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Abstract

The purpose of the present study was to elucidate the process of the de-
velopment according to age in motor patterns of running of preschool boys.

Seventy boys, ranging from 2 to 6 years of age, served as the subjects,
and ‘their motions of 25m running were analysed by means of motion pictures
of 16mm.

The findings obtained by moﬁOn analyses were as follows:

1) The step freqﬁency in running was as high as 4.2 —4.3 steps/sec. even in
the ages of 2—3, viz., it was fairly similar to that in the adult age, and
seemed to show no appreciable change thereafter.

2) The stride showed a marked increase by age. Accordingly, the increase in
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running velocity in the ages from 2 to 6 did not depend on the step fre-
quency but utterly on the increase in stride.

3) The foward lean of the trunk, the leg extension at the kick, the thigh
lifting, and the excursions of the leg motion at each joint in running in-
creased by age.

4) The motor pattern of the legs changed from the swinging type without
change in the leg length in the early ages to the rotatory swing type of
larger excursion in the later ages on account of increase in skill by age.

5) Regarding the motion of the arms, their swing as well as the flexion

at the elbow joint was augmented along with the age.
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Fig.1-5 Running form of a 3yearllmonth old boy . Velocity, 3.46m sec.

Fig.1-8 Running form of a 5year8month old boy. Velocity, 4.78m, sec.
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Table 1. Physical charscteristics of the subjects
2-year-old |3-year-old | 4-year.old |5-year-old | 6-year-old

Number of Subjects 6 18 20 15 10
Mean Age _ _ _- - —
(years - months) 2—8 3—6 4—6 5—6 6—4
Body Height(cm) 94.8 97.6 102.9 109.4 1142
Body Weight (kg ) 13.9 14.6 15.8 17.7 19.2

Zh BEBRE 25 mO 4 NEE EEREICTHE, 25 mOF A (10m~15m DX E)

THEE7 + — 2 2HHE» 5 16mm >~ % -

# # 5 ( Bolex HI6RX. 64f.p.s.) TH¥ L/
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Table 2. Results of analyses of the running motion of preschool boys.

Age(year month) 2.3-2.11 |30-35 |3.6-3.11|40-45 146—-4.11{50-55 |56-5.11 60-66
Number of subjects 6 8 10 10 10 7 8 10
Performance 10.43 9.76 8.62 7.81 7.21 6.37 6.64 6.34
(25m ruming,sec)| (L77) (156) Q27 | (082) | (070) (0.82) | (0.74) 041>
) 57.41 | 63.63| 76.60 | 8250 | 89.70 | 92.71| 97.37 1103.60
Stride (Cm) (898) (10.78) (863) (4.63) (6.34) 420) (872) (965)
. 2.47 2.70 3.19 3.57 3.76 424 397 427
Velocity (lp/sec)|  (052) | (0:62) | (0.46) | (0383) | (0.44) | (029) | (048) | (027
Step frequency| 4.27 421 4.20 4.34 418 458 | 4.11 4,18
(times/sec) 0.37) (0.32) 0.47) (0.37) (0.46) (0.15) .21 (0.31)
Contact time | 0.173 | 0.165| 0.156 | 0.143 | 0.141| 0.124| 0.144 | 0.135
(T-1) (sec) (0.030>| (0.021) (0.029)| (0018)| (0.022) | (0.011)| (0.022) (0.029)
Stride time 0.065 | 0.075 | 0.086 | 0.096 | 0.105| 0.101{0.110 | 0.109
(T-2) (sec) (0.011) | (0.011) (0.009)| (0.012)| - (0.018)| (0.012)| (0.012) (0.018)
0.370 | 0.461 | 0576 | 0.672 | 0.763| 0.824}| 0.791 | 0.810
T-2/T-1 (0.077) | (0.084)| (0.154)| (0.074)| (0178)| (0110)| (0.182) | (€:139)
Note : The figure in each parenthsis means standard deviation.
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Fig.—-2. 25m running performance of preschool boys in relation to age.
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Fig. 3 Contact -time, stride-time and stride-time “contact-time on sprinting

of preschool boys in relation to age.
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Table 3. Comparison of running stride, stride/stature and step frequency be -
tween the top level adult runners and preschool boys of 2—6 years

of age.

year 2 3 4 5 6 10 top level
sprinters
month | 3-11 | 0-5 [6-11 0-5 |6-11| 0-5 [ 6-11 | 0-6 |of the world

