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�H� g��
ǃȧȳB�ʺī;ɤVTSn��v\��yAk��nea�w[úDˁÐʵŘ<A\��m�[uy$

ɮƈɕAɤîſĜ?úI/ŭ˒WƳQ#?-45,Q?k��nea�w[Aŭ˒é?\��yAɮƈɈ˟�
ȱȟAŀƯɈ˟�Ŋ¾ğĢ$úI/ŭ˒WǑɸ-45 

2018 ŞȫıœȢǙ˕ʋŘ;ˁÐ,T4�]\�zk��[����zbu��AɮƈɕWņʅ?ʀǌWɤ
��477 ć$ņʅ<>745k��nea�w[ŉŢAË˖Ż"PDĴŪŻ$Ȩɼ,T�Z]yzZn��v
\��yAk��nea�w[BɮƈɕA\��m�[uy�ɤîſĜ?ǝAŭ˒WúI-:"R�Ȉ?ʩĖ
k��n$ĭ%&ŭ˒WúI/*<$ƳQ#?>745>"k��nea�w["PD\��m�[uy$
ɤîſĜ?úI/ŭ˒?8�:B�ɮƈȱȟAŀƯɈ˟<Ŋ¾ğĢ?PSʭ�BɫQT4$�ɮƈɈ˟?PS
ʭ�BɫQT>#745 
ɋɌȜ>\��yAˁÐ?Ĉ(:�ˁÐʵŘ<n��v\��yA\��mWĄɛ,1SýRɇKWɤ 

*<Bƽí;�R�\��y£ÐɕB\��yˁÐAȟȜ?ŷ.:�ɮƈɕAȈŻWɔƃ-4ʩĖk��nW
ƟÄ/SŵɪŻ$ȩĒ,T45 
 
 
�202%m��$%��*2!�)1$
�2&���."�
�+2�'� $
_8F9
�

f@(-1#�1���
�
 

 . \� ` 
� n��vŠB�n��v?PSğĢ×ɈΔAǲŻðW
ƥȺAʹȃɿ˗<-:"R�2A�8?Z]yzZn
��vAƝʧWƞ):�S5Ƈ$ĝ?Bʄ#>ɚȅȎ
ħ<ėĺAˡé<�74Z]yzZ;AǲîWǔ-L
*<A;%SğƮ>Q;BAɮÔʌȁ$�R�2TQ
<n��vǲîWɣĄ,1:ưWǔ-L�Z]yzZ
n��v×v��o�$ǯȟ,T:�S5 
n��v\��yAˁÐB�n��v×v��o�W

Éʧ/SƋǠ<>R�ˁ Ðğ?ɈΔǮúíǋ�¾ǤAſ
ʃĈ��Ȫ¸ʌǃAɢȲ�ğĢA\��mĈ�>=Aí
ǋWN4Q-:�S 1)5Z]yzZn��v\��yA
ˁÐ?B�ğƮ>Q;BAɚȅʌȁWǲȑ-4ğĢǲ
Żð�«ǳÿAƕĭ�ČʟȐǒAǲŻð>=Aíǋ$
ƿJT:�S5ğĢʌȁAǲȑ?B�ˁ ÐğĢOʵŘ<
A8>$R$ŵɪ;�R�Řȕǅ$ˁÐAǡ¿<>7
4n��v\��y$ʡŞ�ƨĬ&ˁÐ,T:�S5 
ǷOǦʟ>=AZ]yzZȎħWǲȑ/S���n

��v˃ʥ;B�2018 Ş? ISA ���zk��[�h
��n$k��r]�ǖžWƞ):�SƀȥȢȒ÷Ř
?ɽɛ,T�42 bĝ 197 ćAʱƋ$Ýĥ-�ţG 45,000 
 
 
 

ćAɮƈɕ$ǈĥ-45J4ȫıœȢǙ˕ʋŘBƸǠ
#QĽĿ-4˚$Ċ%�ƀĳɕ$Ĭ�<� Ȏħʌȁ
Wȏ#-����n��v?PSğĢˁțWɤ7:�
S5]\�zk��[����zbu�Wɽɛ-�2017
Ş?B¡ȗ��d�f�¼ 80ćAʱƋ<ţG 33,000ć
Aɮƈɕ$ǈĥ-:"R����n��v\��yA
ˁÐ?P7:Ģī#QĬƨAǈĥɕWĎDʠX;�S5 
n��v\��yAˁÐğĢ?BĬ&Aǈĥɕ$ɵ

TS*<?P7:�Ĭ&AÇȝ$N4Q,T�ƖɌȜ>
\��yAțŋ?B���r�AȨÊ$ŵɪ�ĀǛ;
�S 2,3)5Oliver4)?PTC��m��<-:An��v
ɮƈ?"(Sn��vǸʊAķǔŻOn��vɈ˟A
ƁŽB�ùëɕA�ƷȜ>ƁŽȜûŷ;�R�Ûɮƈ?
L(4ɤîſĜB˙Ł˥ ɮƈɕ A˦ȀʓŢ?˃ʥ/S<
ʢG:�S5,Q? J ��fAɮƈɕ 5)�ƱȽAʺȌ<
kub�ɮƈɕ 6)�ȽĝZel��n��vAɮƈɕ 7)

Wņʅ<-4ȧȳ?"�:NɮƈɕA\��yȀʓŢ
$ÛɮƈſĜ?ƽſ>ǝAŭ˒W !S*<$Ȩɼ,
T:�S58JR����r�AĬ&ˊJSƖɌȜ>\
��yˁÐ?Bɮƈɕ?<7:ȀʓŢAˠ��k��
nea�w[Aˠ�\��yWˁÐ/Sŵɪ$�S5 
*TJ;N��n��v\��y>=ɮƈtguy

WʏÕ-�nrmZ�OZ��{>=A˄QT4ȴ˂
A¢;ɮƈ/S\��yWņʅ?-4ȧȳBƧɫ,T

�)"& �*�905-8585� �!��%��� 1220-1 
e-mail : t.hirano@meio-u.ac.jp 
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S$����n��v\��y���|�f\��yO
k\e�\��y>=AZ]yzZn��v\��y
B2TQ<BɮƈAūƂ$β>R�ǸʊɤîNĬǗ;
�S<Ɲǿ,TS54<!C�Z]yzZn��v\�
�y;B��\f��z$šȼě?úE*<N�R�
ɮƈƫWųü10�ǪʫOǷŐ>=;ɚȓ?ɮƈ;%
Sūť$Ĭ�5* -4ūť;B�ɮƈɕBɮƈW£ȟ
Ȝ;ǈĥ-4ɕ<�ɮƈɚ¿BæȟȜ;ǈĥ-4ɕO
4J4J\��yˁÐ?ʰʨ-:ǈĥ-4ɕ>=Ǘ6
>ȟȜAǈĥɕ$ǻĞ/S 8)5J4ğĢFAɈΔíǋB
n��vv��ny$«ʣOńǬ�˛©>=?#(S
Ɉʊ?P7:£?N4Q,T�ɮƈƫ?P7:N4Q
,TSNA;B>�5*TQA*<#Qɮƈɕ$ǧM
Sk��nOk��n?ņ/SɹÆNβ>S<ɔ!Q
T�PRĬˑȜ>Ǒɳ$ǧMQTS5 
ĝÚ?"(Sn��v\��y?˃/Sȧȳ;B�

xnw[}�l��\��m˥ Destination image �˦ɻ Ř
\��m˥City image �˦ğĢƀȤ˥Place attachment˦>
=AˁÐʵŘ?ņ/S\��mOƀȤ$ùëɕ?ŭ˒
W !�ǸʊɤîOɤîſĜ>=?ŭ˒WúI-:�
S*<WȩĒ-:�S 9-11)5J4 An Q 12)By�\Zn
��\��yùëɕWņʅ?Ŋ¾ğ?ʭ�?PSk�
�nea�w[ɹÆ<ɤîſĜFAŭ˒WǑɳ-:�
S545Z]yzZn��v\��y?"(SˁÐğ
Ģ<ɮƈɤîA˃ÈWƛǧ-4ȧȳBň>&�ĬɯȜ
>ɹÆ$H<X=>,T:�>�ŀȉ?�S5n��
v\��yAˁÐWğĢǲŻðOğĢʌȁAƽí>ǲ
ȑ?8>)S4M?B�\��yɮƈɕ$\��yɚ
¿OˁÐğĢ?ņ-:=AP >\��mWƖ6�\
��y#QŲQTSk��nW= ɹÆ-�>?$Û
ɮƈɤî?8>$7:�SA#>=?8�:ȧȳWɢ
Ȳ/Sŵɪ$�S5 
 
�. 6_YZ�Qa 
1l�2&���."��_8F9.�� 
� n��vɮƈ?"(Sk��nea�w[Bn��
v��`���n>=AiZ��seyWƟÄ/Sʪ
ȯ�/>V6¸ĥAZ{]�nO¸ĥFAZepn�ɮ
ƈȎħAƩÏ>=AʎWˠMSŔİ<2AŀʕA*<
;�R�2AɹÆA*<;�S 13)5n��v\��y
Ak��nea�w[WˠMS*<$ɮƈɕWȀʓ,
1�ɮƈɕAĨëWÉ/ƋǠA�8;�S<ɔ!QT
S5n��vƯɶOe���n��vɮƈƯɶ>=?"
(Sk��nea�w[<˙ŁȀʓA˃ÈAǑɳ$>
,T:�S5Ã!C�n��vɮƈɕWņʅ<-4ȧȳ
?BȽĝAZel��n��v 7)��nguy��� 14)ˮ
ƱȽA��ʺȌɮƈɕ<ĭĻ�uy���ɮƈɕAǣ
ʜ 6)>=?"�:�k��nea�w[BɮƈAɍĄȜ
>ȀʓŢ<ÛɮƈſĜ?ƽſ>ǝAŭ˒W !S*<
$Ȩɼ,T:�S5J4ɜɤWȟȜ<->�n��v
\��yAɮƈɕ?8�:Ŏÿ 15)B��f��A�Y
�\��yùëɕAȀʓŢ$ˠJS*<;�t��×Z
\x�w[�[g�l��$ˠJR�×ťƈAɮƈſ
Ĝ$ˠJS*<WȩĒ-:�S5,Q?ŝʺ 8)B 2017
Ş?ǃʀǌņʅ\��yWņʅ?Z]yzZn��v
\��y?"(Sk��nea�w[$ɮƈɕAɤî
ſĜ?ǝAŭ˒WúI/*<WƳQ#?-:�S5k
��nea�w[BZ]yzZn��v\��y?"

�:NɤîſĜ?ŭ˒WúI/ɪę;�S<ɔ!QT
S$�˃ʥ/SÓɤɪę?8�:,Q?Ǒɳ/G%;
�S5 
�Ʈ�Ƒɫ 9)BĝÚ;ˁÐ,T4k\e��f\��

yɮƈɕWņʅ?�n��v\��y?P7:žʑ,
T4ŸƁŽ$\��m�[uyúDʵŘ\��m�ɤ
îſĜ?úI/ŭ˒WǑɸ-452Aɉǋ�\��y;
ĕʑ,TSŸƁŽB\��m�[uy"PDɤîſĜ
?ǝAŭ˒W !S*<WƳQ#?-45Ȉ?�\��
y?"(SŸƁŽ$ɤîſĜ? !Sŭ˒Bĭ%&�
ɮƈɕAɤîſĜ?Ƞɉ/Sɪę<-:ƽí;�745
-#-�\��y?"(SŸƁŽ$ʵŘ\��m? 
!SȠƜȜ>ŭ˒éBŇ,&�ŸƁŽB\��m�[
uyW°-:˂ƜȜ?ʵŘ\��m?ŭ˒WúI-:
"R�ĸ°Īƨ<-:\��m�[uy$ʹɪ>Ůç
Wǋ4-:�S*<NĤċ-:�S5Lacey and Close16)

BǸʊɕA�[uyAÓɤɪę<-:ƁŽȜɪɄAʹ
ɪŻWƗƢ-:"R�Koo Q 17)B\��y\��m<
ȀʓŢBɤîſĜ?L/D8&*<WƳQ#?-:�
S5*TQA*<#Qɮƈ?PSŸƁŽ?P7:\�
�m�[uy$ˠJR�ɤîſĜ?L/D8&A;�
TC�ŸƁŽWN4Q/k��nAďʎ$\��m�
[uyúDɤîſĜ?ŭ˒W !S<ɔ!S*<$;
%S545\��yAk��nea�w[AɹÆ$\
��m�[uyWĸ°<-:�=AP ?ɤîſĜ?
ŭ˒WúI-:�SA#BǑɳ$>,T:"Q0�ɿ
˗;�S*<#Q�³�A´ɾWɶĿ-45 
 
´ɾ 1ˬk��nea�w[B\��m�[uy?ǝ
Aŭ˒W !S5 
 
´ɾ 2ˬk��nea�w[BɤîſĜ?ǝAŭ˒W
 !S5 
 
2lh5f@��)1$��+2�'� $.�� 
n��k����zA\��m?\��yA\��

m$˃ʥ²(QT4ĥĄ����z<\��y$˂Ɯ
Ȝ?ɉD²(QT:�&*<$ƗƢ,T:"R 18)�*
 -4˃ʥ²(W\��mAʛχ<ĎE5\��m�
[uyB\��y<\��yn��k�˂A\��m
AʛχWɾƳ/Sȍʁ<-:ȑ�QT:�S 19,20)5Ǹʊ
ɕAɴƅA¢?�S\��yAȈųOÇȝ�J4B\
��y?ņ/SƂŢWɉD8(S*<;\��mʛχ
Bʑ*S<,T:"R 21)�\��m�[uyB\��
y<ēď>=?ņ/SǸʊɕAɤîſĜWɾƳ/SĪ
ƨ<-:ƌVT:%45*AȍʁWn��v\��y
<ˁÐʵŘ<A˃ʥ²(?ŷȑ-4ȧȳBːŜ?ň>
�NAA�ɤîſĜ<A˃ʥŻ$Ĥċ,T:�S5 

