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Abstract
Several studies have reported that the verbaliza-

tion is effective to acquire the embodied knowledge

as Tacit KnowledgeɽResearch issue that is left are

as followsɽThe problem seems that the studies have

not focused on the interaction between learner and

teacherɽOn the other hand, it is common that there

are leaders who were skilled in the fieldɽThereforeɼ
it is important that the interaction about the effec-

tiveness of the verbalization to acquire the embodied

knowledge must be discussedɽPurpose of this study

is to build the stage model (X,Y, g) between teacher

and learner by functional, and verify the validity of

the stage model through the practice focusing stand-

ing and walking of middle power is needed sports

like rugby or basketball. Therebyɼit is possible to

describe the stage model about embodied knowledge

of verbalization. And it is evident from the verifica-

tion of the validity that the verbalization of embodied

knowledge interfere with the mastery of skill in some

cases. The results from this study indicates that it

is critical that the interaction between learner and

teacher be discussed about verbalization of embodied

Knowledge.

Keywords — embodied knowledgeɼverbaliza-

tionɼothernessɼprinciple of least action

1. ͸͡Ίʹ
1.1 ਎ମ஌ͷख़ୡͱޠݴԽ

ۙ೥ɼ਎ମ஌͸ɼଟ͘ͷྖڀݚҬʹ͓͍ͯɼେ͖͘
஫໨͞Ε͍ͯΔɽ஌తγεςϜͷߏ଄ɾػೳɾൃੜʹ
͓͚Δ৘ใͷྲྀΕΛՊֶతʹ୳Δೝ஌Պֶ [1]΋ྫ֎
Ͱ͸ͳ͘ɼൃ׆ʹٞ࿦ɾ͕ڀݚͳ͞Ε͍ͯΔɽ਎ମ஌
͸ɼ஌ࣝΛޠݴԽͰ͖Δࣜܗ஌ʹରͯ͠ɼޠݴԽ͢Δ
͜ͱ͕ෆՄೳͳ҉໧஌ʹҐஔ͚ͮΒΕΔ [2]ɽͦͷͨ

Ίɼ਎ମ஌Λख़ୡͤ͞ΔͨΊʹ͸ɼ܇࿅ʹΑͬͯੜ͡
Δ਎ମ֮ײΛɼ͘ڧҙࣝ͢Δ͜ͱ͕ॏཁͱͳΔɽ
ɹҰํɼͨͩ਎ମ֮ײʹҙࣝΛ͚޲Δ͚ͩͰ͸ͳ͘ɼ
਎ମ֮ײʹର͢ΔޠݴԽ͕ɼ਎ମ஌ͷख़ୡʹ༗ޮͳ
πʔϧͰ͋Δͱใ͞ࠂΕ͍ͯΔ [3]ɽઌڀݚߦʹΑΔ
ͱɼμʔπ౤͛ʹ͍ͭͯɼଟ͘ͷ֓೦ͷؔ܎Λఆৗత
ʹ ˙͜ ͱ̇͹̇ʹͰ͖ΔΑ͏ʹͳΔ͜ͱͱɼύϑΥʔϚϯε
ͷ্ٸঢʹਂ͍͕ؔ͋܎Δ͜ͱΛ͍ࣔࠦͯ͠Δ [4]ɽ·
ͨɼϘ΢Ϧϯά [5]΍εϙʔπϑΟογϯά [6]ʹ͍ͭ
ͯ΋ɼಉ༷ͷڀݚ੒Ռ͕ใ͞ࠂΕ͍ͯΔɽ

1.2 ໰୊ఏى

ઌ͕ڀݚߦओு͢ΔޠݴԽͱ͸ɼؒ࣌ͱਏۤΛ൐͍
ͳ͕Β΋ɼଞऀ͔Βͷ஌ࣝ΍৘ใΛӏವΈʹͤͣʹɼ
ࣗ਎ͷ਎ମͰ࣮ફͨ࣌͠ͷҙຯΛɼҰਓশࢹ఺Ͱߟ
͑Δ͜ͱΛҙຯ͍ͯ͠Δ [7]ɽ͔ͨ͠ʹ,ํ๏࿦తಠզ
࿦ 1 ʹΑͬͯɼ৺తঢ়ଶΛ͢࡯؍Δͱ͍͏ݱ৅ֶతࢼ
Έ͸ɼؐ͞ݩΕͨ݁࿦Λಋ͘͜ͱΛՄೳʹ͢Δɽͦͷ
ҰํͰɼݱ৅ֶ͸ೋਓশͰ͋Δʮଞऀੑʢothernessʣʯ
ʹରͯ͠ࡧࢥΛ͖ͨͯ͠ޡࡨߦࢼɽ
ɹͦ͜ͰɼຊڀݚͰ͸ɼίʔνϯάͷݱ৔͔Βɼݱ৅
ֶʹ͓͍༷ͯʑͳٞ࿦Λ༠ൃ͖ͯͨ͠ଞऀੑΛ֞ؒݟ
Δ͜ͱʹ͢Δɽ
ɹֶशऀ͕۩ମతݧܦΛ͢Δڥ؀ʹ͸ɼॏཁͳଞऀʹ
Ґஔ͚ͮΒΕΔڭतऀ͕͍Δ͜ͱ͕ɼҰൠతͰ͋Δɽ
ͨͱ͑ڭतऀ͕͍ͳ͍৔߹Ͱ΋ɼର৅ͱͳΔ਎ମ஌ʹ
ؔ͢Δࡐڭ΍ࢿྉɾө૾ͳͲɼԿ͔͠ΒͷഔମΛ௨͠
ͯɼֶशऀ΁ͱࣔ͞ڭΕ͍ͯΔ͜ͱͩΖ͏ɽ
ɹͨͱ͑͹ɼਡ๚Βͷใࠂʹ͸ɼϘ΢Ϧϯάʹؔ͢Δ

1ํ๏࿦తಠզ࿦ʢmethodological solipsismʣɿΞϝϦΧͷ఩ֶ
ऀ J.A. ϑΥʔμʔ͕ɼ1980 ೥ʹএ͑ͨೝ஌Պֶͷํ๏࿦্ͷཱ৔
Ͱ͋Γɽ৺ͱ֎քͷؔ܎ΑΓ΋ɼ৺ͦͷ΋ͷͷ࡯ߟʹॏ఺Λஔ͖ɼ
৺Λ֎ք͔Β੾Γ཭ͯ͠୯ಠͰཧղͰ͖Δͱ͢Δɽ͜Εͱͨ͠ࣅࠅ
Λࣺ৅ͯ͠ɼ৺త܎ͱͷؔࡏͱͯ͠ɼ૎Ε͹ɼ֎քͷ௒ӽతଘ͑ߟ
ঢ়ଶΛͦͷ७ਮʹ಺ࡏతͳ͋Γํʹ͓͍ͯ͠࡯ߟΑ͏ͱ͢Δ७ਮ৺
ཧֶͷߏ૝Λɼݱ৅ֶͷҰ؀ͱͯ͠ଧͪग़ͨ͠ E. ϑοαʔϧʹݟ
ग़͞ΕΔ [8]
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͸ͳ͍͕ࡌه͍͠ৄ͍ͯͭʹࣔڭ [5]ɼϘ΢Ϧϯά͸ɼ
೔ຊʹ͓͍ͯɼҰൠతʹ͞ٴී͘޿Ε͍ͯΔεϙʔπ
Ͱ͋Γɼ໿ 9͔݄ؒʢ204೔ʣϘ΢Ϧϯά৔ʹ௨ͬͨ
ͱใ͞ࠂΕ͍ͯΔ͜ͱ͔ΒɼείΞͷऀٕڝ͍ߴͷಈ
ձ͕ଟʑ͋ͬͨͱਪଌ͞ΕΔɽμʔπػΔ͢࡯؍Λ࡞
౤͛΋ಉ༷ʹɼ8ϲ݄ؒʢ56 ೔ʣʹɼ413 ήʔϜΛ༑
ਓͱ͍ڝͳ͕Β͍ͯͬߦΔͱใ͞ࠂΕ͓ͯΓɼֶशऀ
͸ɼଞऀͷύϑΥʔϚϯεΛ਎ۙͰ͍ͨͯ͜͠࡯؍ͱ
ͩΖ͏ [4]ɽ͞ΒʹɼాࢁΒͷεϙʔπϑΟογϯάʹ
ؔ͢ΔจݙͰ͸ɼݩϓϩΞϯάϥʔͷख़ୡऀʹଳಉ͠
͓ͯΓɼख़ୡऀͷ ˙͜ ͱ̇͹͕̇ɼֶशऀͷϝλೝ஌هड़Խ
ʹରͯ͠ɼӨڹΛ༩͑ͨͱ͑ߟΒΕΔ [6]ɽ
ɹ͜͜ͰɼઌڀݚߦͰ͸ɼ਎ମ֮ײʹର͢ΔޠݴԽΛ
ܰؾతʹʯʮͱΓ͋͑ͣʯʮײΔʹ͋ͨΓʮ௚͢ߦࢼ
ʹʯʮਖ਼͍͠อূ͕ͳͯ͘΋͍͍͔Βʯɼ ˙͜ ͱ̇͹̇ʹ͢Δ
͜ͱ͕ɼॏཁͰ͋Δͱओு͍ͯ͠Δ [9]ɽ͔͠͠ɼ΋
͠Ծʹɼֶशऀͷਖ਼͍͠อূ͕ͳ͍ओ؍తͳޠݴԽͩ
͚Ͱɼ਎ମ஌͕͋Δఔ౓্ୡͯ͠΋ɼͦͷಓΛઐ໳ͱ
͢Δڭतऀ͕ධՁͨ͠৔߹ʹɼਖ਼͍͠ํ͔ͯͬ޲ʹ޲
͍ͳ͍έʔε΋͑ߟΒΕΔɽ·ͨɼڭतऀ͔Βؒͯݟ
ҧͬͨޠݴԽ͕ɼमਖ਼͞Εͣʹܧଓ͞Εͨ৔߹ɼֶश
ऀͷ਎ମ஌ͷख़ୡΛ๦͛Δ৔߹΋ɼे෼͋ΓಘΔɽ͞
Βʹɼ͋Δஈ֊ͰεΩϧ࢖ߦʹඞཁͳ৘ใ͕ɼ࣍ͷஈ
֊ͰඞཁͰ͋Δͱ͸ݶΒͳ͍ [10]ɽ͜ͷ৔߹ɼྑ͍ײ
֮ΛੜΈग़ͨ͠ޠݴԽࣗମ͕ɼख़ୡͷ଍ᐫͱͳΔՄೳ
ੑ΋͑ߟΒΕΔɽͳ͓ɼઌڀݚߦ [7]ʹ͓͍ͯ΋ɼଞ
ऀͷଘࡏͷॏཁੑʹ͍ͭͯड़΂ΒΕ͍ͯΔ΋ͷͷɼ౰
֘ྖҬʹ͓͚Δ࣮ફূݕͷஈ֊ʹ͓͍ͯɼٞ࿦΍σʔ
λ͸΄ͱΜͲࣔ͞Ε͓ͯΒͣɼະͩे෼Ͱ͋Δͱ͸͍
͑ͳ͍ɽ
ɹҎ্ɼ͞࢒Εͨ՝୊ͱͯ͠ɼݱ৅ֶͷ໡఺ͱ͍͏΂
͖ଞऀੑͷ՝୊ʹ஫໨͢Δ͜ͱ͸ɼࣗવͷྲྀΕͰ͋Γɼ
ओ٬Λ௒͑ͨ஌ݟΛݟग़͢͜ͱ͕ՄೳͱͳΓಘΑ͏ɽ
ͦ͜ͰɼຊڀݚͰ͸ɼ྆ऀͷޠݴతΠϯλϥΫγϣϯ
Λ্ྀͨ͠ߟͰɼ਎ମ֮ײʹର͢ΔޠݴԽͷ֎Ԇతͳ
ϞσϧΛߏங͠ɼϞσϧͷଥ౰ੑʹ͍ͭͯɼ࣮ફతݕ
ূΛ͜͏ߦͱΛ໨తͱ͢Δɽ

