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Evaluation technical skills for sports performance
運動表現評估技術技能

Technical/Movement skills
技術/動作技能

Movement Patterns
運動模式
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Movement pattern運動模式

General series of anatomical movements that have 
common elements of spatial configuration空間配置的共同要素

ROM, velocities, acceleration, etc
Spatial

Temporal
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Movement skills 動作技能

Adapted within the constraints of an activity or sport
在活動或運動的限制範圍內進行調整

4

The University of Sydney

Constraints for “throwing skills”

Training/ Skill levels
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Why segmental sequencing rotation can achieve high end-point velocity?
為什麼“連續分段旋轉”可以達到高終點速度？

Sports performance perspective
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Open Kinetic Link Model 開放式動力學連結模型
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Open Kinetic Link Model開放式動力學連結模型
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Application to enhance sports performance提升運動表現的應用

Giblin, G., & Whiteside, D. (2015). A kinematic comparison of the overhand throw and tennis serve in tennis players: How similar are they 
Journal of Sports Sciences, 33(7), 713-723. 

Tillaar, R., & Cabri, J. M. H. (2012). Gender differences in the kinematics and ball velocity of overarm throwing in elite team handball 
Journal of Sports Sciences, 30(8), 807-813. doi:10.1080/02640414.2012.671529

Wagner, H., Pfusterschmied, J., Tilp, M., Landlinger, J., von Duvillard, S. P., & Müller, E. (2014). Upper-body kinematics in team-handball throw, 
tennis serve, and volleyball spike: Kinematic differences in overarm movements. Scand J Med Sci Sports, 24(2), 345-354. doi:10.1111/j.1600-
0838.2012.01503.x

Ferdinands, R. E., Kersting, U. G., & Marshall, R. N. (2013). Kinematic and kinetic energy analysis of segmental sequencing in cricket fast bowling. 
Sports Technology, 6(1), 10-21. 

, S., Yu, B., Blackburn, J. T., Padua, D. A., Li, L., & Myers, J. B. (2014). Improper trunk rotation sequence is associated with increased 
maximal shoulder external rotation angle and shoulder joint force in high school baseball pitchers. The American Journal of Sports Medicine, 42(9), 

2094. doi:10.1177/0363546514536871

Wagner, H., Pfusterschmied, J., Von Duvillard, S. P., & Mueller, E. (2012). Skill-dependent proximal-to-distal sequence in team-handball throwing. 
Journal of Sports Sciences, 30(1), 21-29. doi:10.1080/02640414.2011.617773

Reid et a l (2015);
W agner et a l. (2014)

Van & Cabri (2012)
W agner et a l. (2014)

W agner et a l. (2012, 2014)

O yam a et al (2014)
Ferdinands et al (2013)
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Why is it important?
為什麼它如此重要？

Segmental 
sequencing

Improve 
Performance

Prevent Injury

Identify 
Talents

Associate 
with Physical 

Activity

Wagner et al., 2012
Beach AJ et al., 2018
Kitazawa &  Yanai 2021; 
Wagner. et al, 2012 & 2014; 
Bach AJ., et al., 2016; Oyama et al., 2014, 
van den Tillaar and Ettema 2009 & 2013; 
Kageyama et al 2014, Reid et al., 2015

Serrien and Baeyens 2018

Oyama et al., 2018Fu et al., 2016
Cuttuzzo et al., 2016
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Research application研究應用
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Throwing performance for children
兒童投擲運動表現

Motor Control

運動控制

Motor Learning

運動學習

Developmental 
Theories

發展理論

Applied 
biomechanics

應用生物力學
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Rationale - Fair understanding of the upper body/ limb sequence

Eleni et al., 2016

Oyama et al. 2014 

Reid et al., 2012; 
Wagner et al, 2014
V 

Beach et al., 2018;
Van den Tillaar et la., 2009 

Van de Tilaar and Ettema 2007
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1
4
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• Less shoulder joint movement in non-
throwing arm of skilled pitchers

• A characteristics of max ball release throw
(Murata, A. 2001) 

• Sig decrease in elbow extension at the time 
of ball release

• pelvis achieved max ω earlier

(Ishida, K., & Hirano, Y. ,2004) 

Rationale - Fair understanding of the upper body sequence
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Research/ Knowledge Gap研究/知識差距

- No study on unconstrained conditions無約束條件(fundamental movement 
skill)

- No research on the segmental sequence of the upper body and both upper 
extremities

- No investigation of age-appropriate skills: early adolescents

- What are the critical features?

- Segmental sequencing => in the expected sequence? => Is it true?

The BASIC form !!
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Identify age-appropriate & 
evidence-based movement skill 

criteria by investigating the 
segmental sequencing features

確定適合年齡的& 
基於證據的運動技能標準
透過研究連續分段旋轉
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Conceptual model概念模型

19



8/3/24

4

The University of Sydney

Conceptual model概念模型
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Conceptual model概念模型
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Conceptual model概念模型
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Methodology – participants
方法 - 參與者

Exclusion criteria:
• visual deficits not corrected by glasses
• leg length discrepancy
• pain, injuries, or surgeries

23

The University of Sydney

Methodology – Data Collection and Processing 
方法—資料收集和處理

Testing area 
• Open space - 12X8 m
• Net  - 10x3m 
• 14 camera MOCAP

Warm up à 2 valid throws

8-segment kinematic model 

filter & calculation – max ω, cycle
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Variables of interest結果測量
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Variables of interest結果測量

• Movement patterns
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Data processing資料處理

