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ü various sizes, ages, experiences, strengths and capabilities
ü Growing athletes – Pathway athletes
ü how coaching can use the ‘objective eye’ of biomechanics &

evidence-based feedback

Coaching heterogeneous group of athletes

Rower’s 
anthropometry



OPTIMIZED RIGGING ROWER/S

Manufacturer
Model no.
Average crew weight
Rigger type
Stern/ bow mounted
Backstay

BOAT/ RIGGER

Height, Weight
Arm spread, etc

OARS (BLADE & SHAFT)

Manufacturer
Model

Shaft type & flex
Blade shape

Blade length/ width (cm)
Vortex edge

ROWER/S – BOAT/ RIGGER

Span (cm) Scull/ Spread (cm) Sweep
Pitch (deg) swivel

Distance through work (cm)
Line of work – Toes (cm)
Stretcher position from swivel (cm)
Foot stretcher angle (deg)

Swivel above seat (cm)
Seat above heels (cm)

OARS – BOAT/ RIGGER

Pitch (deg) swivel

Optimized 
RIGGING 

Rower/s
(Anthro, Skill -Fitness)

Boat
(Rigger)

Oars
(Blade & Shaft)

OARS – ROWER/S

Overall Oar Length (cm)
Oar Inboard/ Outboard  Length (cm)

Overlap (cm)
Pitch (deg) swivel

Peter Cookson/ Conny Draper, WR Conference 2023

Rower’s 
boat rigging



Rowing motion & orientation
Boat hull design
Fluid dynamics



Wann läuft das Boot – Warum läuft das Boot?

Forces in on-water rowing

Stroke side

Bow side

7

Theoretical Model: 2D representation of external forces
(in reality, all forces are in 3D)

2 Types of Forces in Rowing:

Propulsive Forces:

forces applied by muscles mainly 
to the handle of the oar & the 
stretcher force

Resistive Forces -

frictional, form and wave drag, 

added water mass

Wind



Theoretical Model... Applied Forces on the boat

Stroke side

Bow side

Boat-specific Variables

aboat Boat acceleration (3D)

vboat Boat linear velocity

yboat Boat angular velocity (3D)

Athlete-generated Variables

α Oar angle (bow/ stroke) (2D)

Fpin Pin forces (bow/ stroke) (3D)

Fstretcher Footstretcher force (bow/ stroke)



drive phase recovery phase

boat velocity

force

pin

pin

stretcher

pin

pin

stretcher

Applied Forces during on-water rowing

+: push against stretcher

-: slight pull (hang) on stretcher

+: pre-load against stretcher 
before next catch
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pin

pin

stretcher

drive phase

Sum of Propulsive pin forces (Fpin)
+
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Sum of Propulsive stretcher force (Fpst)
=

Net applied boat force (Fboat)

Applied forces - oar angle plot



3D Boat Results: 

Boat acceleration - Net applied boat force (W1x)

• highly significant positive relationship during the drive phase (r2=0.904,
p<0.000; W1x; n=12; 5 stroke rates).

• High relationships found especially in small boats (1x, 2-)

Propulsive net
applied boat force

Boat 
acceleration
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SPORT: Rowing
a cyclic motion- divided into two phases (Drive & Recovery)
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Rowing stroke profile - Graphical description of Rowing technique
Characteristic ‘rowing’ patterns of boat velocity & acceleration



© World Rowing Development 14

Relationship between boat velocity – boat acceleration – force profile
Display of angle position & time(%) to reach min and max boat velocity @ race pace
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Relationship between boat velocity – boat acceleration – force profile
Display of distance & time(%/str) spent in acceleration (green) vs. deceleration (red)



• Understanding boat movement 

• Understanding basic 
hydrodynamics

• Materials

OF HIGH IMPORTANCE

• understanding what factors are 
important in generating boat 
speed & acceleration

• understanding what factors 
decrease boat speed

At the boat level

In Practice: Rowing Biomechanics



At the rower level

• understand how the human body works 
mechanically (as opposed to physiologically)

• understand how muscular input/power can 
be translated into boat movement (transfer 
of forces/summation of forces etc) 

• understand rowing efficiency

In Practice: Rowing Biomechanics



An orientation for diagnostics & 
technique training & racing

At the coach level

• boat set up (gearing/ rigging 
footstretcher/seat positioning, etc)

• Crew selection
• Seat selection
• race performance a.s.o.

In Practice: Rowing Biomechanics



Boat Categories: PR1 1x – 1x – 8+ (Men):
Gate force, Boat Speed & Acceleration



W8+: Comparison of Handle speed – Gate angle Profiles

Ha
nd

le
ve

lo
cit

y (
de

g/
s)

Gate angle (deg) Gate angle (deg)

2015, Jan 2016, Jan

…during the recovery - different ind. handle velocities during 
the recovery towards the next catch slowing down and cause 
shorter catches at higher stroke rate.

FinishCatch

Recovery

Drive

Improvement!

…improvement towards a more synchronised crew recovery handle 
velocity – pos. effect – easier to maintain absolute catch angle length 
at higher rate without losing effectiveness.