2. ஈ֊Ϟσϧͷߏங
2.1 ॳาతͳาߦͷࢦಋͷྫ

͋ΔॳาతͳาߦΛֶͼֶ͍ͨशऀ͕͍ΔͱԾఆ
͠ɼڭतऀͷݴ༿͕͚ʹΑͬͯɼ·ͣҰา໨ͷา͕ߦ
ՄೳʹͳΔΑ͏ʹಋ͘͜ͱΛ૝ఆ͢Δʢਤ রʣɽࢀ1
༿ͷΩϟονϘʔϧΛ͠ͳ͕ݴतऀͱֶशऀ͸ɼڭ

Βɼஈ֊తͳาߦͷख़ୡΛ໨͢ࢦɽ͸͡Ίʹɼڭत
ऀ͕ɼʮ50cmӈ଍Λग़͢ɽӈ଍ʹମॏΛҠ͠ɼࠨ଍Λ
50cmग़ͯ͠ɼࠨ଍ʹମॏΛҠ͢ʯͱࣔ͢ࢦΔɽͦͷ
߹Ͱ͖Δ৔ߦ࣮ʹରͯ͠ɼֶशऀ͸ͦͷ௨Γʹࣔࢦ
΋͋Ε͹ɼͰ͖ͳ͍৔߹΋͋Ζ͏ɽͱ΋͔͘ɼͦͷͱ
͖ͷ֮ײΛޠݴԽͯ͠΋Β͏ͱɼʮࠨӈʹ͙Β͙Β͢
Δʯͱ͔͏ݴ΋͠Εͳ͍ɽͦΕΛฉ͍ͯɼڭʹ࣍तऀ

ਤ 1 ॳาతͳาࢦߦಋͷྫ

͸ʮͦͷࠨӈͷ͙Β͙ΒΛେࣄʹ͠ͳ͕Βɼา͍ͯΈ
Α͏ʯͱࢦಋ͠ɼֶशऀ͸࠶ͼͦΕΛ࣮ߦʹҠ͢ɽ͜
ͷͱ͖΋ɼ্ख͍͘͘͜ͱ΋͍͔ͳ͍͜ͱ΋͋ΓಘΔ
͕ɼ্هͷաఔΛͯݟ΋Θ͔ΔΑ͏ʹɼஈ֊తʹɼڭ
तऀ͸ɼ࠷ॳͷ۩ମతͳ਺஋Λ༻͍͔ͨࣔࢦΒɼֶश
ऀ͕าߦͷͱ͖ʹࠨͨ͡ײӈͷৼΓ֮ײࢠΛɼ ˙͜ ͱ̇͹̇
Ͱ఻͑ΔΑ͏ʹͳΔɽͳͥͳΒ͹ɼ͜ͷந৅తͳදݱ
ͷৼΓ͕֮ײࢠɼڭतऀͷٻΊΔาߦΛՄೳʹ͢Δ਎
ମ͔֮ͩײΒͰ͋Δ.

ɹͦ͜Ͱɼ͜ͷา܇ߦ࿅ͷྫΛ΋ͱʹͯ͠ɼϞσϧΛ
ಋʮ50cmࢦతޠݴतऀʹΑΔڭΈΔɽ·ͣɼࢼஙΛߏ

ӈ଍Λग़͢ʯΛ xͱ͢Δ 2ɽ͓ͦΒ͘ 50cmͰͳ͘ͱ
΋Α͍͸ͣͰɼ48cm ͩΖ͏͕ɼ51cm ͩΖ͏͕ɼେ
͖ͳҧ͍͸͞΄Ͳͳ͍Մೳੑ͕͍ߴɽҰํɼֶशऀʹ
ͱͬͯɼڭतऀͷޠݴతࢦಋ xͷ 50cm͕ɼ࠷దͳ໨
҆ͩͬͨͱ͢Δɽ͢Δͱɼ͜ͷޠݴతࢦಋ x͸ɼ࿈ଓ
Խͯ͑͠ߟΔͱ͖ɼۃ஋Λͭ࣋͜ͱ͕ཁ੥͞ΕΔ͜ͱ
ʹͳΔɽ
ɹͦͷཧ༝͸ɼ࣍ͷ௨ΓͰ͋Δɽڭतऀͷޠݴతҙຯ
ۭؒ͸ɼޠݴͷҙຯʹΑͬͯߏ੒͞ΕͨωοτϫʔΫ
Λࣔ͢ɽ͜ͷޠݴతωοτϫʔΫʹ͓͍ͯɼڭतऀ͸ɼ
ࣗ਎͕఻͍͑ͨҙຯͷදݱͷۙ๣ʹֶ͓͍ͯशऀΛ
ධՁ͢Δ͜ͱʹͳΔɽ͜ͷ࣌ɼࠩ෼͋Δ͍͸ɼωοτ
ϫʔΫʹڑ཭ΛೖΕͯ࿈ଓԽ͢Δ͜ͱʹΑͬͯɼඍ෼
ʹΑΔۃ஋ΛɼධՁͷࢦඪͱ͢Δ͜ͱ͕ՄೳͱͳΔͨ
ΊͰ͋Δɽɹ

2.2 తΠϯλϥΫγϣϯޠݴ

ɽ͢ࢦΛ໨ߦ౓ͳาߴΒɼ͔ߦɼॳาతͳาʹ࣍
˙͜ ͱ̇͹̇ʹΑΔڭतऀͱֶशऀͱͷޠݴతΠϯλϥΫ
γϣϯΛ௨ͯ͠ɼ͍ޓʹ਎ମ֮ײΛڞ༗͍༷ͯ͘͠Λ
ද͢ݱΔɽڭतऀͷޠݴతࢦಋΛ xͰද͠ɼͦΕΛ࣮

ಋ಺༰Λࢦतऀͷஈ֊తڭ2 xk Ͱද͢ͳΒ͹ɼڭतऀͷධՁΛ
तڭͳ໌ݡಋஈ֊ʹԠͯ͡༩͑Δ͜ͱ΋ҙຯ͕͋ΔɽͳͥͳΒɼࢦ
ऀ͸ɼ͠͹͠͹ֶशऀʹ࣮͠ߦ΍͍͢؆୯ͳࢦಋ͔Β࢝Ίͯɼ࣍ୈ
ʹ೉қ౓Λ্͛Δɽ͜ͷ৔߹ɼࢦಋ಺༰ͷධՁ΋ͦΕʹͭΕͯ͘ߴ
ͳΔͰ͋Ζ͏ɽ
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తͳ؍शऀͷओֶͨ͠ߦ ˙͜ ͱ̇͹̇ʹΑΔදݱʢҎԼɼݴ
ԽʣΛޠ yͱ͢Δɽ͜͜Ͱɼڭतऀͷޠݴతࢦಋ xΛ
ɼ͢ͳΘݱशऀʹରͯ͠ɼֶशऀͷ਎ମදֶͨ͠ߦ࣮
ͪύϑΥʔϚϯε͕ɼֶशऀͷޠݴԽ yk ʹදΘΕΔ
ͱԾఆ͢Δͱ [4]ɼֶशऀͷޠݴԽ y ͕ɼڭतऀ͕ٻ
ΊΔาߦͷ਎ମ֮ײʹԊΘͳ͍ͱ͖ɼ͞ΒͳΔΞυό
Πε͕ͳ͞ΕΔɽҰํɼ͜ͷڭतऀͷ਎ମ͕֮ײɼ؆
୯ʹֶशऀʹ఻ΘΕ͹Α͍͕ɼԟʑʹͯ͠ࠔ೉ͳ৔߹
͕ଟ͍ͷͰ͸ͳ͍ͩΖ͏͔ɽͳͥͳΒ͹ɼڭतऀֶ͕
शऀʹ఻͍͑ͨ͜ͱ͸ɼڭՊॻʹॻ͔ΕͨΑ͏ͳࣜܗ
஌Ͱ͸ͳ͘ɼ҉໧஌ʹҐஔ෇͚ΒΕΔ਎ମ஌͔ͩΒͰ
͋Δ [2]ɽ
ɹΑͬͯɼڭतऀ͸ɼֶशऀʹదͨ͠ஈ֊తͳࢦಋ๏
ΛߟҊ͠ɼࣗΒͷ਎ମ֮ײͷ͍Θ͹ɼٕͷίϐʔΛࢼ
ΈΔɽίϐʔ͍ٕͨ͠͸ɼ۩ମతͳࣔࢦʮ50cm ӈ଍
Λग़͢ɽӈ଍ʹମॏΛҠ͠ɼࠨ଍Λ 50cmग़ͯ͠ɼࠨ
଍ʹମॏΛҠ͢ʯͰ͸ͳ͘ɼ ˙͜ ͱ̇͹̇ʹΑͬͯɼ఻͑೉
͍าߦʹ൐͏ந৅తͳ਎ମ֮ײͰ͋ΔɽͦͷͨΊɼڭ
तऀͷޠݴతࢦಋ xͱɼֶशऀͷޠݴԽ y͸ɼஈ֊త
ʹަΘ͞Ε͍͖ͯɼڭतऀͷ֮ײ΁͍͍ۙͮͯ͘ۀ࡞
ΘΕΔɽߦ͕
ɹ͜͜Ͱɼڭतऀͷޠݴతࢦಋ xͱֶशऀͷޠݴԽ y

͕ɼͲͷ͙Βִ͍ͨΓ͕͋Δͷ͔Λ਺஋ԽͰ͖ͨͱ͢
ΔͱɼͦΕ͸ֶशऀͷ਎ମ஌ͷख़ୡ౓߹ΛධՁͨ͜͠
ͱʹଞͳΒͳ͍ɽͦͷͨΊɼ֤ஈ֊ʹ͓͚Δֶशऀͷ
Խޠݴ yΛධՁ͢Δඞཁ͕͋Δɽͦ͜ͰɼڭतऀʹΑ
ΔֶशऀͷޠݴԽ yͷධՁؔ਺Λ g(y)ͱ͢Δɽ
ɹ͜ͷධՁؔ਺ g(y) ͕ɼڭतऀͷࣔࢦʹ͍͔ʹۙͮ
͚͍ͯΔ͔ΛධՁ͢Δ΋ͷͰ͋ΓɼධՁͷ࠷΋͍ߴঢ়
ଶ y͕ܾΊΒΕΔɽ͜͜Ͱɼؒ࣌ tʹґଘ͠ͳ͍৔߹ɼ
͜ͷධՁؔ਺͸ɼۃ஋ʹΑͬͯද͞ΕΔ 3ɽ

dg(y)

dy
= 0 (1)