Subject

Running-  (cm) 574 636 | 76.6 825| 897 927 | 974 11036 2219
~Stride (%) |(25.9)|(287)|(345)|(37.2)| (40.4)|(41.8) (43.9)|(46.7) (100)

Step (times/sec.) | 4.27 421 4.20 434] 418| 458 | 411 | 418 511
~Frequency( % ) | (83.6) | (82.4)((82.2)| (84.9)| (81.8)](89.6)| (80.4)|(8L8) (100)

Stature (em) | 948 | 955 | 996 | 1028 1029|1068 1117 | 1142 179.8
Stride/Staturex100| (60.6) | (66.6)|(76.9)|(80.2)| (87.2)}(86.8)1(87.2)(90.7) | (123.4)

+Iwanov (1969 )
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Fig.4 Running stride, step frequency and velocity of sprinting of preschool

boys in relation to age.
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Table 4. Results of angular analyses of the running form of preschool boys.

2years | 3years | 4years | Syears | 6years
1. Angle of Trunk-lean 6.01 6.31 8.30 7.80 9.50

Angle of Leg-lift .
2. durgmg recovery phase. 44.1 43.1 38.8 35.7 29.7

3, Range of rotatory motion of 723 | 738 | 809 | 835 | 911

hip joint

Knee Extension '
4. e e take -off 1411 | 1457 | 1496 | 1489 | 153.2

Knee Flexion
5. Knee Flexion 621 | 574 | 461 | 50.1 47.1
g. Ankle Extension 983 | 993 | 1006 | 1053 | 1083

at the take -off

Metatarsal-Phalangeal Flex-
7. ion at the takge-off 57.3 61.5 63.7 68.9 72.5

Angle of Leg-lean

8. gat the take.-off 41.0 37.8 37.3 36.5 35.8
Angle of Le

9. gat the toguch down 60.8 63.7 64.1 63.5 69.5
Angle of Le

10. 278 2 e take - off 66.1 63.4 630 | 615 575

Note : The numbers mean degrees of each angle.

trunk-lean
6.0°* 6.3* 83* 7.8° 95°
441 L31° 388 35.7° 28.7°
66.1° 63.4° 630° 61.5° 575°¢
- B
100 T — ] M i
o 90- o E S -
o
s - o oy -
s |IE 5 = &
RERIRT HEIR NEIR. IE

2yearold | 3yearold | 4yearold | Syearold | 6 yearold

Eflanke ([Jknee  EMHp

Fig.5 Comparison of the trunk-lean, leg-lean, angle of leg-lift and range
of rotatory motion of the ankle, knee and hip joint during running .
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Fig.6 Comparison of the pathways of the toe and knee during one cycle of

running motion of preschool boys.

A: Shortening and lengthening
of lower limb.

B: Forward and backward swing
of lower limb.

C: Rotatory swing motion
of lower limb

(motion pattern of
mature sprinting form )

Fig. 7 Motion pattern of lower limb in human locomotion.
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2year old | 3year old | 4year old | 5year old | 6year old
motion range of o o o o °
A SWing 41,2 69.6 75.9 80.6 89.9
angle of o ° o o o
elbow flection 123.8°| 114.4 105.4 99.5 86.9
arm motion type § : 3
@ a 000 000 (@)
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B
000 OO o (@)
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C 0000 |0000
000 00O
0000|0000
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| 000 | 00O
0000 000
O O 000
(22.2) (25.0) (40.0) (30.0)
000 000
(@) 0000
O O OO
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6 (100%) | 18 (100%)|20(100%) | 15(100%) | 10 (100 %)
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Fig. 8. Results of angular analyses of the arm motion and classification of

the arm motion types of preschool boys during running,

7T, LA RA-EREFig. -8R Lic k9 B 5 21 7HHIT bhic
Thbb, KOLE5KA~EEZTDEA 7 THD,

DA - type

BH3E5HT, EBORAY 4 Y I7EERIFZ LA LALRZNE D,
“hit, BEREZ LW X ViE, WoBIFIC

53 oX /N e

koTEROROh, EOREELTE
PROLWBBETH - T, HOBRBHREIASNZ W,



24

o
&
=
ez

@B - type
HEDTPCERSNICRBT, BBHRZMBETRA~DAY + v 7R3 5 &3 8 0,
i, BV HOREEHIF (Fig.-7-B) & R&-72%0T, THROBX
KR LTHAT7 VAEL>TWBLAB I ENTE S,