Xing and Chalip22)B�i×���x[�fAɮȃ#Q
\��yˁÐğ<n��v\��yA\��mA˃È
ŻWǑɸ-�n��v\��y$Ɩ8\��m<ˁÐ
ğA\��mA�ut˥ ʯĄ $˦ˁÐğFAɵĔſĜ?
ŭ˒WúI/*<WĤċ-:�S5-#-�ůQAȧȳ
BĻȏWņʅ<-4ƦłÚ;Aŀ˟ȜƋǭ$ȑ�QT
:"R�ŀˇA�[��z;AǑɸ$ɿ˗<,TS5
Hallmann and Breuer23)B�n��v\��y<ˁÐʵŘ
˂?�[uyǕŹWʯȑ-�ɖ¤ġn��v\��y
?ùë-4n��vv��nyWņʅ?xnw[}�
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l��\��m�\��m�[uy�ɤîſĜ>=A˃
ÈŻWǑɸ-:�S52Aɉǋ�\��m�[uyBù
ëɕAˁÐʵŘFAÛɵſĜ?ǝAŭ˒W !�ùë
ɕAɤîſĜW¨ǿ/Sƽȑ>Īƨ;�S*<$ȩĒ
-:�S5J4\��y\��m<xnw[}�l�
�\��mBn��v\��y"PDˁÐʵŘFAÛ
ɵW¨ǿ/SęĹ;�745 
Ƒɫ 9)BĝÚ;ˁÐ,T4ĝˇ\��yWņʅ?�Ÿ
ƁŽ�\��m�[uy�ɻ Ř\��m<ɤîſĜA˃
ʥŻWǑɳ-:�S5\��m�[uyBʵŘ\��
mWĸ°<-:�ɤîſĜFǝAŭ˒WúI/*<W
ƳQ#?-:�S5-#-�\��m�[uyúDʵŘ
\��mWĸ°<-4ŭ˒PRN�ŸƁŽ#Qɤîſ
ĜFAȠƜȜ>ŭ˒éAƮ$ĭ%&�ĸ°Īƨ<-:
ȚĔ$Ɩ4TSɉǋ;�745 
*TQA*<#Q�\��m�[uyAǕŹBn��
v\��y?"(SǸʊɕAɤîW¨ǿ/SęĹ<>
R!S$�ʵŘ\��mOxnw[}�l��\��
m>=ˁÐʵŘɚ¿A\��m<n��v\��y<
ˁÐʵŘ$�[uy-:�SŢĄ�B�ɤîſĜ?β
>Sŭ˒WúI-:�S<ɔ!S*<$;%S5ǃȧ
ȳ;B\��yɮƈ?"(Sk��nea�w[Aɹ
ÆBŸƁŽWžʑ,1�\��m�[uyWĸ°?ɤ
îſĜ?ŭ˒WúI/<ɔ!�³�A´ɾWɶĿ-45 
 
´ɾ 3ˬ\��m�[uyBɮƈɕAɤîſĜ?ņ-
:ǝAŭ˒W !S5 
 
3ldJ:I�Qa 

Gwinner Q 21)B�\��mAʛχ?P7:ʑ*S\�
�y\��mAūƆ?8�:�ǸʊɕAɴƅA¢;A
\��yAȈųOÇȝ�\��y?ņ/SƂŢ<A˃
ʥŻWʢG:"R�\��yFAɈ˟�ƂŢ�ŽĤʻ>
=$ŭ˒WúI/*<WȩĒ-:�S5J4�\��y
?˃ʥ/SȥʃOɈ˟$Ĩë/S*<;\��y<n
��k�A�[uy$ˠJS*<$ƗƢ,T:"R
16,24)�\��y<ˁÐʵŘWɉD8(S\��mA�[
uy?8�:NŽĤAƽȄOʪøA\��yɈ˟?P
Sŭ˒$ɔ!QTS5�Ʈ�ĝÚ;ˁÐ,T4n��v
\��yWņʅ?Ŏÿ 25)B\��yùëɕA\��y
\��m$ĭ¸ȀʓŢúDɤîſĜ?úI/ŭ˒Bà
ɮƈɕ<���r��8JR\��yAɈ˟?P7:
ŕā,T>�*<WƳQ#?-:�S5J4Ƒɫ 9)Bɮ
ƈɈ˟$ʵŘ\��múD\��m�[uy?úI/
ŭ˒?8�:ǣʜWɤ74$�ɮƈAɈ˟?PSʭ�
BɫQT:�>�5>" An Q 12)B\��yùëɕ?ņ
-:;B�S$�y�\Zn��\��y?"�:ˁ
ÐğĢÚŊ¾AùëɕBˁÐğĢīŊAùëɕPRN
k��nea�w[WPRˠ&ɹÆ/S*<WƳQ#
?-:"R�ɮƈɕ?"�:NˁÐğ<Ŋ¾ğĢ?P
Sŭ˒Wɔƃ/Sŵɪ$�U 545\��m�[u
y?˃ʥ-4Óɤȧȳ$¥-�*<N�R�* -4
ĪƨWɔƃ-4ȧȳAɢȲBòÞ<Bɱ�ˍ&�Ǒɳ
$ŵɪ;�S5 

ɮƈġAZ]yzZn��v\��y�Ȉ?���
n��v\��y;Bɮƈ¸ĥ?ɚȓ?ÝÕR;%S
*<$Ĭ�4M�Ǘ6>ȈųWƖ74ɮƈɕAǈĥ$
¨ǿ,TS5n��vȱȟ<ˁÐğ<A˃ʥ#Q�ȱȟ

?ņ/SɈ˟˥ ȱȟAŀƯɈ˟A�Sɕ�ȱȟAŀƯɈ
˟>�ɕ �˦\��y?ņ/SɈ˟˥àɮƈɕ����
r� �˦ˁÐğĢ?ņ/SŽĤʻ˥ğĢÚŊ¾ɕ�ğĢ
īŊ¾ɕ >˦=Aŭ˒$ɔ!QT�©åAɈ˟OŽĤʻ
Aʭ�B�\��m�[uyúDɤîſĜ?β>Sŭ
˒W !S<Ɲǿ,TS5Ã!C�ȱȟAŀƯɈ˟A�
SɕBŀƯ-4*<A>�ɕ?ǣG�ȱȟ?ņ/S©
åŽĤWĬ&Ɩ6ĄV1:"R�\��yAɹÆ?ĳ
ſȜ>ƂŢWȩ/<ɔ!QTS5 
*TQA*<WʖJ!:�³�A´ɾWɶĿ-45>

"Ĝ 1 A´ɾ�x�?B�ʀƩĪƨAŭ˒W´Ŀ-:
³�A´ɾ 4 #Q 12 WĉM45 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
´ɾ 4ˬȱȟAŀƯɈ˟A�SɕBɈ˟A>�ɕ?ǣ
G�k��nea�w[#QɤîſĜ? !SǝAŭ
˒$ũ�5 
 
´ɾ 5ˬȱȟAŀƯɈ˟A�SɕBɈ˟A>�ɕ?ǣ
G�k��nea�w[$\��m�[uy? !S
ǝAŭ˒$ũ�5 
 
´ɾ 6ˬȱȟAŀƯɈ˟A�SɕBɈ˟A>�ɕ?ǣ
G�\��m�[uy$ɤîſĜ? !SǝAŭ˒$
ũ�5 
 
´ɾ 7ˬɮƈɈ˟A�SɕBɮƈɈ˟A>�ɕ?ǣG�
k��nea�w[#QɤîſĜ? !SǝAŭ˒$
ũ�5 
 
´ɾ 8ˬɮƈɈ˟A�SɕBɮƈɈ˟A>�ɕ?ǣG�
k��nea�w[$\��m�[uy? !SǝA
ŭ˒$ũ�5 
 
´ɾ 9ˬɮƈɈ˟A�SɕBɮƈɈ˟A>�ɕ?ǣG�
\��m�[uy$ɤîſĜ? !SǝAŭ˒$ũ�
5 
´ɾ 10ˬˁÐğĢÚAŊ¾ɕBˁÐğĢīAŊ¾ɕ?
ǣG�k��nea�w[#QɤîſĜ? !SǝA
ŭ˒$ũ�5 
 
´ɾ 11ˬˁÐğĢÚAŊ¾ɕBˁÐğĢīAŊ¾ɕ?
ǣG�k��nea�w[$\��m�[uy? !

A �@�:�3��
�
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SǝAŭ˒$ũ�5 
 
´ɾ 12ˬˁÐğĢÚAŊ¾ɕBˁÐğĢīAŊ¾ɕ?
ǣG�\��m�[uy$ɤîſĜ? !SǝAŭ˒
$ũ�5 
 
�. MYZ�XW 
� ǃȧȳAȟȜB�Z]yzZ;ŀƯ,TSɮƈġn
��v\��y?"(Sk��nea�w[ŉŢAË
˖Ż"PDĴŪŻWȨɼ-�n��v\��yAk�
�nea�w[�\��m�[uy$ɮƈɕAɤîſ
Ĝ?úI/ŭ˒WƳQ#?/S5J4k��nea�
w[Aŭ˒é?\��yAɮƈɈ˟�ȱȟAŀƯɈ˟�
Ŋ¾ğĢ$úI/ŭ˒WǑɸ/S5 
 
�lL� S 
1l=e�)1$ 
ǃȧȳB��FLY!ANA ]\�zk��[����z

bu�Ǚ˕ʋĭ¸ 2018�Wņʅ\��y<-45]\
�zk��[����zbu�B����u�W¢Ŵ
?ǢŞɀ 10 #Ɗ;���zvZ�WˁÐ-:�S
PWA˥ Professional  Windsurfers  Association˦×ɼA¡
ȗƻˠőA]\�zk��[�ĭ¸A 1ƈ;�R�PWA
A��d�f�¼ʱƋAK$Ýĥ;%SĝˇȜ>yu
�n��v\��y;�S5Ć¡ȗĭ¸vZ�Aåʘ
;�74ĭ¸B 1984 Ş#Q 1994 ŞJ;ĝÚ;ˁÐ,
T:�452AŰ�2017 Ş? 24 ŞER?Ûˁ,T�Û
ˁŰǃĭ¸B 2 ĘȟAˁÐ;�S5ǃ\��yB�ˁ Ð
ğĢAɤƥ˥ȫıœȢ�Ǚ˕ʋŘ��ǵŘ �˦ȶƎĚ¿
˥NPO ǭƱǃ]\�zk��[�ô¸ �˦n��k�
˥ÖƱǃȴʞǍť¸Ȫ�¬ǴźɤˏʾǍť¸Ȫ $˦ŀɤ
ĶĐ¸WūƆ-:"R�\��yˁÐ?�47:Ĭ&
AğĢ���w[Z$ôé/SğĢʌȁWȏ#-4n
��v\��y;�S5ǃĭ¸AŀɤĶĐˀ;�SǙ
˕ʋŘˀB�]\�zk��[�WB.M</S��
�n��vAƸúÉʧ�ɞŞōAZ]yzZŶĈAÉ
ʧ�Ǚ˕ʋ��ǵóŒ_�ZAǲŻð�\��]�zN
ĉM4ˊŁÉʧ�¢ˀǀȜ?B�Ŀ¾O¶ǒʧÝAÉʧ
?8�:ˁÐʒƲA¢;ʢG:�S 26)5ʵŘAƥȺA
�8<-:¼ɑ9(QTS\��y;N�R�ǃ\�
�yúDʵŘBn��v\��yAˁÐ$ʵŘ\��
mOˁÐğFAɤîſĜ?úI/ŭ˒WǑɸ/S�;�
ʯß>©Ã;�S<ɔ!QTS5 
2ldPLS 
�FLY!ANA ]\�zk��[����zbu�Ǚ˕
ʋĭ¸ 2018�B 6 Ʊ˂ˁÐ,T�Ĭ&Aǈĥɕ$¨ž
,TSʦǂA 2018 Ş 5 Ƽ 10 Ʊ˥ʼ˦#Q 12 Ʊ˥Ʊ˦
?\��y£ÐɕôéAN<�ʎĔɃʀǌWŀƯ-45
�\�h�y?:ɮƈWɆ!:śļ/Sɮƈɕ?ņ-�
4 ćAʀǌĐ?P7:Āə>˄RÖĐ?Å˖-�ƍʂA
ŲQT4ɕ?ɚŗɴÕťAʀǌȑɃWȠƜʶř-�2
Aĥ;ĘüWɤ745560 ʴʶř-�ƽíĘȹƨB 477
ʴ˥89.8ˤ˦;�745>"£ÐɕAțɧ;B 6 Ʊ˂;
ɀ 49,000 ć�ʀǌņʅ<-4 3 Ʊ˂?B 38,000 ćAǈ
ĥɕ$�745 
3l>A�RG 
ʀǌÚŃB�ŌŻ�ɮƈɤî�k��nea�w[�

ɮƈȀʓŢ�\��m�[uy�ɤîſĜ?8�:;�

S5ņʅɕAŌŻWƏƠ/S4M�Şˣ�Żâ�Ŋ¾ğ�
ɗǒ�Ćºƨ�ńǬAƽȄ�«ʣƋǠ�úD]\�z
k��[�AɈ˟�ɮƈĘƨWǿĿ/S˓ȟWɶĿ-
45k��nea�w[AǿĿ?B 2017 ŞAĆĭ¸?
"(Sʀǌ?P7:ÁƆ,T4 4 ęĹ 12 ˓ȟWȑ�4
27)5ǃȧȳ;ǿĿ/S\��m�[uyB�ˁ ÐʵŘ"
PDn��v\��yɚ¿A\��mWǿĿ/SNA
;B>&�ˁÐʵŘ<\��yA\��m$=AȯŢ
�[uy-:�S#WǿĿ/S4MANA;�R�
Speed and Thompson19)<Ƒɫ 9)A˓ȟWơȑ-�ǃʀǌ
?Ąɛ/SP ?\��yć<ʵŘćWĪƹ-ȑ�4
˥4 ˓ȟ 5˦ɤîſĜ?8�:BƝĲſĜ<ɋɌſĜA
˪˓ȟ 16)Wùɔ?ÁƆ-45\��m�[uyB 7 Ǡ
ˆ�2A±B 6 Ǡˆ�ub�yŉŢWȑ�45 
4l7NLS 
J0ņʅɕAŌŻAõɁˊɲWɤ745ǜ?ŉŢA

Ë˖ŻúDĴŪŻWȨɼ
/S4M�ȨɼȜęĹÞ
Ǌ � ǖ Ɔ Ǖ Ź Ë ˖ Ż
(Construct Reliability: CR)�
ŝ Ġ Þ Ƨ ƒ Ý (Average 
Variance Extracted: AVE˦A
ȻÝWɺK45ȨɼȜęĹ
ÞǊAʯĄŢģȂB�
CFI(Comparative Fit Index)� 
GFI˥ goodness of fit index �˦
AGFI˥adjusted goodness of 
fit index˦B 0.9 ³��
RMSEA(Root Mean Square 
Error of Approximation˦B
0.08 ³�AăʯĄŢƗǘ
WN<?ɤ74 28,29)5ǜ?
ăk��nea�w[$
ɤîſĜ?úI/ŭ˒?
8�:�́ ĘśÞǊWɤ7
45 
´ɾAǑɸ?8�:B

ØÞƧǖʤÞǊ˥ ǖʤƮȯ
ť�x��f˦Wȑ��ȱ
ȟAŀƯɈ˟˥ ]\�zk
��[�AŀƯɈ˟�R�
Ɉ˟>- �˦ɮƈɈ˟˥ àɮ
ƈ����r� �˦Ŋ¾ğĢ
˥ˁÐğĢÚˬǙ˕ʋŘ
Ú�ˁÐğĢīˬǙ˕ʋŘ
ī W˦ʀƩĪƨ<-:Ĭǡ
ˊĚĆƷÞǊWɤ745Ĭ
ǡˊĚĆƷÞǊ?"�:
ɩƨA�x�Wǣʜ/S
ˇ ? B � AIC (Akaike's 
Information Criterion˦Nĉ
M:ǑɳWɤ��AIC $ƻ
N½�ÌWȩ-4�x�
WƚƐ-45Evanschitzky 
and Wunderlich30)AƋ˔W
ùɔ?�f���˂;�n
Èƨ?ȸÌäɀWɶ(4
�x�˥ f���˂;�n