ͳ͓ɼ͜ͷධՁؔ਺͕ɼؒ࣌ͳͲͷύϥϝʔλʹґଘ
͢Δ৔߹͸ɼ࠷খ࡞༻ͷݪཧ͢ͳΘͪɼఀཹۂઢΛٻ
ΊΔ໰୊ͱͳΔʢ෇࿥ Aࢀরʣɽ
ɹ࣍ʹɼڭतऀͷݴ༿తࢦಋ xk ͸ɼͦͷࣔࢦΛ஧࣮
ΕΔ͜ͱ͕͔ͮؾɼֶशऀʹΑͬͯɼʹޙͨ͠ߦ࣮ʹ
ෆे෼ͳ৔͕͖ͮؾ଴͞Ε͍ͯΔɽҰํɼֶशऀͷظ
߹ɼֶशऀͷޠݴԽ y ʹରͯ͠ɼڭतऀ͸࣍ͷࣔࢦ
xk+1 Λ༩͑Δ͜ͱʹͳΔɽڭतऀͷࢦಋ xk ͷ΋ͱͰɼ
ֶशऀ͕ͦΕΛ࣮ޙͨ͠ߦɼ࣍ͷڭतऀͷࢦಋ xk+1

͕༩͑ΒΕͯɼͦΕʹର͢ΔֶशऀͷޠݴԽ yk+1 ͕
΋ͨΒ͞ΕΔͱ͍͏ɼk ʹΑΔஈ֊͕Ͱ͖Δʢ֤ஈ֊
k = 1, 2, · · · , n ʹରͯ͠ɼxk, yk ͱఆٛʣɽ͜ͷஈ֊
͸ɼڭतऀֶ͕शऀͷख़ୡঢ়گΛͯ؍ɼख़ୡ͕ͳ͞
ΕͨͱධՁ͢Δ·Ͱଓ͚ΒΕΔɽ͜ͷϞσϧ͸ɼม਺

3Ұൠతʹɼؒ࣌ʹґଘ͢ΔͳΒ͹ɼgk(yk(t), dyk(t)/dt) ͱͳ
ΔͷͰɼ(1) ࣜ͸ɼม෼ δ

∫
gk(yk(t), dyk(t)/dt)dt = 0 Ͱද͞Ε

Δɽ

xk ͓Αͼɼม਺ yk ͱධՁؔ਺ gk(yk) ΑΔ΋ͷͳͷ
Ͱɼஈ֊ϞσϧΛ (X,Y, g) ͱ͜͢هͱͱ͢Δɽͨͩ
͠ɼX = xkɼY = ykɼg = gk(yk)ɼk = 1, 2, · · · , nͱ
͢Δɽਤ 2͸ɼֶशऀͷޠݴԽ͕ɼख़ୡͱͱ΋ʹɼڭ
तऀͷۃ஋ʹɼ͍͍༷͕ۙͮͯ͘ࢠද͞ݱΕ͍ͯΔɽ
ͳ͓ɼڭतऀͷظ଴ͱɼֶशऀͷख़ୡ౓߹ͷζϨ͕ೝ
ࣝͰ͖Δ࠷ऴखஈ͸ɼڭतऀֶ͕शऀͷ਎ମಈ࡞Λ؍
తΠϯλϥΫγϣϯޠݴΔ͜ͱʹ͋ΔɽΑͬͯɼ͢࡯
Δ͜ͱ͕ՄೳͰ͋Δ఺Λ֬ೝ͢ࢿʹɼϞσϧͯͬݶʹ
͍ͨ͠ɽ

2.3 ؔ਺Խͷ޻෉

तऀͱڭஙͨ͠ஈ֊Ϟσϧ͔Βࣔ͞ΕΔΑ͏ʹɼߏ
ֶशऀͷޠݴతΠϯλϥΫγϣϯͷϙΠϯτ͸ɼධՁ
ؔ਺ʹ͋Δɽ͜Ε͸ɼڭतऀͷ఻͍͑ͨ਎ମ֮ײΛཅ
ʹ༩͑Δʢ໌ࣔతʹύϥϝʔλΛࢦఆ͢Δʣ͜ͱΛҙ
ຯ͢ΔͨΊɼධՁؔ਺Λ༗ޮʹܾΊΔ͜ͱ͕ॏཁͳ՝
୊ͱͳΔɽ
ɹͦ͜Ͱɼֶशऀͷ਎ମ֮ײʹର͢ΔޠݴԽͷදݱʹ
ରͯ͠ɼͦΕΛޠݴతҙຯۭؒͱଊ͑ͯɼڭतऀ͕ظ
଴͢Δ਎ମݴ͍ۙʹ֮ײ༿ͱɼԕ͍ݴ༿ͷτϙϩδʔ
ΛܾΊΔํ๏ΛఏҊ͢Δɽ͜Ε͸ɼ͍͔ͭ͘ͷύϥ
ϝʔλʹ੔ཧ͞Εͨ਎ମ֮ײΛදۭؒͨ͠ݱͱͳΔɽ
తҙຯۭؒͷઃఆ͸ɼͦͷ··ධՁؔ਺ʹ൓ө͞ޠݴ
ΕΔͷͰɼڭतऀͱֶशऀ૒ํʹͱͬͯɼߟࢀʹͳΔ
ۭؒϞσϧͱͳΓಘΔͱ༧૝͞ΕΔɽ
ɹͨͱ͑͹ɼཱҐͷࢦಋͱͯ͠ʮ80౓ͷ֯౓Ͱཱͭʯ
͜ͱΛɼڭतऀ͔Βࣔ͞ࢦΕͨͱԾఆ͢Δɽ࣮ࡍ͸ݸ
ਓ͕ࠩ͋ΓɼਓʹΑͬͯ 80 ౓͔ΒଟগͣΕͯɼ࠷ऴ
తͳୡ੒ͱͯ͠ख़ୡͨ࣌͠ͷ਎ମ͕֮ײཁ੥͞ΕΔɽ
·ͣɼx1 = 80౓ͱ͢Δɽ͜Εʹରֶͯ͠शऀ͔Β͞
·͟·ͳޠݴԽ y͕͋Δɽ͜ͷͱ͖ɼ80౓ۙลͰɼֶ
शऀͷ਎ମ͕֮ײɼڭतऀͷཁ੥͢Δ਎ମ֮ײʹͳΕ
͹ɼࢦಋͷ໨త͸ୡͤΒΕΔͱ͢Δɽ࣍ʹɼͦͷલޙ
Ͱɼֶशऀͷ͕֮ײɼڭतऀͷ਎ମ͔ۇʹ֮ײʹۙͮ
͚͹ɼ࿈ଓͰ׈Β͔ͳؔ਺ y1 ʹΑͬͯ༩͑ΒΕΔ͜
ͱͱͳΓɼ͜ͷͱ͖ɼy1 ΛޠݴతҙຯۭؒʹͱΔ͜ͱ
͕Ͱ͖Δɽ͢ͳΘͪɼڭतऀͷ਎ମ֮ײʹ͍ۙදݱɼ
ԕ͍දݱΛ௚ઢ্ʹ෼෍ͤͯ͞ɼ׈Β͔ʹڭतऀͷ਎
ମ֮ײͷۃখ஋ΛͱΔΑ͏ʹɼධՁؔ਺ g1 Λઃఆ͢
Δ͜ͱʹΑΓɼֶशऀͷޠݴԽΛධՁͰ͖Δɽ

3. Ϟσϧͷଥ౰ੑ
3.1 ࣮ફతূݕ

ஈ֊Ϟσϧ (X,Y, g) Λཧ࿦తʹߏஙͰ͖Δݟ௨͠
͕͍ͭͨ͜ͱΛ֬ೝ্ͨ͠Ͱɼ࣮ફతূݕʹҠΔɽͲ
ͷΑ͏ͳ਺ཧϞσϧͰ͋Εɼந৅Խͱຊ࣭తཁૉͷந
ग़ۀ࡞Λ௨ͯ͠ɼ͍ͬͨΜ͸࣮ફͷੈքΛ཭ΕΔ͕ɼ
ͼɼ࣮ફͷੈքͱ݁ͼ෇͚ΒΕΔ͜ͱͰɼଥ౰ੑ͕࠶
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ਤ 2 తΠϯλϥΫγϣϯͷஈ֊Ϟσϧޠݴतऀͱֶशऀͷڭ (X,Y, g)ͱɼ਎ମ஌ͷख़ୡͷධՁʢ࡯؍ʣ

֬ೝ͞Εͳ͚Ε͹ͳΒͳ͍ [13]ɽͦ͜Ͱɼஈ֊Ϟσϧ
ͷଥ౰ੑʹ͍ͭͯɼ࣍ͷ࣮ફతূݕΛͨͬߦɽ
ɹ࣮ફ՝୊͸ɼཱҐ࢟੎ʢҎԼɼཱҐʣ͓Αͼɼาߦ
ಈ࡞ʢҎԼɼาߦʣͰ͋Δɽͳ͓ɼεϙʔπͷٕڝಛ
ੑ͝ͱʹɼཧ૝ͱ͢Δܗʹҧ͍͕͋ΔͨΊ [14][15]ɼຊ
Ͱ͸ɼϥάϏʔ΍όεέοτϘʔϧͱ͍ͬͨϛυڀݚ
ϧɾύϫʔ 4 ʹదཱͨ͠ҐͱาߦΛର৅ͱ͢Δɽ

3.1.1 तํ๏ڭतऀͱڭ

ຊ࣮ફͰ͸ɼεϙʔπڭҭֶ͕ઐ໳ͷڀݚ෼୲ऀ
ʢୈ 2 චऀʣΛڭतऀͱͨ͠ɽڭतऀͷུྺͱͯ͠ɼ
தֶ࣌୅ͷ 100m શࠃνϟϯϐΦϯΛ͸͡Ίɼߍߴɾ
େֶ࣌୅ʹ͸ɼશࠃϨϕϧͰ׆༂ͨ͠ɽࡏݱ͸ɼࠃ಺
֎ͷεϙʔπબखΛର৅ʹ૸ΓͷࢦಋΛ͍ͯ͠Δɽ଎
͘૸ΔͨΊͷɼ਎ମͷ࣠Λ࡞Δཱͪํ 5 ΍ɼޮ཰తͳ
า͖ํͷ্޲Λॏࢦͨ͠ࢹಋʹΑΓɼ੩Ԭࢢ಺ͷߍߴ
ΛશߍߴࠃϥάϏʔେձॳग़৔ʹಋ͖ɼڧԽʹ͠ݙߩ
ͨɽཱҐͱาߦΛख़ୡͤ͞Δಠࣗͷࢦಋํ๏͕ධՁ͞
Εɼ೔ຊϥάϏʔ U-20ɾU-18ɾU-17ɾϢʔε 7ਓ੍೔
ຊ୅දίʔνʹब೚͠ɼࢸʹࠓΔʢ2016೥ ʣɽࡏݱ4݄
ɹڭतํ๏͸ɼ࣍ͷ௨ΓͰ͋Δɽڭतऀ͕ߟҊཱͨ͠
ҐͱาߦͷϓϩάϥϜΛ࣮ऀྗڠݧʢҎԼɼֶशऀʣ
ʹ՝ͨ͠ɽޠݴతΠϯλϥΫγϣϯҎ֎ͷཁҼ͕͋Δ
͜ͱΛ൓ള͢ΔͨΊʹɼڭतऀͷ࣮ԋ͸ߦΘͣɼݴ༿