Influence of crew dynamic – Comparison of Handle speed applications
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Example: M4- (medal winning boat)
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Example: M4- (medal winning boat)
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Example: M2x (medal winning athletes)



• RED: W2- WCH/ OG medallist
• BLUE: W2- WCH/ OG medallist

W2-
OG/ WCH 
Medallist

W2-
(OG/ WCH 
medalist) 

Work load 1km race 2km race

Stroke rate (Str/min) 34.2 (1km)
33.3 (2nd 500m)

36.6 (2km)
37.2 (2nd 500m)

500m split (min:ss.0) 1:56.1 1:47.5

Boat speed (m/s) 4.3 4.6

Dist/str (m/Str) 7.5 7.6

Crew power (W) 293 (86deg) 302 (80-82deg)
291 (80-82deg)

Min velocity (drive) 2.95 3.15

Max velocity (recovery) 5.35 5.5

Time% in deceleration 
(vel (Max (rec) – Min(drive))

26 27

AngleRec (deg) = 0m/s2

Start of deceleration 
-24 -24

Displacement (deg)
(catch–angle (pos. accel(drive)

11 13

W2- BOAT ACCELERATION PROFILES
Boat accel vs. gate angle Boat accel vs. Time normalized (%)

Boat velocity vs. gate angle Boat velocity vs. Time normalized (%)



• RED: M2- WCH/ OG medallist
• BLACK: M2- WCH medalist
• BLUE: JM2- JWCH medalist

M2-
OG/ WCH 
Medallist

M2-
(WCH

medalist)

JM2-
(JWCH 

Medalist)

Work load 1km 500m 1’ SR32-34

Stroke rate (Str/min) 36.6 38.8 35.3

500m split (min:ss.0) 1:34.5 1:31.8 1:40.8

Boat speed (m/s) 5.29 5.44 4.96

Dist/str (m/Str) 8.7 8.4 8.4

Crew power 437 480 349

Min velocity (drive) 3.8 3.7 3.45

Max velocity (recovery) 6.5 6.75 5.8

Time% in deceleration 
(vel (Max (rec) – Min(drive))

28 26 28

AngleRec (deg) = 0m/s2

Start of deceleration 
-20 -29 -23

Displacement (deg)
(catch–angle (pos. accel(drive)

8 12 11

M2- BOAT ACCELERATION PROFILES
Boat accel vs. gate angle Boat accel vs. Time normalized (%)

Boat velocity vs. gate angle Boat velocity vs. Time normalized (%)



LW2xW2xW4x

M4xW4-

Overview: Boat acceleration of national crews (black) vs. OG/ WCH Medal Crews (red)

Finding ‘FREE SPEED’

There in an area of opportunity for 
these 5 boats to improve the 

active recovery phase!



Rhythm: Relationship between the Drive & Recovery Phase (2 M4x)



TRAIN YOUR COACHES’ EYE: POSTURE
HIP FLEXIBILITY / PELVIC TILT
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Ideal Technique vs. Common technical Breakdowns:
The CATCH

Comments: Steve DiCiacca, 2015 RCA Conf./ images/ graphics: Conny Draper
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Ideal     Technique vs. Common technical Breakdowns:
The FINISH/ RELEASE

Comments: Steve DiCiacca, 2015 RCA Conf./ images/ graphics: Conny Draper



College Rowers vs. Elite Rower (examples of Top 10 Erg rowers)

5min # SR30-32 2000m race 2000m race 2000m race

LW8+ OW8+ LM8+ HM8+

College Level:

International Top 10 Erg rower:



Women’s Sweep Comparison: 5min SRRP pieces

www.peachinnovations.com info@peachinnovations.com

School girls (JW4+)
Sweep

Collegiate Rowing (OW8+)
Sweep

National Team (W8+)
Sweep

WOMENS’ SWEEP: Skill Level Comparison ‘School – Collegiate – Elite’ 
Gate force vs angle Profile



Men’s Sweep Comparison: 5min SRRP pieces

www.peachinnovations.com info@peachinnovations.com

School boys (JM4+)
Sweep

Collegiate Rowing (M8+)
Sweep

National Team (M8+)
Sweep

MENS’ SWEEP: Skill Level Comparison ‘School – Collegiate – Elite’ 
Gate force vs angle Profile



Movement Before Muscles 

1.  Starting point – what are you aiming to achieve: 

Structural-functional strengths & weaknesses

2.  Define fundamental movement patterns and physical 
technical demands of rowing

TECHNICAL CHANGE: Identify strength & weaknesses

W1x: Development over 4 years (Slip vs. Non-slip)

W1x: Development over 2 weeks (SR18-20: working with screen)



CREW BOATS: Identify strength & weaknesses



JM4x+: Youth Rowing: (90s @ SR32)

Gate Force Profile

Handle velocity Profile

Crew Overlay:
(left (stroke/port); right (bow/ starboard)

• Gate Force Profile (top)

• Handle velocity Profile (bottom)



JW4x+ : Youth Rowing: JW4x+ (120s @ SR28)

Crew Overlay:
(left (stroke/port); right (bow/ starboard)

• Gate Force Profile (top)

• Handle velocity Profile (bottom)



U19 W8+ : Youth Rowing: (500m @ SR34)

OVERLAY: Gate Force Profile 

OVERLAY: Handle Velocity Profile

Boat acceleration Profile (red)
Boat Velocity Profile  (blue)

Gate Force Profile



Sen. JM8+ J16 JM8+Sen. JM8+ J16 JM8+

Race pace #: 1km/ 500m/ 250m sessions – 2 squads (Sen/ J16) – 28 athletes

Bow Stroke Bow Stroke Bow Stroke Bow Stroke
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• Utilising objective assessment tools – great ’Messaging tools’: 
between coaches & athletes to evaluate sessions, crews, rower/s, coxswains 

• Detailed information enhance knowledge:
of athletes’ & crew progress & quantify our coaching & training response 

• When utilising on-water technique & performance feedback tools: 
look for relationships between 

• individual performances vs. crew performances &
• Athletes’ technique/ performance vs. the boat run & speed

• Understand the strength of your crew! 
Where are the areas of opportunity to improve technically?

• To understand progress of your crews/ ind. athletes -compare the same workout

Summary
Summary & Outlook
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THANKS! Questions?
You can contact me at

Conny Draper, PhD
conny.draper@gmail.com

Rudersymposium Hannover
25. Januar 2025
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