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ୈ1ষ ໰୊ͱ໨త

ୈ 1ষͰ͸ɼ߲໨෼ੳ (item analysis) ʹ͍ͭͯ֓આͨ͠ޙʹɼຊߘΛ௨ͯ͡
ѻ͍߲ͬͯ͘໨ಛੑਤ (item characteristic chart)Λ༻͍߲ͨ໨෼ੳͷํ๏ʹ͍ͭ
ͯड़΂Δɻ

1.1 ߲໨෼ੳ
߲໨෼ੳ͸ςετΛߏ੒͠ɼ࣮ࢪɼӡ༻͢ΔͨΊʹ͔ܽ͢͜ͱͷͰ͖ͳ͍࡞
ఔͰ͋Δɻ߲໨෼ੳͷॏཁੑ͸஑ా޻ۀ (1992)ɼ২໺ɾ૳ౡ (2010)ɼ๛ా (2012)

ʹ͓͍ͯ΋ࢦఠ͞Ε͍ͯΔɻ·ͨɼ߲໨ͷਖ਼౴ൺ཰΍ɼબ୒ࢶͷৼΔ෣͍ͷ෼
ੳͷॏཁੑ͸ɼSchmeiser, C. B., & Welch, C. J (2006, p.329, p.340)ʹ͓͍ͯࢦఠ
͞Ε͍ͯΔɻςετͷ४උɼ࡞੒ஈ֊ʹ͓͍ͯɼ߲໨෼ੳΛ͜͏ߦͱͰɼςε
τΛ࣮͢ࢪΔӡӦऀ͸ɼ౰߲֘໨͕ଌΔ΂͖ࣄฑΛద੾ʹɼͲΕ͚ͩͷਫ਼౓Ͱ
ଌఆͰ͖͍ͯΔͷ͔Λ֬ೝ͢Δ͜ͱ͕ՄೳͱͳΔɻ͜ͷ֬ೝۀ࡞Λ௨ͯ͡ɼ߲
໨Λ;Δ͍ʹ͔͚ɼ࣮ࡍʹӡ༻͢ΔςετʹؚΊΔʹ଍Δ߲໨ΛݟఆΊ͍ͯ͘
ͷͰ͋Δɻ
߲໨ͷݕ౼Λߏʹͣܦ੒ͨ͠ςετΛͦͷ··ӡ༻͢Δ͜ͱ͸ɼͦͷςετ
͕৴པͰ͖Δ΋ͷͰ͋Δͷ͔ɼςετ͕ଌఆ͍ͯ͠Δର৅͕ଥ౰Ͱ͋Δͷ͔ͱ
ͱͱͳΔɻ͜͢࢒೦Λݒʹฑࣄ͍ͨͬ

1.1.1 ߲໨ͷࣜܗ

ςετ͸ݪଇతʹ͸ෳ਺ͷ߲໨ʢ࣭໰ࢴௐࠪʹ͓͚Δ࣭໰΍ɼֶྗݧࢼʹ͓
͚Δ໰୊ʣ͔Βߏ੒͞ΕΔɻ

࿦ड़ࣜܗ

࿦ड़߲ࣜܗ໨͸গ਺େ՝୊ઃఆํࣜʢ஑ా, 1992ʣʹ͓͍ͯ࠾༻͞ΕΔ߲໨ܗ
ࣜͰ͋Δɻ࿦ड़߲ࣜܗ໨Ͱ͸ɼडऀݧ͸໰ΘΕͨ՝୊಺༰ʹ͍ͭͯɼʢ੍ؒ࣌ݶ
Ҏ಺ʹʣจষΛߏ੒͠ɼղ౴͢Δ͜ͱ͕ٻΊΒΕΔɻຊࣜܗͷ߲໨Λ࠾༻ͨ͠
ςετͰ͸ɼग़୊߲໨͕ҰͭͷΈͱͳΔ৔߹΋͋Δɻ

1



डऀݧʹɼ՝୊ʹؔ࿈ͨ͠࿦ड़ΛٻΊΔ͜ͱ͸ɼडऀݧͷ஌ࣝͷఔ౓΍ਖ਼֬
͞ɼߋʹ౰֘஌ࣝΛ࿦ཧతʹઆ໌͢ΔೳྗΛ༗͍ͯ͠Δ͔ΛଌΔ͜ͱ͕ՄೳͰ
͋Δͱ͞Ε͍ͯΔɻ͔͠͠ͳ͕Βɼଌఆର৅ͱͳΔडऀݧͷೳྗΛద੾ʹଌΔ
͜ͱ͕Ͱ͖Δͷ͔ʹ͍ͭͯ͸ҙݟͷҰக͸ݟΒΕ͍ͯͳ͍ɻྫ͑͹஑ా (1992,

p.22)͸ɼ੍͕࣌ؒ͋ݶΔͨΊʹडऀݧͷ࠷େݶͷղ౴͕ಘΒΕΔͱ͸ݶΒͳ͍
͜ͱɼ՝୊ͷબఆ͕݁Ռʹٴ΅͢Өڹͷେ͖͞ɼධՁج४ͷઃఆ΍ධՁऀʹΑͬ
ͯධ఺͕มԽ͠͏Δ͜ͱɼͷͭࡾͷ໰୊఺Λࢦఠ͍ͯ͠Δɻ