4ϛυϧɾύϫʔͱ͸ɼҰॠʹͯ͠େ͖ͳύϫʔΛൃ͢شΔӡಈ
ͱɼӡಈ͕ؒ࣌௕͘ύϫʔ͕௿͍ӡಈͷதؒʹҐஔ͠ɼӡಈ͕ؒ࣌
30 ඵ͔Β 3 ෼ؒ࣋ଓ͢ΔΑ͏ͳྗΛҙຯ͢Δ [16]

तऀ͸ɼ͜ͷཱҐͷঢ়ଶΛʮθϩϙδγϣϯʯͱ໋໊͠ɼεڭ5
ϓϦϯτཧ࿦Λߏங͍ͯ͠Δ

ਤ 3 ୈ 1ஈ֊ͷࢦಋ෩ܠʢڭतऀʹΑΔཱҐࢦಋʣ

͕͚ͷΈͷࢦಋͱͨ͠ʢਤ ɼτϨʔޙরʣɽͦͷࢀ3
φʔ͕ଳಉͷ΋ͱɼಉ͡ϓϩάϥϜΛܧଓ͠ɼࣗΒͷ
਎ମͷಈ͔͠ํ΍ମײɼؾ෇͖΍ײ૝ɼڥ؀΁ͷ஌֮
ͳͲΛͰ͖ΔݶΓϊʔτʹه࿥ͨ͠ɽڭतऀ͸ɼϊʔ
τΛఆظతʹ֬ೝ͠ɼͳΔ΂ֶ͘शऀ͕ݴͨ͠༺࢖༿
Λͯͬ࢖ɼޠݴͷهड़ʹΑΔࢦಋΛͨͬߦɽ

3.1.2 ֶशऀɼ࣮ؒظࢪɾ৔ॴ

ֶशऀ͸ɼຊֶঁࢠόεέοτϘʔϧ෦ʹॴଐ͢Δ
େֶੜʢঁࢠ 20.8 ʶࡀ 4.2ʣ8 ໊Ͱ͋Δɽ͜ͷ͏ͪɼ
Ճʢ2໊ʣͱɼ࿅शதʹΑΔࢀҭ࣮शʹΑΔ్தෆڭ
ոզʢ1໊ʣͷ 3໊Λআ͍ͨɼܭ 5໊Λର৅ʹ෼ੳΛ
ඪͱͯ͠ɼֶशऀ͕શһঁࢦɽͳ͓ɼख़ୡऀͷͨͬߦ
तऀ͕໿ڭɼྀͯ͠ߟͰ͋Δ͜ͱΛࢠ ಋ͠ɼࢦ20͔݄
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ख़ୡͷϨϕϧʹୡͨ͠ͱධՁ͞Εͨ཮্ٕڝ෦ॴଐͷ
େֶੜʢঁࢠ ɼҎԼɼख़ୡऀࡀ20 Xʣ1໊ʹྗڠΛڼ
͍ͩɽεϙʔπτϨʔφʔ͕શͯͷ࣮ફʹଳಉ͠ɼ҆
શʹࡉ৺ͷ஫ҙΛ෷͍࣮ͨ͠ࢪ 6ɽ࣮ફؒظ͸ɼ2015

೥ 11݄ 6೔͔Β 12݄ 5೔Ͱ͋ͬͨɽ৔ॴ͸ɼຊֶͷ
԰֎཮্ٕڝ৔ͱ԰಺ମҭؗͰ࣮ͨ͠ࢪɽ

4. ਎ମ஌ͷख़ୡʹର͢ΔධՁ
ֶशऀͷཱҐͱาߦΛධՁ͢Δʹ͠ࡍɼ͍͔ʹ༏Ε

ͱͯ͠΋ɼ௕೥ͦͨͬߦղੳΛ࡞Αͬͯɼಈʹثػͨ
ͷಓΛઐ໳ͱͨ͠ڭतऀͷ௚઀తͳ࡯؍ʹউΔख๏͸
ͳ͍ɽ͔͠͠ɼڭतऀͷେہతͳ࡯؍͸ɼओ؍తͳධ
ՁͰ͋Δ͚ͩʹɼධՁํ๏͸ଟ༷Խ͞Εɼ৴པੑͱଥ
౰ੑΛ୲อ͢Δʹ͸ݶք͕͋Δͷ΋࣮ࣄͰ͋Δ [17]ɽ
ͦ͜Ͱɼ৴པੑͷূݕʹ͍ͭͯɼͦΕͧΕଅਐલޙʹ
2ճͣͭࡱӨ͞ΕཱͨҐͱาߦͷσʔλͷͻͱͭΛධ
Ձ͠ɼҰఆؒظΛ͚͋ͯɼ΋͏ยํͷσʔλΛ࠶౓ධ
Ձ͢Δฏࠪݕߦ๏Λ༻͍ͯݕ౼ͨ͠ɽ·ͨɼڭतऀͷ
ධՁʹର͢Δଥ౰ੑΛ͢ূݕΔͨΊʹɼཧֶྍ๏࢜ͷ
෼୲ऀʢୈڀݚ 5චऀʣ͕ɼྟচతݟ஍͔ΒࢹೝʹΑ
ΔࡏہతͳղੳΛͨͬߦɽ

4.1 ཱҐͱาߦͷղੳ

4.1.1 ଌఆํ๏

ଌఆثػ͸ɼσδλϧΧϝϥ Panasonic DMC-

FZ200 LUMIX Λ࢖༻ͨ͠ɽཱҐͷଌఆํ๏͸ɼલ
໘ɼଆ໘ʢࠨӈʣɼޙ໘ͷ͔޲ํ࢛Βɼશ਎͕ࣸΔڑ
཭ΛอͪɼͦΕͧΕ 2ճͣͭࡱӨͨ͠ɽาߦͷଌఆํ
๏͸ɼແ෩ঢ়ଶͷΞϦʔφʹ͓͍ͯɼ1mִؒʹϛχ
όʔΛઃஔ͠ɼ20mͷࣗ༝าߦʢ଎͞ΛҰఆʹอͭ͜
ͱΛࣔ͢ڭΔҎ֎͸ɼࣗ༝ʹ͏ߦาߦʣΛ࣮ͨ͠ࢪɽ
ఆৗͷาߦΛධՁ͢Δͷʹద੾ͳՃ଎าߦ࿏ͷڑ཭Λ
ɼσδλϧΧϝϥΛதؒ஍఺ʢ10mʣʹઃஔ͠ɼྀ͠ߟ
2ճͷࡱӨΛͨͬߦɽσδλϧΧϝϥ͸ɼಈըػೳϋ
ΠεϐʔυϞʔυʢ120fpsHDʣʹઃఆ͠ɼӈଆ໘͔Β
Өͨ͠ɽࡱ

4.1.2 ղੳํ๏

ཧֶྍ๏࢜ͷڀݚ෼୲ऀʢୈ 5 චऀʣͱ૬ஊͷ্ɼ
ྟচධՁͷج४ʹଇΓɼ࣍ͷղੳΛͨͬߦɽ
ɹཱҐ͸ɼ޲ํ࢛ͷը૾ͷ͏ͪɼาߦͱಉํ޲Ͱ͋Δ
ӈଆ໘ʹ஫໨ͨ͠ɽશ਎ͷࣼ܏͸ɼ֎ՌΛ௨Δচ΁ͷ
ਨ௚ઢͱࣖਨͷ֯౓̸ α1 ͱݞๆͷ֯౓̸ α2 ʹɼ্ࢶͷ
Λ௨Δচ΁ͷਨ௚ઢͱࣖਨͷ֯౓ࢠ͸ɼେసࣼ܏ ̸ β1

ͱݞๆͷ֯౓ ̸ β2 ʹɼԼࢶͷࣼ܏͸ɼ֎ՌΛ௨Δচ΁
ͷਨ௚ઢͱେసࢠͷ֯౓ ̸ γ1 ʹͦΕͧΕ஫໨͠ɼը૾

6ຊڀݚ͸ɼڀݚ୅දऀͷॴଐؔػͷฏ੒ 27 ೥౓ୈ 2 ճྙڀݚ
ཧ৹ࠪʹ͓͍ͯঝೝ͞Ε͍ͯΔ

ղੳιϑτ Image JΛ༻͍ͯɼղੳΛͨͬߦɽ
ɹาߦ͸ɼҰาߦपظʹ஫໨ͨ͠ɽҰาߦपظͱ͸ɼ
ยଆͷ᪜͕઀஍ʢ᪜઀஍ʣ͠ɼ྆଍ͰମΛ͑ࢧͳ͕Β
ʢ྆Լظ࣋ࢧࢶʣɼ࣍ୈʹٯଆͷ᪜͕஍໘͔Β཭Εʢ᪜
཭஍ʣɼย଍ͰମΛ͑ࢧΔʢ୯Լظ࣋ࢧࢶʣঢ়ଶ͔Βɼ
ͷظ࣋ࢧࢶɼ΋͏Ұ౓ɼ୯ԼͯܦΛظ࣋ࢧࢶͼ྆Լ࠶
ঢ়ଶͱͳΓɼಉଆͷ᪜͕ɼ࠶ͼ᪜઀஍͢Δ·Ͱͷಈ࡞
ʢҎԼɼॏෳาʣͰ͋Δɽ͜ͷॏෳา͕ࡱӨ͞Εͨಈը
σʔλΛɼಈըฤूιϑτ Adobe PremiereʹऔΓࠐ
Ήɽͦͷޙɼ։ࢶ࢝Ґͱ࠷େՄಈҬ౸ୡ࣌ͷϑϨʔϜ
Λࢹೝʹͯநग़͠ɼը૾ฤूιϑτAdobe Photoshop

ʹऔΓࠐΈɼը૾Խͨ͠ɽ͜ͷը૾Λ΋ͱʹɼͦΕͧ
ΕେసࢠͱݞๆΛ݁Μͩ௚ઢͱගؔઅͱͷ֯౓ͷؔݞ
અ۶ۂ ̸ θ1 ͱؔݞઅ৳ల ̸ θ2ɼา෯ W ͱ਎௕ H ͱͷ
ൺ཰Λɼը૾ղੳιϑτ Image J Λ༻͍ͯղੳͨ͠
ʢਤ রʣɽࢀ4

4.1.3 ֶशऀશମͷղੳ݁Ռ

ਤ 1ʹɼཱҐ͓Αͼาߦͷଅਐલޙͷղੳ݁ՌΛࣔ
͢ɽ͜͜Ͱɼઌڀݚߦʹ฿͍ɼֶशऀશମͱͯ͠ɼख़
ୡऀͷཱҐͱาߦʹ͍͔ۙͮͨΛ֬ೝ͢Δ໨తͰɼt

ɽͨ͠ূݕʹతܭఆʢରԠ͋ΓʣʹΑΓ౷ݕ
ɹཱҐʹ͍ͭͯ͸ɼ༗ҙਫ४ 5%Ͱ tݕఆʢ྆ଆʣʹΑ
Γͨ͠ূݕɽશମͷࣼ܏Λ֬ೝ͢Δ̸ α1ʢt(4)=2.88ɼ
p<.05ʣͱ̸ α2ʢt(4)=2.97ɼp<.05ʣɼԼࢶͷࣼ܏Λ֬
ೝ͢Δ̸ γ1ʢt(4)=2.97ɼp<.05ʣ͸ɼଅਐલޙͰɼ༗ҙ
ͳ͕ࠩ͋Δ͜ͱ͕෼͔ͬͨɽҰํɼ্ࢶͷࣼ܏Λ֬ೝ
͢Δ̸ β1ʢt(4)=1.44ɼn.s.ʣͱɼ̸ β2ʢt(4)=1.82ɼn.s.ʣ
͸ɼ༗ҙͳ͕ࠩೝΊΒΕͳ͔ͬͨɽ
ɹ࣍ʹɼาߦʹ͍ͭͯ͸ɼཱҐͱಉ͘͡༗ҙਫ४ 5%

