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Changes in running motion types of male distance runners
in 10000 m races

KUROSAKI Atsuya, AE Michiyoshi, ARAKAKI Taisei,
NUMAZU Naoki and SUGITA Masaaki

Abstract: The purpose of this study was to investigate running motion types of Japanese male distance
runners in official 10000m races from viewpoint of logarithmic step length and step frequency and
changes in the running motion types from the first half to the second one of the races. Two-dimensional
motion analysis technique with a single video camera operating at 120 Hz was used to calculate the run-
ning kinematics of eighteen elite and sixteen student male distance runners. The cluster analysis with
the Ward’” method was employed to classify the running motion types of the runners. The running type
for each runner was compared at 4150m and 8150 m marks of the races. The major results were as
follows.

1) Three running motion types classified were step length type (SL-type), step frequency type (SF-type)
and mid-type (Mid-type).

2) Twenty runners as Transition-type changed their running motion in progress of the races and four-
teen runners as Stationary type did not significantly change their running motion types.

3) The logarithmic SL ratio was smaller and the logarithmic SF ratio was larger for the SF-type and mid-
type, while the logarithmic SL ratio was slightly larger for the mid-type than for the SF-type. On the
other hand, the SL-type had a large logarithmic SL ratio and a small logarithmic SF ratio.

4) While ten out of Elite runners achieving good records in the races were the Transition-type from
SE-type or Mid-type to SL-types, 12 of 16 student runners belonged to the Stationary type of SE-type or
Mid-type.

5) Most of the student-athletes belonged to the Stationary type, which had a small logarithmic SL ratio
and a large logarithmic SF ratio. In addition, they were not able to reduce their step length sufficiently
in the latter half of the race, resulting in a significant decrease in running speed. Therefore, student-
athletes should learn running techniques to make their step length longer: 1.11 to 1.13 times of the
height.
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Figure 1 An example of logarithmic SF ratio and logarithmic SL ratio at 4150 m mark.
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Figure 2 Logarithmic SL ratio and logarithmic SF ratio at 4150 m mark of the 10000 m races.
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Figure 3 Logarithmic SL ratio and logarithmic SF ratio at 8150 m mark of the 10000 m races.
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Running motion types

4150m 8150m Changes N (Top, Student)
SF —— SF Stationary 4 (0, 4
Mid ———)  Mid Stationary 12 (4, 8)
SL —) SL Stationary 4 (4, 0)
SF ——) SL Transition 2 (0, 2
SF —) Mid Transition 6 (5, 1)
Mid — SF Transition 1@, 0
Mid — SL Transition 3@, 0
SL —— Mid Transition 21, 1
Total=34

Figure 4 Change in running motion types for the long distance runners in the 10000 m races.

PRI A RICR & { o7z (p<0.05). R ELSL I
X EL SE e DMK T A E A1 4150 m Hb A S
8150 m M T IC B W THELSLIAVNE L 2 ), 4L SF
WP REL BoTz,

Table 3 1%, [ SL-type (n=4) @ 4150m Hbpi L
8150 m HisTIZ BT HEHE, AT v TR, AT v TH
JE, BLOENL OMER % TIgHE & EERZE TR
L7bDTH 5,

i 52 4 SL-type 13 4150 m #b 1 & 8150 m L 17 O per-
formance descriptors (2 &% ZLIEA LN R Do 720
LA L, %% SL I 4150 m #i5 & ek LT 8150 m Hb
HTIEDITPIINEL Y, o SF Hid 4150 m b X
ERI L T8150m A TIEhThICREL hoT

W2, BATENC DWW T 4150m HipT 2 it L LT
THROEAERD Z LI 5, BITHNCIE, EHED
BFLAEDo728 4 7L EBEDKRTIREN 724
A TR HNTz,

EREVPHEVKT L e 272547 (n=2D720
FaTIMENE T & o 72) 1, SE-SL-type Th o720
Table 4 (2 4150m b, & 8150 m M2 B 2 LR,
ATy TR, ATy THE, BIUOZNOORMKERE
% P & R A TR L7z,