ଟࢶબ୒߲ࣜ໨

ଟࢶબ୒߲ࣜ໨ (multiple choice item)͸ɼओͱͯ͠ࡉ໨ੵΈ্͛ํࣜʢ஑ా,

1992ʣͷςετʹ͓͍ͯ࠾༻͞ΕΔ߲໨ࣜܗͰ͋Δɻଟࢶબ୒߲ࣜ໨͸ɼग़୊
಺༰ʹؔ͢Δਖ਼ޡ൑அ΍ɼ͋Β͔͡Ί༻ҙ͞Εͨෳ਺ͷબ୒ࢶͷ಺͔Βਖ਼౴ͱ
ͳΔબ୒ࢶΛճ౴͢Δ͜ͱΛडऀݧʹରͯ͠ٻΊΔɻଟࢶબ୒߲ࣜ໨͸ྫ͑͹

ྫɿ5ࢶબ୒ࣜܗͷ߲໨ྫ

໰
υετΤϑεΩʔ͕ 1880೥ʹͨ͠ߦץখઆ࡞඼Λࣔ͢બ୒ࢶͱͯ͠ద

੾ͳ΋ͷΛҎԼ͔Βબ΂ɻ

A ΞϯφɾΧϨʔχφ

B ΧϥϚʔκϑͷܑఋ

C ֎౟

D εϖʔυͷঁԦ

E ͔΋Ί

ͷΑ͏ʹडऀݧʹఄࣔ͞ΕΔɻͳ͓ਖ਼౴͸ʮBɿΧϥϚʔκϑͷܑఋʯͰ͋Δɻ
ʮAʯͷऀ࡞͸τϧετΠɼʮCʯ͸ΰʔΰϦɼʮDʯ͸ϓʔγΩϯɼʮEʯ͸ٔۂͰ͋
ΓɼνΣʔϗϑͷ࡞඼Ͱ͋Δɻ
બ୒ࢶ਺͸೚ҙʹఆΊΔ͜ͱ͕ՄೳͰ͋Δɻ࠷খબ୒ࢶ਺͸ Ͱ͋Γɼग़ࢶ2
୊಺༰ͷਖ਼ޡͷΈΛճ౴ऀʹରͯ͠໰͏৔߹͕֘౰͢Δɻબ୒ࢶ਺ͷ্ݶ͸ଘ
ͷղ౴ํ๏ͱࣜ͠ܗͰͱ͢Δ͜ͱͳͲ͕ҰൠతͰ͋Δɻຊ·ࢶͳ͍͕ɼ5͠ࡏ
ͯɼબ୒ࢶʹׂΓৼΒΕͨه߸Λ౴͑ͤ͞Δ৔߹΍ɼϚʔΫγʔτํ͕ࣜ࠾༻
͞ΕΔɻ

2



ଟࢶબ୒߲ࣜ໨ͷ৔߹͸ɼ࿦ड़ࣜܗͱൺֱ͢Δͱɼ֤߲໨Ͱडऀݧʹཁ͞ٻ
ΕΔղ౴࣌ؒ͸୹͘ͳΔɻ·ͨɼ֤ग़୊߲໨͕ඃ෴͢ΔྖҬ͸ඇৗʹݶఆ͞Ε
ͨ΋ͷͱͳΔɻͦͷͨΊɼҰൠʹࡉ໨ੵΈ্͛ํࣜΛ࠾༻ͨ͠ςετ͸ଌఆର
৅ͱͳΔྖҬΛඃ෴Ͱ͖ΔΑ͏ʹे෼ͱ͞ΕΔ਺ͷ߲໨܈ʹΑͬͯߏ੒͞ΕΔ
͜ͱ͕๬·͍͠ɻ
͜ͷଞɼ୹౴ࣜܗͱͯ͠ɼจষதͷ೚ҙͷۭ͕۟ޠཝͱͳ͓ͬͯΓɼద੾ͳޠ
۟Λ؆ܿʹهड़ɼ΋͘͠͸ෳ਺બ୒ࢶத͔Βॱʹબ୒͢Δࣜܗ΋ଘ͢ࡏΔɻς
ετͷ໨తʹԠͯ͡ɼ͜ΕΒͷ߲໨ࣜܗΛ૊Έ߹ΘͤͯҰͭͷςετΛߏ੒͢
Δ৔߹΋͋Δɻ͜ΕҎ߱ɼຊߘʹ͓͍ͯ͸ଟࢶબ୒ࣜͷ߲໨Λѻ͏͜ͱͱ͢Δɻ

