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AGE-RELATED CHANGE OF THE FACTORS AFFECTING SWIMMING
PERFORMANCE IN JUNIOR SWIMMERS

MASASHI WATANABE and SHOZO TAKAI

Abstract

This study was intended to clarify factors that contribute to swimming performance, and to
determine the extent to which these factors change with respect to junior swimmers' development.
Participants were 114 boys and 130 girls, 8-18 years old, who belonged to swimming clubs. They
were classified into four groups : 8-10years, 11-12years, 13-14 years, and 15-18 years. We
selected four factors - body size, muscle strength, flexibility, and stroke efficiency - which are
putatively related to swimming performance. Swimming performance was identified as standar-
dized 50 m records. We applied simultaneous analysis of multiple groups to multiple regression
models and thereby examined the relationship between those four factors and swimming perform-
ance with respect to age and sex.

Stroke efficiency was the salient explanatory factor for swimming performance of swimmers
of both sexes under 14 years. For the over-15age group, muscle strength was the most effective
parameter in boys, whereas body size was the most influential factor of swimming performance in
girls. The influence of swimming career was small. These results suggest that stroke efficiency
contributes strongly to the swimming performance in subjects who are less than 14-years-old,
but that body size and muscle strength do not. For swimmers over 15-years-old, stroke efficiency
was less important, but muscle strength was an important explanatory factor of swimming per-
formance.

(Jpn. J. Phys. Fitness Sports Med. 2005, 54 : 353~362)
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Table. 1. 50 m swim records in each event and ageclass.
8-10 years 11-12 years 13-14 years 15-18 years
N MeantS.D. N Mean%S.D. N Mean+S.D. N MeanzS.D.
Boys
Butterfly 3 37.7£4.59 3 34.0+£3.38 9 31.5£2.82 4 28.0%1.71
Backstroke 1 34.7 7 37.8+2.48 31.6+0.28 5 30.4+3.12
Breststroke 2 44.8+3.18 8§ 42.1x448 9  35.0£2.54 3 32.3+1.50
Freestyle 10 37.7+3.08 12 32.3+2.09 23 28.6x1.84 13 27.2+1.79
Girls
Butterfly 1 35.8 4 3324295 3 32.9+0.67 1 324
Backstroke 2 41.4+£6.05 9 36.7£2.85 5 33.3+£1.70 1 322
Breststroke 3 4324280 9 41.5£2.81 9  40.4+£3.12 3 37.5£2.17
Freestyle 16 38.3+4.05 27 32.7+2.69 24 31.6+£2.69 13 29.5+1.89
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Table. 2.  Physical characteristics in boys.

8-10 years 11-12 years 13-14 years 15-18 years
(N=16) (N=30) (N=42) (N=25)
Mean+S.D. MeanS.D. Mean+S.D. Mean+S.D.

Age (years) 10.1+0.52 ¢ 12.1£0.59 & 14.0+0.67 © 16.1£0.84 9

Career (years) 2.1+0.98 ¢ 2.9+1.55¢ 3.9+1.75 52£1.72°¢
Performance (relative)

50m swim 0.65+0.07 @ 0.7120.05 ° 0.8120.06 ¢ 0.87+0.06 ¢
Anthropometry

Height (cm) 135.4+6.68 9 151.4+8.41 ° 162.5+6.50 ¢ 168.2+5.72 ¢

Arm length (cm) 58.743.54 9 66.3£4.20 © 71.8+3.50 € 74.2+2.94 9

Leg length (cm) 72.7+4.73 ¢ 82.4+4.77 % 88.2+4.01 ¢ 90.3+4.41 ¢

Hand length (cm) 15.5+0.77 @ 17.3£1.27 b 18.8+1.08 ¢ 18.9+0.80 ¢

Foot length (cm) 21.0£1.10 @ 23.041.47° 24.241.04 24.5+1.10 €

Percent fat (%) 16.3+5.04 ¢ 13.9+6.18 ¢ 12.9+4.34 4 13.5¢4.45 4
Muscle strength (Nm)