Ͱ t ۂઅ۶ؔݞɽͨ͠ূݕఆʢ྆ଆʣʹΑΓݕ ̸ θ1
ʢt(4)=2.84ɼp<.05ʣͱ 20mาߦͷλΠϜʢt(4)=4.70ɼ
p<.05ʣʹ ͸ɼଅਐલޙͰ༗ҙͳ͕ࠩ͋Δ͜ͱ͕෼͔ͬ
ͨɽҰํɼؔݞઅ৳ల̸ θ1ʢt(4)=0.70ɼn.s.ʣɼา෯W

ͱ਎௕H ͱͷൺ཰ʢt(4)=1.27ɼn.s.ʣ͸ɼ༗ҙͳ͕ࠩ
ೝΊΒΕͳ͔ͬͨɽ
ɹͦ͜Ͱɼ༗ҙͳ͕ࠩ͋ͬͨܭଌ߲໨ʹରͯ͠ɼख़
ୡऀ X ͷ஋ʹ͍͔ۙͮͨͲ͏͔Λͨ͠ূݕɽؼແ
Ծઆ H0 Λख़ୡऀ X ͷܭଌ஋ʹઃఆ͠ɼ༗ҙਫ४
5%Ͱ t ͱ͜Ζɼଅͨ͠ূݕఆʢରԠͳ͠ʣʹΑΓݕ
ਐલʹ༗ҙͳ͕ࠩ͋ͬͨ͢΂ͯͷ߲໨͕ɼଅਐޙ͸ɼ
̸ α1ʢt(4)=0.17ɼn.s.ʣɼ̸ α2ʢt(4)=0.69ɼn.s.ʣɼ̸ γ1
ʢt(4)=1.09ɼn.s.ʣɼ̸ θ1ʢt(4)=1.80ɼn.s.ʣɼ20mาߦ
ͷλΠϜʢt(4)=2.55ɼn.s.ʣͱ༗ҙͳ͕ࠩೝΊΒΕͳ
͔ͬͨɽ
ɹҎ্ͷ݁Ռ͔Βɼଅਐલʹ༗ҙ͕ࠩ͋ͬͨܭଌ߲໨
ʹؔͯ͠ɼଅਐޙͰɼֶशऀશମͱͯ͠ख़ୡऀ Xͷ਺
஋ʹ͍ۙͮͨ͜ͱ͕֬ೝ͞Εͨɽ
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ද 1 ཱҐͱาߦͷղੳ݁Ռ͓ΑͼɼڭतऀͷධՁ

ྔے֨ࠎ (kg) ମࢷ๱཰ (%) ̸ α1 ̸ α2 ̸ β1 ̸ β2 ̸ γ1

ֶशऀ ਎௕ cm લ ޙ લ ޙ લ ޙ લ ޙ લ ޙ લ ޙ લ ޙ

ֶशऀ A 177.5 30.5 29.8 15.5 17.6 2.7 7.2 4.0 7.4 0.8 5.7 3.5 6.2 4.8 8.1

ֶशऀ B 161.9 23.5 24.2 19.4 17.8 3.8 3.8 5.1 4.6 1.5 1.6 2.2 2.9 8.1 7.6

ֶशऀ C 168.0 24.6 24.5 20.9 18.1 2.1 5.5 2.5 5.7 0.8 3.6 0.6 2.8 4.5 8.4

ֶशऀ D 158.0 23.0 23.6 23.1 21.0 4.3 5.2 3.6 5.3 3.4 1.9 2.0 1.1 4.9 8.6

ֶशऀ E 166.0 24.1 24.6 28.8 26.5 1.5 5.3 1.2 4.8 -0.4 1.3 -0.8 0.3 3.2 9.9

ख़ୡऀ X 169.0 - - - - - 5.3 - 5.2 - 1.9 - 1.6 - 9.0

̸ θ1 ̸ θ2 า෯/਎௕ 20mาߦ ཱҐͷ࠾఺ าߦͷ࠾఺

ֶशऀ લ ޙ લ ޙ લ ޙ લ ޙ ఺࠾तऀͷڭ 1 લ ޙ લ ޙ

ֶशऀ A 21.2 31.4 16.3 29.7 0.54 0.61 7”72 10”14 ˱ 3ɼ3 3ɼ3 3ɼ3 3ɼ3

ֶशऀ B 22.2 22.1 33.9 25.7 0.68 0.58 8”68 10”33 ˱ 1ɼ1 2ɼ1 1ɼ1 1ɼ1

ֶशऀ C 24.8 28.8 42.4 43.0 0.62 0.59 8”73 9”51 ˱ 2ɼ3 1ɼ1 3ɼ3 1ɼ1

ֶशऀ D 22.7 32.2 18.3 29.2 0.58 0.53 9”13 11”40 ˱ 3ɼ3 2ɼ2 3ɼ3 3ɼ2

ֶशऀ E 41.7 45.5 49.0 46.5 0.62 0.55 8”72 12”24 ˱ 3ɼ3 2ɼ2 3ɼ3 3ɼ2

ख़ୡऀ X - 38.9 - 23.1 - 0.56 - 11”96 ˱ - 0 - 0
1 Ͳɼ௿͍ಘ఺ʢ0΄ߦҐ͓Αͼาཱ͍ۙʹ֮ײतऀͷ਎ମڭཧͷଇΓɼݪͷ༺࡞গ࠷ ఺ ∼3 ఺ͷ 4 ݅๏ʣΛ༩͑ͨɽ

ਤ 4 ཱҐͱาߦͷղੳ߲໨

4.2 ֶशऀʹର͢Δڭतऀͷ࠾఺݁Ռ

ֶशऀશମͱͯ͠ɼ౷ܭతʹख़ୡऀʹ͍ۙͮͨ͜ͱ
Λ֬ೝͨ͠ͱ͜ΖͰɼ࣍ʹɼͦΕͧΕݸʑͷֶशऀͷ
ख़ୡʹ஫໨͢Δɽ
ɹڭतऀ͕ɼֶशऀͷཱҐͱาࡱ͕ߦӨ͞Εͨը૾ɾ
ө૾σʔλΛࢹೝ͠ɼฏࠪݕߦ๏ʹΑͬͯɼ2ճͣͭ
ཧʹଇΓɼݪͷ༺࡞গ࠷఺ʹؔͯ͠͸ɼ࠾఺ͨ͠ɽ࠾
Ͱ͋Δ৔߹͸࡞ͱಉ͡ಈ֮ײतऀͷ਎ମڭ 0఺ɼ͍ۙ
৔߹͸ 1఺ɼԕ͍৔߹͸ 2఺ɼશ͘ҧ͏ಈ࡞Ͱ͋Δ৔
߹͸ 3఺ͱɼڭतऀͷ਎ମ֮ײʹཱ͍ۙҐ͓Αͼาߦ
΄Ͳ௿͍ಘ఺ʢ0఺∼3఺ͷ 4݅๏ʣͱͨ͠ɽͦͷ݁Ռ

͸ɼਤ 1ʢԼஈӈଆʣʹࣔ͢௨ΓͰ͋Δɽ࠾఺ͷ৴པ
ੑΛ͢ূݕΔͨΊʹɼಘΒΕͨ 2 ճͷධՁʹ͍ͭͯɼ
CronbachͷΞϧϑΝ܎਺ʢIBM SPSS Statistics22࢖
༻ʣΛࢉग़ͨ͠ͱ͜ΖɼΞϧϑΝ܎਺=.93ʢ>.80ʣͱ
े෼ͳ஋͕ಘΒΕͨɽ͜͜ͰɼڭतऀͷධՁͷଥ౰ੑ
Λ͢ূݕΔͨΊʹɼཧֶྍ๏࢜ͷڀݚ෼୲ऀʢୈ 5ච
ऀʣ͕ɼྟচతݟ஍͔ΒࢹೝʹΑΔը૾ͱө૾ͷ෼ੳ
Λͨͬߦɽͦͷ݁ՌɼڭतऀͷධՁʹର͢Δଥ౰ੑ͕
୲อ͞Εͨ͜ͱ͕֬ೝ͞Εͨɽ

5. ֶशऀͷޠݴԽʹର͢ΔධՁ
5.1 ఺ํ๏࠾Խʹର͢Δޠݴ

ޠݴೖͨ͠هɼֶशऀ͕͖ͮجʹɼஈ֊Ϟσϧʹ࣍
Խʹରͯ͠ɼڭतऀ͕࠾఺ΛͨͬߦɽධՁํ๏ʹؔ͠
ͯ͸ɼڭतऀͷ਎ମݴ͍ۙʹ֮ײ༿ͱԕ͍ݴ༿ͷτϙ
ϩδʔΛܾΊΔޠݴతҙຯۭؒʢਤ রʣͷํ๏ࢀ2.3
ͱͨ͠ɽ࠷গ࡞༻ͷݪཧʹଇΓɼڭतऀͷ֮ײʹ͍ۙ
Խ΄Ͳɼ௿͍ಘ఺ʢ0఺ޠݴ ∼3఺ͷ 4݅๏ʣΛ༩͑
ͨɽͳ͓ɼڭतऀ͕ධՁͰ͖ͳ͍ͱ൑அͨ͠ޠݴԽʹ
͍ͭͯ͸ɼ࠾఺͔Βআ֎ͨ͠ɽ
ɹֶशऀͷޠݴԽʹର͢ΔڭतऀͷධՁͷ৴པੑʹͭ
͍ͯɼֶशऀͷޠݴԽΛධՁ͠ɼҰఆؒظΛ͚͋ͯɼ
ݕ͍ͯ༺๏Λࠪݕ࠶σʔλΛධՁ͢Δޠݴ౓ಉ͡࠶
౼ͨ͠ɽͦͷ݁ՌɼCronbach ͷΞϧϑΝ܎਺ʢIBM

SPSS Statistics22࢖༻ʣΛࢉग़ͨ͠ͱ͜ΖɼΞϧϑΝ
਺=.85ʢ>.80ʣͷ஋͕ಘΒΕͨɽ2ճͷධՁʹҧ͍܎
͕͋ͬͨ৔߹͸ɼڭतऀֶ͕शऀͷޠݴԽΛ࠶౓֬ೝ
͠ɼ࠷ऴతʹ࠾఺Λͨͬߦɽ

2016年度日本認知科学会第33回大会 OS14-1

368



5.2 ύϥϝʔλ

5.2.1 ύϥϝʔλͷઃఆ

ֶशऀͷޠݴԽͷύϥϝʔλʹ͍ͭͯɼ(1)਎ମత
ύϥϝʔλʢ஌֮ͱߦҝʹؔ͢Δهड़ʣͱɼ(2) ߟࢥ
తύϥϝʔλʢෆ҆ɾٙ໰ɾئ๬ͳͲʹؔ͢Δهड़ʣ
ͷ 2ͭʹઃఆͨ͠ɽ