1.1.2 ߲໨൓Ԡͷ੔ཧ

ͷ߲໨ʹର͢Δ൓Ԡʢղ౴ʣऀݧՌɼಘΒΕͨड݁ͨ͠ࢪ੒ͨ͠ςετΛ࣮ߏ
Λ߲໨൓Ԡ (item response)ͱ͍͏ɻಘΒΕ߲ͨ໨൓ԠΛ࠾ʹݩ఺ɼ෼ੳΛ͏ߦ
ͨΊɼ·ͣ͸߲໨൓Ԡͷ੔ཧΛ͜͏ߦͱͱͳΔɻ͜͜Ͱ͸਺ཧతʹ੔ཧ͢Δํ
๏ʹ͍ͭͯ֓આ͢Δɻ
೚ҙͷςετʹ͓͚Δडऀݧ͸ఴ͑هࣈ߸ iΛ༻͍ͯද͢͜ͱͱ͢Δɻi͸ 1

͔ΒN ·ͰͷൣғΛͱΔɻ·ͨɼςετΛߏ੒͢Δ߲໨਺͸ఴ͑هࣈ߸ jΛ༻
͍ͯද͞ݱΕΔɻj͸ɼ1͔Β J·ͰͷൣғΛͱΔɻ߲໨͝ͱʹडऀݧ਺͕ҟͳ
Γ͏Δ৔߹ʹ͸ɼNjͱද͢ݱΔɻ
೚ҙͷ j൪໨ͷଟࢶબ୒߲ࣜ໨ͷબ୒ࢶΛΧςΰϦͱݺͼɼఴ͑هࣈ߸ cjΛ
༻͍ͯද͢ɻcj ͸ 1͔Β Cj ·ͰͷൣғͰมԽ͢Δɻcj ͸߲໨͝ͱʹબ୒ࢶ਺
ʢΧςΰϦ਺ʣ͕ҟͳΓ͏Δ৔߹ʹ΋༻͍Δ͜ͱ͕Ͱ͖Δ͕ɼશ߲໨ʹΘͨΓɼ
ΧςΰϦ਺͕ಉ͡Ͱ͋Δ৔߹ʹ͸ɼ߲໨Λද͢ఴ͑هࣈ߸Λলུ͠ɼcͱͯ͠
ද͢ɻ
ྫ͑͹ɼୈ 1໰໨͕ બ୒ࣜͷ߲໨Ͱ͋ΔͳΒ͹ɼC1ࢶ4 = 4ͱද͞ΕΔɻ·
ͨɼୈ 2໰໨͕ બ୒ࣜͷ৔߹ʹ͸C2ࢶ6 = 6Ͱ͋Δɻͨͩ͠ɼग़୊͕ࣜܗ ࢶ3
Ҏ্ͷଟࢶબ୒ࣜͰ͋ͬͨͱͯ͠΋ɼडऀݧͷ൓Ԡͷਖ਼ޡʹͷΈؔ৺͕͋Δ৔
߹ʹ͸ɼडޡ͕ऀݧ౴બ୒ࢶͷ͍ͣΕΛબΜ͔ͩΛ۠ผͤͣʹɼ͢΂ͯͷ߲໨
ʹ͓͍ͯΧςΰϦ਺ΛCj = 2ͷ 2஋ͱͯ͠੔ཧ͢Δɻ
ද 1.1͸Սۭͷςετड݁ݧՌʹ͍ͭͯɼબ୒ࢶίʔυΛ੔ཧͨ͠ঢ়ଶΛද
͍ͯ͠ΔɻߦʹडऀݧΛ഑͠ɼྻʹ߲໨Λ഑͍ͯ͠Δɻୈ ࢶ໨͸ਖ਼౴બ୒ߦ2
ͷίʔυΛ͍ࣔͯ͠Δɻ͜͜Ͱ͸ྫ 1ͷΑ͏ͳ બ୒߲ࣜ໨Λ૝ఆ͍ͯ͠Δࢶ5
ͨΊɼબ୒ࢶίʔυ͸A,B,C,D,Eͷ 5ͭͱͳ͍ͬͯΔɻԿΕͷબ୒͕ࢶબ͹Ε
ͨͷ͔Ҏ֎ʹɼແޮղ౴Λ΋ίʔυԽ͢Δ৔߹ʹ͸ɼFҎ߱ͷద౰ͳίʔυΛ
ׂΓ౰ͯΕ͹Α͍ɻྫ͑͹͜͜Ͱ͸ 1൪໨ͷडऀݧͷ 10߲໨໨ͷղ౴͕ແޮղ
౴ͱͳΔɻ
ද 1.2͸ද 1.1ͷબ୒ࢶͷίʔυʹରͯ͠ɼA=1͔ΒॱʹɼE=5·Ͱͷ਺஋
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ද 1.1 Սۭςετੜσʔλ