Total 144 
right-handed 
throwers 

Fastest

<= 12.26ms-1

12.26-15.66ms-1

15.66-18.76ms-1

>18.76ms-1

Divide

Less skilled group

Skilled groupNormalized 
Max
Ball velocity

Slowest
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Joint and Segment 
Rotational Kinematics

28

Segment rotationsJoint rotations

Data processing資料處理
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Statistical analysis統計分析

- Normality check:  Shapiro-Wilk

- Age, height, weight, and BMI between groups : independent t-test 

- Gender: χ2 test

- Movement Patterns: 95% CI curve
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Statistical analysis統計分析– Timing and Sequencing

- Characteristic segmental sequencing of each group
- Defined:  the sequence with significant within-group differences in successive 

events
- pair t-test
- α level set as 0.001

- Critical segmental sequencing
- Defined: the sequence with significant within-and-between-group differences
- pair t-test and independent t-test
- α level set as 0.001
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Discussion 1 - Demographics 
討論 1 - 人口統計

- Age, height, weight, and BMI between groups:
no significant differences (p > 0.05).

- The number of boys > girls:
no significant difference (χ2 = 16.37, p < 0.001).

Not a-priori factor X 
movement pattern deviation
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Discussion 2
討論 2

Typical ‘Less Skilled’
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Typical ‘Skilled’

Discussion 2
討論 2
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Discussion 3 – No. of segmental sequences @ group
討論 3 – 組別中連續分段旋轉的數量

à 11 common sequences
à 2 in Less Skilled group 
à 6 in Skilled Group

Skilled Group (17) 
VS Less Skilled (13) 
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Discussion 4 – Direction of sequencing & Critical feature
討論 4 – 定序方向和關鍵特徵

8 followed the proximal-to-distal sequence
11 did not follow

follow segmental sequencing  
does not follow segmental sequencing 

Left Wrist 
Extension

Left Elbow 
Extension

Left Shoulder 
Extension

Left Shoulder 
Adduction

Left Shoulder 
Depression

Upper Girdle
Anticlockwise

Rotation
Right Shoulder 

Flexion

Right Shoulder 
Abduction

Right Shoulder 
Elevation

Pelvis Girdle
Anticlockwise 

Rotation

Trunk
Clockwise

Lean

Right Shoulder 
Internal Rotation

Right Elbow 
Extension

Right Wrist 
Flexion

Trunk
 Forward Tilt VC
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 Rotational sequences 
from the left wrist to 

the upper girdle 

Rotational sequences 
from the upper girdle 

to the right wrist

Rotational sequences 
from the pelvis girdle 

to the upper girdle
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Discussion 5 – The throwing arm
討論 5 – 投擲手臂 ~50% not in PD
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Discussion 5 – The throwing arm
討論 5 – 投擲手臂
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Reduce shoulder injury?

Discussion 5 – The throwing arm
討論 5 – 投擲手臂
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Discussion 5 – The throwing arm
討論 5 – 投擲手臂

Facilitate clockwise rotation?
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Discussion 6 – Trunk
討論 6 – 軀幹
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Discussion 6 – Trunk
討論 6 – 軀幹
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Discussion 7 – Non- throwing arm 
討論 7 – 非投擲手臂

2X

~0.159s

42

The University of Sydney

Discussion 7 – Non- throwing arm 
討論 7 – 非投擲手臂

Distal-to-proximal sequencing?
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Discussion 8– Movement pattern (Right Hip)
討論 8 – 運動模式(右髖)

Flexion

Extension

ABDuction

ADDuction

Make a step
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Discussion 8– Movement pattern (Trunk Lean and Tilt )
討論 8 – 運動模式（軀幹傾斜)

Trunk Lean

Left

Right
Trunk Tilt

Forward

Backward

More ROM in the skilled than less skilled
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Discussion 8– Movement pattern (Pelvis & Shoulder Girdles)
討論 8 – 運動模式（骨盆和肩帶）

Shoulder GirdlePelvic Girdle

Small temporal difference in pelvic and 
shoulder girdle rotation!
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Discussion 8– Movement pattern (Right Shoulder)
討論 8 – 運動模式（右肩）

Flexion

Extension

ABDuction

ADDuction

Less skilled has larger Shoulder Flexion ROM than 
skilled! => can the ROM reflect the skill level?
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Discussion 8– Movement pattern (Right Elbow)
討論 8 – 運動模式（右手肘）

Flexion

Extension

Less skilled has larger 
Elbow ROM than skilled!
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Discussion 8– Movement pattern (Right Wrist)
討論 8 – 運動模式（右手腕)

Flexion

Extension

Smaller range of wrist 
flexion for skilled than less 
skilled.

Small temporal difference 
in elbow and wrist rotation!
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Discussion 8– Movement pattern (Left Shoulder)
討論 8 – 運動模式（左肩）

Flexion

Extension

ABDuction

ADDuction

Elevation

Depression

Left shoulder pulls back, in, and down 
vigorously for skilled throwers
AND precedes the trunk rotation!
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Discussion 9  – How do the findings differ from teaching practice?
討論 9 – 研究結果與教學實踐有何不同？

Coaching
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Do you 
remember the  
developmental 
theories? 

你還記得發展理
論嗎？
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The right shoulder did not extend 
beyond the trunk frontal plane! No 

evidence of a stretch reflex!

202453
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Both hips and shoulders rotate rapidly 
together! 

202454
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The skilled group had more 
extension than the less skilled group!

202455
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Watching the hand 
inhibits the trunk 

rotation. 

202456
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Raising the non-throwing arm may 
inhibit the trunk rotation and is 
unlikely to ‘balance’ the action. 

202457
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- PD or DP sequencing depends on the tasks and other constraints
- Help us to understand the critical movement features
- Help us to improve performance +/- injury prevention

202458
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