SF-SL-type DX # SL kuid, 4150m #i 3 & i L C
8150 m M TIERE &Y, WESFHIE 4150 m Hi 5
LI LT8150m #i T TId/NS S enize —T, ik
HREDK TR ED 72447 (Table 5, 1 H1DATH
FHOMGEHIE T E 2 d 5 72) 1F, Mid-SF-type TH - 720

Mid 7> 5 SF-type ~D AT, xF £ SL 4 4150 m

1094

Mol IR L C8150m M Tld/hE < ), X% SF
H2t8150m M TIERELS o/l Bl TAL
TW7z,

4. % =

41 FEEEDY AT EEICOVT
RE#EOEEEDS 4 713, RELHFTFTL—2
BB B2 Ty 4 7B L 2w s £ TR
BRI E L —A%PIIBTIA THELT L5 4 TH
TR oD 2 EhREns: (Figure 4) #2H
(2000) &, HHERIEEL — 2 TR Z BN S ¢ 554
DEyFEAMTA FROBRIZOWTS#EY) OFik
Wb EBXTHY, EEREMET LD o725 47
BATHIZ5EY) OHED1DThHoeEZ BN D,
T/, BEMES A TIIERZIH LTAT v 7HIE
PHIEICHFRT % SF-type (Table 1) & A7 v 7R
AREICBRT % SLtype (Table3), EHHIZbH T
% 57\ Mid-type (Table2) I27F b bt EZHN
bo ZNOHOBBLOKERIZ, FEEEE (NI,
2013) & BRI REEHEEIC B\ T H EBIEDS SF-type,
Mid-type, SL-type ([Z/F6MNB T EERRTEERD
b,
(D E#! SF-type (n=4) 22T

i 72 B! SF-type 1, performance descriptors (247 &
REALX A SN2 o 7255, 4150m Hipi & 8150 m
REWES 5 LEEEE 27 v 7R, WESL iz
LY, ATy THIE, MESF IR E < % B
BHHNTzo TOXHIZ, FEER SF-type 1&, 4150 m i



R

Table1 Performance descriptors of SF-type runners.

ES/8

SF-type (n=4)
Parameter 4150m 8150m difference
Running velocity (m/s) 5.32 + 0.16 5.13 £ 0.18 n.s
LogwithmicSLrato - 002%008 024007  ne
Logarithmic SF ratio 1.02 + 0.08 1.25 + 0.07 n.s
Splengtn @ 1m0 Le8+005  ne
SL/height 1.00 = 0.02 0.95 * 0.01 n.s
Support distance (m) 1.13 = 0.08 1.08 * 0.09 n.s
First half of support distance (m) 0.46 £ 0.04 0.48 £ 0.07 n.s
Second half of support distance (m) 0.66 £ 0.06 0.60 * 0.04 n.s
Non-gupport distance (m) 0.59 = 0.07 0.55 £ 0.12 n.s.
First half of non-support distance (m) 0.21 * 0.06 0.19 £ 0.05 n.s.
Second half of non-support distance (m) 0.38 £ 0.03 0.36 = 0.07 n.s
Stopfroguency @9 510008  314t012  ne
Step frequency ratio 1.30 = 0.03 1.32 £ 0.04 n.s.
Support time ()] 0.21 * 0.01 0.21 £ 0.01 n.s
First half of support time (8) 0.09 + 0.01 0.09 + 0.01 n.s
Second half of support time (s) 0.13 £ 0.01 012+ 0 n.s
Non-gupport time ()] 0.11 £+ 0.01 0.11 £ 0.02 n.s.
First half of non-support time ()] 0.04 = 0.01 0.04%0 n.s
Second half of non-support time (s) 0.07%0 0.07 £ 0.01 n.s
Mean £ SD

ST C 8150 m b TLE B SL A/ &K 2 D)
ATy TEPERINSNEL holze L2 T,
&8 SF-type (3 AT v TRE/NS S LAT v THE
ERELTHIETERELZMFLI) E LT
ExbNiz, 72, SF-type lZEEMD3 5 4 FOHT
ME—8150m MEICB W T AT v THEZKELT5
CENTEIATTHoTze ThHOZ LI, RE
HEE# D SF-type DIFOD 1O TH L EEZ BN 5,
@R ER Mid-type (n=12) IZ2WT