iʘ j 1 2 3 4 5 6 7 8 9 10

ਖ਼౴ A B B C D E D E A B

1 A B B C D E D E A F

2 B B B C A E C D A B

3 B B B E A E C D B B

4 B B B C A E C E A A

5 A B C D C D B A A A

6 B B C C D E D E A A

ද 1.2 ਺஋ίʔυԽࡁՍۭςετੜσʔλ

iʘ j 1 2 3 4 5 6 7 8 9 10

ਖ਼౴ 1 2 2 3 4 5 4 5 1 2

1 1 2 2 3 4 5 4 5 1 6

2 2 2 2 3 1 5 3 4 1 2

3 2 2 2 5 1 5 3 4 2 2

4 2 2 2 3 1 5 3 5 1 1

5 1 2 3 4 3 4 2 1 1 1

6 2 2 3 3 4 5 4 5 1 1

ίʔυΛׂΓ౰ͯɼ੔ཧ͠௚ͨ͠ঢ়ଶΛ͍ࣔͯ͠Δɻ͜ͷ৔߹΋ແޮղ౴͸ 1

͔Β 5Ҏ֎ͷద౰ͳ਺஋ίʔυΛׂΓ౰ͯΕ͹Α͍ɻ
ද 1.3͸ද 1.1΋͘͠͸ද 1.2Λݩʹɼਖ਼౴͔ޡ౴͔Λ۠ผ͢Δ 2஋ͷΈͰίʔ
υԽͨ͠৔߹ͷड݁ݧՌ੔ཧྫͰ͋Δɻຊྫͷ৔߹ʹ͸ɼޡ౴=0ɼਖ਼౴=1ͱ͠
ͯίʔυԽ͍ͯ͠Δɻ2஋σʔλͱͯ͠ѻ͏৔߹ʹ͸ɼҰൠʹແޮղ౴΋ޡ౴
ͱͯ͠੔ཧ͞ΕΔ͜ͱͱͳΔɻද 1.3͔Βද 1.1΍ද 1.2Λ෮͢ݩΔ͜ͱ͸Ͱ͖
ͳ͍ͨΊɼ2஋σʔλԽޙ΋ɼੜσʔλ͸อ͓࣋ͯ͘͜͠ͱ͕๬·͍͠ɻ

ςετಘ఺

͜͜Ͱɼද 1.3ͷडऀݧͷ൓ԠύλϯΛϕΫτϧදهΛ༻͍ͯxiͱද͢ݱΔɻ
ྫ͑͹

x1 = (1, 1, 1, 1, 1, 1, 1, 1, 1, 0)′
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ද 1.3 2஋Խ͞ΕͨՍۭςετσʔλ

iʘ j 1 2 3 4 5 6 7 8 9 10

ਖ਼౴ 1 2 2 3 4 5 4 5 1 2

1 1 1 1 1 1 1 1 1 1 0

2 0 1 1 1 0 1 0 0 1 1

3 0 1 1 0 0 1 0 0 0 1

4 0 1 1 1 0 1 0 1 1 0

5 1 1 0 0 0 0 0 0 1 0

6 0 1 0 1 1 1 1 1 1 0

Ͱ͋Δɻςετશମͷ൓Ԡύλϯ͸ྻߦදهΛ༻͍ͯ

X = [x1,x2, · · · ,xN ]
′ (1.1)

ͱද͞ΕΔɻ
ද 1.3ͷߦʹؔͯ͠ɼ

xi =
J∑

j=1

wjxij (1.2)

Λ͢ࢉܭΔ͜ͱͰɼडݸऀݧਓͷςετಘ఺ʢ࿨ಘ఺ʣΛಘΔ͜ͱ͕Ͱ͖Δɻ
wj͸߲໨͝ͱʹఆΊΒΕͨ഑఺ͷॏΈͰ͋Γɼxij͸ i൪໨ͷडऀݧͷ j൪໨ͷ
߲໨ʹ͓͚Δ൓ԠΛද͍ͯ͠Δɻwj͸ςετͷ࠾఺ऀ͕೚ҙʹఆΊΔ͜ͱ͕Մ
ೳͰ͋Δ΋ͷͷɼҰൠతʹ͸wj = 1ͱ͞Εɼͦͷ৔߹ʹ͸wjΛলུͯ͠දه
͢Δ͜ͱ΋͋Δɻྫ͑͹ wj = 1ͱͨ͠৔߹ͷ ͷςετಘ఺͸ऀݧ໨ͷडߦ1
x1 =

∑10
j=1 x1j = (1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 0) = 9ͱͳΔɻ

1.1.3 બ୒ࢶͷબ୒཰

ଟࢶબ୒߲ࣜ໨ͷड݁ݧՌʹؔͯ͠͸ɼͦͷબ୒͝ࢶͱͷબ୒਺ʹΑͬͯɼͲ
ͷఔ౓ଟ͘ͷडऀݧʹબ͹Εͨͷ͔ɼਓ਺ͷଟՉΛ͔֬ΊΔ͜ͱ͕Ͱ͖Δɻ߲
໨બ୒ࢶͷબ୒཰͸

pjc =
njc

Nj

(1.3)

