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独木舟皮划艇 獨木舟皮艇

Boat

Paddle

Paddler 

Kayak Sprint is an Olympic event. The aim is to complete distances 
of 200-, 500-, and 1000-m in the shortest possible time.



Kayaking
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Who is the expert?
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Paddler A

Paddler B



Newton’s Third Law
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 For every Action (force), there is an equal and opposite 
Reaction (force).

Action (F1)
The paddle pushes the water 
backward. 

Reaction (F2)
The water pushes the 
paddle in the opposite 
direction with the same 
force.

F1F2

Direction of Travel

牛顿第三定律: 每一个作用

力都有一个大小相等、方
向相反的反作用力。



Photo credits: Shao Jie

Single & Crew Boat Kayaking
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K2 Crew Boat
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Research Question
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Photo Credits: Daniel Wee

Back 
Paddler

Front 
Paddler

 Do the front and back paddlers exert the same amount of 
forces on the paddle?



On-Water Kinetics
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Credits: Daniel Wee

 We need to find a way to measure the kinetics (i.e. forces on 
the paddle) during on-water paddling.



How to measure paddle force?
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Solution 1:

Make our own 
instrumented 

paddles

Solution 2:

Buy commercial 
instrumented 

paddles



How to measure paddle force?
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2. Kayak Power Meter (One Giant Leap, New Zealand) 

1. Excalibur II Kayak Data Paddle (Merlingear) 

 Options for commercial paddles:



Instrumented Paddle
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Credits: Daniel Wee
Measure synchronised data from more than one paddles

Kayak Power Meter (One Giant Leap, New Zealand) 

□ Validity: within 0.12% to 1.4% of the true value. Reliability ranged 
from 0.27% to 0.34% for an applied force of 155.9 N.1 

□ Typical measurement resolutions were 1.0 N for the top hand and 
2.5 N for the bottom hand, with a range of 780 N to 2100 N.

1 Macdermid, P.; Fink, P. The Validation of a Paddle Power Meter for Slalom Kayaking. Sport. Med. Int. Open 
2017, 01, E50–E57, doi:10.1055/s-0043-100380.
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Study 1: On-water Kinetics



Publication
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Credits: Daniel Wee



Study Aims
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The present study aimed to:

1) compare the kinetic profiles of the front and back paddlers 
in a large sample of K2 sprint kayaking athletes, and 

2) compare the kinetic outputs between kayakers of varied 
abilities. 

Front 
Paddler

Back 
Paddler



Methods – Participants
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Credits: Daniel Wee

 Convenience sample of 74 male sprint kayak athletes (39 K2 
crews) comprising a wide range of proficiency levels. 

National
 (N, n = 9)

Recreational
(R, n = 38)

School
 (S, n = 27)

p-value post-hoc

Age [years] 23.2 [20.1, 26.2] 24.0 [22.9, 25.2] 17.9 [15.7, 20.0] <0.001* N>S R>S

Height [m] 1.74 [1.71, 1.78] 1.73 [1.71, 1.74] 1.70 [1.68, 1.72] 0.033*

Body mass [kg] 73.4 [71.2, 75.5] 68.3 [65.9, 70.8] 61.8 [59.7, 64.0] <0.001* N>S R>S

Sitting height [m] 0.91 [0.88, 0.93] 0.91 [0.89, 0.92] 0.87 [0.86, 0.88] 0.001* N>S R>S

Sitting reach [m] 1.26 [1.22, 1.29] 1.25 [1.23, 1.27] 1.22 [1.20, 1.24] 0.061

Arm span [m] 1.77 [1.72., 1.82] 1.76 [1.74, 1.78] 1.73 [1.71, 1.76] 0.167

Experience [years] 10.0 [6.5, 13.5] 5.7 [4.4, 7.0] 2.5 [1.8, 3.2] <0.001* N>S R>S

Table 1. Physical characteristics and experience of 74 sprint kayaking athletes

N = national team, R = recreational club. S = school team. Significant difference (p < 0.05) is shown in bold text and 
indicated by an asterisk. 



Methods – Data Collection
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 Step protocol with self-moderated intensities changing every 
250-m based on the 6-20 Borg scale.



Methods – Raw Data
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 Raw data recorded using the analysis application 
(http://analysis.onegiantleap.co.nz). 



Methods – Data Processing
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 What cut-off frequency should we use to filter the raw data?

The 20 Hz filter 
was deemed to be 
the most suitable.

Gomes, B.B.; Ramos, N.V.; Conceição, F.A.V.; Sanders, R.H.; Vaz, 
M.A.P.; Vilas-Boas, J.P. Paddling Force Profiles at Different Stroke 
Rates in Elite Sprint Kayaking. J. Appl. Biomech. 2015, 31, 258–263.

Visual Inspection

20 Hz (but a different 
kayak paddle)

 Residual analysis comparing 16, 18, 20, 22, and 24 Hz



Methods – Data Extraction
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 Customised codes were written in RStudio (version 1.0.136, R Core 

Team 2016) to extract force, power and temporal variables.



Methods – Statistical Analysis
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 A series of 2 × 3 two-way factorial Analysis of Variance 
(ANOVA) was performed to examine the effects of seat and 
group on the key stroke variables.

Front 
Paddler

Back 
Paddler

vs

GroupSeat

National

vs

Recreational

vs

School



Results – Force Profiles
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 Different force-time profiles among the 74 paddlers and 
between the left and right sides of the same padder.