722 Mid-type 1, 4150 m #57 & 8150 m #h i %
e 5L, FFMEMDI NS 07228 TAT Y
TRANE RN, SCREEH, SRR 23
WCKEL ofztzh, ATy THEINSLS Y, &
HEAVNS K o/t EZONL, TOTEHD, [

5E 1 Mid-type (£ 4150 m Hi 5 & HE L T 8150 m b AT
TIE M ER SF-type & ) X RSFIL & A 7 v THIEEDS
NS, FEER SL-type & D bR HESL 4 5 TNZ A
T v TRMWNS %5 2 S EER SF-type & [EE
B SL-type DTN AR 5 4 T2 LB SN 5,
@R ER SL-type (n=4) 122V T

[ 28 SL-type (FR R D 3 7 4 T O THELSL I
EAT TR KREN o7, 72, 4150m Hbri s
8150 m M5 & LK 5 LEHEE, X7 v TR, AT v
THEE, WEBSLHAVNE 2, MESFHAKE L
Holze TOZ LN, HEMSL-type 13 4150 m 11T
MO 8I50m AT TAT v TR, FREAT v
TR, SCRHHEEEZ D3NS U & M
L&) tlAhiLEZ NS,
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Table 2 Performance descriptors of Mid-type runners.

Mid-type (n=12)

Parameter 4150m 8150m difference
Running velocity (m/s) 572+ 0.21 5.47 = 0.23 ik
LogwithmicSLrato 020004  014%005 - o
Logarithmic SF ratio 0.80 £ 0.04 0.86 £0.05 *x
Splengtn @  Le1to0s  1mtoos o
SL/height 1.07 = 0.01 1.04 = 0.02 e
Support distance (m) 1.06 = 0.08 1.06 * 0.09 n.s
First half of support distance (m) 0.45 = 0.04 0.46 £ 0.06 n.s
Second half of support distance (m) 0.62 £ 0.05 0.60 * 0.05 n.s
Non-support distance (m) 0.75 = 0.09 0.70 = 0.09 b
First half of non-support distance (m) 0.28 £ 0.06 0.27 £ 0.04 n.s
Second half of non-support distance (m) 0.47 £ 0.05 0.43 * 0.06 *k
Spfroquency @9  sl5+010  309%012  ne
Step frequency ratio 1.81 £ 0.04 1.29 = 0.05 n.s
Support time ()] 0.19 * 0.01 0.20 * 0.02 ok
First half of support time ()] 0.08 = 0.01 0.09 * 0.01 ok
Second half of support time (s) 0.11 £ 0.01 0.11 £ 0.01 n.s
Non-support time ()] 0.13 = 0.02 0.13 £ 0.02 n.s.
First half of non-support time (8 0.05 * 0.01 0.05 + 0.01 n.s
Second half of non-support time (s) 0.08 £ 0.01 0.08 £ 0.01 n.s.
Mean £ SD **1p<0.05

ORATH SE-SL-type (n=2) 1I22oWn<T

478 SF-SL-type 1, 4150 m #5 & JLiEE L C 8150 m
W TIIERE, A7y TR, BSLER EPREL
0, ATy THEE, WMEBSFHGREIWNE STz,
Ry (1985) 7%, EMEEIZEICAMS AL FIZX o> Tl
HiZNTw5 LTS X912, 478 SF-SL-type
134150m Hi i & B L T 8150 m M pi TIEA M T A F
R, W SLitE K& LAT v 7HE, *HSF k%
NS LEBEZHMD B VTR L L) L L%
AbNb,

F 72, 4150 m MR TIZEREND X T v THEOR
BRREDPoT2e 2O EIE, BIERIIBLTEWY
v FidorovrraI—%El $hLHEsh
T\ (Folland et al., 2017, Austin et al., 2018) & 9

il

=
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2, L= RAPEE, R R RO D BB 2