ͱͯ͠ද͞ΕΔɻ͜͜ͰNj ͸ୈ j൪໨ͷ߲໨ʹ͓͚Δडݧਓ਺ɼnjc͸߲໨ j

ͷ c൪໨ͷΧςΰϦʹ͓͚Δɼબ୒ਓ਺Λද͍ͯ͠ΔɻΧςΰϦ͝ͱͷબ୒཰
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pjcΛࢀর͢Δ͜ͱͰɼਖ਼౴બ୒ࢶҎ֎ʹબ͹Ε΍͍͢ޡ౴બ୒ࢶΛ֬ೝ͢Δ͜
ͱ͕Ͱ͖Δɻ
બ୒཰Λࢀর͢Δࡍʹ͸ɼडऀݧΛ೚ҙͷ਺ͷ܈ʹ෼͚Δ͜ͱ͕ɼߋͳΔৄ
Λςετಘ఺ॱऀݧ͸ɼडʹࡍ෼͚Δʹ܈ΊʹศརͰ͋Δɻͨ͏ߦͳ෼ੳΛࡉ
ʹฒ΂ɼ௿ಘ఺͔܈Βߴಘ఺܈ͱͳΔΑ͏ʹ෼ׂ͢Δɻ͜ͷࡍɼ௿ಘ఺܈ɼத
ಘ఺܈ɼߴಘ఺܈ͱͳΔΑ͏ʹडऀݧΛ ෼ׂ਺Λʹߋ෼ׂ͢Δ৔߹΍ɼʹ܈3
૿΍͠ɼ5܈ͱ͢Δ౳ɼ܈ͷ਺͸೚ҙʹఆΊΔ͜ͱ͕ՄೳͰ͋ΔɻҰൠతʹ͸ 5

ͱͷબ୒཰͸͝܈෼ׂ͞ΕΔ͜ͱ͕ଟ͍ɻʹ܈

pjgc =
njgc

Njg

(1.4)

ͱද͞ΕΔɻఴ͑ࣈ g(= 1, 2, . . . , g, . . . , G)͸ɼg൪໨ͷ܈Λද͍ͯ͠Δɻͭ·
Γɼnjgc͸ j൪໨ͷ߲໨ͷɼg൪໨ͷ܈ʹ͓͚ΔɼΧςΰϦ cͷબ୒ਓ਺Λࣔ͠
͍ͯΔɻબ୒཰ pjgcΛ༻͍߲ͨ໨෼ੳΛ͜͏ߦͱͰɼडऀݧͷಘ఺ʢೳྗʣ܈
͝ͱͷબ୒޲܏Λݕ౼͢Δ͜ͱ͕ՄೳͱͳΔɻ

1.1.4 બ୒཰Λ༻͍߲ͨ໨෼ੳ

ද 1.4͸Սۭͷจֶ࢙ͷςετ಺ʹؚ·ΕΔଟࢶબ୒ࣜͷ߲໨ʹ͓͚Δɼ֤
બ୒ࢶͷબ୒਺ͷ੔ཧྫΛࣔͨ͠ɻߦʹબ୒ࢶΛɼྻʹडऀݧʹ͍ͭͯɼಘ఺
Ͱ෼͚ͨ܈Λ഑͍ͯ͠Δɻ͜͜Ͱ͸डऀݧΛ௿ಘ఺܈ͱͯ͠ͷୈ ߴΒɼ͔܈1
ಘ఺܈Λද͢ୈ Ͱͷ·܈5 ͸ऀݧ෼ׂ͍ͯ͠Δɻडʹ܈5 250ਓ͓Γɼ֤܈ͷਓ
਺͕౳͘͠ͳΔΑ͏ʹ෼ׂ͍ͯ͠Δɻදͷ֤ηϧ͸બ୒ਓ਺͕֨ೲ͞Ε͍ͯΔɻ

ද 1.4 ྫ୊ʹ͓͚Δ֤બ୒ࢶͷඃબ୒਺

બ୒ࢶʘ܈ 1 2 3 4 5

A 20 15 12 11 5

B 7 16 20 27 41

C 10 8 9 6 3

D 7 8 7 4 1

E 6 3 2 2 0

ਓ਺܈ 50 50 50 50 50

ද 1.5͸ද 1.4Λ܈ʹ͓͚Δબ୒཰ͱͯ͠࠶දͨ͠ݱ΋ͷͰ͋Δɻ߲໨൓ԠΛ
੔ཧ͠ɼද 1.4΍ද 1.5Λ࡞੒͢Δ͜ͱͰɼͦΕͧΕͷ܈ͰɼͲͷબ୒͕ࢶબ୒
͞Ε΍͔ͬͨ͢ͷ͔Λ஋ͷେখ͔Β෼ੳ͢Δ͜ͱ͕༰қͱͳΔɻ
͜͜Ͱ͸બ୒ࢶ “B”͕ਖ਼౴બ୒ࢶͱͳ͍ͬͯΔɻද 1.5Λ͢࡯؍Δͱɼୈ ܈1
͔Β͕܈େ͖͘ͳΔʹͭΕͯɼબ୒཰΋্ঢ͍ͯ͠Δ༷ࢠΛͯݟऔΔ͜ͱ͕Ͱ
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ද 1.5 ྫ୊ʹ͓͚Δ֤બ୒ࢶͷඃબ୒཰

