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Characteristics of female world-class skaters associated with changes in skating
speed and stroke parameters in the straight section for 3,000 m speed skating race

AR " BERE Y HHE
Yuya Kimura 1), Toshiharu YokozawaZ), Jun Yuda”

Abstract : The purpose of this study was to identify the characteristics of female world-class skaters
associated with the changes in skating speed and stroke parameters in the straight section for 3,000
m race in the speed skating international competition. Sixteen contestants were categorized into top
(n=8) and second groups (n=8) according to the official records. The horizontal speeds of the end of
the straight and curved sections of the skaters were recorded with the local position measurement
system. In addition, 4 synchronized high-speed cameras (300 frames/s) were used to record the
skaters’ motions at the mid portion of the inner finishing straight lane in the initial phase (2nd or 3rd
lap), middle phase (4th or 5th lap), and final phase (6th or 7th lap) and to calculate the skating
velocity, stroke frequency, gliding time, push-off time, and stroke length. The skating velocity of the
top group was significantly greater than that of the second group in each phase (p<0.001). In the
middle phase, the skating velocity negatively correlated with stroke frequency (r=-0.53, p<0.05) and
positively correlated with gliding time (r=0.62, p<0.01) and stroke length (r=0.71, p<0.01). In the
final phase, the change in speed during the straight section positively correlated with stroke frequency
(r=0.67, p<0.01), and negatively correlated with gliding time (r=-0.60, p<0.05) and stroke length (r=
-0.64, p<0.01). The skaters who maintained large skating velocity in the middle phase would acquire
a larger stroke length in the straight section by pushing-off the ice effectively. In the final phase,
increasing the stroke frequency was important for suppression of the decrease in speed during the

straight section.

Key words : local position measurement, skating velocity, stroke frequency, stroke length, elite
athlete
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Figure 1. Set-up for the local position measurement (LPM) system, the tracking video camera to

calculate the number of strokes, and three-dimensional recording.
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Figure 2. Horizontal speeds of the end of the straight and curved sections for the top and second groups. C1, CS, C2,
and FS indicate the first curve, crossing straight, second curve, and finishing straight, respectively. Asterisks indicate
significant differences between the top and second groups (*: p<0.05, **: p<0.01, ***: p<0.001).
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Table 1. Average values of the changes in speed during the straight and curved sections, and correlation coefficients

to the official time. Data are expressed as means + standard deviations (min — max).

Correlation coefficient

(m/s) Top (n=8) Second (n=8) Significant difference to the official time
-0.32 %= 0.09 -0.36 = 0.04
Straight n.s -0.12
(-0.54 —-0.26) (-0.41--0.27)
0.29 = 0.09 0.31 == 0.06
Curve n.s -0.03
(0.22-0.51) (0.19-10.39)
n.s. : no significant
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Figure 3. Number of strokes in the straight and curved sections. C1, C2, CS, and FS indicate the first curve, second
curve, crossing straight, and finishing straight, respectively. Asterisks indicate significant differences between the
top and second groups in every sections (*: p<0.05). Daggers indicate significant differences from CS of Lap2 (77+:

p<0.001).
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Table 2. Changes in speed during the straight section just before the number of strokes increased and the first
straight section in which the number of strokes increased. Data are expressed as means =+ standard deviations (min

— max).
The straight section just before The first straight section in which  Interaction Main effect
(m/s) the number of strokes increased the number of strokes increased
(A) (B) Level A-B
T -0.39 £ 0.17 -0.19 £ 0.14
op
(n=8) 2064 — - 051 —-
.................................. (064017)(051006) F1,14=0.05 F1,14)=0.27 F(1,14=34.06
n.s. n.s. oAk
-0.41 £ 0.05 -0.22 = 0.14
Second
(n=8) (:0.49 — -0.35) (:0.42 — -0.04)

**% : p<0.001, n.s.:no significant

Table 3. Correlation coefficients between the official time
and skating velocity in the straight section in the initial,

middle, and final phases of the race.

v.s. Skating velocity

n=16 Initial

Middle

Final

Official time -0.58 *

-0.82 *x*

-0.82 ***

KEDOFRR, L —ARHEOERR, ZEHEH
TNOAETIE L o7 AMUu—ZHEEIZEEL
Tl BHKEB IOV - 2AREOFEIIEE
THh Y (FEBUK#EF (1,14) =578, p<005, L —
AT F (228) =71.11, p<0.001), A& 7%%H
ERHERRO b e o/ze FREOA M — 27
HElZ, WIFho L —ZARMIZENTH FTAHFELD
LHEBICKED o7 (p<005), F7o, WAL D
L—AF#EN S L — A, 5N L — A
Mo L — AT b O — 7 BEEASEZIHA L
7z (p<0.001),