LTWw/izeEZ 515, 8150 m Hix TlE, EHE~D
AT v T ROEENPRKE H -7z, Ueno et al (2021)
3, BEHEEEICBWTL—ATEWS7+—< VA%
BT 2720113 L — AFER S BB TR
v FaELLANIA FOKTFE/NS LT L 0EN
HHEBRRTWED, TMM (2000) 13 HE % 80
LY FERXNITA FROBEFBO—DELTE Y
FaEbITPIRP I, X T4 FEEZNDLICH
RKEEHILETHHLABRTWVE, INHDODZ En
5, L—ATERPSHBEICBVWTATy 7REEMITE
TERELTHEVHEHEY 4 TOEALITERED
MEFRE 7203 Bmc e s, REEGEICBVWTEEZ LW
BlbTHolzbEZONS,
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Table 3 Performance descriptors of SL-type runners.

ES/8

SL-type (n=4)
Parameter 4150m 8150m difference

Running velocity (m/s) 5.87 + 0.12 5.66 + 0.12 n.s
LogarithmicSLratlo 02%003  030:001 ma
Logarithmic SF ratio 0.68 =0.03 0.70 = 0.01 n.s
Steplengtn @ 18900l 186002 ne
SL/height 1.13%0.02 1.11+0 n.s
Support distance (m) 1.03 + 0.02 0.99 = 0.03 n.s

First half of support distance (m) 0.42 £0.02 0.41 £0.02 n.s

Second half of support distance (m) 0.60 £0.03 0.58 £ 0.02 n.s
Non-support distance (m) 0.87 = 0.03 0.87 = 0.04 n.s

First half of non-support distance (m) 0.35 = 0.03 0.32 = 0.03 n.s

Second half of non-support distance (m) 0.52 £ 0.01 0.55 £ 0.04 n.s
Stpfequeny (D 3105007 3045004  ms
Step frequency ratio 1.28 + 0.02 1.26 + 0.02 n.s
Support time (s) 0.18+ 0 0.18% 0 n.s.
First half of support time (s) 0.07* 0 0.07*0 n.s

Second half of support time (s) 0.10t 0 0.10+ 0 n.s
Non-Support time (s) 015+ 0 0.15* 0 n.s

First half of non-support time (s) 0.06 = 0.01 0.06 £ 0 n.s

Second half of non-support time (s) 0.09 £ 0 0.10+ 0 n.s

Mean £ SD

GOBATH Mid-SE-type (n=1) IZ2oWnT

AT 1 Mid-SF-type &, 4150m H#h 2% & FLiE L C
8150 m Hi i TIXEME, A5 v TE, AT v THE,
XBSL AN E L o720 8150 m HiE TIE, AT v
TREZNELTHIETAT Yy 7THIEZREL L
B, EREIZFICAMIA FIZX-oTREISLTWS
(fEMr, 1985) T e HEFRBEDRTARE S holzl
oMb, 72, REMEZLV-ZARETOZATY
TEOKTZ/NELT5HZEDEE (Ueno et al., 2021)
LENTVBELS, 8150m M IZB VT AT v 7RIV
B o720 EREIVNEL ol EZ LN 5,
IRHEDTENS, L—ARRENSBIEIIBWT X
Ty TREORTPREVEGES 4 TOEITEF L
S BWE L TH o7 EZOND,

42 —iEFOEFETIATICOWT

ARWFFETIE, 20204F 0 HARRFHMEIC IS LiFacskz
BL7ZZARA—HET (184) [TV TERES 4 7
BN L7z €D 9 L, [ERILSLtype (n=4), Mid-
type (n=4) O 8% Tdh -7z BITEITIX SF-Mid-type
(n=5), Mid-SF-type (n=1), Mid-SL-type (n=3), SL-
Mid-type (n=1) D104 THo7zo TDLHIZ, —iit
BPETIRL—2ADMTICHE-> T A T2 B LS T TV
b OPRRLVE VIS A LN, B, Lk
L7222 F L 2WEL (Mid-SF-type) &R L72H D
MR1ZHRSNTD, %L D—FRTF- O ELSL e & 554
SF ltid, 4150m HisT & 8150 m #bri TIEEA LD B>
T2o AL, —UEETE 4150 m HiE A 5 8150 m Hb A
WCBWCTAT Yy 7REAT y THEZ (LS TV
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Table 4 Performance descriptors of SF-SL-type runners.