બ୒ࢶʘ܈ 1 2 3 4 5

A 0.40 0.30 0.24 0.22 0.10

B 0.14 0.32 0.40 0.54 0.82

C 0.20 0.16 0.18 0.12 0.06

D 0.14 0.16 0.14 0.08 0.02

E 0.12 0.06 0.04 0.04 0.00

֬཰࿨ 1.00 1.00 1.00 1.00 1.00

͖Δɻ͜ͷ͜ͱ͸ςετಘ఺͕͘ߴͳΔ΄Ͳɼਖ਼౴཰΋͘ߴͳΔͱ͍͏ؔ܎Λ
ද͓ͯ͠Γɼ౰߲֘໨͕ଌఆ͍ͨ͠ର৅ΛଌఆͰ͖͍ͯΔ͜ͱΛࣔࠦ͢Δ๣ূ
ͱͳΔɻ·ͨɼ͍ͣΕͷޡ౴બ୒ࢶ΋ɼ͕܈େ͖͘ͳΔʹͭΕͯɼબ୒཰͕ݮ
গ͓ͯ͠Γɼςετಘ఺ͷ͍ߴडऀݧ΄Ͳɼޡ౴બ୒ࢶʹ࿭Θ͞ΕΔ཰͕গͳ
͍͜ͱΛҙຯ͍ͯ͠Δɻ͜ͷ͜ͱ΋·ͨɼ߲໨ͷద੾ੑΛࣔࠦ͢Δ΋ͷͰ͋Δɻ
ͱͯ͠ࢶͷதͰ΋ɼಛʹັྗͷ͋Δબ୒ࢶ౴બ୒ޡ “A”͕͛ڍΒΕΔɻ͜ͷಛ
௃ʹ஫໨͠ɼग़୊จͱಛʹັྗతͰ͋ͬͨޡ౴બ୒ޡ͍ͯͭʹࢶ౴෼ੳΛ͏ߦ
͜ͱͰɼޡ౴ऀ΁ͷڭՊڭҭΛݕ࠶౼͢Δ͜ͱ͕ՄೳͱͳΔɻ

߲໨ࣝผྗ

ࣝผྗʢ߲໨ςετ૬ؔʣ

߲໨ͷଌఆੑೳΛ֬ೝ͢ΔͨΊʹར༻͞ΕΔ਺஋తͳಓ۩ͱͯ͠ɼ߲໨ࣝผ
ྗʢitem discrimination;๛ా, 2012ʣ͕͋Δɻ߲໨ࣝผྗ͸ςετಘ఺ͱɼ౰֘
߲໨ʹ͓͚Δ߲໨ಘ఺ͱͷϐΞιϯͷੵ཰૬ؔ܎਺ʹΑͬͯఆٛ͞ΕΔɻ߲໨ࣝ
ผྗ͸߲໨ςετ૬ؔ (item-total correlation)ͱ΋ݺ͹ΕΔʢ২໺ɾ૳ౡ, 2010ʣɻ
ࣝผྗ͸−1.0͔Β 1.0ͷൣғΛͱΓɼࣝผྗ͕߲͍ߴ໨ɼͭ·Γ 1.0ʹ͍ۙ
߲໨΄Ͳɼ౰߲֘໨ؚ͕·ΕΔςετ͕ଌఆର৅ͱ͍ͯ͠ΔಛੑΛɼ߲໨͕ࣝ
ผ͢Δ͜ͱ͕Ͱ͖͍ͯΔͱ൑அͰ͖ΔɻҰํͰɼ߲໨ࣝผྗ͕௿͘ɼ0ʹ͍ۙ৔
߹͸ɼର৅ͱ͢ΔಛੑΛɼ߲໨ಘ఺ʹΑͬͯࣝผͰ͖͍ͯͳ͍ͱ൑அΛԼ͢͜
ͱͱͳΔɻ
ͳ͓ɼࣝผྗ͕ෛͱͳΔ߲໨͸ɼ߲໨ಘ఺ʢ͋Δ͍͸ਖ਼౴཰ʣ͕Լ͕Δ΄Ͳɼ
ςετಘ఺͕͘ߴͳΔ޲܏ʹ͋Δ߲໨Ͱ͋Δ͜ͱΛද͍ͯ͠ΔɻͦͷͨΊɼֶ
Γɼࣝผྗ͕ෛͱͳΔ߲ݶ౳ͷ߲໨෼ੳʹ͓͍ͯ͸ɼಛผͳཧ༝͕ͳ͍ݧࢼྗ
໨͕͞࡯؍ΕΔ͜ͱ͸গͳ͍ɻ·ͨɼྫ͑ෛͷࣝผྗ͕͞࡯؍Εͨͱͯ͠΋ɼ
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Ұൠʹ͸ࣝผྗ͕ෛͱͳΔ߲໨Λɼͦͷ··ςετ಺ʹ͓ͯ͘͜͠࢒ͱ͸ͳ͘ɼ
߲໨಺༰ͷվగɼ͋Δ͍͸࡟আͷݕ౼ର৅ͱͳΔɻ

