ski and center of mass turn radius for subject 9 on both the 10 and 

13 m courses. 
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FIGURE H.14. Outside ski and center of mass trajectories for Subject 9 on the 10 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.15. Outside ski and center of mass trajectories for Subject 9 on the 13 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.16. Ski and center of mass turn radius for subject 10 on both the 10 and 

13 m courses. 
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FIGURE H.17. Outside ski and center of mass trajectories for Subject 9 on the 10 m 

Course. Color indicates trajectory turn radius. 
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FIGURE H.18. Outside ski and center of mass trajectories for Subject 10 on the 13 

m Course. Color indicates trajectory turn radius. 
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APPENDIX I. Individual Center of Mass Attack 
Angle Data 
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FIGURE I.1. Center of mass attack angle for subject 5 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the ensemble 

average. 
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FIGURE I.2. Center of mass attack angle for subject 6 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the ensemble 

average. 
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FIGURE I.3. Center of mass attack angle for subject 7 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the ensemble 

average. 
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FIGURE I.4. Center of mass attack angle for subject 8 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the ensemble 

average. 
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FIGURE I.5. Center of mass attack angle for subject 9 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the ensemble 

average. 
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FIGURE I.6. Center of mass attack angle for subject 10 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the ensemble 

average. 
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APPENDIX J. Individual Outside Ski Edge and 
Attack Angle Data 
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FIGURE J.1. Outside ski edge and attack angle for subject 5 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE J.2. Outside ski edge and attack angle for subject 6 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE J.3. Outside ski edge and attack angle for subject 7 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE J.4. Center of mass attack angle for subject 8 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE J.5. Center of mass attack angle for subject 9 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE J.6. Center of mass attack angle for subject 10 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 



 

94 



   

APPENDIX K. Individual Skier Lateral Action 
Data 
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FIGURE K.1. Outside ski edge, center of mass inclination, outside hip angulation 

and outside knee angulation for subject 5 on both the 10 and 13 m courses. The 

thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE K.2. Outside ski edge, center of mass inclination, outside hip angulation 

and outside knee angulation for subject 6 on both the 10 and 13 m courses. The 

thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE K.3. Outside ski edge, center of mass inclination, outside hip angulation 

and outside knee angulation for subject 7 on both the 10 and 13 m courses. The 

thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE K.4. Outside ski edge, center of mass inclination, outside hip angulation 

and outside knee angulation for subject 8 on both the 10 and 13 m courses. The 

thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE K.5. Outside ski edge, center of mass inclination, outside hip angulation 

and outside knee angulation for subject 9 on both the 10 and 13 m courses. The 

thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE K.6. Outside ski edge, center of mass inclination, outside hip angulation 

and outside knee angulation for subject 10 on both the 10 and 13 m courses. The 

thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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APPENDIX L. Individual Skier Veritcal Action 
Data 
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FIGURE L.1. Ankle joint center distance and center of mass vertical position for 

subject 5 on both the 10 and 13 m courses. The thick line is the subject’s data 

while the thin line is the sample ensemble average. 
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FIGURE L.2. Ankle joint center distance and center of mass vertical position for 

subject 6 on both the 10 and 13 m courses. The thick line is the subject’s data 

while the thin line is the sample ensemble average. 



 

106 

 

 

FIGURE L.3. Ankle joint center distance and center of mass vertical position for 

subject 7 on both the 10 and 13 m courses. The thick line is the subject’s data 

while the thin line is the sample ensemble average. 
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FIGURE L.4. Ankle joint center distance and center of mass vertical position for 

subject 8 on both the 10 and 13 m courses. The thick line is the subject’s data 

while the thin line is the sample ensemble average. 
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FIGURE L.5. Ankle joint center distance and center of mass vertical position for 

subject 9 on both the 10 and 13 m courses. The thick line is the subject’s data 

while the thin line is the sample ensemble average. 
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FIGURE L.6. Ankle joint center distance and center of mass vertical position for 