SF-SL-type (n=2)

Parameter 4150m 8150m difference
Running velocity (m/s) 5.47 £ 0.02 5.65 + 0.14 Not tested
logarithmicSLrate 009008  029%003  Notwested
Logarithmic SF ratio 0.91 £0.08 0.71 £ 0.03 Not tested
Swplongh @ 17008 184005  Nottested
SL/height 1.03 = 0.01 1.10 = 0.02 Not tested
Support distance (m) 1.06 * 0.03 1.10 * 0.05 Not tested
First half of support distance (m) 0.48 + 0.02 0.49 = 0.06 Not tested
Second half of support distance (m) 0.59 + 0.05 0.61 * 0.01 Not tested
Non-support distance (m) 0.65 0 0.74 £0.09 Not tested
First half of non-support distance (m) 0.25 £ 0.07 0.29 + 0.01 Not tested
Second half of non-support distance (m) 0.39 * 0.07 0.45 * 0.08 Not tested
Swpfroqueney (2 5205006 80850  Nottested
Step frequency ratio 1.32 £ 0.01 1.27 £ 0.01 Not tested
Support time (s) 0.20 =0 0.20 * 0.01 Not tested
First half of support time (s) 0.09 = 0 0.09 = 0.01 Not tested
Second half of support time (s) 011+ 0 0.11 £0 Not tested
Non-support time (&) 0.12%0 0.18 £0.01 Not tested
First half of non-support time (s) 0.05 + 0.01 0.05+ 0 Not tested
Second half of non-support time (s) 0.07 £ 0.01 0.08 £ 0.01 Not tested

Mean £ SD

LODOEREINTLEEIEDL S LholzZ L ER
LTWh, INHDOZEHNS, —iETIZAT Yy 7H
FEOBRTE2R/NRICHZ, ATy TEE2RKELTS
M ATy TROBLENSS LTCERELZHT, b
LVIEHMEFREL Tz EZ 5N, BH (20000 2R
EREZHMSELHEEDOE vy F LA M4 FREOHY
BRE—FHLTwtEZbNRS,

43 ZERFOEEBEIATICOVT

FAERT (164) K2V T, @M SF-type
(n=4), Mid-type (n=8), #17#| SF-SL-type (n=2),
SE-Mid-type (n=1), SL-Mid-type (n=1) TdH > 7z, %
HBEF D% 138150 m H R TOMESL EAVNE {7
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D, WESFIPREL otz 2L, FARTFIEA
FyTREAT Yy THENELL, EHEEZICHLTO
HELEMLL TWA2ZEE/RLTW5S, Ueno et al
(2021) 1¥, L=ATEWS T 4 =< Y A% 5T 572
DIZIE, APTA FORTFEPESLTHIENPEET
H2LERRTVWDY, FEBRFOLFIAT v TRED
T AYK & H o 72723 8150 m i 1T O FERE DT
DU EZ bNb, —7J5, SF 5 SL-type ~EAT
L72bDIEEAT Yy 7TRERESTE, EMELMIET
Xk EZOND,

FRL7E ) B —RBRTFOEIEY L T L L— A
HE) B O W TOME 2 b 22T 5 &, 4
FI2iE, ¥4 TREIER DS 0o 72%%, SF-type %> 5 SL-
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Table 5 Performance descriptors of Mid-SF-type runners.

Mid-SF-type (n=1)

Parameter 4150m 8150m difference
Running velocity (m/s) 5.98 5.36 Not tested
loghmicSLrao o1 o1 Nottested
Logarithmic SF ratio 0.86 1.13 Not tested
Swplongh @ 1e  um Nottestod
SL/height 1.05 0.97 Not tested
Support distance (m) 1.13 1.01 Not tested
First half of support distance (m) 0.44 0.4 Not tested
Second half of support distance (m) 0.69 0.61 Not tested
Non-support distance (m) 0.76 0.73 Not tested
First half of non-support distance (m) 0.25 0.27 Not tested
Second half of non-support distance (m) 0.51 0.46 Not tested
Swpfroqeney @ s s Nottested
Step frequency ratio 1.35 1.32 Not tested
Support time (s) 0.19 0.19 Not tested
First half of support time (s) 0.08 0.08 Not tested
Second half of support time (s) 0.12 0.12 Not tested
Non-support time (s) 0.13 0.13 Not tested
First half of non-support time (s) 0.04 0.05 Not tested
Second half of non-support time (s) 0.08 0.08 Not tested