߲໨࢒༨૬ؔ

ࣝผྗ͸ςετಘ఺ͱ߲໨ಘ఺ͷ૬ؔ܎਺Ͱ͋Δ͕ɼςετಘ఺ͦΕࣗମʹɼ
߲໨෼ੳͷର৅ͱ͍ͯ͠Δ౰߲֘໨ಘ఺ؚ͕·Ε͍ͯΔͱ͍͏ੑ࣭͕͋Δɻ͜
ͷ৔߹ɼ߲໨਺͕গͳ͍৔߹΍ɼ഑఺͕େ͖͍৔߹ʹ͸ࣝผྗ͕͘ߴͳΔ޲܏
ʹ͋Δʢ๛ా, 2012, p.11ʣɻ͜͏ͨ͠ಛ௃Λճආ͢ΔͨΊʹɼςετಘ఺͔Βɼ
ɼ͠ࢉܭ༨ςετಘ఺Λ࢒෼ੳର৅ͱ͍ͯ͠Δ߲໨ͷ߲໨ಘ఺Λࠩ͠Ҿ͍ͨࡏݱ
ͦͷ࢒༨ςετಘ఺ͱɼ౰߲֘໨ಘ఺ͱͷ૬ؔ܎਺Λͨ͠ࢉܭ஋Λࣝผྗͱ͠
ͯར༻͢Δ৔߹΋͋Δɻ
౰߲֘໨΋ؚΉɼςετಘ఺Λ༻͍Δ৔߹ͷࣝผྗͱ۠ผ͢ΔͨΊʹɼ͜ͷ
৔߹ͷࣝผྗΛ߲໨࢒༨૬ؔɼ͋Δ͍͸߲໨ϦϝΠϯμ૬ؔʢitem-remainder

correlation;২໺ɾ૳ౡ, 2010ʣͱݺͿ͜ͱ΋͋Δɻ
߲໨࢒༨૬ؔ΋·ͨɼ−1.0͔Β 1.0ͷൣғΛͱΓɼղऍ΋ࣝผྗͱಉ༷ʹߦ
͏͜ͱ͕ՄೳͰ͋Δɻ߲໨࢒༨૬͕͍ؔߴʢ1.0ʹ͍ۙʣ߲໨΄Ͳɼ౰߲֘໨ʹ
ਖ਼౴ͨ͠डऀݧͷςετಘ఺͕͘ߴͳΔ޲܏ʹ͋Δ͜ͱΛ͍ࣔͯ͠Δɻͨͩ͠ɼ
߲໨ࣝผྗͱ͸ҟͳΔ఺ͱͯ͠ɼ“෼ੳର৅߲໨Λআ͍ͨͱ͖ͷ”ςετಘ఺ͱ
ͷ૬͕͍ؔ͜ߴͱΛ͍ࣔͯ͠Δ఺ʹ஫ҙ͕ඞཁͰ͋Δɻ߲໨࢒༨૬͕ؔෛͱͳ
Δ߲໨΋·ͨɼࣝผྗͷ৔߹ͱಉ༷ʹɼҰൠతʹ͸ςετʹ;͞Θ͍߲͠໨ͱ
͸ݟͳ͞Εͳ͍ɻ

1.2 ߲໨ಛੑਤΛ༻͍߲ͨ໨෼ੳ
ςετΛߏ੒͍ͯ͠Δઃ໰߲໨ͷੑ࣭ʢଌఆੑೳʣΛධՁ͢Δࡍʹɼ౰֘ઃ໰
߲໨ʹ͓͚Δडऀݧͷਖ਼౴཰ʢ௨ա཰ʣΛ༻͍߲ͯ໨ͷ೉͠͞Λௐ΂Δํ๏͕
͋ΔʢMillman & Greene, 1989ʣɻͦͷͨΊͷ༗༻ͳಓ۩ͱ߲ͯ͠໨ಛੑਤʢitem

characteristic chart,๛ా, 2012ʣΛ͛ڍΔ͜ͱ͕Ͱ͖Δɻ߲໨ಛੑਤ͸ઃ໰ղ౴
཰෼ੳਤʢ٠஍, 1999ʣ΋͘͠͸ઃ໰ճ౴཰෼ੳਤʢ٢ଜ, 2009ʣɼ૚ผղ౴཰
ਤʢେ௡, 2006ʣͱ͍ͬͨݺশͷԼͰɼ͘޿ར༻͞Ε͍ͯΔɻ