Knee extension 60° /sec. 66.7+16.59  101.5+249°  1306+242¢  171.0+33.1 ¢

Knee extension 300°/sec. 37.8+10.3 9 57.9+13.6 ° 83.6+18.0 97.9+15.6 ¢

Elbow extension 60°/sec. 20.0+4.13 ¢ 26.1£7.52 ¢ 40.5+10.1 ° 51.0+8.04 ¢

Elbow extension 240°/sec. 14.3£3.71 ¢ 19.1£4.95 ¢ 20.8+7.80 ° 38.4+6.96 ¢
Muscle strength per weight (Nm/weight)

Knee extension 60°/sec.b 2.06+£0.31 ¢ 2.38+0.38 ¢ 26120350 2.90+0.52 ¢

Knee extension 300°/sec. 1.16+0.19 ¢ 1.35+0.21 ¢ 1.55+0.24 © 1.66+0.25 ¢

Elbow extension 60°/sec. 0.62+0.12 ¢ 0.61+0.12 ¢ 0.75+0.14 ¢ 0.87£0.13 ¢

Elbow extension 240°/sec. 0.45+0.12 9 0.45+0.07 ¢ 0.5520.09 0.65+0.11 €
Flexibility

Shoulder (relative) 1.84+0.36 ¢ 1.80+0.39 ¢ 1.80+0.50 ¢ 1.74+0.43 ¢

Ankle (degree) 76.9£10.0 ¢ 74.2+9.28 ¢ 76.5+7.82 ¢ 79.5¢11.1 ¢

Propulsive efficiency (z-score)
Stroke Index / height -0.99£0.69 ¢  -0.37+0.92° 0.600.78 ¢ 1.2120.81 9

The different marks (a, b, ¢, d) show the significant statistical difference among groups (p=
0.05). a, b, ¢, c shows the significant difference between 8-10 years, 11-12 years and 13-14
years, but not between 13-14 years and 15-18 years. a, a, a, a shows no difference among
groups.

NI | -El ectronic Library Service



The Japanese Soci ety of Physical

Fitness and Sport Medicine

Van THIKBETFONRT 4 -7 AZEETLER 357
Table. 3. Physical characteristics in girls.
8-10 years 11-12 years 13-14 years 15-18 years
(N=22) (N=49) (N=41) (N=18)
MeanS.D. Mean£S.D. MeanzS.D. Mean+S.D.

Age (years) 10.0+0.85 @ 11.9+0.57 13.940.63 16.240.77 4

Career (years) 1.5+1.18 ¢ 22+1.11 ¢ 3.6£1.55° 6.6£1.93 ¢
Performance (relative)

50m swim 0.71%0.08 ¢ 0.8120.06 ° 0.8420.06 € 0.88+0.06 ¢
Anthropometry

Height (cm) 137.246.59 ¢ 150.4+5.95 ° 156.2+4.61 € 159.246.12 ©

Arm length (cm) 59.3+3.28 @ 65.5+2.90 ° 68.1£2.75 € 69.043.73 €

Leg length (cm) 75.0+3.82 9 81.9+3.41 0 84.4+3.26 84.8+4.49 €

Hand length (cm) 15.8+1.18 ¢ 1724097 ° 17.7£0.85 ¢ 17.8+0.83 ¢

Foot length (cm) 21.3+1.08 @ 22.541.02 % 23.0£0.93 © 22.9+0.97 °

Percent fat (%) 18.1£5.07 @ 18.5+4.43 ¢ 21.0+3.81° 25.7+4.62 €
Muscle strength (Nm)

Knee extension 60° /sec. 67.4+12.7¢ 93.5+17.5 % 111.3x184 € 129.2+31.0 ¢

Knee extension 3007/sec. 36.1£9.14 4 47.1£103 2 52.3+135°¢ 63.0£18.1 ¢

Elbow extension 60°/sec. 17.8£2.98 4 25.4+5.53 0 28.6+4.54 ° 36.349.14

Elbow extension 240°/sec. 12.5£2.93 ¢ 18.324.18 © 20.7+4.03 24.8+5.76 ¢
Muscle strength per weight (Nm/weight)