5.2.2 ύϥϝʔλͷ݁Ռ

֤ஈ֊ʹ͓͚Δ਎ମతύϥϝʔλ͓Αͼߟࢥతύϥ
ϝʔλʹଐ͢Δͷཁૉ਺ͷมԽΛਤ 5ʹɼڭतऀ͕࠾
఺ͨ͠ޠݴԽͷฏۉ஋ͷਪҠΛਤ 6ͱਤ 7ʹࣔ͢ʢά
ϥϑྻܥͷൣࠩޡғ͸ 5%ͷ஋Ͱදࣔʣɽ
ɹ͸͡Ίʹɼ֤ஈ֊ʹ͓͚Δύϥϝʔλͷཁૉ਺ͷม
Խʢਤ 5 রʣʹ஫໨͢Δͱɼֶशऀࢀ B ΍ֶशऀ C

ͷΑ͏ʹɼڭतऀ͔Βͱͯ΋͍ߴධՁΛಘֶͨशऀ΄
Ͳɼ֤ஈ֊ʹ͓͚Δ਎ମతύϥϝʔλͷཁૉ਺͕ଟ͘ɼ
Δ݁Ռ͕͋ʹ޲܏తύϥϝʔλͷཁૉ਺͕গͳ͍ߟࢥ
ࣔ͞ΕͨɽҰํɼଅਐલޙͱ΋ʹධՁ͕ͱͯ΋௿͔ͬ
ֶͨशऀ Aʹؔͯ͠͸ɼ਎ମతύϥϝʔλͷཁૉ਺ʹ
ൺ΂ͯɼߟࢥతύϥϝʔλͷཁૉ਺͕ଟ͍͜ͱ͕֬ೝ
͞Εͨɽ
ɹ࣍ʹɼ਎ମతύϥϝʔλʹ͍ͭͯʢਤ রʣɼͦࢀ6
ΕͧΕֶशऀͷޠݴԽͱɼ਎ମ஌ͷख़ୡ͕ରԠ͍ͯ͠
Δ݁Ռ͕ࣔ͞Εͨɽͨͱ͑͹ɼଅਐલޙͱ΋ʹධՁ͕
ͱͯ΋௿ֶ͔ͬͨशऀ AͷޠݴԽͷಘ఺ͷฏۉʹؔ͠
ͯɼୈ 1ஈ֊ 2.0ʢs.d.=0.0ʣɼୈ 2ஈ֊ 1.8ʢs.d.=0.9ʣ
͔Βɼ࠷ऴͷୈ 3ஈ֊Ͱ 2.8ʢs.d.=0.4ʣͱಘ఺্͕ঢ
͠ɼڭतऀͷ͔֮ײΒԕ͔ͬͨ͟͜ͱ͕ࣔ͞Εͨɽ·
ͨɼଅਐޙʹͱͯ΋ධՁ͕͘ߴͳֶͬͨशऀ C ͷݴ
Խʹؔͯ͠͸ɼୈޠ 1ஈ֊ 2.4ʢs.d.=0.9ʣɼୈ 2ஈ֊
1.9ʢs.d.=1.0ʣɼୈ 3ஈ֊ 1.0ʢs.d.=0.5ʣͱɼڭतऀ
ͷ֮ײʹஈ֊తʹ͍ۙͮͨ݁Ռ͕ࣔ͞Εͨɽ
ɹҰํɼߟࢥతύϥϝʔλʹ͍ͭͯʢਤ রʣɼୈࢀ7 2

ஈ֊͔Βୈ 3ஈ֊Ͱɼ͢΂ͯͷֶशऀͷޠݴԽ͕ɼڭ
तऀͷ͔֮ײΒԕ͔ͬͨ͟͜ͱ͕ࣔ͞Εɼֶशऀશମ
ͱͯ͠ɼ΄΅ಉ༷ͷ޲܏Λࣔͨ͠ɽ

5.3 ஈ֊ผͷ݁Ռ

ୈ 1ஈ֊Ͱ͸ɼͦΕͧΕͷֶशऀ͕ɼڭतऀ͔Βͷ
۩ମతͳࢦಋΛड͚ɼͦͷݴ༿͕͚Λࣗ෼ͳΓʹཧղ
͠ɼޠݴԽΛ͍ͯͬߦΔ͜ͱ͕֬ೝ͞Εͨɽ·ͨɼֶ
शऀ Aͱֶशऀ E͸ɼ਎ମతύϥϝʔλͷཁૉ਺ʹ
ൺ΂ͯɼߟࢥతύϥϝʔλͷཁૉ਺͕ଟ͘ɼʮකΛε
Ϝʔζʹಈ͔ͬͯ͢ԿͩΖ͏ʢ2015/11/10:Aʣʯʮ೉͠
͍͚Ͳɼ·ͣ͸΍ͬͺΓؔވઅͷ৳ͼͱॏ৺Λҙࣝ͠
Α͏ʢ2015/11/11:AʣʯͳͲͷޠݴԽ͕֬ೝ͞Εͨɽ
ɹୈ 2ஈ֊Ͱ͸ɼڭतऀͷݴ༿͕͚Λࣗ෼ͳΓʹཧղ
͠ͳ͕ΒߦҝΛ࣮͠ߦɼମ֮ײͨ͠ײΛޠݴԽ͍ͯ͠
Δ͜ͱ͕֬ೝ͞Εͨɽ·ͨɼֶशऀ EΛআ͘ 4໊ͷֶ

ਤ 5 ֤ஈ֊ʹ͓͚Δ਎ମత͓Αͼߟࢥతύϥϝʔλ

ͷཁૉ਺

ਤ 6 ਎ମతύϥϝʔλʹଐ͢ΔޠݴԽͷಘ఺ͷਪҠ

ਤ 7 Խͷಘ఺ͷਪҠޠݴతύϥϝʔλʹଐ͢Δߟࢥ
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शऀʹ͓͍ͯɼߟࢥతύϥϝʔλʹൺ΂ͯɼ਎ମతύ
ϥϝʔλͷཁૉ਺͕ଟ͔ͬͨʢਤ রʣɽࢀ5
ɹୈ 3ஈ֊Ͱ͸ɼओମతͳޠݴԽ΍ɼڭतऀͷ਎ମײ
͔֮Βԕ͍ޠݴԽ͕֬ೝ͞ΕΔΑ͏ʹͳͬͨɽͨͱ͑
͹ɼֶशऀ A ʹ͍ͭͯʮࠓ೔͸଍Λ͍ͭ΋ΑΓେ͖
͘લʹग़ͯ͠Έͨʢ2015/11/27:AʣʯͷޠݴԽ͕֬ೝ
͞Εͨɽ͔͠͠ɼڭतऀ͔Βͯݟɼา෯Λେ͖͘͢Δ
ΦʔόʔετϥΠυ͸ɼ᪜ண஍ʹͳΓқ͘ɼεϐʔυ
௿ԼΛҾ͖͢͜ىՄೳੑ͕͍ͨߴΊɼ࠾఺͸ 3఺ͱ௿
͔ͬͨɽͳ͓ɼา෯ͱ਎௕ͷൺ཰ʹؔͯ͠ɼֶशऀ A

ͷΈ͕ɼଅਐޙʹ૿Ճͨ݁͠Ռʢ0.54ˠ 0.61ʣͱͳͬ
ͨɽ·ͨɼֶशऀ B ͸ɼʮ͜ͷલͷܭଌͰɼϞσϧา
͖ͬΆ͍ͬͯݴΘΕͨʢ2015/12/1:BʣʯͷޠݴԽ͕֬
ೝ͞Εͨɽ͔͠͠ɼҰൠతʹϑΝογϣϯϞσϧͷา
͖ํͱ͸ɼ྆଍Λա౓ʹަࠩ͠ͳ͕Βண஍͠ɼࠊΛ೧
ΔΑ͏ͳಈ࡞Ͱ͋Γɼܧଓ͢Δͱɼকདྷ໨ඪͱ͢Δ࣬
૸ͷύϑΥʔϚϯεʹӨ͢ڹΔՄೳੑ͕͍ͨߴΊɼڭ
तऀͷධՁ͸ 3఺ͱ௿͔ͬͨɽ

6. ࡯ߟ
ຊڀݚͷ໨తʹؑΈɼ(1)ଞऀੑΛྀ͢ߟΔඞཁੑɼ

(2)࣮ફ͔ΒಘΒΕͨ৽ͨͳ஌ݟɼ(3)ஈ֊ϞσϧΛߏ
ங͢Δҙٛɼͷ 3ͭͷࢹ఺͔Β͢࡯ߟΔɽ

6.1 ଞऀੑΛྀ͢ߟΔඞཁੑ

ஈ֊Ϟσϧʹ࣮͍ͨͮجફ݁Ռ͔Βɼֶशऀશମͱ
ͯ͠༗ҙͳ͕ࠩೝΊΒΕɼਡ๚Βͷओு [3]ͱಉ༷ͷ
Λࣔͨ͠ɽҰํɼֶशऀͷख़ୡͷ౓߹͍ʹ͸ɼଟ޲܏
༷ੑ͕ࣔ͞Εɼ͞Βʹ͸ɼڭतऀ͕ٻΊΔཱҐͱาߦ
ʹ͸มԽͤͣʹɼख़ୡ͠ͳ͔ͬͨͱධՁ͞Εֶͨशऀ
A΋֬ೝ͞Εͨɽ
ɹాࡕʹΑΕ͹ɼ਎ମͷֶͼͷதͰɼֶशऀ͸ɼڭत
ऀ͔Β ˙͜ ͱ̇͹̇Ҏ্ͷԿ͔ΛओମతʹಡΈऔΔඞཁ͕͋
Δͱड़΂Δ [18]ɽͨͱ͑͹ɼֶशऀ Bʹର͢Δڭतऀ
ͷʮ࿹͸ോඌ͔Β෇͍͍ͯΔΠϝʔδʢ2015/11/26:

༿͕͚ʹ͍ͭͯ΋ɼ౰વͷ͜ͱͳ͕Βɼݴतऀʣʯͷڭ
෺ཧతʹ࿹͸ോඌ͔Β෇͍͍ͯͳ͍ɽ͔͠͠ɼֶशऀ
B͸ʮͲ͏͢Ε͹ɼ࿹͕ോඌ͔Β෇͍͍ͯΔ͕֮ײಘ
ΒΕΔͷͩΖ͏͔ʁʯͱओମతʹ͑ߟΔ͜ͱ͕ॏཁͱ
ͳΔɽ
ɹ͔͠͠ɼֶशऀͷओମతͳޠݴԽ͸ɼඞͣ͠΋ڭत
ऀͷࢦಋͨ͠಺༰΍ɼٻΊΔ਎ମ֮ײͱҰக͢Δͱ͸
Βͳ͍ɽͨͱ͑͹ɼֶशऀݶ Aͷओମతʹา෯Λ͛޿
ΔΑ͏ͳޠݴԽΛྫʹͱͬͯ΋ɼڭतऀ͔Β͸਎ମײ
֮ͱશ͘ҧ͏΋ͷͱͯ͠௿͘ධՁ͞ΕΔɽ
ɹ΋͠ɼԾʹڭतऀ͕͍ͳ͍ͱ͢Δͱɼؒҧͬͨޠݴ
Խ͸मਖ਼͞Εͳ͍ͨΊɼ਎ମ஌ͷख़ୡΛ๦͛ΔՄೳੑ
͸े෼ʹ͑ߟΒΕΔɽ΋ͪΖΜֶशऀͷΈͰ΋ɼؒ࣌
ͱ͕ɼؒҧ͍ͨ͛͜޿ա͢Ε͹ɼ͍͔ͭ͸า෯Λܦ͕
Ͱ͋Δ͜ͱʹͮ͘͜ؾͱ͸͋ΓಘΔɽ͔͠͠ɼ໰୊ఏ