�
8 �@;2'<6�E+�

(� &+ o
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Èƨ?Ŗ$>��x� <˦ȸÌäɀA>��x�˥ f�
��˂;�nÈƨAŖWɷŃ/S�x�˦Ab\ª¦
ÌWǣʜ-�*AŖ$ɊɲȜ?ƽſ#= #AÞǊW
ɤ745ǃȧȳAÞǊ?B IBM SPSS Statistics 26.0 "
PD AMOS 26.0 Wȑ�45 
 
�l[� O 
1l=e^�?E 
ɧ 1 BʀǌņʅɕAŌŻWȩ-4550.1% $ȔŻ;

�R�ŝĠŞˣB 48.84 ǟ˥ SD =13.68 ;˦�745ɗǒ
B 47.2% $¸ȪĐ;�R�ˏʙWãȑ-:Aǈĥɕ$
48.6ˤ<ƻNĬ#745Ŋ¾ğ?8�:BˁÐğĢÚ;
�SǙ˕ʋŘÚ$ 45.5ˤ;�R�ˁÐğĢī;�SǙ
˕ʋŘī#QAǈĥɕ$ 54.5ˤ<OOĬ#745J4� 
ȱȟAŀƯɈ˟Aǣʜ;B]\�zk��[�AŀƯ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɉ˟A>�ɕ$ 57.0ˤ�ŀƯɈ˟ɕ˥ ƨĘA¿˟WĉL  ˦
$ 43.0ˤ;�745ʪøAɮƈɈ˟?8�:Bàɮƈ
ɕ$ 36.5% ;�R�1 Ţ³�AɮƈɈ˟$�S���
r�B 63.5% ;�745 
2l>A�4kE�;CE 
ɧ 2 ?Bk��nea�w[ŉŢ?"(S2T3T

AŝĠÌ�ǘȂÎŖ�ęĹʆɟʻ�CR�AVE�.ÈƨW
ȩ-45ȨɼȜęĹÞǊAɉǋ��x�ʯĄŢB CFI
˭.975˥ ģȂÌ3.90 �˦� GFI˭.959˥ ģȂÌ3.90 �˦AGFI
˭.934˥ ģȂÌ3.90 �˦RMSER˭.056˥ ģȂÌ2.08˦<
/G:AģȂÌWȀ4-45Ë˖Ż<ĴŪŻ 
AǑɸA4M? CR˥.78-.86˦< AVE˥.56-.68˦WǧM
4ɉǋ�/G:Aɪę?"�: CR˥.60 ³� 31�˦ < 
AVE˥ .50 ³� 32� $˦ģȂÌW�ĘR�ŉŢAË˖Ż<
üǆȜĴŪŻWȨɼ/Sɉǋ$ŲQT45 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8  @��5����2�#&!051�

8 �@����614�7",A�#&!051�

8 �@#&=4> -�)/� �
	�

aBiV .324 0� ae`\e �� 1� 5
_ME8M) ��	 �	� �
�
;E��#/CS)�[7@! ?I ���� ���	 ���
ZO�^ 987"6! 98� ���	 ��� ���
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dCE8M) �
� ��� �
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G;�f>RS7Rg ����  ��� �
�
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AbE8M) ��� �	 ���
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�
;E��lkm<T7Yjn ��	  ��� �
�
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�
;EE8M) �
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�
;E?�PX ��	�  ��� �� 
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�
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eJh[ �213 �� KMc^g . �0� 4
R@aV=4:; ��� �	� ���
WidNEb�-SRC<8a=4CBaA<7:>3fSA26 ���� ��	� ���
SRC<8a=4CBaA<7:>EWidN*,nYZ)\.C �726 ���
 ���� ���
SRC<8a=4CBaA<7:>EWidN+R@aV,jG#D826 ���	 ���� ���
WidNESRC<8a=4CBaA<7:>,]!=4:;#D826 ���� ���� ��

_eTL �
� ��
 �
�
7)%,XOP5"+R?C;3aU#%8ER8/A�k ��	� ��
	 �


7)%,XOP5"+R?C;3F+E*`*V219*IM/A�k ���� ��
� �	�

#!3654 %�3654 9A3654 7�3654 *.)+/-'E, "8 �

#!3654 ��
�
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9A3654 ��� ��
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,Q?ŉŢAË˖ŻWȨɼ/S4M�bwj��+
<? Cronbach A α ÈƨWȻÝ-45.ÈƨB.82 #Q.73
;�R�ģȂÌ<,TS.7028)W/G:�Ę74*<#
Q�ʎĔ˓ȟA�ʈŻ$Ȩɼ,T45k��nea�w
[A�¼ŉŢŲȃAŝĠBĭ¸nru�×���w[
ZAņŷ�4.96��¸ĥFAZepn�4.90 $ˠ&ɹÆ
,T:�45 
ɧ 3 B\��y?"(S\��m�[uy�ɤîſ

Ĝ2T3TAŝĠÌ�ǘȂÎŖ�ęĹʆɟʻ�CR�AVE�
α ÈƨWȩ-45CR˥.81-.92 �˦AVE˥.68-.75 �˦"PD
α Èƨ˥.82-.92˦B/G:ģȂÌW�Ę745>"�¼
ŉŢAŝĠŲȃB\��m�[uy;B�Ǚ˕ʋŘ<
]\�zk��[����zbu�Bɝ&�[uy-
:�S�$ 5.30�ɤîſĜ;B��>4BǜĘ�*A\
��yW±A?ɫ?ǈSP ?ïMJ/#�$ 4.96
<ˠŲȃ;�745 
ɧ 4 BăęĹAŤâȜĴŪŻWȩ-4NA;�R�

/G:AęĹ˂?"�:ăęĹA AVE WăęĹ˂ȡ˃
AŝƮ$�ĘS*<B>&�ŤâȜĴŪŻ$Ȩɼ,T
4 32)5*TQAɉǋ#Q�ǃȧȳ;ȑ�QTSŉŢB
´ɾǑɸ?ʧL?ɖ!QTSË˖Ż<ĴŪŻWƖ8<
áƬ-45 
3l3c,#/�Qb 
ęǋ˃È�x�WǑɸ/S4M?ØÞƧǖʤÞǊW

ɤ74˥Ĝ 2 ùȆ 5˦�x�AʯĄŢ˥CFI=.958�GFI 
˭.965�AGFI˭.908�RMSEA=.087  ˦ B�CFI�GFI�AGFI
?8�:BģȂWȀ4-45RMSEA ?8�:BģȂÌ
˥ģȂÌ2.08 W˦OO�Ę74$�Browne and Cudeck33)

A.08 #Q.10 BɷŃȼěAƨÌ;�S<� ƗƢ?
ȂƔ-�Ǖ@ɷŃĀə>���;�S<áƬ-45 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
\��y?"(Sk��nea�w[AɹÆB\�

�m�[uy˥ β=.47�p <.001 "˦PDɤîſĜ˥ β=.25�
p <.001˦?ǝAŭ˒W !:"R�´ɾ 1 "PD˪B
ƣƖ,T45ǜ?�\��m�[uy#QɤîſĜ
˥β=.28�p <.001˦?NǝAŭ˒$ɫQT4*<#Q�
´ɾ 3 BƣƖ,T45 
�x�AɾƳéWȩ/ R�?8�:B\��m�[u

y$ R�˭.22�ɤîſĜ$ R�˭.21 ;�R�ǃ�x�?
P7:\��m�[uyB 22%�ǜĘFAɤîſĜB
21ˤɾƳ;%S*<$ȩĒ,T45k��nea�w
[#QɤîſĜFAȠƜíǋB.25 ;�S$�˂Ɯíǋ
B.47,.28˭.13 ;�R�ɍĄíǋB.38 ;�745\�
�m�[uyWĸ°<-:ɤîſĜ?ɉD²�:�S
*<$V#745 
ɧ 5 Bk��nea�w[AăęĹWȊȵĪƨ�ɤ

îſĜ<\��m�[uyW2T3TűŌĪƨ<-4
ʹĘśÞǊAɉǋ;�S5k��nea�w[Aăę
Ĺ$ !Sŭ˒?8�:�ʩĖk��n˥�=.34� p 
<.001 �˦̧ ĥk��n˥ β=.15� p <.01 $˦\��m�[
uy?ƽſ>ǝAŭ˒W !S*<�ʩĖk��n
˥β=26� p <.001˦$ɤîſĜ?ƽſ>ǝAŭ˒W !
S*<$ƳQ#<>745 
 
 
 
 
 
 
 
 
 
 
 

4ldJ:I�Dj 
ǃȧȳ;BȱȟAŀƯɈ˟�ʪøAɮƈɈ˟�Ŋ¾ğ

Ģ$\��m�[uy"PDɤîſĜ?N4Q/ŭ˒
WǑɸ/S4M˥´ɾ 4-12 �˦*TQWʀƩĪƨ<-4
ĬǡˊĚĆƷÞǊWɤ74˥ɧ 6 ùȆ 5˦ 
ȱȟAŀƯɈ˟?8�:�k��nea�w[#Q

\��m�[uy? !Sŭ˒?ƽſ>ŖBɫQT0�
´ɾ 4 BǏö,T45k��nea�w[#Qɤîſ
ĜFAŭ˒BɈ˟A�Sɕ$˥�=0.41�p <.001 �˦>�
ɕW˥�=0.12�n.s.˦W�ĘR�Ɉ˟A�SɕAƮ$ƽ
ſ>ǝAŭ˒˥-0�˭5.67�p <.05˦Wȩ-45J4\
��m�[uy#QɤîſĜFAŭ˒BȱȟAɈ˟A
>�ɕ$˥ �=0.19�p <.001 �˦�SɕW˥ �=0.10�p <.01˦
W�ĘR�Ɉ˟A>�ɕAƮ$ƽſ>ǝAŭ˒˥-0�

˭3.96�p <.05˦Wȩ-45*AɉǋPR´ɾ 5 BƣƖ
,T�´ɾ 6 BǏö,T45 
ɮƈɈ˟?8�:ʀƩĪƨ?PSƽſ>ŖBɫQT

0�́ ɾ 7-9 B/G:Ǐö,T45Ŋ¾ğ?8�:k�
�nea�w[#Q\��m�[uy? !Sŭ˒?
ƽſ>ŖBɫQT0�´ɾ 10 BǏö,T45k��n
ea�w[#QɤîſĜFAŭ˒BğĢÚŊ¾ɕ$
˥�=0.49�p <.001 �˦ğĢīŊ¾ɕ˥�=0.03�n.s.˦W
�ĘR�k��nea�w[#QɤîſĜFBğĢī
Ŋ¾ɕ$ƽſ>ũ�ǝAŭ˒˥-0�˭11.87�p <.001˦
Wȩ-45\��m�[uy#QɤîſĜFAŭ˒B
ğĢÚŊ¾ɕ$˥ �=0.27�p <.001 �˦ğĢīŊ¾ɕW˥ �
=0.07�p <.05˦W�ĘR�ğĢÚŊ¾AɕAƮ$ğĢī
Ŋ¾ɕPRNƽſ>ũ�ǝAŭ˒˥-0�˭14.44�p 
<.001˦Wȩ-45*AɉǋPR�´ɾ 11 BǏö,T�
´ɾ 12 BƣƖ,T45 
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�ORIGINAL INVESTIGATION��
The effects of service quality and image fit on behavioral intentions of spectators in the outdoor 
sports event8The case of Windsurfing World Cup spectators. 
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9Abstract: 
 This study reveals the effects of service quality of an outdoor spectator sports event on the image fit between an 
event and its host destination, and the behavioral intentions of spectators. It also explores the effects of spectators’ 
previous experience as a spectator or player of the sport and their region of residence on the impact of service quality. 
A survey was conducted at Windsurf World Cup 2018 held in Yokosuka City, Kanagawa, and data were collected 
from 477 spectators. This study verifies the reliability and validity of the service quality scale, and the service quality 
of an outdoor sports event, especially of operation services, is found to positively affect spectators’ image fit and 
behavioral intentions. While the survey demonstrated that spectators’ previous experience as a player and region of 
residence affected the impact of service quality and image fit on their behavioral intentions, it did not reveal any 
impact as a spectator of the sport. 
This study suggests that creating a good match between an event and its host destination is effective to make it a 

regular event. It also suggests that an event organizer needs to take spectator attributes into consideration according 
to the purpose of the event, to provide operation services. 
 
 
Key WordsmOutdoor Sports Event, Service quality, Image fit, Behavioral intention, City branding. 