®@C - type
BIGANDAY 4+ v 7 TREPEM L, FHEOFLRERAT“ P o< &5 RBHE"
( hock motion )& L, #H~DAY 1+ v 7 TIXHIMETHBUNED HEH 3 S0
( outward loop ) T& 3,
N, BGRLHORMERREY, W NOTRRELBERET S Z LIcE LT,
RERBEATD RS VAL L 2REEH> TS L dEZ BN S

@D - type
A A Y 4 v 7 TiERi3 D hock motion 23& &1 2 2%, #HH A 4 v 7 AR
PO EIELEDDBNEEDTH B, LrL, AY 1 v I BIEZDR DL E RIS,

®E - type
HMOBMSRFRFEINT, B - BHLIICKREABBECTAY « v I7RAE S5 D
DTHY, 7v=vriZBI}5E% xmature pattenThH 5 .

TIT, YROBOBFEL ELOS 24 71258 L, F4HIICZ0EE 27T & Fig.—
SDEIIT s oTco k72, BilR D TORBBH 2L L L EMOEBO®BEIL, Moz
NTHAL, BRD BT BHOEMAEIX LIEWCRA T3 EARL LRI,

2XROBIRYIZ, ALBOXA 7THY, HTOBALA LY 5 ICHRMHY, BIED
NECRY 4 YTBETHBN, RRT7v=vrDE—va vOBKICONT, 3~4
FRTIECEAIHREL R T r,

SHIT, S~6FRTHMEMITrLE—vs vOAEVRAY 4 v 2 LAY, KEHHD
"EDs14 7 Thatr,

SOZ R, YROBEOBEN, LEWICHOBELRBSKT, SECHERA V%
WREEDE DR AF ~ VA LB LT Z L %R LTV 5,

4. & &

2FBLE6FDFREFHREL LT, 25 mEE 2 ERMICThe, FOEHEBES 16
mm ¥ F o hATTESATHH LIRER, performance DEREMIIA L BN A 75 2
T, %JEDRunning Pattern 1213 kD L 5 A REBEIL SN -,

1) BREFOHEH (1HYUD )ik, 2~3FRC42~43 Hsec.THY, 25 » v
FOPBESTTTERALELRBN VA MZETEELTED, 6 TR T CRICEEN
EE A SRR,

2) BEPOSBIFELETINEL, 2FRTHFEHS57em T, HFED60 % BET
L2720A, 6 FRTIEFH 103em T, FRD IV WD RETH D, FORICEE
FICE LSBKRT S,

3) LT, 24056 ¥k TORERENE LWHIKIZ, 20O IEDRER



ShIR O HBHEBH A &5 1F 5 Motor Pattern X 25

BRIZCERLTWA WA D,

4) mE o TEEFOEBREIIHEA L, BRREEIZHEAT S, Lini-T, B%E
HaBREMIZHEXL, EEOELIEALND,

5) EEBOLEDOFIE, * v 7 0BEOHOBIEIL L SITHFICONTEIAZD, K
BosEHTF (b)) dMERETIZONTEL 2D,

6) EEBEFORE - BEE - BESOB XX, WA ONTES - MESEAL
ZOEBHEMA S REMITHET

7)) RELBOBB»SHOBERZL A 5L, OHICRSTOERL LTHORES %
HEVE 2 BWVEBETH B2, LISWIKKEEN, BEEMIEA LT, HERERHEA
EZE{E LTV,

8) HEEFDOEOEMEL, W KRALNENBETHI, EFVETICONTE
B CORBRBBTHAL, HOEBI KX T, BORAY «+ vI7EfE~NEELT
3o

X Ak

1. Wild, Monica.:“The Behavior Pattern of Throwing and Some
Observations Concerning its Course of Development in Chil-
dren,” Research Quarterly, 9(3): 20 — 24, 1938.

2. Hellebrandt, F. A., Rarick,G. L., Glassow, R., and Carns, M. L.:
“Physiological Analysis of Basic Motor Skill: 1. Growth and
Development of Jumping,” American Journal of Physical Medi -
cine, 46 : 14 —25, 1961.

3. Halverson,L.E.:“A Comparison of the Performance of Kinder-
garten Children in the Take-off Phase of the Standing Broad
Jump,” Doctoral Dissertation, Univ. of Wisconsin, 1958. ( by

microcard )

4. Wickstrom, R. L.: “Fundamental Motor Patterns” Lea & Febiger,
1970.
5. Halverson, L. E.: “Development of Motor Pattern in Young

Children,” “ Quest ” May: 44-53, 1966.