͓ʹͰ΋ɼओுͨ͠Α͏ʹɼεϙʔπͷίʔνϯάى
͍ͯɼֶशऀͷؒ࣌ͭ࣋ʹ͸ݶΓ͕͋Δɽख़ୡͷ๦͛
ʹͳΔΑ͏ͳޠݴԽΛमਖ਼͠ɼख़ୡʹಋ͘ͷ͸ɼͦͷ
ಓΛઐ໳ͱ͢Δڭतऀʹ΄͔ͳΒͳ͍ͩΖ͏ɽ
ɹ࣍ʹɼླ໦Β͸ɼֶशऀͷ਎ମΛऔΓڥ؀͘ר͸ɼ
ৗʹมԽ͍ͯ͠ΔͨΊɼ͋Δஈ֊ͰεΩϧ࢖ߦʹඞཁ
ͳڥ؀ͷ৘ใ͕ɼ࣍ͷஈ֊ͰඞཁͰ͋Δͱ΋ݶΒͳ͍
ͱड़΂͍ͯΔ [10]ɽਡ๚΋ɼ਎ମ஌ͷख़ୡͷաఔΛɼ
਎ମͱڥ؀ͷؔ܎Λৗʹߏ࠶ங͠ଓ͚Δ઴ਐతϓϩη
εͰ͋Δͱओு͍ͯ͠ΔΑ͏ʹ [3]ɼ਎ମ͕͔ڥ؀Β
औΓग़͢৘ใ͸ɼৗʹมԽ͍ͯ͠ΔΘ͚Ͱ͋Δɽ͜͜
Ͱɼֶशऀ͚ͩͰɼ৘ใͷมԽʹରԠͰ͖Ε͹໰୊ͳ
͍ͷ͕ͩɼ࣮ࡍͷεϙʔπݱ৔Ͱ͸ɼԟʑʹͯ͠೉͠
͍έʔε΋͋Δɽ
ɹ͜ͷΑ͏ͳ৔߹ʹɼڭतऀͷ؍٬తͳࢹ఺͕ॏཁͱ
ͳΔɽͨͱ͑͹ɼຊ࣮ફͰྑ͍਎ମ֮ײΛੜΈग़ͨ͠
ʮϑΝογϣϯϞσϧʯͷޠݴԽΛͯݟ΋ɼڭतऀ͸ɼ
কདྷతʹͦΕΒͷޠݴԽ͕ɼ࣍ͷ࣬૸ͷஈ֊Ͱඞཁͳ
͘ͳΓɼͦͷޠݴԽࣗମ͕਎ମ஌ͷख़ୡΛ๦͛ΔՄೳ
ੑ͕͋Δ͜ͱΛ༧ଌ͠ɼ௿͍ධՁΛ༩͍͑ͯΔɽ
ɹԾʹɼڭतऀ͕ଘ͠ࡏͳ͔ͬͨͱͨ͠Βɼֶशऀ͸ɼ
ྑ͍਎ମ֮ײΛੜΈग़ͨ͠ޠݴԽΛͪ࣋ଓ͚ɼาߦΛ
ଓ͚Δ͜ͱ΋༧૝͞ΕΔɽಛʹɼ্ख͍͘͘͠ߦ࣮
਎ମ֮ײΛੜΈग़ͨ͠ޠݴԽ͸ɼֶशऀʹͱͬͯख์
͠೉͍΋ͷͰ͋Δɽ͋Δஈ֊ͰඞཁͳߦࢼͰ͋ͬͨݴ
ͷஈ֊Ͱෆཁͱͳͬͨͷʹ΋͔͔ΘΒͣɼ࣍Խ͕ɼޠ
ͦͷ ˙͜ ͱ̇͹̇Λख์͢͜ͱ͕Ͱ͖ͳֶ͍शऀʹରͯ͠ɼ
σʔλఏࣔ΍༻۩Λม͑ͨΓɼಈ࡞ͷݪཧΛ࠶౓͑ߟ
ͤ͞ [19]ɼ৽ͨͳ͖ͮؾ΍ࢹ఺Λͤͨ࣋Δ͜ͱ͕Ͱ͖
ΔҰ൪͍ۙଘͦ͜ࡏɼର৅ͷ਎ମ஌ʹख़ୡͨ͠ڭतऀ
ͳͷͰ͋Δɽ

6.2 ࣮ફ͔ΒಘΒΕͨ৽ͨͳ஌ݟ

Ұൠతʹɼ਺ཧϞσϧͷύϥϝʔλ਺͕গͳ͍΄
Ͳɼγϯϓϧͳݱ৅΁ͷཧղ΁ಋ͘ྑ͍Ϟσϧͱ͞Ε
Δɽͦ͜ͰɼຊڀݚͰ͸ɼ஌֮ͱߦҝʹؔ͢Δ਎ମత
ύϥϝʔλͱɼෆ҆ɾٙ໰ɾئ๬ͳͲʹؔ͢Δߟࢥత
ύϥϝʔλͷ 2ͭʹઃఆͨ͠ɽ
ɹͦͷ݁Ռɼ਎ମతύϥϝʔλʹؔ͢ΔޠݴԽͱɼ਎
ମ஌ͷख़ୡ͕ରԠ͍ͯ͠Δ݁Ռ͕ࣔ͞Εͨʢਤ 6 ࢀ
রʣɽҰํɼߟࢥతύϥϝʔλʹ͍ͭͯ͸ɼֶशऀશ
ମͱͯ͠ɼ΄΅ಉ༷ͷ޲܏Λࣔ͠ɼ਎ମ஌ͷख़ୡͱ૬
ͳ͍͜ͱ͕֬ೝ͞Εͨʢਤʹ܎ؔؔ রʣɽࢀ7
ɹӡಈྍ๏ֶ [20]Ͱ͸ɼ਎ମͷҐஔ΍ಈ͖ʹ͍ͭͯؾ
͍ͮͨҹ৅ͷӡಈ֮ײ 7 ͸ɼਓͦΕͧΕݸਓ͕ࠩ͋Γɼ
ಛʹҐஔ ɾ֮ӡಈ ʢ֮ؔઅҐஔ͓Αͼࢶ࢛ɼ·ͨ͸ମװ
ͷಈ͖ͳͲͷ֮ײʣͳͲͷਂ෦֮ײ͸ɼड༰͕ث਎ମ

7ӡಈ֮ײɿද֮ײࡏʹ͔͔ΘΔ֎ड༰͓ثΑͼਂ෦֮ײͳͲͷ
಺ड༰͔ثΒͷೖྗͱɼத਻ੑӡಈྩࢦʹ൐͏৴߸͕౷߹͞Εͨ݁
Ռͱͯ͠ɼ਎ମͷҐஔͱಈ͖ʹ͍ؔͯͨͮ͠ؾҹ৅ͱఆٛɽ
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ͷਂ͍ॴʹҐஔʢ಺ड༰ثʣ͍ͯ͠ΔͨΊɼ஌֮͢Δ
͜ͱ͕೉͍͜ͱ͕໌Β͔ʹͳ͍ͬͯΔɽͦͷͨΊɼֶ
शऀʹΑͬͯ͸ɼ਎ମͷಈ͖΍ମײΛ ˙͜ ͱ̇͹̇ʹ͢ΔҎ
લʹɼਂ෦֮ײΛ஌֮͢Δ͜ͱࣗମ͕೉͍͠৔߹΋ߟ
͑ΒΕΔɽ࣮ફ݁Ռ͔Βࣔ͞Εͨେ͖ͳಛ௃ͱͯ͠΋ɼ
਎ମ஌͕ख़ୡ͠ͳֶ͔ͬͨशऀ͸ɼ਎ମతύϥϝʔλ
ͱൺ΂ͯɼߟࢥతύϥϝʔλͷཁૉ਺͕ଟ͍͜ͱ͕ڍ
͛ΒΕͨɽͨͱ͑͹ɼֶशऀ A͸ɼϊʔτ΁ͷهड़ྔ
ͱͯ͠͸ଞͷֶशऀʹൺ΂ͯͱͯ΋ଟ͔͕ͬͨɼʮ͜Ε
͕ແҙࣝʹͰ͖ΔΑ͏ʹͳΓ͍ͨʢ2015/11/25:Aʣʯ
ʮྗΛൈͬͯ͘େͩࣄͳ͊ͱ͏ࢥʢ2015/11/25:Aʣʯͳ
Ͳͷߟࢥతύϥϝʔλͷཁૉ͕ଟ͍͜ͱ͕֬ೝ͞Ε
ͨɽ͜ΕΒͷޠݴԽ͸ɼֶशऀͷͪ࣋ؾΛදͨ͠ݱ΋
ͷͰ͋Γɼਂ෦֮ײͱൺֱͯ͠ɼ ˙͜ ͱ̇͹̇ʹ͠қ͍ɽ
ɹҰํɼઌڀݚߦͰ͸ɼ਎ମ஌ͷޠݴԽΛ͢ߦࢼΔʹ
͋ͨΓʮ௚ײతʹʯʮͱΓ͋͑ͣʯʮܰؾʹʯʮਖ਼͍͠
อূ͕ͳͯ͘΋͍͍͔Βʯɼ ˙͜ ͱ̇͹̇ʹ͢Δ͜ͱ͕ॏཁ
Ͱ͋Δͱड़΂͍ͯΔ [9]ɽ·ͨɼਡ๚΋ɼ਎ମ஌ͷޠݴ
Խͷର৅ͱͯ͠ɼʮ਎ମ෦Ґͷಇ͖ʯʮײޒత஌֮ʯʮࣗ
Δ͍ͯ͛ڍʯΛߟࢥʯʹՃ͑ͯɼʮ֮ײड༰ݾ [4]ɽ
ɹ͜͜Ͱɼઌ͕ڀݚߦओு͢ΔΑ͏ʹɼਖ਼͍͠อূ͕
ͳͯ͘΋͍͍͔ΒɼҰਓশࢹ఺Ͱࣗ༝ʹޠݴԽ͢Δ
ͳΒ͹ɼ஌֮͢Δ͜ͱ͕೉͍͠Ґஔ֮ɾӡಈ֮ͷਂ෦
Խ͢ΔΑΓ΋ɼֶशऀޠݴ͍ͯͭʹ֮ײ AͷΑ͏ʹɼ
˙͜ ͱ̇͹̇ʹ͢Δ͜ͱ͕؆୯ͳߟࢥͷදݱ͹͔ΓΛهड़͢
Δ͜ͱʹͳΔͷ͸ɼे෼ʹ༧૝͞ΕΔɽ
ɹ΋ͪΖΜɼεϙʔπͷίʔνϯάʹ͓͍ͯɼֶशऀ
ͷੵੑۃ΍΍ΔؾͳͲͷߟࢥ͸ɼॏཁͳ՝୊Ͱ͋Δɽ
͔͠͠ɼ࣮ફ݁Ռ͔Β΋ࣔ͞ΕͨΑ͏ʹɼ͍͘Βֶ
शऀ͕಄ͰཧղΛͨ͠Γɼ΍ΔؾͳͲͷҙ͕ࣝͯ͘ߴ
΋ɼ࣮ࡍͷεϙʔπݱ৔Ͱ͸ɼ਎ମ஌͕ख़ୡ͢Δͱ͸
ऀݡಋ͢Δࢦͱͯ͠ɼεϙʔπ΍෢ಓΛ࣌Βͳ͍ɽݶ
ͨͪ΋ʮ͑ߟա͗ͳ͍ʯ͜ͱ΍ɼʮͣ͑ߟʹɼ͡ײΔʯ
͜ͱͱ͍ͬͨɼߟࢥʢ͑ߟΔʣͰ͸ͳ͘ɼ֮ײʢ͡ײ
Δʣ͕ɼٕΛ֮͑ΔͨΊʹେ੾Ͱ͋Δ͜ͱΛઆ͘৔߹
͕͋Δ͕ɼͭ·Δͱ͜Ζɼ࠷ऴతͳ໨తͱ͸ɼ܇࿅ʹ
Αͬͯɼֶशऀͷ಄ͰٕΛ֮͑Δ͜ͱͰ͸ͳ͘ɼֶश
ऀͷ਎̇ମ͕ٕ̇Λ֮͑Δ͜ͱʹ͋Δɽ
ɹҎ্ͷٞ࿦ͱ࣮ફ݁ՌΑΓɼ਎ମ஌Λख़ୡͤ͞Δͨ
Ίͷ༗ޮͳ ˙͜ ͱ̇͹̇ͱ͸ɼֶशऀͷख़ୡஈ֊ʹΑͬͯओ
Λର৅ͱ͠ͳ͍৔߹΋͋ΔՄೳੑ͕ࣔࠦ͞ߟࢥతͳ؍
Εͨɽ

