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Biomechanical difference between single and double scull rowing on water:
A case study of a Japanese crew

R Y, T

Toshiharu Yokozawal), Mariko Nakamura'

Abstract : Although the double sculling technique includes crew coordination, that indicates similar
oar motion pattern between rowers, few studies have identified the difference in the oar motion
between single and double sculling by the same rowers on water or investigated how to change and
control the oar motion in double sculling. This study aimed to identify the control the oar motion and
force between rowers during double sculling. In this study, we compared the difference in oar motion
and oar force between single and double scull rowing on water using a rowing instrumentation
system. Two Japanese female rowers rowed on single scull boats and a double scull boat for every 10
strokes at a pace corresponding to a 2,000 m race. The difference in each parameter at 10 strokes
between single and double sculling was tested using a factorial analysis of variance. The recovery
time was significantly increased and the stroke rate was significantly decreased in the bow rower
during double sculling compared with those during single sculling. Additionally, the time from finish
to catch during the recovery phase significantly correlated between the stroke rower and the bow
rower in double sculling. The bow rower significantly decreased the oar angular displacement during
the driving phase in double sculling to be closer to the value of the stroke rower. On the other hand,
the oar force of the bow rower during the first half of the driving phase in double sculling was much
smaller than that in single sculling, increasing the bilateral difference and the difference among
strokes. It appeared to be reasonable that the bow rower controlled the oar motion adjusting to the

stroke rower because the bow rower could watch the motion of the stroke rower.

Key words : rowing instrumentation system, boat velocity, oar angle—force relationship, crew

coordination
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Figure 1. Set-up for the rowing instrumentation system
PowerLine® on a double-scull boat.
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Figure 2. Attachment of oarlocks with force and angle
sensors to a double-scull boat.
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Table 1. Temporal parameters for the boat and oar motions during single and double sculling.

Symbols "a" and "b" indicate significant differences to the single scull of subject A and subject B, respectively.

Symbol "*" indicates the significant difference to the single scull for the same subject. Symbol "{" indicates the

significant difference to subject A.

Single Scull

Double Scull

Subj. A Subj. B Subj. A Subj. B
Average boat velocity (m/s) 4.11 +£0.09 4.04 +0.05 4.50 +£0.06®
Peak of the velocity (m/s) 4.93 +0.06 4.73 +0.07% 5.32 +0.12%
Bottom of the velocity (m/s) 2.88 +0.09 2.64 £0.07+ 3.23 +0.05%®
Change in the velocity (m/s) 2.06 £0.12 2.09 +0.08 2.09 £0.11
Distance per stroke (m) 7.03 £0.14 7.16 £0.15 7.96 £0.18%
Stroke rate (Hz) 0.59 +0.02 0.56 £0.017 0.57 £0.182
Driving time at P side (s) 0.97 +0.03 0.90 +£0.02%  0.92 £0.02* 0.88 +0.02*F
Driving time at S side (s) 0.95 +0.04 0.89 £0.021  0.92 +0.04 0.88 +0.027
Recovery time at P side (s) 0.74 +0.03 0.87 £0.03+  0.85 +0.03* 0.88 +0.027
Recovery time at Sside (s) 0.76 +0.04 0.88 £0.03+  0.85 +0.03* 0.88 +0.037
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Table 2. Relationship between subject A and subject B for the time from
"finish" for subject B to "catch" of each subject in the next stroke.

(s) Subj. A Subj. B Correlation
P side 0.87 +0.02 0.88 £0.02 r=901, p=.000
S side 0.86 +0.03 0.88 £0.03 r=.751, p=.012
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Figure 3. Boat velocity in 10 strokes during single and double sculling, normalized by each stroke time.
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Table 3. Oar angular displacements (A0) during single and double sculling.
Symbol "*" indicates the significant difference to the single scull for the same subject.
Symbol "1" indicates the significant difference to subject A.

(deg) Single Scull Double Scull
Subj. A Subj. B Subj. A Subj. B
A0 at P side 104.8 £2.2 97.1 £1.31 101.7 +1.4* 98.2 +1.37
A0 at S side 104.8 £1.2 96.0 +1.0f 102.1 +£0.7* 97.0 £1.1*F
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Figure 4. Oar angle-force relationship in 10 strokes during single and double sculling.
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Table 4. Peak and mean values of the oar force during the driving phase in single and

double sculling.

Symbol "*" indicates the significant difference to the single scull for the same subject.

Symbol "1" indicates the significant difference to subject A.

Single Scull Double Scull
Force (kgw) - - - .
Subj. A Subj. B Subj. A Subj. B
Peak at P side 41.6 £1.0 36.0 £1.17 33.0 £3.3* 31.3 £2.2*
Peak at Sside 459 +1.3 37.2 £2.07 29.5 £1.1* 33.7 £2.4*%
Mean at P side 25.4 +0.8 19.2 +0.9% 17.8 £1.9* 17.4 +0.8*
Mean at S side 25.1 £0.9 20.6 +1.0F 15.8 £0.9* 19.2 £2.1*%
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