type ™, SF-type %*5 Mid-type ~, Mid-type %* 5 SL-
type NE VS AT Y TRPFKRE WY 4 TOEBE
RO IENEDONL, B, KUIFEOKE
(Table 3) 75, RLWVWETLZHRIAT v 7RITE
57 D7 WIRE T 1.1320.02, JE 7 Tl 1.11+0 FERE
WLEFELWERIEINS,

AWFEICIZRD L) RBRAVBH L EEZOND, T
bbb, RFEONFGEE I AXFH A 104 [ 0 ARk
EEHORTHER S, #5281, 282 Ml H ARKE KR
WA OB T 10000 m (Y L7z AAR NS - R
BFETHY, GW LIEERERES 4 712E L —
BRI HFIC L DR BEL DL EEZOND, T2,
A BRI R AT o T 2 W 7 O ARTFZERS e~ o 4 B

FHERNOBEBIZOWTIZENTE LRV, L2
T, INHEL— AR E DR ZFMET 5 720121
EORLMENLETH D,

5. ¥ @

KD HE, L—AhoB-REgkERTICo
WTHBSL L &5 SF LI H L CEBIESY 1 7%
HAEULT 5 E L B2, L—ARED S BEOEIES
A 708 EHL2ICL, REEDREE2EZ 572
DOIBEMME 252 L ThH o7z,

KIFFEDMER L ZED S, UWTDZ EDbh o
O EHEDY AL TIZ, ATy TES AT (SL), A

Ty THIES A7 (SF), HlE5 47 (Mid) @37
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S EUSF YK & B> 7278, Mid-type Tl £ SL
A3 SF-type & ) R R K E o720, —7i, SL-type
TIEHESL AR & <, WELSF AV E 2o 726
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BEARE KT LTW,
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RIhb,

i
AWFFNH I L TL7ZE s e R BZ 0K, a2 —F
Y ERRREON 2R EH L E T Tl
REBERTOT7F—y Ol &t LTIHE X L2, H
AbE EBBOERM P RA B L ORFRAROMHIE
WIRICIR S BALAH L B E 95

X

PIICE R, SaARSEfoss, BPURA, RIS, FEE
(1994) #HFR—HA 7Y ¥ ¥ =D 100m L —A/$¥ —
¥ OGH—I T % s ic—. RSB O Bl
%5 3 ik FE e I BORPHER SN A 4 A =7 AHE
Wl HARRE EBPOEEMARIR AN+ 2 =2
AP, N—=AR—=V 2 H Y UHL R, p.14-28.

BITLEE (1996) HANNBAHESL L7 20 — O 4k
B4R %L, Japanese Journal of Sports Sciences,
15(3): 155-162.

Austin, C. L., Hokanson, J. F., McGinnis, P. M., and Patrick,
S. (2018) The relationship between running power
and running economy in well-trained distance run-
ners. Sports, 6(142): 1-10. (https://doi.org/10.3390/
sports6040142)

BN (2008) KHIBEEBITED S A & 2 5 = 7 ZAWEF
B9 B8 PR 15 4R EE SRR A Bk
(RS ML R P

BAS L, BFLEE (2007) REBEGEICBIT 287 4 —
~ VA LRI BE BBBCE SRR, 36-40.

1100

BASE L, PR, ool SoRHER, /AU, T
B (2010) RHBEL — RSB B IR —ERT
OEBIEOR . MR —ITE LB E D7+ —<
YA EEl. (W) HAEE g R, pp.135-153.

Folland, J. P., Black, M. 1., Handsaker, ]J.C., and Forrester,
S.E. (2017) Running technique is an important com-
ponent of running economy and performance. Medi-
cine & Science in Sports & Exercise, 49(7): 1412-1423.

