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Figure 2. Image of t empo trainer  usage. 
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Figure 3. The movement of undulatory underwater swimming.  
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Figure 4. Isosurfaces of wake structures identified during 

undulatory underwater swimming (Cohen et al., 2012).  
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Figure 5. Typical flow visualization around swimmer's foot after kick motion 

(Hochstein & Blickhan, 2011). 
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Figure 6. Propulsion type of three fishe s (Takagi , 2002). 
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Mean (SD)
Subjects/conditions Body composition 

Actual swimmer analysis
International (n=19;
M=12, F=7)

171.7 cm; 60.8 kg 1.61 2.14 0.62 0.79

National age-group
(n=13; M=7, F=6)

169.2 cm; 58.2 kg 1.15 1.76 0.62 0.95

Gavilan et al. (2006)
Twenty skilled swimmers

International and
national (M=10, F=10)

1.63(0.14) 2.17(0.32)

experience 9.4 ± 3.2
years

181.6 cm; 74.8 kg 1.24(0.47) 2.11(0.03) 0.63(4.21) 1.07* 3.86(1.25) 0.88(0.19) 0.66*

High level (n=1) 178 cm; 73 kg; L=2.41 1.22(0.06) 1.98(0.10) 0.54(0.04) 0.85(0.06) 3.4 (0.19) 0.71* 0.68(0.02)
Normal level (n=1) 167 cm; 56.5 kg; L=2.25 1.18(0.06) 2.13(0.10) 0.52(0.03) 0.93(0.06) 3.57(0.27) 0.74* 0.67(0.01)

Female L=2.16 1.38(0.12) 2.08(0.36) 0.49(0.07) 0.74(0.15)
Male L=2.39 1.50(0.29) 2.25(0.34) 0.56(0.10) 0.84(0.15)

Dorsal 1.42(0.21) 2.3 (0.33) 0.55(0.08) 0.95(0.13)
Prone 1.46(0.15) 2.35(0.27) 0.5 (0.06) 0.86(0.07)
Lateral 1.27(0.11) 2.08(0.36) 0.59(0.09) 0.95(0.08)

Atkison et al (2013)
Fifteen adult male swimmers

experience 11.4 ± 5.6
years

L=2.39 1.64(0.15) 2.11(0.18) 0.55(0.07) 0.71*

Willems et al (2014)
Twenty-six swimmers

National level
(M=15, F=11)

174 cm; 61.7 kg 1.64(0.20) 2.08(0.40)

Table 1. Kinematic values of underwater undulatory swimming  in previous study . 
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Mean (SD)
Subjects/conditions Body composition 

Simulation analysis
Large A/Slow f 2.16 2.27 0.54 0.57

Small A/Fast f 2.13 2.63 0.42 0.52

Cohen et al (2012)
an elite level male swimmer

L=2.35 2.17 0.46

Female (n=1) L=2.30 0.95 1.8 0.64 1.21

Male (n=1) L=2.80 1.31 2.4 0.58 1.06
Flutter kick

Zamparo et al (2012)
Thirteen swimmers

Race Smulation, after
turn 5-15m

178 cm; 70 kg 0.71(0.12)

Flatter kick 1 1.9 (0.07) 0.36(0.04) 0.57* 0.61*
Fin swimming 1 1.18(0.15) 0.29(0.05) 0.42* 0.66*

Table 2. Kinematic values of underwater undulatory swimming in simulation, flutter kick, mono fin swimming  studies . 
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Figure 7. Framework of this study.  
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Table 3. The list of question items and each abbreviations.  

No.
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Table 4. Number of participants ( female swimmers) and percentage in each 

Japanese swim grade.  

Class 4 5 6 7 8 9 10 11 12 13 Total
No. of Participants 1 3 6 11 36 55 83 21 2 1 219

(Female) (2) (2) (9) (9) (39) (11) (2) (1) (75)

Percentage 0.5 1.4 2.7 5.0 16.4 25.1 37.9 9.6 0.9 0.5 100.0
Female percentage 2.7 2.7 12.0 12.0 52.0 14.7 2.7 1.3 100.0

Note: Class is identified by using Japan Swimming Federation's qualification at 2009
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Table 5. Age and competitive year of the participants 

divided by sex, distance type, and s wimming  style.  
Mean (SD)

Group

All 19.7 (1.1) 10.6 (2.6)
Male (n=180) 19.7 (1.1) 10.3 (2.5)

Female (n=115) 19.7 (1.0) 11.0 (2.7)
Short (n=168) 19.7 (1.1) 10.4 (2.9)
Long (n=115) 19.6 (1.1) 10.7 (2.3)
Free (n=118) 19.5 (1.1) 10.1 (2.8)
Back (n=31) 19.7 (1.0) 11.1 (2.5)
Breast (n=60) 19.9 (1.1) 10.4 (2.6)

Butterfly (n=48) 20.0 (1.2) 11.4 (2.5)

Age Competitive
year

Sex

Distance
type

Swimming
style
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Figure 8. Average point of each kinesthesia in descending order 

according to point.  
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Table 8. The result of ANOVA  at somatic sence, time control, and special sence  at 

divided in swimming style.  

Factor
Somatic sence 21.6a (3.9) 22.8 (2.5) 23.1a (3.2) 22.9 (2.6) 3.48*

Time control 11.6 (2.0) 11.7 (1.7) 11.9 (1.5) 11.9 (1.6)  .57 

Special sence 7.7 (2.5) 8.0 (2.4) 7.6 (2.3) 7.8 (2.0)  .02 
a significant difference between Free and Breast, *p<.05

Free
F -value

Swimming Style
ButterflyBreastBack
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Figure 9. Swimmer attached with the LED markers.  




































































































































































