6.3 ஈ֊ϞσϧΛߏங͢Δҙٛ

ϞσϧԽͷϝϦοτ͸ɼந৅Խͱຊ࣭తཁૉͷநग़
Ͱ͖Δ͜ͱ࡯ߟ৅ͷੑ࣭ΛΑΓਂ͘ݱΑͬͯɼʹۀ࡞
ʹ͋Δɽຊ࣮ફʹ͓͍ͯ΋ɼද͕ݱ೉͍͠ͱ͞ΕΔ਎
ମ஌ͷख़ୡաఔΛɼஈ֊తʹ෼ੳͨ݁͠Ռɼ਎ମతύ
ϥϝʔλͷਪҠ͕ɼ਎ମ஌ͷख़ୡʹରԠ͍ͯ͠Δ͜
ͱ͕ࣔ͞Εͨɽޙࠓύϥϝʔλͷݕ࠶౼͸ඞཁͰ͋Δ

͕ɼධՁؔ਺ͷ஝ੵʹΑͬͯɼ਎ମ஌ͷख़ୡݱ৅͕༧
ଌͰ͖ΔՄೳੑ͕ࣔ͞Εͨɽ
ɹ·ͨɼ͜ͷஈ֊ϞσϧͰ͸ɼ࠷গ࡞༻ͷݪཧʹଇΓɼ
తͳख़ࢉݮͷఀཹ఺ʹऩଋ͍֮ͯ͘͠ײतऀͷ਎ମڭ
ୡաఔΛද͍ͯ͠ݱΔɽ͜Ε͸ɼैདྷͷύϑΥʔϚϯ
εΛ౸ୡ໨ඪ͝ͱʹ਺ஈ֊ʹ෼͚ͯهड़͠ɼख़ୡ౓߹
ΛՃࢉతʹࣔ͢ϧʔϒϦοΫͱ͸ҧͬͨɼ৽ͨͳධՁ
΁ͱൃల͢Δͱ͑ߟΒΕΔɽ
ɹҰํɼຊ࣮ફͰ͸ɼޠݴҎ֎ͷཁҼ͕Ө͢ڹΔ͜ͱ
Λ൓ള͢ΔͨΊʹɼֶशऀʹରͯ͠ڭतऀͷ࣮ԋ͸ߦ
Θͳ͔͕ͬͨɼڭतऀͱֶशऀͱͷޠݴԽͷΈͷΠϯ
λϥΫγϣϯͷݶք΋ݟड͚ΒΕͨɽ͞Βʹɼ ˙͜ ͱ̇͹̇
ͷᐆດੑɼଟٛੑɼྨੑࣅͳͲͷੑ͔֨Βɼఆྔతͳ
ධՁ͕ࠔ೉ͱͳΔͱͱ΋ʹɼֶशऀͷޠݴԽࣗମ͕ɼ
਎ମ஌ͷख़ୡΛ๦͛ΔՄೳੑ΋ࣔࠦ͞Εͨɽ
ɹ͔͠͠ɼ ˙͜ ͱ̇͹̇ʹ஫໨ͯ͠ɼ਎ମ஌ͷख़ୡΛϞσϧ
Խ͢Δ͜ͱʹҙຯ͕ͳ͍͔ͱ͍͏ͱɼͦ͏ͱ͸ݶΒͳ
͍ɽ ˙͜ ͱ̇͹̇͸ɼҙࣝͷදݱͱͯ͠͸ʢᐆດੑɼଟٛੑɼ
Δͱ͍͑Ͳ΋ʣɼࣗଞΛ݁Ϳίϛϡχέʔ͕͋ੑࣅྨ
γϣϯͷதͰ΋ɼ࠷΋৴པͰ͖ΔखஈͷͻͱͭͰ͋Γɼ
˙͜ ͱ̇͹̇ʹΑͬͯɼզʑ͸໨ʹ͑ݟΔܗͰɼڭतऀͱֶ
शऀͷΠϯλϥΫγϣϯ͕֞ؒݟΒΕΔͷͰ͋Δɽ

7. ·ͱΊͱޙࠓͷ՝୊
ֶशऀͱڭतऀͷޠݴతΠϯλϥΫγϣϯΛྀ͠ߟ

্ͨͰɼ਎ମ஌ͷख़ୡʹؔ͢Δஈ֊Ϟσϧ (X,Y, g)

Λɼཧ࿦తʹهड़Ͱ͖Δݟ௨͕͍ͭͨ͠ɽ·ͨɼଥ౰
ੑͷ࣮ફతূݕʹΑΓɼ࣮ફͷੈքͱ݁ͼ෇͚Δ͜ͱ
͕Ͱ͖ɼ͞Βʹ͸ɼ࣮ફ͔Β৽͍͠஌͕ݟಘΒΕͨɽ
ɹޙࠓͷ՝୊͸ɼ࣍ͷ௨ΓͰ͋Δɽͻͱͭ͸ɼஈ֊Ϟ
σϧͷ࣮ફతূݕͷ஝ੵͰ͋ΔɽͦͷͨΊʹɼ࣮ڠݧ
ྗऀΛ૿΍͢͜ͱ΍ɼཱҐͱา͔ߦΒൃలͨ࣬͠૸ͷ
ख़ୡɼ·ͨɼଞͷ࣮ફʹΑΔஈ֊Ϟσϧͷଥ౰ੑͷݕ
ূ͸ɼ͜ͷڀݚςʔϚΛΑΓ͔֬ͳ΋ͷʹ͢ΔͨΊʹ
ඞਢͱ͑ߟΒΕΔɽ
ɹ΋͏Ұͭ͸ɼؒ਎ମੑ΁ͷൃలͰ͋ΔɽຊڀݚͰ
͸ɼҰਓশ͔ڀݚΒͷൃలͱͯ͠ɼڭतऀͱֶशऀͷ
ؒओ؍తΠϯλϥΫγϣϯʹ஫໨ͨ͠ɽҰํɼࣗଞΛ
௒͑ͨͱ͜Ζʹଘ͢ࡏΔੑײͷڞ༗ੑ͢ͳΘͪɼ྆ऀ
ʹͱͬͯແਓশɾඇਓশ [21][22]ͷମݧͰ͋Δؒ਎ମ
ੑ [23][24]ʹ஫໨͍ͯ͠Δɽ
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෇࿥
A ઢͱΦΠϥʔํఔࣜۂཹఀ
ධՁؔ਺͕ɼؒ࣌ͳͲͷύϥϝʔλʹґଘ͢Δ৔߹

ʹ͓͍ͯɼڭतऀͷ਎ମ֮ײͱɼֶशऀͷ਎ମද͕ݱ
ҟͳΔͱ͖ͷ༷ࢠ͸ɼ൚ؔ਺ͷఀཹۂઢΛٻΊΔม෼
Ͱ͖Δʢ෇࿥ݱཧʹΑͬͯදݪ A রʣɽ͜ͷఀཹࢀ
୹ͷϧʔ࠷΋؆୯Ͱ࠷ʹઢ͸ɼʮࣗવͷӡಈ͸ɼৗۂ
τΛ௨Δʯͱ͍͏࠷গ࡞༻ͷݪཧʢPrinciple of Least

Actionʣ8 ʹै͏ [8][12]ɽ࠷গ࡞༻ͷݪཧͱ͸ɼ෺ࣄ
͸ৗʹ࠷খͷ࿑ྗͰ͜ىΔ͜ͱΛҙຯ͢ΔݪཧͰ͋
Δɽ͜ͷݪཧͷൃ͕ݟɼྗͱӡಈͷؔ܎Λهड़͢Δํ
ఔࣜͷఆࣜԽʹͭͳ͕ΓɼϙςϯγϟϧΤωϧΪʔ΍
ӡಈΤωϧΪʔͱ͍ͬͨॏཁͳ֓೦ΛੜΈग़ͨ͠ɽ
ɹͨͱ͑͹ɼֶशऀͷ਎ମදݱʹରͯ͠ɼҰൠతʹධ
Ձؔ਺ gk(yk(t), dyk(t)/dt) ΛͱΔ͜ͱ͕Ͱ͖ΔͷͰɼ
෼ੵ༺࡞ Jk[yk]͕ɼ࣍ͷΑ͏ʹ༩͑ΒΕΔɽ

Jk[yk] =

∫ t1

t0

gk(yk(t), dyk(t)/dt)dt (2)

͜ͷ࡞༻ੵ෼ͷఀཹۂઢ͸ɼ࣍ͷΦΠϥʔํఔࣜɼ

dgk(yk(t), dyk(t)/dt)

dt

−dgk(yk(t), dyk(t)/dt)

d(dyk(t)/dt)
= 0 (3)

ʹΑͬͯಋ͔ΕΔɽͦͯ͠ɼ۩ମతʹධՁؔ਺͕༩͑
ΒΕΕ͹ࢉܭͰ͖Δ. Ұํ, ͜ͷΑ͏ʹཧ࿦্ͷهड़
͸Ͱ͖Δ͕, ࣮ફڀݚͷஈ֊ʹ͓͍ͯ͸, ॏ৺ɾՃ଎౓
ͳͲෳࡶͳؚ͕ࢉܭ·ΕΔɽ

ਤ 8 ཧͷ໛ࣜਤݪͷ༺࡞গ࠷ઢͱۂཹఀ

8ࣗવքͷݱ৅͕Ұఆͷ෺ཧྔͷ࠷খ஋͋Δ͍͸ۃ஋ͱͯ͠දݱ
͞Ε͏Δͱ͍͏؍఺͸ʮࣗવ͸ͳΜΒແବͳ͜ͱΛߦΘͳ͍ʯͱ͍
͏ΞϦετςϨεͷݴ༿ͷதʹ΋ɼ๖ժతͳ͕Β͢ͰʹݟΕΒΕΔ
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