 
Corresponding author: HIRANO Takaya, e-mail : t.hirano@meio-u.ac.jp 

 



10	���� 4 � ��4 � �� � � � � � � � � � � � � � � � � � ���������� �	�%��2��� 2)��(�+#� 

 64 

�)/0+��

 "� 	��� "��"����"�����"�!�&'�"�� !�� �
�

$*�#.(%��������-,1�

�

ƣĢ¾ȍ ���Ƃż� Ɓ ���ƠƸɆ� ���ɈȐĉï ���ȏ�Ĕî ����Ă·ĊɌ ���ȏŷɞ° ���

�þȗúɜĉĒǪòŅĀĒɍ-��ưÚÖǖĉĒÿŸÖĒÿǆťǽɍɓ-��ǔŌÖǀǕǓĉĒ�ɕǒ§Ēɍ-��Ż
�ħǖĉĒťɭĒƴ-��ƟȿǪƤĉĒf{�m·ĴǖĒɍ-��ľĦĉĒĉĒəǒ§ƶƄƳħĒǎǝɍ-��ŬŸǕ
ǓĉĒĉĒəf{�mǖĒǎǝǖɲ¾ĉɗ¬ǽĉĒɳ��
�  

ƢƝ�ɕĒɡȦ,���
 ,)(�
��	�	���
9�
������ �� ������3�2���� � ��  ����

 
1Q� |2�
� Ÿǎǝ<1Y��pɲEɳ7cwY��pɲSEɳz�qtq�� ÁÍr�tq��`SȒ307!;z�
qɀĲ1;L?¬į7�Ǻ;ÑS 2 Ɗ¾ÅŽ:LNƑȷ)1z�qɀĲSɰIO0I;őȓǂȘõSŮM�
:)02E Ǵ 10 è7 SE Ǵ 8 è ėÂx��6ÁÍr�tq��`SȒ307!; 1 fp��_S 100%:Ț
ƀÔ)1z�qɀĲ1¬į7�Ǻ;h`��p�ɖǤ:;$OȝĲ7ȝɀĲǢSƑȷ)02E Ǵ;z�qɀĲ
< SE Ǵ:ƑC51ŶŇ:ɀ�Ųƫ 73020�52%Ųƫɕ61E Ǵ< SE ǴLNĉȃh`��p;ĸ»ȝɀ
Ĳ1ǹɖǤ7ȄɖǤ;ĠųȝɀĲ ŶŇ:ɀ�Ųƫ 7N1�Ǻ;ÑǥøJŶŇ:ĉ!�30256�100%
Ųƫɕ61E Ǵ< SE ǴLNĉȃh`��p;Ë»ȝɀĲ1ǹɖǤ7ȄɖǤ;©ġȝɀĲ ŶŇ:ɀ�Ųƫ 
7N1�Ǻ;ÑǥøJŶŇ:ĉ!�302&PM<z�qɀĲSɰIOőȓǂȘõ67O7Ƕ:MP02 
 
�636C�.�*"6)4 �D6EC/4 ��Y<B;?W�:I57n�Pp1+0��
�

 
��j� u�
�Wvh�u�`7<1ƒȹ;ƴă:;$Oƨƒ�

ţSƥM+0I;ƞÑS�9 1-3	2�Wvh�±�<1
Ƣ6�ţ ǁƵ)0āæ1ȘŤÏǷS�ÉJŭ"ŤÏ
+O0I:LNēÁ1ǏĖ1Ȼɀ9ŤÏŪƙSɋŔ+O
&7 ÛÊ67O 2	2�Wvh�u�`:;$OƢ6;
ŤÏ6<1z�qKk��w98;ŤÏóŹ ®Ʒ(
PO 2, 3	2.PM;ŤÏóŹ;�6J1z�q<ȘŤÏ
Ƿ:Śȼ+O0I;Ȼɀ�4ǏĖ9ŤÏóŹ67N1
�Ƽ�;u�k6®Ʒ(P5�O 3	2z�qSƷ�0Ť
Ï6<1ŤÏǷ z�q�6tq��`SȒ35ȘŤ
ÏǷ:Śȼ)1ȘŤÏǷSǏ¯)z�q:�-0ĸ1Ť
ÏǷ @00?tq��`)5ēÁ9āōF6ŠȾ+
O&7 6!O 2, 3	2Ėɜ1Ƣƒơā6�Wvh�±�
 ŤÏSȒ30āō<Ƣģ;Ɠǰ�M 50 m £Â Ĉ"
4-6	1z�qS®Ʒ)0ŤÏ;Ìæ<�f^��k��
w987ƑC5J37JĈ�&7 Āë(P5�O 6, 7	2
F01ȼĮ1�Wvh�u�`:;$Oz�qtq��
`őȓ<1ƒ�f{�mɲɈƜ1[�x�XZ�j�f
W}�`98ɳ�;ɋŎSǅț�ŤÏ+O0I:J®Ʒ
(P5�O2(M:1�Wvh�u�`<f{�m7)
5JȒRP5;N1úɜ�Wvh�u�`ɁǄ;Ǡő
ȚÊ:7O[�d��Ǡő 20 ǛǇ;9218 ǛǇ6z
�qtq��`őȓ ®RP5�O 8	2&PM;&7� 
 
 
 
 

 
M1z�qtq��`<1Ƣ:;$OŤÏőȓ;L?�
Wvh�u�`Ǡő;ǁġ;0I:ƛǇ+C!őȓ6
7O2 
z�q;śɂÍSĺOtq��`Ñ:<1z�q

�:�ȄS4!�ȁ6çŲ:tq��`+Or�tq
��`71z�q�6ȂȆª:9N�ȁS��:tq
��`+Ox���tq��`; 2 Ǜɬ;őȓ 7O
2, 3, 9	2�Wvh�±�<1&PM;tq��`SƢ;Ʈ
ƘK�Wvh�±�²�;őǿ:ł*5®�Å$5�
O 10, 11	2r�tq��`<x���tq��`:ƑC
5 5m Õɕĭû:;$Oz�qɀĲɲBoard Velocityɶ£
�3BV47ƽ+ɳ;ŵĉ´ ɰ" 10	1�4ȘŤÏǷS
ɰ�ªǳ�MȜę+O&7 áǿ67O0IĉĆŶƷ
9őȓ67O2)�)1r�tq��`<1x���t
q��`:ƑC5z�q�6±��fSǮŗ+O&7
 ÷ɣ67O0I1LNɰĲ9őȓ ŁȘ67O 3	2)
0 3512 Ǜɬ;tq��`;921r�tq��`
;Ū �Wvh�±�;őǿ�y�;ĩ ĉ!�7Ƕ
:MPO2 
&PF6z�qtq��`:;$Oőǿ�y�ɕ;

ƭĿ:ɖ)51�"4�;ǎǝ Āë(P5�O2
Gulbin M 12	<1ƈƧǂ9�f^��z�qSƷ�5 90 
m ;ƒ�f���~a�f:;$Oz�qtq��`
ɲr�7x���tq��`SȈƹ:ɋŔɳ;jW~
p�WU�SȒR-0ǫž1z�qSĜɓ7+Oƻđ
Y��pɋŎ;L?x�;ƻđ�Wv]�q;ōȘŲ
ɕ<1�ȋƻđ�Wvh�±�7ƑC51.P/P
22.7%;L? 20.4%Ǎ�307Āë)5�O� 1	2F01

/6140�7�283-8555�  3.'5$*! 1-" 
e-mail : miyama@jiu.ac.jp 



10	���� 4 � ��4 � �� � � � � � � � � � � � � � � � � � ���������� �	�%��2��� 2)��(�+#� 

 65 

Miyama M 11	<1fp��_ɪĲ7fp��_ɒ;ǜ
:L35 BV  ƕĕ+O&7�M1ƻđ�Wvh�±�
 40 m ÁÍr�tq��`SȒ9307!; BV 7f
p��_Řƈɲfp��_ɪĲ;L?fp��_ɒɳS
ƿ9Oőǿ�y�ɕ6Ƒȷ)02.;ǫž1ƻđY��
pz�qtq��; 5m Õɕĭû BV <1ƻđcwY�
�pz�qtq��:ƑC5 18.7%ɀ"15m Õɕĭû
BV 7fp��_ɒ:ƌ;ǉɖ 7O&7SĀë)02
&PM;¿Ȓǎǝ�M1BV <z�qtq��;ǪɯK
őǿ�y�:L35ĉ!"ƿ9N1ǍȳɢɲǇē7)5
120m ǚĲF6� 2	ɳ;r�tq��`:;$O BV Sé
�+O0I:<fp��_ɒ;ĵ©:49 Oőȓǂ
ȘõSŮM�:+O&7 ɏȘ67O7Ƕ:MPO2 
\�l_Kq�b�z�p;ƒ�f{�m6<11 f

p��_�:;$Oz�qtq��;ɖǤȝĲKȝɀ
ĲSőǿ�y�ɕ6Ƒȷ+O&7:LN1őȓǂ9ǉ
ɇSŮM�:)0ǎǝ Āë(P5�O 13, 14	2�Wv
h�u�`:;$Oz�qtq��`J 1 fp��_
Ñ;ļƴýɅÑ67O0I1&PM;¿ȒǎǝSş
Ʒ6!O2&PF6r�tq��`;őȓŘĝ:4�
5<1Surf Life Saving Australiaɲ£�3SLSA47ƽ+ɳ
:LOa�k�`|r�U� 9	 ÜǶ:(P5!0 1
Ñ;ǖĒǂ9Yuo�f<ȢȽ(P5�9�2ñ�1
Draper and Sayers15	 úɜ�y�;ƻđz�qtq��
:;$O 1 fp��_�;ǹɖǤ1ȄɖǤ1;L?ǻɖ
Ǥ;ȝĲ7ȝɀĲSƃȡ)0ǎǝSĀë)5�O 1
ƿ9Oőǿ�y�ɕ:;$OÑ<�Ů;FF67O2 
r�tq��`;őȓŘĝ6<1Ŏɍ;ÀƒŲƫ6

z�qtq��;Ǿ� z�q7ĭȒ:9Nȅɍ J
37Jɰ�ªǳ:9O&7K1Ŏɍ7ȁ;�!Ñ�
:ǹɖǤȝĲ Ğ("9O&7981�Ǻ1$69"
¬į7�Ǻ;ÑJɏț(PO 9	2F01Ðžǂ9Ŏɍ
7ȁ;�!ÑSȒ90I:<¬į7�Ǻ;Ñ ĉ
!9ĶɦS�:O207:=1r�tq��`:;$O
Ŏɍ7ȁ<1ƒ�;6!O1$ƣ�7&QS�"L9
Řĝ(PO 9	 1.;L99ÑSȒ90I:<1�
!Ñ�1ǹɖǤSĠų+O&7:L35ǻ;ªǳS
«"+OŁȘ 7N1�Ǻ;ÑLNJ¬į��Ǻ;Ñ
 ɏȘ:9O2F01r�tq��`:;$O¬į7
�Ǻ;�9h`��p�ɖǤ;Ñ67P=ǋƮɥ�
M; 2 Ɗ¾ÅŽ áǿ67N13 Ɗ¾ÑÅŽSȒ9&
7 6!9�āæ6JƑȷǂĘů:ɏȘ9ǌș ĺM
PO2&PM;&7�M1r�tq��`; BV SɰI
OőȓǂȘõSŮM�:+O0I:1¬į7�Ǻ;Ñ
:;$Oőǿ�y�ɕ;ǉɇSƃȡ+O&7<ɏȘ
9Ňǵ 7O2)0 351Ÿǎǝ<1Y��p7cw
Y��pz�qtq�� ÁÍr�tq��`SȒ3
07!; BV1;L?¬į7�Ǻ;ÑS 2 Ɗ¾ÅŽ:
LNƑȷ)1BV SɰIO0I;őȓǂȘõSŮM�:
+O&7SǇǂ7)02 
 
��T� [�
 �F�CAl�
ĖɯÜÎǷ<1ŬŸ�Wvh�u�`Ú§ ȧĕ+

Oy�dl_c�v�Wvh�±�;ȰƀSŶ+O 18
è;�Wvh�±�67N1Áð z�qtq��`
őȓSŶ)5�02ĖɯÜÎǷS.P/P;ǠőĖǲ
:ł*51ÁŬŸ�Wvh�u�`ɋŎƉz�q��

fƕÒɂÄǪɯ 7OY��pɲEliteɶ£�3E47ƽ
+ɳǴ 10 èɲƻč.P/P 5 èɳ7çz�q��f:
Äā)5�9�1F0<ƕÒɂÄǪɯ 9�ĉĒƵ�
Wvh�±�;cwY��pɲSub-Eliteɶ£�3SE47
ƽ+ɳǴ 8 è ɲƻč.P/P 4 èɳ:Åɬ)02E Ǵ
:<1�Wvh�u�`�ƼɋŎƉ:ŬŸ¢ȕɋŎ7
)5Äā)0 3 èSêT6�02ĖɯÜÎǷ;Įɱ1ȴ
ɒ1¬ɏ1¬ȀǼƱ1;L?Řƅ;ĭû . ƈƧ¶ĩ<1
E Ǵ6 24.9 . 3.4 ƍ1166.4 . 6.8 cm161.8 . 5.6 kg1
15.0 . 4.8%1;L? 172.2 . 6.5 cm1SE Ǵ6 20.6 . 
1.9 ƍ1164.8 . 9.3 cm159.6 . 5.7 kg115.7 . 6.0%1
;L? 165.3 . 7.0 cm 67302Ÿǎǝ<1ĉɗ¬ǽ
ĉĒ;ǎǝµƳĚſďð§;ŐȧɲŐȧƾä 11-19ɳS
ĺ5Ėū)02F01ĖɯÜÎǷ:<17M�*IĖɯ
ÂĘ:ɖ+OȨŮSŴɥ;L?àɩ6Ȓ�1Ŵɥ:L
OĖɯÜÎ;çŇSĺ02 
��wPVV�
Ėɯ6<1BV KÑ98;tvZ�|�f:ě+O

z�qƭń;ĶɦSɚć+O&71�Wvh�±� 
Ȓ9ŤÏ1p��r�`1;L?Ǡő;āɥ6<1�f
^��z�q77J:��d�`z�q;®ƷɪĲJ
ɰ�&7�MĖɯÜÎǷ:ě)5ç�;��d�`z
�qɲúɜ�Wvh�u�`ɁǄ;ǠőóŹȚƀ:Ƨ
ŕ)0 Dolphin ǒȖz�qɶÁɒ 317 cm1ÁĬ 45 cm1
ɏɐ 7.9 kgɳSƷ�02ĖɯÜÎǷ<ǠƜƷ;ƒǊSǊ
Ʒ)1ėÂ 50m x��:;�5åȈ6 15 Åɕ;XZ�
}�`UlxSȒ9302.;ĸ140 m ;ǈǰa�f
:;$OÁÍr�tq��`;ȤőS 2 ôȒ�15�40 
m Õɕ:;$OōȘŲɕ Ǎ�Ū;ȤőSÅŽěȫ7
)02Ȥő<1x��;ǟą:ŵĸɍSŚȟ(-0z�
q�6ĖɯÜÎǷ ɤƋ)0ƮŉSɔĎĐÓ7)1ƃ
Ƿ:LOàɩ;æù6r�tq��`SɔĎ)02å
Ȥőɕ:<ŵ« 3 Å£�;¦ŊŲɕS7302 
��B;RL3��A6#=_�
¿Ȓǎǝ6<1ƻđY��pz�qtq��:;$