Knee extension 60° /sec. 2.12£0.31 4 2.32+0.30 % 2.42+0.34 0 2.44+0.46 ©

Knee extension 300°/sec. 1.14+0.24 ¢ 1.17+£0.21 ¢ 1.13+0.26 ¢ 1.19+0.30 ¢

Elbow extension 60°/sec. 0.56+0.08 ¢ 0.630.08 % 0.62:0.09 © 0.68+0.13 ¢

Elbow extension 240°/sec.  0.39+0.08 ¢ 0.45+0.06 0.45+0.08 0.47+0.08
Flexibility

Shoulder (relative) 1.61£0.40 ¢ 1.64+0.46 ¢ 1.58+0.56 ¢ 1.30£0.42 ¢

Ankle (degree) 79.5+8.92 ¢ 79.5+8.30 ¢ 81.249.58 ¢ 80.8+8.83 ¢
Propulsive efficiency (z-score)

Stroke Index / height -1.19£0.76 @ -0.28+0.69 © 0.21£0.77 € 0.25+0.69 ©

The different marks (a, b, ¢, d) show the significant statistical difference among groups (p=
0.05). a, b, ¢, ¢ shows the significant difference between 8-10 years, 11-12 years and 13-14
years, but not between 13-14 years and 15-18 years. a, @, a, a shows no difference among
groups. a, ab, b, b shows no significant difference between 8-10years, 11-12 years, 11-12

years and 13-14 years.
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Table. 4. Factor loading matrix of 11 parameters.
Boys Girls

Factor]  Factor2 Factor3 commonality Factort  Factor2 Factor3 commonality
Height 0919 -0.302 0.012 0.936 0.939 0.178 -0.039 0914
Arm length 0.934 -0.304 0.017 0.966 0.934 0227 -0.094 0.932
Leg length 0.941 -0.229 0.036 0.939 0.906 0.171 0.074 0.856
Hand length 0.903 -0.274 -0.010 0.890 0.889 0.068 -0.085 0.802
Foot length 0910 -0.233 0.034 0.884 0.894 0.043 -0.090 0.809
Knee extension 60° /sec. / weight 0.307 -0.790 0.020 0.718 0.195 0.770 0.149 0.654
Knee extension 300°/sec. / weight 0452  -0.689 0.033 0.681 -0.051 0.776 0.114 0.618
Elbow extension 60°/sec. / weight 0.190 -0.880 -0.086 0.818 0.172 0.824 -0.174 0.740
Elbow extension 240%/sec. / weight 0220 -0.832 -0.130 0.757 0.215 0.764  -0.100 0.640
Shoulder flexibility 0.089 0.156 0.796 0.665 -0.046 -0.022 0.771 0.597
Ankle flexibility 0.039 0.042 -0.830 0.692 0.056 -0.032 -0.768 0.594
Proportion (%) 422 269 123 390 235 11.7
C lative proportion (%) 423 69.1 81.4 382 62.5 74.2

Table. 5.  Change of the contribution (standardized regression coefficint) 4 factors to

performance.
8-10 years 11-12 years 13-14 years 15-18 years

Boys

Body size -0.25 < 0.17 = 0.22 < 033 *

Muscle strength -0.26 < 0.24 < 0.40 * = 0.55 *

Flexibility 0.24 = 0.19 = 0.20 = 0.14

Propulsive efficiency 0.84 * = 0.72 * > 0.51 * = 042 *

Comparison of S>F>B=M S>M=F=B S=M>B=F M=S=B>F

4 factors

R? 0.75 0.57 0.57 0.65
Girls

Body size 0.09 < 033 * < 0.48 * = 0.38 *

Muscle strength 0.06 < 033 * = 0.25 * = 0.27 *

Flexibility 0.18 = 0.16 = 0.23 = 0.13

Propulsive efficiency 0.87 * > 0.53 * = 0.59 * > 0.39 *

Comparison of S>F>B=M S>M=B>F S=B>M=F B=S=M=F

4 factors

R? 0.69 0.62 0.77 0.74

Asterisk (%) shows that the coefficient is significant (p=0.05).
Inequality sign (<or>>) shows that the successive coefficient is different statistically.
B, M, F and S mean body size, muscle strength, flexibility and stroke technique, respectively.
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to performance and partial correlation (in italic)
after adjusting career valiable.

Correlations (in roman) of stroke efficiency

8-10 years 11-12 years 13-14 years 15-18 years
Boys 0.75 0.71 0.68 0.67
0.60 0.67 0.65 0.65
Girls 0.86 0.71 0.75 0.72
0.81 0.70 0.61 0.75
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