subject 10 on both the 10 and 13 m courses. The thick line is the subject’s data 

while the thin line is the sample ensemble average. 
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APPENDIX M. Individual Skier Fore/Aft Action 
Data 
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FIGURE M.1. Center of mass fore/aft position for subject 5 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE M.2. Center of mass fore/aft position for subject 6 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE M.3. Center of mass fore/aft position for subject 7 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE M.4. Center of mass fore/aft position for subject 8 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE M.5. Center of mass fore/aft  position for subject 9 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE M.6. Center of mass fore/aft position for subject 10 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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APPENDIX N. Individual External Force Power 
Data 
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FIGURE N.1. External force power for subject 5 on both the 10 and 13 m courses. 

The thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE N.2. External force power for subject 6 on both the 10 and 13 m courses. 

The thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE N.3. External force power for subject 7 on both the 10 and 13 m courses. 

The thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE N.4. External force power for subject 8 on both the 10 and 13 m courses. 

The thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE N.5. External force power for subject 9 on both the 10 and 13 m courses. 

The thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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FIGURE N.6. External force power for subject 10 on both the 10 and 13 m courses. 

The thick line is the subject’s data while the thin line is the sample ensemble 

average. 
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APPENDIX O. Individual Energy Dissipation Data 
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FIGURE O.1. Mechanical energy dissipation for subject 5 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 



  

  129 

 

 

FIGURE O.2. Mechanical energy dissipation for subject 6 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE O.3. Mechanical energy dissipation for subject 7 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE O.4. Mechanical energy dissipation for subject 8 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE O.5. Mechanical energy dissipation for subject 9 on both the 10 and 13 m 

courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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FIGURE O.6. Mechanical energy dissipation for subject 10 on both the 10 and 13 

m courses. The thick line is the subject’s data while the thin line is the sample 

ensemble average. 
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APPENDIX P. Scatter Plots With Performance 
Time 
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FIGURE P.1. Mean center of mass fore/aft position versus performance time. Red 

markers indicate the fast skiers. Marker numbers are subject identification 

numbers. 

 

FIGURE P.2. Mean fore/aft range of motion  versus performance time. Red 

markers indicate the fast skiers. Marker numbers are subject identification 

numbers. 
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FIGURE P.3. Total center of mass trajectory length (LXYZ) versus performance time. 

Red markers indicate the fast skiers. Marker numbers are subject identification 

numbers. 

 

FIGURE P.4. Total center of mass trajectory length in the Y′‐dimension (LY) versus 

performance time. Red markers indicate the fast skiers. Marker numbers are 

subject identification numbers. 
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FIGURE P.5. Total center of mass trajectory length in the Z′‐dimension (LZ) versus 

performance time. Red markers indicate the fast skiers. Marker numbers are 

subject identification numbers. 

 

FIGURE P.6. Average center of mass speed versus performance time. Red markers 

indicate the fast skiers. Marker numbers are subject identification numbers. 
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FIGURE P.7. Mean mechanical energy dissipation versus performance time. Red 

markers indicate the fast skiers. Marker numbers are subject identification 

numbers. 

 

FIGURE P.8. Mean air drag power versus performance time. Red markers indicate 

the fast skiers. Marker numbers are subject identification numbers. 
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FIGURE P.9. Mean reaction force power versus performance time. Red markers 

indicate the fast skiers. Marker numbers are subject identification numbers. 

 

FIGURE P.10. Mean Initiation Phase outside ski attack angle versus performance 

time. Red markers indicate the fast skiers. Marker numbers are subject 

identification numbers. 
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FIGURE P.11. Mean vertical motion amplitude versus performance time. Red 

markers indicate the fast skiers. Marker numbers are subject identification 

numbers. 

 

FIGURE P.12. Mean Initiation Phase snow reaction force vertical component 

versus performance time. Red markers indicate the fast skiers. Marker numbers 

are subject identification numbers. 