O 40ⅿÁÍr�tq��`:;�515mÕɕ;ĭûBV
 ŵĉ7930;<125�30 m Õɕ67307Āë(
P5�O 10, 11	2)0 351Ÿǎǝ6J BV  ŵĉ7
9OÕɕ:;$Or�tq��`; 1 fp��_Ñ
SƑȷ+O0I: 25�30 m ÕɕSoej�uo[\�
�ɲHandycam HDR-XR350V1Sony ǒȖ1ƐǗ 30 a|ɳ
SƷ�5ǋƮɥã¸�MšĶ)02oej�uo[\
��<1ȤőSȒR-0a�f�M 20m ɢP0x��
cWq�61ƒɥ�M 2m ;ɰ(:ȣǳ)02̂ ��w
��d��<1ȤőË:^��w��d��{��ɲ2
²;|�\� 1m ɕɛ6ȯ¡(P0{��ɳSšĶǥ
øÂ; 2 �ō6.P/PšĶ)1æȠ 4 ²;ȷƌƫS
ĺO&7:LNȒ3022 Ɗ¾ĳƈ<1X ȶSz�q;
ɂȒŪé1Y ȶSüǈŪé7ĕǵ)0ɲFigure 1ɳ2r�
tq��`<1ȴ¬�¸:;$OĨãěǘ;Ñ67
O7Ƕ:MPO0I1ĺMP0Ű½S PC :ÞNȺG1
ÑȞŽivpɲFrame-Dias01DKH ǒȖɳSƷ�5ã
Ùȴ;ȴ¬ 6 ƫɲãǻĥ1ãǸɖǤ�ŀ1ãĉȵđ1ã
ȄɖǤ�ŀ1ãȲɖǤ�ŀ1ãŎɖǤ�ŀɳS 2 è;ƃ
Ƿ ǉ�:Ǐȧ)9 MŎÑoejWg)0ɲFigure 1ɳ2
9;1Ÿǎǝ6<1ÁÍr�tq��`Ñ�1|�\
� ƒ:ƪPO�4�Ǻ7Śȟ+O&7:LN|�\
� Ęů:ćPO&71|�\�Sȯ¡+O&76Ȉ 
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Ƭ9Ñ;ɃȒ:ŢɝS!0+&798;Ƴƹ:LN1
ĖɯÜÎǷ;ȴ¬:|�\�Sȯ¡)9�302F01
ãǸɖǤ�ŀ;ªǳ ƒ�:9OŲƫ R,�:73
0 1.PM;Ųƫ6J�ȁɒȶ <3!NǏȧ6!
00I1�ȁɒȶ:Ɨ35ãǸɖǤ�ŀSŎÑoej
Wg)02oejWgǥø<1r�tq��`Ñ; 1
fp��_ɲãŎɖǤ�ŀ;Àƒ�MƊ;ÀƒF6ɳ7
.;Ëĸ 15 a|7)1ãŎɖǤ�ŀ;oejWg<1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ãŎɖǤ�ŀ Àƒ;L?Äƒ+OŲƫSƕĕ+O0
I:Ȓ302åƦĕƫ; 2 Ɗ¾ĳƈo�j< 4 ƫĖɒ
ŝǣƙSƷ�5Ėɒŝǣ)1Yu M;¿Ȓǎǝ 16	:³�
Ʀĕƫ'7:ŵɉɊũìƚŧɲ4�8HzɳSƕĕĸ14 Ɗ
; Butterworth low-pass digital filter SƷ�5ĭƩÔ)02 
r�tq��`; 1 fp��_Ñ<1Draper and 

Sayers ;¿Ȓǎǝ 15	SÜǶ:)5 Figure 2 ;7;N 3
4;ğɥ:Å$02̂ �lk&x�ğɥ<1ãŎɖǤ�
ŀ Àƒ)5�Mã�ȁ ǋƮɥɑǈŪé6üǈ:9
OF67)02Ɗ:xld�ğɥ<1ã�ȁ ǋƮɥɑ
ǈŪé6üǈ:935�MãŎɖǤ�ŀ Äƒ+OF
67)02(M:1�\±��ğɥ<1ãŎɖǤ�ŀ 
Äƒ)5�MÀƒ+OF67)02oejWg)0 1 f
p��_;o�j<1+C5ɲ18 èɳ;ĖɯÜÎǷ;
.P/P;ğɥōȘŲɕ�MǣÄ)0ĭû ɲ́Table 1ɳ
SJ7: 3 4;ğɥōȘŲɕÌæS�ȉ(-1fp�
�_;ɔĎŲƫ 0%1ǩ�Ųƫ 100%7)5 26 ²ɲ1 ²
4%ɳ:ȚƀÔ)02 
��f>�c�
��	�
z�q�:<1ȄS4"0I;ǱȔ;L?ƩNƋI

Ʒ;tlq ȯMP5;N1Ȅ<z�q�6ǙÑ)9
�302)0 351ãȄɖǤ�ŀ;ƒĭɀĲSJ7: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3B#M-!�
��2!"B*B/B+*.�+"�/A!�<:/<A�:*=�,M((��,M.A��:*=�-!<+1!-4�,A:.!.�B*�D*!!�,:==(B*#���
�

�:�(!�	��6/-+D!�/BF!�:*=�=M-:/B+*� M,,!-�-+2��:*=�-!(:/B1!�=M-:/B+*�/BF!.� (+2!-�-+2��+"�/A!�
<:/<A�:*=�,M((��,M.A��:*=�-!<+1!-4�,A:.!.�B*�D*!!�,:==(B*#���A!�1:(M!.�:-!�,-!.!*/!=�
:.�F!:*�S�./:*=:-=�=!1B:/B+*���

�

3B#M-!�	��2!"B*B/B+*.�+"�/A!�P��:*=�4�:PB.�:*=�=B#B/B5!=�
,+B*/.���A!�"+((+2B*#�.BP�,+B*/.�+*�/A!�-B#A/�
.B=!� +"� /A!� �+=4� :-!� F:*M:((4� =B#B/B5!=� B*�
D*!!�,:==(B*#-�/A!�:<-+FB+*� :���!(�+2�&+B*/�
<!*/!-�  ���� #-!:/!-� /-+<A:*/!-�  <��� D*!!�
&+B*/�<!*/!-� =���:*D(!�&+B*/�<!*/!-� !���:*=�
A:*=�&+B*/�<!*/!-� "����

�
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1 fp��_�:;$O 4%Ųƫ'7; BV1BV ;ŵĉ
´ɲŵĉ BVɳ7ŵĞ´ɲŵĞ BVɳ1;L? 1 fp��
_:;$O BV ;ĭû ɲ́ĭû BVɳS.P/PƔI02 
	�!B26�#�,�H�OsU}3��H�OsU�

}@D�
fp��_jW~7ğɥōȘŲɕ<1Figure 2 ;ğɥ

ĕǵ6ǐ)0 1 fp��_�;.P/P;Ñɕ;v
��~ŧSŲɕ:ŝǣ+O&7:LNǣÄ)02F01
ğɥōȘŲɕÌæ<1.P/P;ğɥōȘŲɕSfp
��_jW~6ɚ+O&7:LNǣÄ)02 

�tJ3��t{J�
� XY ĭɥ�;ŲȠôNSƌ1ÝŲȠôNSȬ7)1Ɗ
;L99ĕǵ:L35h`��p;L?ɖǤ;ȝĲS
ǣÄ)0ɲFigure 3ɳ2¬įh`��pȝĲ<1ãĉȵđ
�MãǻĥSǫAy_p�7ãĉȵđ�M X ȶƌŪé
Bé�9ƒĭȶ 9+ȝĲ7)02ĉȃh`��pȝ
Ĳ<1ãȄɖǤ�ŀ�MãĉȵđSǫAy_p�7ã
ȄɖǤ�ŀ�M X ȶȬŪéBé�9ƒĭȶ 9+ȝĲ
7)02ǹɖǤȝĲ<1ãĉȵđ�MãǻĥSǫAy_
p�7ãĉȵđ�MãȄɖǤ�ŀSǫAy_p� 9
+ȝĲ7)02ȄɖǤȝĲ<1ãȄɖǤ�ŀ�Mãĉȵ
đSǫAy_p�7ãȄɖǤ�ŀ�MãȲɖǤ�ŀS
ǫAy_p� 9+ȝĲ7)02ǻɖǤȝĲ<1ãǻĥ
�MãĉȵđSǫAy_p�7ãǻĥ�MãǸɖǤ�
ŀSǫAy_p� 9+ȝĲ7)02F01ǣÄ(P0
ȝĲSŲɕĽÅ+O&761h`��p;L?ɖǤ;
ȝɀĲSǣÄ)02(M:10�52%Ųƫɕɲ^�lk
&x��Mxld�ğɥɳ7 56�100%Ųƫɕɲ�\±
��ğɥɳ;.P/P:;�51h`��pȝĲ7ɖǤ
ȝĲ �Ǵ.P/P;ŵĉ´Ųƫ7ŵĞ´Ųƫ;ɕ6
Ćª)0ǥøSǣÄ)02 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

��iv=_�
Ʀĕ´<1+C5ĭû´ . ƈƧ¶ĩ6ǐ)02Ǵɕ

;Ƒȷ<1ɧǇ;L?ȚƀÔ)0ǉěŲɕ 4%'7:Ȓ
302Əɟö;Åī;ƌȚńS Shapiro-Wilk ƃĕ1ǢÅ
ŦńS Levene ƃĕ:LNǏȧ)0ĸ1ƌȚÅī:Ĺ�
ǢÅŦ ¤ĕ6!Oāæ<ěł;9� t ƃĕ1ƌȚÅī
:Ĺ9 ǢÅŦ ¤ĕ6!9�āæ< Welch ;ƃĕ1
F01ƌȚÅī:ĹR9�āæ< Mann-Whitney ; U ƃ
ĕSȒ302ǬȠÃƳ<1SPSS version. 24ɲŬŸ IBM ǒ
ȖɳSƷ�1+C5;ƃĕ:;$OŶŇƒƧ< 5%7)
029;1ǣÄɧǇ;ǫžSőǿ�y�ɕ6Ƒȷ+O&
7:¿Ǟ21ńĩ;ĶɦSŮM�:+O0I:ĭû BV
:4�5 2 ¾ɎǳÅŦÅŽɲńÇ7őǿ�y�ɳSȒ3
02.;ǫž1ńÇ7őǿ�y�:<.P/P�Ðž 
ȧIMP0 1��Ʒ<ȧIMP9�302&;&7
�M1Əɟö;ĭû BV :<ńĩ;Ķɦ<7O 1őǿ
�y�ɕ:;�5Jńĩ;Ķɦ<çǚĲ7Ƕ:MP02
)0 351Ÿǎǝ6<1åǴ;ƻčÌæ Ǣ)"Ɔŋ
(P5�O&7Sź¥:ƻč;ǫžS�Ŗ)5ǴɕS
Ƒȷ)02 
 
��h� X�
 �y:b]N5Zz�
� ȴɒ1¬ɏ1;L?¬ȀǼƱ<�Ǵɕ:ŶŇĩ ȧI
MP9�30 1E Ǵ< SE Ǵ:ƑC5ĮɱɲE Ǵɶ24.9 
. 3.4 ƍɷSE Ǵɶ20.6 . 1.9 ƍɳ7ŘƅɲE Ǵɶ172.2 
. 6.5cmɷSE Ǵɶ165.3 . 7.0 cmɳ ŶŇɲP < 0.05ɳ
:ɰ´67302 
��	 5Zz�

E Ǵ;ĭû BVɲ2.58 . 0.24 m/sɳ<1SE Ǵɲ2.29 . 
0.18 m/sɳ:ƑC5 12.7%ɀ"1�Ǵɕ:ŶŇɲP < 0.05ɳ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3B#M-!�(��2!"B*B/B+*.�+"�/A!�/-M*D�:*=�/AB#A�.!#F!*/.��AB,��D*!!��:*=��
.A+M(=!-�&+B*/�:*#(!.�B*�D*!!�,:==(B*#��

�
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ĩ ȧIMP02F01ŵĉ BV < E Ǵ 36%Ųƫ1
SE Ǵ 32%Ųƫɲ�Ǵ7J:xld�ğɥɳ:.P/
PÄƲ)ɲFigure 4ɳ1E Ǵ;ŵĉ BVɲ3.35 . 0.41 m/sɳ
< SE Ǵɲ2.78 . 0.32 m/sɳ:ƑC5ŶŇɲP < 0.05ɳ
:ɀ�302çƇ:1ŵĞ BV <�Ǵ7J: 76%Ųƫ
ɲ�\±��ğɥɳ:ÄƲ)1E Ǵ;ŵĞ BVɲ1.88 . 
0.25 m/sɳ< SE Ǵɲ1.87 . 0.26 m/sɳ7DEç´67
30ɲFigure 4ɳ2E Ǵ; BV < SE Ǵ:ƑC510112�
48%Ųƫ1;L? 100%Ųƫ:;�5ŶŇɲP < 0.05ɳ:
ɀ�30ɲFigure 4ɳ2 
��!B26�#�,�H�OsU}3��H�OsU

}@D5Zz�
fp��_jW~1ğɥōȘŲɕ;L?ğɥōȘŲ

ɕÌæɲ£�3ğɥōȘŲɕ�Ìæ47ƽ+ɳ< Table 
1 ;7;N61�,P;ɧǇ:;�5J�Ǵɕ:ŶŇĩ
<ȧIMP9�302 
��tJ3��t{J5Zz�
��:I" -4B�
¬įh`��pȝĲ<10%Ųƫ6 E Ǵ 0.2 . 6.2

Ĳ1SE Ǵ 1.6 . 5.5 Ĳ6730 1E Ǵ 32%Ųƫ1
SE Ǵ 28%Ųƫɲ�Ǵ7J:xld�ğɥɳ6ŵĉ´
ɲE Ǵɶ19.2 . 6.6 ĲɷSE Ǵɶ16.9 . 6.8 Ĳɳ:9N1
.;ĸ1�Ǵ7J 84%Ųƫɲ�\±��ğɥɳ6ŵĞ´
ɲE Ǵɶ−3.8 . 8.1 ĲɷSE Ǵɶ−3.2 . 6.6 Ĳɳ:9O
7�9ĆÔtj��Sǐ)0ɲFigure 5ɳ2F01¬įh
`��pȝĲ;L?ȝɀĲ<1�,P;Ųƫ:;�5
J�Ǵɕ6ŶŇĩ<ȧIMP9�30ɲFigure 516ɳ2 
	�Eq" -4B�
ĉȃh`��pȝĲ<1�Ǵ7J: 0%Ųƫ6ŵĉ´

ɲE Ǵɶ67.7 . 8.6 ĲɷSE Ǵɶ58.3 . 8.2 Ĳɳ67N1
.;ĸ1�Ǵ7J: 52%Ųƫɲxld�ğɥǩ�Ųƫɳ
6ŵĞ ɲ́E Ǵɶ43.9 . 5.4 ĲɷSE Ǵɶ46.5 . 3.6 Ĳɳ
:9OĆÔtj��Sǐ)0ɲFigure 5ɳ2E Ǵ;ĉȃh
`��pȝĲ< SE Ǵ:ƑC510%Ųƫ;L? 88�
100%Ųƫ6ŶŇɲP < 0.05ɳ:ĉ!�30ɲFigure 5ɳ2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0�52%Ųƫɕ:;�51ĉȃh`��pȝĲ;ĸ»ǥ
øɲŵĉ´�MŵĞ´B;Ćªɳ<1E Ǵɲ23.8 . 6.4
Ĳɳ SE Ǵɲ11.8 . 7.6 ĲɳLNŶŇɲP < 0.01ɳ:
ĉ!�302çƇ:156�100%Ųƫɕ:;�51ĉȃ
h`��pȝĲ;Ë»ǥøɲŵĞ´�Mŵĉ´B;Ć
ªɳ<1E Ǵɲ22.6 . 6.4 Ĳɳ SE Ǵɲ11.1 . 7.3 Ĳɳ
LNŶŇɲP < 0.01ɳ:ĉ!�302ĉȃh`��pȝ
ɀĲ:4�51E Ǵ< SE Ǵ:ƑC518�20%Ųƫ;L
? 40%Ųƫ6ĸ»ȝɀĲ ŶŇɲP < 0.05ɳ:ɀ"1F
0168�88%Ųƫ6Ë»ȝɀĲ ŶŇɲP < 0.05ɳ:ɀ
�30ɲFigure 6ɳ2 

�m~g�
ǹɖǤȝĲ<10%Ųƫ6�Ǵ7J:DEŵĉ´ɲE

Ǵɶ67.4 . 9.5 ĲɷSE Ǵɶ56.7 . 5.6 Ĳɳ67N1.
;ĸ1E Ǵ 44%Ųƫ1SE Ǵ 36%Ųƫɲ�Ǵ7J:
xld�ğɥɳ6ŵĞ ɲ́E Ǵɶ30.0 . 3.5 ĲɷSE Ǵɶ
33.1 . 7.6 Ĳɳ:9O7�9ĆÔtj��Sǐ)0
ɲFigure 5ɳ2E Ǵ;ǹɖǤȝĲ< SE Ǵ:ƑC510�
8%Ųƫ7 88�100%Ųƫ6ŶŇɲP < 0.05ɳ:ĉ!�3
0ɲFigure 5ɳ20�52%Ųƫɕ:;�51ǹɖǤȝĲ;Ġ
ųǥøɲŵĉ´�MŵĞ´B;Ćªɳ<1E Ǵɲ37.5 . 
6.8 Ĳɳ SE Ǵɲ23.6 . 8.3 ĲɳLNŶŇɲP < 0.01ɳ
:ĉ!�302çƇ:156�100%Ųƫɕ:;�51ǹ
ɖǤȝĲ;©ġǥøɲŵĞ´�Mŵĉ´B;Ćªɳ<1
E Ǵɲ31.8 . 6.3 Ĳɳ SE Ǵɲ18.3 . 6.3 ĲɳLNŶ
ŇɲP < 0.01ɳ:ĉ!�302ǹɖǤȝɀĲ:4�51
E Ǵ< SE Ǵ:ƑC518�20%Ųƫ6ĠųȝɀĲ ŶŇ
ɲP < 0.05ɳ:ɀ"164�80%Ųƫ6©ġȝɀĲ ŶŇ
ɲP < 0.05ɳ:ɀ�30ɲFigure 6ɳ2 
��r~g�
ȄɖǤ<10%Ųƫ6�Ǵ7J:ŵĉ ɲ́E Ǵɶ69.2 .  