P1

P2

P3

P4

P5

P6



Results – Seat Position
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 There was no significant difference between the front paddlers 
and back paddlers in all force variables.

Front 
Paddler

Back 
Paddler =

Seat



Results – Group
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 National team kayakers displayed significant higher peak force, 
mean force and rate of force development than the recreational and 
school athletes (Table 2). 

 No post-hoc difference between recreational and school groups.

Table 2. Selected force variables of front and back paddlers of K2 crews

Front Paddler Back Paddler
Group post-hoc

p η2
p

Peak force 
[N]

N 344.3
[307.6, 381.0]

342.4
[252.9, 432.0]

< 0.001* 0.340 N>R N>S

R 239.6
[207.0, 272.1]

241.7
[219.6, 263,9]

S 216.9
[188.7, 245.1]

223.3
[182.6, 263.9]

Mean force [N] N 205.3
[187.2, 223.4]

200.6
[149.9, 251.4]

< 0.001* 0.329 N>R N>S

R 146.5
[130.0, 163.0]

146.6
[134.9, 158.3]

S 137.4
[120.0, 154.9]

135.3
[111.1, 159.6]

RTD
[N/s]

N 1929.8
[1460.3, 2399.2]

1699.3
[1197.3, 2201.2]

< 0.001* 0.328 N>R N>S

R 1118.2
[938.6, 1297.8]

1233.0
[1016.1, 1449.9]

S 972.9
[831.1, 1114.7]

1065.6
[834.8, 1296.4]

N = national team, R = recreational clubs. S = school teams. RTD = rate of force development. Data are presented as 
mean [95% CI]. Significant difference (p < 0.05) is shown in bold text and indicated by an asterisk. 



Discussion
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Front vs back seat of a K2 crew boat

 Gomes1 reported similar force profiles when the same kayaker 
sat in the front and back seats of a K2 crew boat. 

□ Small sample of 11 elite kayakers

□ Did not compare the stroke kinetics of both crew members 
when they paddle together.

1Gomes, B.B. Biomechanical determinants of kayak paddling performance in single-seat and crew boats, 
Universidade do Porto (Portugal), 2015.

 The present study measured both crew members in a large sample 
(n = 74) and demonstrated that:

Front 
Paddler

Back 
Paddler

=
1) No difference in force characteristics 

between the front and back paddlers.

2) Proficient kayakers produced greater 
forces than less proficient kayakers.



Discussion
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 Injury risk – Dragon Boat

Front positions had more injuries compared 
with back positions.1 

□ Front rows: Paddlers catch stagnant or 
highly turbulent water  higher force?

□ Back rows: Paddlers catch backward flowing 
water  lower force?

1Zandi, S.; Rajabi, R.; Tavanaei, A.R. Are gender, position in boat and training load associated with the injuries in 
elite dragon boat paddlers. World J. Sport Sci. 2010, 3, 113–118.

Image Source:111th Attack Wing

No Force Measurements



Conclusion
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 Instrumented paddles are useful tools to obtain performance 
feedback of each crew member in a K2 crew boat during on-
water kayaking. 

 Using these paddles, we have shown that:

□ Force characteristics of the front and back paddlers were similar during 
maximal effort sprint kayaking. 

□ Proficient kayakers could produce greater kinetic outputs than less 
proficient kayakers. 

 During training, emphasis should be placed on increasing 
kinetic outputs of both crew members in a K2 boat.
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Study 2: Make Our Own Paddles



Publications
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 Design an instrumented paddle to measure load distribution on 
the paddle blade



Load Distribution
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Plantar pressure 
distribution under 
the foot 

(McDonogh et al., 2022)
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Can we apply this concept 
to the paddle blade?

足底压⼒



Design
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 Optical fibre technology光纤: Fiber Bragg Grating (FBG) sensors

FB
G
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Light 
source

FBG interrogator system

Circulator

Data 
processing

FBG 
element



Simulation & Prototyping
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 Indoor kayaking prototype:

 ANSYS Workbench Simulation：

Simulation results of FBG embedded in PDMS Details of optical fiber sensor



On-Water Field Tests
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Expert Kayaker Recreational Kayaker



Results
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Expert Recreational



Results
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Expert

Recreational

 Peak Force in difference blade areas

Higher 
loading

Lower 
loading



Conclusion
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 Using optical fiber technology, we successfully developed a 
new kayak paddle that can measure load distribution on 
the blade.

 Potential Applications:

Monitor training load and evaluate athletes’ performance

Select paddle blades

Guide future design of aquatic sports equipment
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Lecture Summary



Summary
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Front 
Paddler

Back 
Paddler =

Paddling Force

Application of instrumented paddles in 
measuring on-water kinetics 

Use commercially available paddles Make our own paddles 

Load distribution (New!) 
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International applicants are welcome to take NIE’s online short 
courses for a Singapore education experience:

 No entry requirement

 Fully online

 NIE/NTU Certificate (75% attendance)

Online Classes 

NIE Continuing Education & Training

https://www.ntu.edu.sg/nie/admissions/continuing-education-training 

Try an Online Course?

https://www.ntu.edu.sg/nie/admissions/continuing-education-training
https://www.ntu.edu.sg/nie/admissions/continuing-education-training
https://www.ntu.edu.sg/nie/admissions/continuing-education-training
https://www.ntu.edu.sg/nie/admissions/continuing-education-training
https://www.ntu.edu.sg/nie/admissions/continuing-education-training
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Thank you!

Dr Pui Wah (Veni) KONG

@venikong

puiwah.kong@nie.edu.sg
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