Hunter, J.P., Marshall, R.N., and Mcnair, P.]. (2004) In-
teraction of step length and step rate during sprint
running. Medicine & Science in Sports & Exercise,
36(2): 261-271.

MBS (2015) 800m ED L — A 88 — > L EBIEICH
T HNAF A =7 AWETE. PR 26 SRS
KRB R B0 A

@ B (1976) RIMEE. @EBHE, BURAR—y a—
Faf, BLEEoa—-F 7 (D, KIBHEEE
HO

Kunz, H and Kaufmann, D. A. (1981) Biomechanical analy-
sis of sprinting: decathletes versus champions. British
Journal of Sports Medicine, 15(3): 177-181.

BT O PLER, BOREE AR, KRR —HB
(1986) EFR—GHA T ¥ ¥ —OFGET + — L D5
#r. Japanese Journal of Sports Sciences, 5: 892-898.

Wik SR, ML 3, BECE, AR, B OH, 4
I (2013) FHHIBEEBHED AT v 754 T2
JE L72100m b — A ONEIE O REBE. KF
FhF7E, 58:523-538

ks B, MBI, R, BAESC (2022) &
EEEROERERTE T V=277 4 — LEED
B C— N EE & >~ — % BV 72 Running
Symmetry D{fFH—. MR Z R — v B2 iF5EHd 2,
12(1): 28-35.

HARE EgiBaEE (2018) Ha A ifiG By 2 351 % B bt
BAREDT5| &, pp.23-25.

HAREE EBEHGERL (2019) BEHHTH 7 W 2T L— Accel-
erating JADM—  Hil, € LT %Y, p.28.

Nummelal, A., Kerdnenl, T., and Mikkelsson, L. O. (2007)
Factors related to top running speed and economy.
International Journal of Sports Medicine, 28(8): 655—
661.

v Bz, MEigR (1985) RIFEEEICBITE Yy F&
AN TA FOZEALAER I AT TRE. KT
¢, 30:231-239

Schiffer, J. (2009) The sprints. New Studies in Athletics,
24(1): 7-17.

MEFDL, NARIEA, PEEEE (2003) 4)05GE IR S%
EFIZBIT B 87 + —< v ABHE. A K— v FiE
WFgE, 16(1): 27-37

PZHIEW], MREEIL AREE, MIER, FE
(1995) %¥-10,000 m 7 1 # FL % P44 @ Running
techniques—'94 7 ¥ 7 K& % H—. HAKFEEH
46 MR AR R & () HAKREEERE 46 AR
5. p.379.

MHEIEW] (2000) - KH#ES ¥ F -0y FEA LT
A P B ARERIIOVT. HARKRE L 51

ZHER S (W) HARHEHERE 51 MRS
p-90.



R

=g, PTE R, AL, kG (2004) HA
U T RIBEE T OEBEDONA F A =2 A1
SiAT. B RBECERRE, 2:5-10.

Quinn, T.J., Demosey, S.L., LaRoche, D.P., Mackenzie,
A.M., and Cook, S.B. (2021) Step Frequency Training
Improves Running Economy in Well-Trained Female
Runners. the Journal of Strength and Conditioning
Research, 35(9): 2511-2517.

BIBEER] (2017) ; EEREEE O RICGHERIICH T 5 ¥y
FEAPTIAFED ML= N+ T ORERICHRT 5
INA A A= AMER. P29 4R R AR
R ZERH R A (a5

Ueno, H., Nakazawa, S., Takeuchi, Y., and Sugita, M.
(2021) Relationship between Step Characteristics and

ES/8

Race Performance during 5000-m Race. Sports, 9(131):
1-9. (https://doi.org/10.3390/sports9090131)
WAEZR (2021), $HEERE—FO WE], IDAREE
(FfB), WK FOLELERLROIODD o5
RELVHE. =a— by T LA HE
MG, BN (2008) REMEE—IER—ETE
BEDFEME. FE OF, 58(11): 765-769.

EBIED

EE AR S S

£ AU AT X PRI 7-1-1

g BARRERFRFBEARE AR T i Bl 1%
LR N R s VA e B A A

E-mail 7 F L X : 22sda03@nittai.ac.jp

1101