Table 5%, A ML — MEEICBITAEL —2A
REOA MO —2 37 =% L FFEIZBITS
WEREBL A ML — M ALY — FE{LE L DM
MRHAERLZDDOTH D, L—AFBBLO
L= 2ZHETIE, WThoRA a—=2785 2—%
ODIEEMRE L OMICHELZBREAL N Lo
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% p<0.001, *:p<0.05

oo L— AMETIE. A b0 — 2 SHEE &R
EDOMICHEEZBAOMBE (r=-053, p<0.05), 7
TAT A4 BB LR o — 7 fEE &R
L OMICEERIEOHBPAL N (Zheh
r=0.62, p<0.01, r=0.71, p<0.01),

o, L—AFBBIOL —Ah#ETIE,
NOA A= FA=%H A L —FAE—
FZALE L OMICHEBEZRBRIEAS N o 72,
L— AR TlE, A O—ZHELE A ML — A
V— N2 bm L OMICHEEZEOMM (r=067,
p<001), 54514 Y MBI OA ba—2
P 2 FL— P AY— FZ LR EOMICHEE
HEOME (FNZNr=-060, p<005, r=-0.64,
p<0.01) 725k B 7z,

V. EZ%8
AWFZED HAYIE, & 3,000m L — AR DigE
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Table 4. Results of stroke parameters in the straight section in the initial, middle, and final phases of the race for the
top and second groups. Data are expressed as means + standard deviations (min — max).

Group Phase Interaction Main effect Significant difference
Initial Middle Final Level Phase Level Phase
1252 £ 0.15 1244 =£0.13  12.27 £ 0.18
Top
Skating 7 (1231-12.82) (12.30- 12.67) (1188 12.48)
VEIOGiLY -+ F(M:«]);llz F(I'M»;i 7.32 F<z‘zx*;ﬁ4»71 Top >>>Second  Initial >> Middle >>> Final
(m/s) 1240 + 020 1214 £ 0.17 1188 + 0.24 -
Second
(n=8)
(12.08 - 12.61) (11.97 - 12.39) (11.57— 12.22)
0.92 = 0.04 0.96 £+ 0.04 1.06 = 0.11
Top
(n=8)
Stroke (0.83-096)  (0.88-1.02) (0.92-122)
frequenCy -« - e F(Z'Z:l:()‘ 12 F(m;:Z.QI F(z.zsl;i7»48 n.s Initial << Middle <<< Final
(stroke/s) 097+ 008  1.01 =006 1.12 = 0.09 - -
Second
(n=8)
(0.90—1.16)  (0.95—1.14)  (1.03—1.27)
0.89 %= 0.07 0.85 %= 0.06 0.76 = 0.11
Top
(n=8)
Gliding (0.84-1.04)  (0.76-0.93)  (0.59—0.91)
BIIMIE v F(Z'Z:;:O'OS F“J;:S'% F(Z‘Zi{;z] 7 n.s. Initial > Middle >>> Final
() 083008 078%005 070 = 0.06 - -
Second
(n=8)
(0.69-091)  (0.68—0.84)  (0.62—0.77)
0.21 = 0.03 0.21 %= 0.02 0.20 = 0.21
Top
(n=8)
Push-off (0.17-027)  (0.18-0.23)  (0.17—0.24) - - -
GG oeeeeereoms e et Fo29=0.04  Faiy=1.04  Fr25=0.64 s, s
n.s. n.s. n.s.
(s) 0.22 £ 0.03 0.22 £+ 0.02 0.21 £ 0.03
Second
(n=8)
(0.18-027)  (020-027)  (0.18—0.26)
1347 £0.63 1291 £0.65 11.57 = 1.17
Top
Stroke 7 (12,98 - 14.89) (12.68—13.97) (10.11 - 13.39)
Jogth o F(Z.Z:]);Oﬁo Fua=5.78 Feao=TLIL 3o Second  Initial > Middle >>> Final
(m) 1278 £ 095 1193 071 10.55 % 0.85 .
Second
(n=8)
(10.69 — 13.74) (10.48 — 12.68) (9.03 — 11.56)

AE—=FLAIO—=78, HNZA ML — ME
FEIZBITDLAMT=2 85 XA =5 2DV T, L—
AR D ZAL & RN & OBIRE S A
THILTH ol ZDFERFHKEM DAY —
FOETAHEPSELED, A ML — MIBIT
LML L — Al s K OHRIC B VT AR
LR OMIEWEOMBENAS N, 720 B
e, TREEE HIZL — AFBIZEVA ML —}
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ik <<<:p<0.001, <<:p<0.01, *, <:p<0.05, n.s.:no significant
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IZBWTH FABEOIZ) 2STRREL D S ERICK
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Table 5. Correlation coefficients between the stroke parameters in the straight section and skating velocity and

between the stroke parameters in the straight section and changes in speed during the straight sections in the initial,

middle, and final phases of the race.

v.s. Skating velocity

v.s. Change in speed during straight

n=16 Initial Middle Final Initial Middle Final
Skating velocity -0.03 0.16 -0.12
Stroke frequency 0.16 -0.53 * -0.27 0.44 0.37 0.67 **
Gliding time 0.06 0.62 ** 0.31 -0.39 -0.30 -0.60 *
Push-off time -0.44 -0.46 -0.20 -0.06 -0.08 0.02
Stroke length 0.07 0.71 ** 0.49 -0.48 -0.27 -0.64 **
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** 1 p<0.01, *:p<0.05
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