11.6 ĲɷSE Ǵɶ62.3 . 9.6 Ĳɳ67N1.;ĸ1�Ǵ
7J: 52%Ųƫɲxld�ğɥǩ�Ųƫɳ6ŵĞ´ɲE
Ǵɶ46.5 . 8.6 ĲɷSE Ǵɶ51.7 . 6.9 Ĳɳ:9O7�
9ĆÔtj��Sǐ)0ɲFigure 5ɳ2ȄɖǤȝĲ<1� 

3B#M-!�)��1+:-=�1!(+<B/B!.�=M-B*#�/A!�./-+D!�<4<(!�+"�D*!!�,:==(B*#��4�/A!�!(B/!� .+(B=�(B*!��:*=�.M��!(B/!� =+//!=��
(B*!��#-+M,.���A!�F!:*�S�./:*=:-=�=!1B:/B+*�1:(M!.�+"�/A!�!(B/!� *���	%��:*=�.M��!(B/!�#-+M,.� *���,���
:-!�.A+2*��0�*+*�,:B-!=�/�/!./�+-�4:**��AB/*!4�8�/!./�:"/!-�./:/B./B<:(�/!./B*#�+"�*+-F:(B/4�2:.�,!-"+-F!=��
:/�)��+"�/A!�*+-F:(B5!=�/BF!��T�6B#*B"B<:*/� 5�.�%�%��=B""!-!*<!��!/2!!*�/A!�#-+M,.��

�
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Ǵɕ6ŶŇĩ ȧIMP9�30ɲFigure 5ɳ20�52% 
Ųƫɕ:;�51ȄɖǤȝĲ;Ġųǥøɲŵĉ´�Mŵ
Ğ´B;Ćªɳ<1E Ǵɲ22.7 . 8.3 Ĳɳ SE Ǵɲ10.6 
. 9.1 ĲɳLNŶŇɲP < 0.05ɳ:ĉ!�302çƇ:1
56�100%Ųƫɕ:;�51ȄɖǤȝĲ;©ġǥøɲŵ
Ğ´�Mŵĉ´B;Ćªɳ<1E Ǵɲ21.7 . 7.5 Ĳɳ 
SE Ǵɲ10.5 . 8.6 ĲɳLNŶŇɲP < 0.05ɳ:ĉ!�3
02ȄɖǤȝɀĲ:4�51E Ǵ< SE Ǵ:ƑC5128
�36%Ųƫ6ĠųȝɀĲ ŶŇɲP < 0.05ɳ:ɀ"184
�88%Ųƫ6©ġȝɀĲ ŶŇɲP < 0.05ɳ:ɀ�30
ɲFigure 6ɳ2 
��o~g�
ǻɖǤȝĲ<10%Ųƫ6�Ǵ7J:DEŵĉ´ɲE

Ǵɶ137.5 . 8.2 Ĳ1SE Ǵɶ137.6 . 22.0 Ĳɳ67N1
.;ĸ1E Ǵ 68%Ųƫɲ�\±��ğɥɳ1SE Ǵ 
64%Ųƫɲ�\±��ğɥɳ6ŵĞ ɲ́E Ǵɶ13.1 . 9.8
ĲɷSE Ǵɶ24.8 . 15.7 Ĳɳ:9O7�9ĆÔtj�
�Sǐ)0ɲFigure 5ɳ2ǻɖǤȝĲ<1�,P;Ųƫ: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
;�5J�Ǵɕ6ŶŇĩ<ȧIMP9�30ɲFigure 5ɳ2 
�Ǵ:;$OǻɖǤȝĲ<10�52%Ųƫɕ:;$O©
ġǥøɲE Ǵɶ100.0 . 11.3 ĲɷSE Ǵɶ101.7 . 7.0
Ĳ1P = 0.73ɳ7 56�100%Ųƫɕ:;$OĠųǥøɲE
Ǵ 124.4 . 11.3 ĲɷSE Ǵɶ112.7 . 15.8 Ĳ1P = 0.10ɳ
;82M:JŶŇĩ<9�302ǻɖǤȝɀĲ:4�
51E Ǵ< SE Ǵ:ƑC5160%Ųƫ6©ġȝɀĲ Ŷ
ŇɲP < 0.05ɳ:ɀ"184%Ųƫ6ĠųȝɀĲ ŶŇɲP 
< 0.05ɳ:ɀ�30ɲFigure 6ɳ2 
 
.�k� G�
Ÿǎǝ<12 Ɗ¾:;$Or�tq��`; 1 fp�

�_�; BV1;L?¬į7�Ǻ;ÑSőǿ�y�ɕ
6Ƒȷ+O&7:LN1BV SɰIO0I;őȓǂȘõ
SŮM�:+O&7SǇǂ:Ȓ302ÅŽ;ǫž�M1
E Ǵ;ĭû BV < SE Ǵ:ƑC5ŶŇ:ɀ"1E Ǵ; BV
 SE ǴLNŶŇ:ɀ�Ųƫ<1+C5;ğɥÂ6ȧI
MP02F01�Ǵɕ;ĐÓKÑ:ŶŇĩ 730Ų

3B#M-!���6!#F!*/.�:*=�&+B*/�:*#(!.�=M-B*#�/A!�./-+D!��
<4<(!�+"�D*!!�,:==(B*#��4�/A!�!(B/!� .+(B=��
(B*!��:*=�.M��!(B/!� =+//!=�(B*!��#-+M,.���A!��
F!:*�S�./:*=:-=�=!1B:/B+*�1:(M!.�+"�/A!��
!(B/!� *���	%��:*=�.M��!(B/!�#-+M,.� *���,���
:-!�.A+2*��0�*+*�,:B-!=�/�/!./�+-�4:**��
�AB/*!4�8�/!./�:"/!-�./:/B./B<:(�/!./B*#�+"��
*+-F:(B/4�2:.�,!-"+-F!=�:/�)��+"�/A!��
*+-F:(B5!=�/BF!��T�6B#*B"B<:*/� 5�.�%�%���
=B""!-!*<!��!/2!!*�/A!�#-+M,.��

3B#M-!����6!#F!*/.�:*=�&+B*/�:*#M(:-�1!(+<B/B!.�=M-B*#��
/A!�./-+D!�<4<(!�+"�D*!!�,:==(B*#��4�/A!�!(B/!��
 .+(B=�(B*!��:*=�.M��!(B/!� =+//!=�(B*!���
#-+M,.���A!�F!:*�S�./:*=:-=�=!1B:/B+*�1:(M!.��
+"�/A!�!(B/!� *���	%��:*=�.M��!(B/!� *���,���
#-+M,.�:-!�.A+2*��0�*+*�,:B-!=�/�/!./�+-�4:**��
�AB/*!4�8�/!./�:"/!-�./:/B./B<:(�/!./B*#�+"��
*+-F:(B/4�2:.�,!-"+-F!=�:/�)��+"�/A!��
*+-F:(B5!=�/BF!��T�6B#*B"B<:*/� 5�.�%�%���
=B""!-!*<!��!/2!!*�/A!�#-+M,.��
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ƫJ1+C5;ğɥÂ6ȧIMP02 
 �	 5Zz�

E Ǵ;ĭû BV <1SE Ǵ:ƑC5 12.7%ɀ�30
ɲFigure 4ɳ2F01E Ǵ;Řƅ< SE Ǵ:ƑC5ŶŇ:
ɒ�ɲE Ǵɶ172.2 . 6.5cmɷSE Ǵɶ165.3 . 7.0 cm1
P < 0.05ɳ:J��RM,1�Ǵɕ:;$Ofp��_
jW~1^�lk&x�1xld�1;L?�\±��
ğɥ:;$OōȘŲɕ�Ìæ:<1�,PJŶŇĩ ȧ
IMP9�30ɲTable 1ɳ2Miyama M 11	<1Ÿǎǝ7
çƇ;ź¥6 40 m ÁÍr�tq��`:;$Oĭû
BV 7ğɥōȘŲɕÌæSƃȡ)0ǫž1ƻđY��p
z�qtq��:;$O 5mÕɕ'7;ĭûBV;ŵĉ
´<ƻđcwY��pz�qtq��LN 18.7%ɰ"1
�Ǵɕ6.P/Pśɂğɥɲ^�lk&x��Mxld
�ğɥɳ7�\±��ğɥ;ōȘŲɕÌæ:<ŶŇĩ
 9�30&7SĀë)02&;ǫž<1Ÿǎǝ6 E Ǵ
;Ū SE ǴLNJĭû BV  ɀ"1�4�Ǵɕ;fp
��_jW~K 3 4;ğɥōȘŲɕ�Ìæ:.P/P
ŶŇĩ 9�30&77�ȉ+O2(M:1Miyama M
11	<140m ÁÍr�tq��`:;$OƻđY��p
7cwY��pz�qtq��; 5m Õɕ:;$Oĭ
û BV ;ĩ<ƻđY��p;fp��_ɒ LNɒ�
30&7:ȱõ)1ɒ�Řƅ fp��_ɒ;ĵ©:
ĶɦS�:07ȨŮ)5�O2F01r�tq��`:
;�51z�qtq��;Řƅ ɒ�7ƒ�:;$O
Ŏɍ7ȁ;ËŪŒĶɥǜ� 3	Jĉ!"9N1z�q;ś
ɂÍ Ąĉ+O7Ƕ:MP5�O 10	2)0 351Ÿ
ǎǝ:;�5J1E Ǵ;Řƅ SE Ǵ:ƑC5ŶŇ:ɒ
�30&7 1çǚĲ;fp��_jW~6Jz�q
;śɂÍSĉ!")0Șõ7Ƕ:MPO 1Řƅ;ĩ
ɲE Ǵ SE ǴLNJ 4.2%ɒ�ɳ1$6<ĭû BV ;ĩ
ɲE Ǵ SE ǴLNJ 12.7%ɀ�ɳS×Å:ȨŮ6!9
�2 
\�l_;¿Ȓǎǝ:LO711 fp��_�1Ȍ;

ŵĉƒĭÎɀĲ<śɂğɥ6tq�;d�vp ƒĭ
ɥ:ě)5üǈ:ªǳ+O7!:ÄƲ) 17	1&;7!
œÍ<tq�;w��q:ě)5üǈ:Ʒ+O0I
w��q:¼�0Í;D7T8 ɂȒŪéB;śɂÍ
:ȭƯ+O 18	7Āë(P5�O2F01tq�;d�
vp ƒĭɥ:ě)5üǈ:ªǳ+O7!<1ƒ�;
tq�;w��qɍÅ;ËŪŒĶɥǜ ŵĉ79O0
Ix�;ÐƱSɰIO7ȨŮ(P5�O 19	2&PM;
\�l_;ǌșSşƷ+O71r�tq��`:;�
5Jƒ�:;$OŎɍ7ȁ;ËŪŒĶɥǜ<�ȁ ü
ǈ:9O 25%ŲƫËĸ6ŵĉ:9O&7 Ƕ:MPO2
)0 351r�tq��`:;$O 25%ŲƫËĸ;
Ñ<z�q;śɂÍSĉ!"+O0I:ɏȘ67N1
&;ŲƫËĸ6<ƿ9Oőǿ�y�ɕ:;$Oz�q
tq��; BV Kŵĉ BV ÄƲŲƫ:ĩ Ƶ*Oáǿ
ń 7O2Ÿǎǝ:;�51r�tq��`�:ƒ�6
�ȁ üǈ:9O 25%ŲƫËĸ6<1E Ǵ; BV < SE
Ǵ:ƑC5ŶŇ:ɀ�30ɲ12�48%Ųƫɶ^�lk&
x��Mxld�ğɥ1Figure 4ɳ2F01�Ǵɕ:;$
O^�lk&x�;L?xld�ğɥ;ōȘŲɕ�Ìæ
:<.P/PŶŇĩ 9�30:J��RM,1E Ǵ;
ŵĉ BV ÄƲŲƫɲ36%Ųƫɳ SE Ǵɲ32%ŲƫɳL
N 4%Ʉ�302&;&7<1E Ǵ< SE Ǵ:ƑC5ɒ
"Îɀ)5�0&7SŇí)5;N1E Ǵ;Řƅ SE

Ǵ:ƑC5ŶŇ:ɒ�301$69"1E Ǵ; 25%Ų
ƫËĸ:;$OśɂÍSĺO0I;ÍǁŞ SE Ǵ:
ƑC5ĉ!"1ɒ�Ųɕ:R035�07�:O2\�
l_:;�5J1J37JÐžǂ9fp��_Ñ<1
tq�:ě+OÍǁŞ;ŵĉ´ áǿ9ɘNĉ!"1
ɀ"1ɒ"9O&767N 18	1ŵɉ9Í ɒ�ȳɢ:
R035tq�:ǁŞ(POD81ĭûȌɀĲJɀ"
9O7Ƕ:MP5�O 19	2&PM;&7�M1r�t
q��`:;$Oz�q;śɂÍSĉ!"+O0I:
<1ƒ�:;$OŎɍ7ȁ;ËŪŒĶɥǜSĉ!"+
O77J:1�!Ñ�;ÍǁŞSĉ!"1ɀ"1ɒ"
+OÑ ɏȘ67O7Ƕ:MPO2 
��tJ3��t{J5Zz�

SLSA ;a�k�`|r�U� 9	:LO71r�tq
��`6<10%Ųƫ:;$Oz�qtq��;¬į<
z�q7ĭȒ:9Nȅɍ J37Jɰ�ªǳ:9O&
7K1Ŏɍ<ŵĉɘËŪ:Àƒ6!Oªǳ�MǦ 4�
5cm ŎËɲɂȒŪé:ě)5ĸŪɳ:Àƒ+O&7 ś
Č(P5�O2Ÿǎǝ:;�5J10%Ųƫ:;$O¬
įh`��pȝĲ<1�Ǵ7JDEƒĭɲE Ǵɶ0.2 . 
6.2 ĲɷSE Ǵɶ1.6 . 5.5 Ĳɳ67302F010%Ųƫ
:;$Oĉȃh`��pȝĲɲE Ǵɶ67.7 . 8.6 Ĳɷ
SE Ǵɶ58.3 . 8.2 Ĳɳ<�Ǵ7J:ŵĉ´6730&
7�M1z�qtq��;ȅɍ;ªǳ<J37Jɰ�
ªǳ:9307Ƕ:MPO2(M:10%Ųƫ:;$O
�Ǵ;ĐÓ;ɇ�Sș5GO71ǻɖǤ;ĠųȝĲɲE
Ǵɶ137.5 . 8.2 ĲɷSE Ǵɶ137.6 . 22.0 Ĳɳ<�Ǵ
ɕ6çǚĲ6730 1ĉȃh`��pȝĲɲE Ǵɶ67.7 
. 8.6 ĲɷSE Ǵɶ58.3 . 8.2 Ĳɳ7ǹɖǤȝĲɲE Ǵɶ
67.4 . 9.5 ĲɷSE Ǵɶ56.7 . 5.6 Ĳɳ< E Ǵ SE Ǵ
:ƑC5.P/PŶŇ:ĉ!�302ËŜ|r�U� 9	

:;�51Ŏɍ<1ŵĉɘËŪ:Àƒ6!Oªǳ�MǦ
4�5cm ŎËɲɂȒŪé:ě)5ĸŪɳ:Àƒ+O&7
 śČ(P5�O&77æR-5Ƕ:O710%Ųƫ:
;$O E Ǵ;ĐÓ<1Ŏɍ;ÀƒªǳSËŪ:)1À
ƒĸ+#:ƒS^�lk)K+"+O7Ƕ:MPO2 
ËŜ|r�U� 9	:LO71r�tq��`6<1

Ŏɍ Àƒ)0ĸ1ǹɖǤȝĲ<ȁ;�!Ñ77J
:Ğ("935�"&7 ȨŮ(P5�O2Ÿǎǝ:
;�5J1ǹɖǤȝĲ:Î:51ĉȃh`��pȝĲK
ȄɖǤȝĲJ1�Ǵ7J: 0%Ųƫ6DEŵĉ´79N1
.;ĸ1xld�ğɥÂ6ŵĞ´:ĆÔ+Otj��
Sǐ)0ɲFigure 5ɳ2(M:1ɖǤȝɀĲSș5GO71
0�52%Ųƫɕɲ^�lk&x��Mxld�ğɥɳ61
E Ǵ:;$Oĉȃh`��p;ĸ»ȝɀĲɲ8�20%1
40%Ųƫɳ1ǹɖǤɲ8�20%Ųƫɳ7ȄɖǤɲ28�36%
Ųƫɳ;ĠųȝɀĲ< SE Ǵ:ƑC51.P/PŶŇ:
ɀ�30ɲFigure 6ɳ2ɖǤ;ɅÑĒǂțƫ�MǶ:O71
�!Ñ�1ĉȃh`��p ĸ»)9 M1ǹɖǤ7
ȄɖǤJĠų)5�"�Ɂ;Ñ ɀ�71ǻɖǤ;
ªǳJɂȒŪé:ě)5�Ū�4ĸŪ:ɀ"Ćª+O
Ñ!S¨92+9R21ǻɖǤ<�ȁ;�!Ñ;Ţƫ
79O0I1&;L99ǻɖǤ;Ćª:LN E Ǵ;Ū
 SE ǴLNJǧŭ"�ǺSɂȒŪéÝě¸:ǙÑ(
-O&7 6!1ĉ!9śɂÍSĺ5�07Ƕ:MP
O2 
�Ū61E Ǵ;�!Ñ SE ǴLNɀ�7�Ǵɕ:

;$O^�lk&x�7xld�ğɥ;ōȘŲɕ�Ìæ
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:Jĩ Ƶ*O&7 Ƕ:MPO 1�,P;ğɥō
ȘŲɕ�Ìæ:J�Ǵɕ6ŶŇĩ 9�302Ÿǎǝ6
<1ǻɖǤɅÑ;ƭĿSǻɖǤɲ©ġĠųɳ;ȝĲ1ȝ
ɀĲ1;L?Ñ;ǥøSÆũÿƧ:)5ș5�0 1
0�52%Ųƫɕ:;$OǻɖǤ©ġ;ȝĲ1ȝɀĲ1;
L?Ñ;ǥøɲE Ǵɶ100.0 . 11.3 ĲɷSE Ǵɶ101.7 
. 7.0 Ĳ1P = 0.73ɳ<�Ǵɕ6çǚĲ67N1�!Ñ
�;ǻɖǤɅÑ:<�Ǵɕ;ĩ D7T89�7�
:O2.P:ě)510�52%Ųƫɕ:;�51�Ǻ;
h`��p�ɖǤ;ȝĲ Ćª)0ǥøɲŵĉ´�Mŵ
Ğ´ɳ<1ĉȃh`��pɲE Ǵɶ23.8 . 6.4 ĲɷSE
Ǵɶ11.8 . 7.6 Ĳɳ;ĸ»Ñ1ǹɖǤɲE Ǵɶ37.5 . 
6.8 ĲɷSE Ǵɶ23.6 . 8.3 Ĳɳ7ȄɖǤɲE Ǵɶ22.7 . 
8.3 ĲɷSE Ǵɶ10.6 . 9.1 Ĳɳ;ĠųÑ;+C56
E Ǵ;Ū SE Ǵ:ƑC5ŶŇ:ĉ!�302&PMS
ǯæ+O710�52%Ųƫɕɲ^�lk&x��Mxld
�ğɥɳ:;$O�!Ñ�1E Ǵ< SE Ǵ:ƑC51
çǚĲ;ǻɖǤɅÑSȒ�9 M�Ǻ;ÑǥøSĉ
!"+O&76ǉěǂ:ĉ!9�!ÑSȒ35�0
7�:O2 
ËŜ|r�U� 9	:LO71�\±��ğɥ6<1

Ɗ;^�lk&x�ğɥ;Ƨ¹;0I:ǹɖǤ7Ȅɖ
ǤS©ġ+O&7:LNɩɍ7¬į ËŪ:ǙÑ+O
7ȨŮ(P5�O2Ÿǎǝ:;�5J1ǹɖǤȝĲ1Ȅ
ɖǤȝĲ1;L?ĉȃh`��pȝĲ<1�Ǵ7J:x
ld�ğɥÂ;Ųƫ6ŵĞ´79N1.;ĸ1�\±�
�ğɥ�M 0%Ųƫ:�$5DEŵĉ´:ĆÔ+Ot
j��Sǐ)0ɲFigure 5ɳ2ɖǤȝɀĲSș5GO71
56�100%Ųƫɕɲ�\±��ğɥɳ:;�51E Ǵ:
;$Oĉȃh`��p;Ë»ȝɀĲɲ68�88%Ųƫɳ1
ǹɖǤɲ64�80%Ųƫɳ7ȄɖǤɲ84�88%Ųƫɳ;©
ġȝɀĲ1;L?ǻɖǤ;ĠųȝɀĲɲ84%ɳ< SE Ǵ
:ƑC51.P/PŶŇ:ɀ�30ɲFigure 6ɳ2F01
56�100%Ųƫɕ:;�51�Ǵ:;$OǻɖǤĠų;
ȝĲ7Ñ;ǥøɲE Ǵɶ124.4 . 11.3 ĲɷSE Ǵɶ112.7 
. 15.8 Ĳ1P = 0.10ɳ<çǚĲ67302)�)9 M1
56�100%Ųƫɕ:;�51E Ǵ< SE ǴLNĉȃh`�
�pË»1ǹɖǤ7ȄɖǤ;©ġ1;L?ǻɖǤĠų;
.P/P;ȝɀĲ ɀ�30:J��RM,1�Ǵɕ
;ğɥōȘŲɕ�Ìæ<çǚĲ67302&;&7:4
�5J156�100%Ųƫɕ:;$O�Ǵ;�Ǻ;Ñǥ
ø ğɥōȘŲɕ�Ìæ:Ķɦ)5�07Ƕ:MPO2
+9R2156�100%Ųƫɕ:;�51�Ǻ;h`��
p�ɖǤȝĲ ĆªɲŵĞ´�Mŵĉ´ɳ)0ǥø<1
ĉȃh`��pɲE Ǵɶ22.6 . 6.4 ĲɷSE Ǵɶ11.1 . 
7.3 Ĳɳ;Ë»Ñ1ǹɖǤɲE Ǵɶ31.8 . 6.3 ĲɷSE
Ǵɶ18.3 . 6.3 Ĳɳ7ȄɖǤɲE Ǵɶ21.7 . 7.5 Ĳɷ
SE Ǵɶ10.5 . 8.6 Ĳɳ;©ġÑ;+C56 E Ǵ;Ū
 SE Ǵ:ƑC5ŶŇ:ĉ!�302&PMSǯæ+O
7156�100%Ųƫɕɲ�\±��ğɥɳ:;�5J1E
Ǵ< SE Ǵ:ƑC5�Ǻ;Ñǥø ĉ!�30 1�
Ǻ;ÑSǧŭ"Ȓ9&76 SE Ǵ7çǚĲ;ğɥŲ
ɕ�Ìæ6Ɗ;fp��_;ɔĎĐÓ:ǙȒ+O&7
 6!5�07Ƕ:MPO2 
��de5�a48M5x��
� Ÿǎǝ:<1Ɗ;L99ɘƼ7 ĸ;ȩɫ Ƕ:M
PO2ǡ�:1Ÿǎǝ6< 40ⅿ7�9Ǎȳɢ:;$OÁ
Ír�tq��`;ÑÅŽSȒ30 1z�q;®

ƷǇǂ:L35<��ɒȳɢr�tq��`SȒ9ā
æ 7N1Ǎȳɢ7��ɒȳɢ6<Ƴņǂ9tq��`
Ñ:ǉɇ 7O&7 Ƕ:MPO2 ĸ1z�q��
fɲǦ 600mɳ;L99�ȳɢ:;$Otq��`Ñ
;őǿ�y�ɕƑȷJŁȘ67O2ǡ�:1Ÿǎǝ<ǋ
Ʈɥ�M; 2 Ɗ¾ÑÅŽ;0IÅŽ6!Oh`��
pKɖǤ;Ñ ɘMP0&767O207:=1ǻɖ
Ǥ;Ñ<Ġų7©ġ;GÅŽ)0 1ƒ�;�!Ñ
<ǻɖǤ; 3 Ɗ¾;Ñ!:L35ȒRPO2F01¬
įh`��pSãĉȵđ�MãǻĥSǫAy_p�7
ĕǵɲFigure 3ɳ)0 1̂ �lk&x�;L?xld�
ğɥ�1¬įh`��p<F3+#�17O�<R,�
:U�kƮ;ĐÓ:9N¬įh`��pSLNȥǨ:
ÅÌ)5ÅŽ+OŪƙJǶ:MPO2&PM;&7S
ŮM�:+O0I:<1 ĸ1r�tq��`:;$O
3 Ɗ¾ÑÅŽJŁȘ67O2 
 
���4��
� Ÿǎǝ6<1E Ǵ7 SE ǴSěȫ:1ÁÍr�tq�
�`:;$O 1 fp��_�; BV1;L?¬į7�Ǻ
;ÑS 2 Ɗ¾ÅŽ:LNƑȷ)1BV SɰIO0I;
őȓǂȘõSŮM�:+O&7SǇǂ7)1Ɗ;L9
9ǌș ĺMP02 
1ɵE Ǵ;ĭû BV <1SE Ǵ:ƑC5 12.7%ɀ�302

F01r�tq��`�:ƒ�6�ȁ üǈ:9O
25%ŲƫËĸ6<1E Ǵ; BV < SE Ǵ:ƑC5ŶŇ
:ɀ�30ɲ12�48%Ųƫɶ̂ �lk&x��Mxl
d�ğɥɳ2 

2ɵ0%Ųƫ:;$O E Ǵ;ĉȃh`��pȝĲɲE Ǵɶ
67.7 ĲɷSE Ǵɶ58.3 Ĳɳ7ǹɖǤȝĲɲE Ǵɶ67.4
ĲɷSE Ǵɶ56.7 Ĳɳ< SE Ǵ:ƑC51.P/PŶ
Ň:ĉ!�3020%Ųƫ; E Ǵ;ĐÓ<1Ŏɍ;À
ƒªǳSËŪ:)1Àƒĸ+#:ƒS^�lk)K
+"+O7Ƕ:MPO2 

3ɵ0�52%Ųƫɕɲ^�lk&x��Mxld�ğɥɳ
:;�51ǻɖǤɅÑ;ƭĿ<�Ǵɕ6çǚĲ67
30 1E Ǵ:;$Oĉȃh`��p;ĸ»ȝɀĲ
ɲ8�20%140%Ųƫɳ1ǹɖǤɲ8�20%Ųƫɳ7Ȅ
ɖǤɲ28�36%Ųƫɳ;ĠųȝɀĲ SE Ǵ:ƑC5
.P/PŶŇ:ɀ"1�Ǻ;ÑǥøJŶŇ:ĉ!
�302&;&7:LN1E Ǵ;Ū SE ǴLNJ
ǧŭ"�ǺSɂȒŪéÝě¸:ǙÑ(-1�4ǉě
ǂ:ĉ!9�!ÑSĖƲ+O&7 6!1ĉ!9
śɂÍSĺ5�07Ƕ:MPO2 

4ɵ56�100%Ųƫɕɲ�\±��ğɥɳ:;�51ǻɖ
Ǥ;Ñǥø<�Ǵɕ6çǚĲ6730 1E Ǵ:
;$Oĉȃh`��p;Ë»ȝɀĲɲ68�88%Ųƫɳ1
ǹɖǤɲ64�80%Ųƫɳ7ȄɖǤɲ84�88%Ųƫɳ;
©ġȝɀĲ SE Ǵ:ƑC5.P/PŶŇ:ɀ"1
�Ǻ;ÑǥøJŶŇ:ĉ!�302&;&7:L
N1E Ǵ< SE ǴLNJǉěǂ:ĉ!9�Ǻ;Ñ
ǥøSǧŭ"Ñ"&76SEǴ7çǚĲ;ğɥŲɕ�
Ìæ6Ɗ;fp��_;ɔĎĐÓ:ǙȒ+O&7
 6!5�07Ƕ:MPO2 

 
Ȫȸ 
ŸĖɯ:Ń"ÚÍ)5�01�0å�Wvh�u�

`_�w¢ȕ;L?ĖɯÜÎǷ;ǃƇ:1ŀLNĻǑ
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ƺ)�%F+2F01Ÿǎǝ<ǖĒǎǝȮÏŋ�ƄɲŬ
ŸĒȓřȊ§ǖǎȮ1ÿǆǎǝ C1ǎǝȩɫƾä
24500752ɳ;ÏŋSß$0J;6+2&&:Ȣ)5ňȪ
;ŇSȕ)F+2 
 
1\2�
1)  Gulbin M 12	;ǎǝ:;$Oz�qSĜɓ7+Oƻ

đY��pɋŎ7<1[�fp��U6ɔº(P5
�0UWU�|���fɲz�qtq��`1c�
vf^�tq��`1c�vfW~1u�k��S
Ɂǭ)5Ȓ9ǠőǛǇɳ:x�ċǦ)5Äā)5�
0ɋŎ;&767O2çƇ:1x�;ƻđ�Wv]
�q7<[�fp��U;b��qa�fpĪ�M
ɠƷ(P5�0ŤÏð;&71F01�ȋƻđ�W
vh�±�7<z��nVU6ŤÏƞÑSȒ35�
0ŤÏð;&767O2[�fp��U6�Wv]
�q7)5ɠƷ(PO0I:<z�qőǿSêH¬
Í�őȓnfp 7N1ɰ�z�qőǿ�y� Ł
Ș67O2 

2)  úɜ�Wvh�u�`ɁǄ;ǠőȚÊ:7Oz�q
�f^��ǛǇɲƖ:�OȘŤÏǷSņĕ)5z�
q6ŤÏ)ǊɨSǠ9ɳ6<1ȘŤÏǷķ;ɋŎS
ƚŏ2ɜɲȄ;ƣ(ɳ�M 120ⅿƖ:Ɏǳ+O&7:
935�O2&;ǛǇ;Ūƙ<1Ėɜ;ŤÏSņĕ
)5;N1DEÁÍ:ȼ�tq��`őǿ Ȥ(P
O2 

3) ËŪŒĶɥǜ7<1ƒ�6ËŪ�MŒĶ)07!:
6!OĶ;ɥǜ;&761śɂÍSĉ!"+O0I
;>74;Șõ79O2r�tq��`;āæ1ƒ
�:;$OŎɍ7ȁ;cWg;L?Ñ:L35Ķ
ɦSß$O2 
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�ORIGINAL INVESTIGATION��
Kinematic comparison of trunk and lower limb motions during lifesaving maximal knee paddling 
in elite and sub-elite board paddlers. 
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�Abstract6 
 In this study, the technical factors that increase board velocity were clarified by comparing the differences in the 
kinematic characteristics of board velocity and trunk and lower limb motions during maximal knee paddling in a two-
dimensional analysis of elite (E) and sub-elite (SE) board paddlers. Ten E (E group) and eight SE (SE group) board 
paddlers performed maximal knee paddling in an indoor pool. The board velocities, joint angles, and angular 
velocities in the trunk and lower limb segments and joints were compared during one stroke cycle, which was 
normalized to 100%. The E group showed significantly higher board velocities than those in the SE group at the time 
points during the stroke cycle. Between 0% and 52%, the E group showed significantly greater angular velocities of 
backward leaning of the thigh segment and flexion of the hip and knee joints at several time points and a greater range 
of lower limb motion than those in the SE group. Moreover, between 56% and 100%, the E group showed significantly 
greater angular velocities of forward leaning of the thigh segment and extension of the hip and knee joints at several 
time points and a greater range of lower limb motion than those in the SE group. These differences may be technical 
factors that increase board velocity. 
 
 
Key Words�lifesaving, knee paddling, two-dimensional motion analysis, trunk and lower limbs, performance  
level. 
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2JML-$J7 30q�9Űǉ9\���ȿ4%2ã
Kũ2JM,ǦK9 22.50q�9Ĝš7ʱˆ$ML¦ɒ
D46/2�L 6�- 
�� ��B�DB�.542T��P6Q�
ȋ¤ő�˘HjTw�\,ySlb�\659ĂɀR
[nSwnS�ùç9˚7:ȗĠ72Ûʶ,œƥŞ#
47ȧɶ$M2�Lv��lp˯ ʉÿʊ 9˰ʧÏ4Ơŗ
9ɢë1 JM2�L- 
ʉÿʊ7:��0Gɀ˨93K,·�;,�ȣ˄ȝ3
3L�l[RT��qĉʭ>9ʀÍHjTw�\P'
LƱɶɤ7:_���œ9ǯŮ7IK,10 Ƴ˓ǃè9
��l[RT��qʉÿʊ09üű9ŵɺ46L˯ ÖȰ
1 -˰ 
 
 
 
 
 
 
 
 
 
 
C,,_���ő4}����ő9˓7²ɞ'L�Y
�Y�ő7:,cV��ySlb��T[4ċ;ML
ħǪȁ93K,"MGv�XP©ɷ'Lǃą6ʀÍĠ
9�03,ȋǧ9[�^9įˎ7Ȝż%,ȁPĉǅȩ7
ėʼ'L"43ȲJM2�L-"9cV��ySlb
��T[PćE,�l[RT��q>9X{b�r�
mR�HjTw�\mR�7ùç'LĦă,�cV��
ySlb��T[ʉÿʊ09üű9ǫFJML- 
%�%,ĂɀR[nSwnS9,F9ʉÿʊ:"MC
3ʩ�DÂ�!$M2�L-ˏ˦9ī˃70�2«�
7ȹ'˯ɷ 2 -˰ 
 
 
 
 
 
 
 
 
 
 

·�;,2012ś 6ǂ 1ƳIK_���œ3Ľư'LĂ
ɀR[nSwnS�9ʉÿʊ70�2ƭˏīǀ9ȧɷ
$M,-��l[RT��qʉÿʊ09ˏ˦:ũÚ 25q
�33/,9 50 q�>4Â�9K,�cV��ySl
b��T[ʉÿʊ0: 35 q��J 100 q�46/,-
$J7,ySlb�\mR�7ùç9Ħă7: 20q�
9�ySlb�\ʉÿʊ09ŵɺ46L-+9§,@�
��―œƥŞɊʫĠģ39jTw�\mR�7ùç'
LĦă7:,�@���―ʉÿʊ09ŵɺ3,«â:˲
ƳiT{ 10q�,2ʺ˓iT{ 25q�33/,9,ȗ
ğ: 1ɀ˨7ɕ�$M,30q�46/2�L˯ ÖȰ 2 -˰ 
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JML- 
Ăœ7� LR[nSwnS�7��Lʉÿʊ©ˏ
Hȿˏ:,W�R9țĨ¼Ð,ưʈɊș,ĺÐŅɉ,Ǽ
ƚɇ7ÜȞ$M2�L-ʉÿʊƭˏ9Â�9K70�
2:,ʇMLş7ɓʤ9ĩç'L4��ſʋG3L9,
țĨ¼Ð9,F7:�ÿǡ-4șʁ3:L-+9�Ư
3,ʀÍɤG+9ƣƋ�Pʷ%2țĨ¼ʛHĠģȺ¯
>9ʠȓPĽƄ%,țĨƂʙP˫FL�3Gǃè6Þ
ş4ʂ�L-N�- 
�� C)�-(+A!�
2017ś 12ǂ 7Ƴ�JĽư$M2�L�v�X�{�
lc0:,v�X7ÏĜ'L'?29ʀÍľ�Jʢ3
Lƕɗÿɩ6ʀÍPɢë¨ L,F,ĄƂ4ɟąPɺ
ǫ%,ɬȍ¼ʛ9ʐɏPüK¨ L�ȣÚ9ÏĜ˔ʹ
9Ƥ˞33L 7�-"9{�cV[p9˒Ĵ7°�,v�
XÝȱǟ9ǟÔ72�v�X�{�lc070�29ǒ
ÔwoX9�ƹ$M,ÏĜƻ7:vd��p7ʐɏ4
ĄƂ9ɟąǠ9ćCMLdi�{9Ɛ$M,ÏĜɊș
Ļ9Ɩȹ7Ű/2ɟąǠ7aT�P%6�2:ÏĜ9
ʏFJM6�-ɲʒHƳǈʒ,˟ Ĝʒ,�ĜʒPĴF4
%,Įʂʒ9di�{9ȞƂ$M2�K,ʀÍľ7Ņ
%2ʐɏ70�29șʁPűJMLI�Ņŷ%2�L
˯ÖȰ 3 -˰ 
Ʊɶɤ9ʪȕ6ɶé7I/2v�X9țĨ9ȵĪ$
M,Ƭí7ſūˠP�"'ÿɩŻ93L"4Pêǒ'
L4,v�X�{�lc9I�6üKɒD9ŵɺ33L
4ɣ�JML-"9I�7,�ñǲ9ǙĝP�'ɤ,Ï
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6�,v�XƥŞʀÍŋ9UVzaTp�JG�v�
X�{�lc0>9ɟą9ÿɩ693ùɣ7$M,�
˯2020ś 2ǂ 1Ƴȗğ,ʐɏɟąɤƨ 268,030¤ -˰"
9¡·7DJMLI�6ʀÍP�C�ÜȞ%,�ȣÚ
9țĨ¼ʛ9,F9ʐɏ:,ĠȘțĨĔ˥>9ʁǬ7
Ć 2C(³Ǩ9ȕÌ%2ʐɏPĹK,$J7ɬØ,
.9ƦˈPĹ/2��,F7:Ƨɧbdn�9ƤĖ9
ˌɺ6ŬãPǌ,'4��ʏʙPǐ¨�)L"49ˌ
ɺ76L-N�-6*6J;,ʟƥĤȬ9Ŧ�,ʜ�6
ɬȍ3ĭĜ¤ʀÍľPʑɮ'L"4PȜČɚ4'Lʀ
ÍɅĜ9v�X7:,țĨP¼ʛ'L4��"4:Ą
ƻ7ʀÍƥɉ7GȮɔ'L,F7,+"7ƾJ'¤.
9ȜǵPĹL,F9ǥǵȩ6Ĕ˥7Gɜ9/2�L-
+9,F³Ǩ>9țĨƧɧHÃșʀPˋƇ%2��"
4G,ȗĠ9ˌɺ6Ⱥ¯ȩ6ʓ˥4%2ǫFJML- 
 
�W�1��
ʰś,ĠȘǿƽí7ILǩÁīé9ūˠ3ʆːȩ6ƿ
˩HȎǰ,ǴǪ65,�ȣɼǞ39ȦŘǩʝ9ˣȧ%2
�L-Ĝ˚ȩ7țĨĔ˥>9˔Ŵ9˫CL�Ư3,v�
XƥŞGțĨĔ˥70�2¤˨9ņǉ9Ȝķ4ɛǎ7
4/2ɘź�0ˌɺ6ʓ˥33L4ɣ�,Űǉ�JɁ
ǘȩ7üKɒQ3:,- 
"MC3,țĨȿP:&F4%,v�X7� L�ʹ
9țĨƥɉPǚʀ%,9,6�3G�v�X�{�lc0
>9ʐɏ:,țĨ¼ʛ9,F9ÏĜ7˔OLǯŮ4Ï
ĜƊɗ:Pīǀ%,�ȣÚ9ʌD4%2ʋ¹$ML-
,-%,ʀÍľ9ɶéP˙.C3ȫɽ3:LI�6´
Þ3:6�-+9,F,ÏĜƻ7ɟąP%,J,34:
¿.9ʀÍľ9ɱŴ7ˤL%�6�99ȗȑ33L- 
ƕɗÿɩ6ʀÍ9ȧŎ9,F7:,țĨ¼ʛ9ʀȊ4
ƕɗÿɩ6Ⱥ¯9Ľȗ9�ÿǡ33L-5MA59è
ǌ9×L9�:ǆȲƨ33L9,"9ʐɏP:/� 
7țĨ¼ʛ>9Ƃʙ9˫CK,ɬȍʥȅPįÙ7'L
ɶé9ĩ'"4Pǅŭ'L-$J7,Ą&I�6žDP
Ə�L§9ĜHĠģ9,ʀÍʥȅPĹL,F7±,I
�6ʐɏPŇÏ'LÿɩŻ7Gǅŭ%,�- 
ƈ9Ĝ7��2G,Ʊɶɤ9IKʢ3LʀÍɶéP
üL"4:G.NQ9"4,ɬȍPĹ/2��,F7
:ɬȍP£ý'L¤.9�ļ9ʞƒ7ŷ&L"4:˅
 JM6�-ç�2,v�X7ĸ=Ʈ,6ʀÍƉȥ4%

2,"M�J9ʀÍ˒ȧ:ʀÍľƨɭ��ɢ;�K7
Ǳå'Lˑǅȩ6ŎǄPǡ�,T�y�ƩÅHƼǩǷ
Ɯɉ9D9ȳǅŶĆ9ƉȥŎ˒4�/,�ʾŻ9G9
3:6�,țĨ¼ÐPɣƆ%,ɋş3L˒ȧ7I/2
�59I�6ˑǅȩ6˄ȝP˄)L9�04��ɽȊ
PƸȶ7%2��"49,IK�ŏǫFJML93:
6�-N��- 
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1) țĨÃș:,¤˓9ʗǵé7IL¤˓�Ŵ�ɢȩ,
æÜ�ɢȩ6ɬȍʀ�JɬȍțĨPȵĪ'L"47
Ņ%2,�ɬȍ49ÒȜ0,�ɬȍțĨ9¼Ð9ŵɺŻ0
PÃș˝�JǐƓ1 I�4'LG933K,1960
ś«˗R��YP�Ŵ4%,ɬȍ¼ʛʽé�JŎ˒
$M,- 

2) 2018ś 5ǂC3:o�iɰɃ9v�X4Ƈȟ9Ȯɶ
ºPʺ˳ºʽɰ%2�,9,ȗğ:ʽ®�33L-
·ĭ4%2,Ĭ®DHśǇśĴ,`��o�US�
[,b�u�US�[659ˑǅʹ®9Dk��i
�º9ʽɰ$M2�L9,ļǅ9Ȯɶº:ʽɰ$M
2�6�-ɓȠº3:Įŉˁ�:3L9,\R�P
ɓȠ'LĦă:ǁȳ3 9 ƻ˓ 30 Ø,gU�PɓȠ
'LĦă:ǁȳ3 7ƻ˓ 30ØA5ɺ'L- 
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