1.2.1 ߲໨ಛੑਤͷ࡞੒ํ๏

ຊ߲Ͱ߲໨ಛੑਤͷ࡞ਤํ๏Λड़΂Δɻ·ͣςετͷड݁ݧՌΛ੔ཧ͠ɼड
ग़ͨ͠ςετಘ఺Λঢॱʹฒ΂ɼͦΕΒΛ೚ࢉग़͢Δɻࢉͷςετಘ఺Λऀݧ
ҙͷGݸͷ܈ (੺ࠜɾҏ౻ɾྛɾ௣໊ɾେᖒɾ༄Ҫɾా܀ʢ2006ʣͰ͸G = 5ͱ
͍ͯ͠Δʣʹ෼ׂ͢Δɻ࣍ʹ֤܈ͷɼ֤߲໨ͷਖ਼౴཰Λ͢ࢉܭΔɻ܈ʹޙ࠷Λ
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ԣ࣠ʹɼ֬཰Λॎ࣠ʹͱͬͨάϥϑʹਖ਼౴཰Λϓϩοτ͠ɼ֤ϓϩοτΛ௚ઢ
Ͱ݁Ϳɻ͜ΕΛ߲໨ಛੑۂઢ 1ͱݺͿɻ
͍ͯͭʹͷબ୒཰ࢶ౴બ୒ޡʹߋຯ͕͋Δ৔߹͸ɼڵ΋͍ͯͭʹࢶ౴બ୒ޡ
΋ɼਖ਼౴཰ͱಉ༷ʹϓϩοτ͠ɼϓϩοτؒΛઢͰ݁Ϳɻͳ͓ɼ߲໨ಛੑਤ࡞
ਤʹ͓͚Δडऀݧͷ܈΁ͷ෼ׂํ๏Ͱ͸ɼ֤܈ͷॴଐਓ਺Λ౳ਓ਺ͱ͢Δ৔߹
ͱɼ֤ؒ܈ͷಘ఺ִ͕ؒ౳͘͠ͳΔΑ͏ʹडऀݧΛৼΓ෼͚Δ৔߹ͷ 2௨Γ͕
ओཁͳํ๏ͱͯ͠ଘ͢ࡏΔʢ๛ా, 2012, p.4ʣɻ

1.2.2 ߲໨ಛੑਤͷղऍྫ

ਤ 1.1 2஋Ͱ੔ཧͨ͠৔߹ͷ߲໨ಛੑਤͷྫ

ਤ 1.1ʹ߲໨൓ԠΛ 2஋σʔλͱͯ͠੔ཧͨ͠৔߹ͷ߲໨ಛੑਤΛྫࣔͨ͠ɻ
ͷબ୒཰ͷ࿨͕ࢶ಺ʹ͓͚Δશબ୒܈ 1ͱͳΔ੍໿͔Βɼ2஋൓Ԡͷ৔߹ͷޡ
౴બ୒ࢶʹؔ͢Δ൓Ԡ֬཰͸ɼਖ਼౴બ୒ࢶͷ߲໨ಛੑۂઢͱରশͷؔ܎ͱͳΔ
ͨΊɼඳը͕লུ͞ΕΔ͜ͱ͕ҰൠతͰ͋Δɻਤ 1.1Ͱ͸ɼςετಘ఺࠷ԼҐ
͸͍͓ͯʹ܈ 2ׂఔ౓͕ਖ਼౴Ͱ͖͓ͯΓɼΑΓ্Ґͷ܈ʹͳΔʹͭΕਖ਼౴཰͕
্ঢ͠ɼ্࠷Ґ܈ʹ͓͍ͯ͸΄ͱΜͲͷड͕ऀݧਖ਼౴͍ͯͨ͜͠ͱ͕ɼ·ͨୈ
Βୈ͔܈3 ޲܏ൺ΂ͯਖ਼౴཰ͷάϥϑͷ্ঢ͕ಷԽʹؒ܈͸ଞͷ͚͔ͯʹ܈4
ʹ͋Δ͜ͱ͕Θ͔Δɻ

1߲໨ಛੑۂઢ͸τϨʔεϥΠϯ (trace line)ͱ΋ݺ͹ΕΔɻ
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߲໨ಛੑਤͷ෼ྨ

લड़ͷΑ͏ʹɼ߲໨ಛੑਤ͸߲໨෼ੳΛࡍ͏ߦͷಓ۩ͱͯ͠༻͍ΒΕΔɻͦͷ
ΕΔ߲໨ಛੑͷҧ͍ʹԠͯ͡ɼ߲໨ಛੑਤΛ෼ྨ͢Δ͜ͱ͕ɼ߲໨ͷ͞ݱɼදࡍ
औࣺબ୒ɼվળΛ্͍ͯͬ͘ߦͰ༗ޮͰ͋Δɻ͜͜Ͱ͸ɼਤ 1.2ʹ๛ాʢ2012ʣ
Λࣔͨ͠ɻܕ໨ಛੑਤͷ෼ྨ߲͍ͨͮجʹ
߲໨ಛੑਤ͸ࣝผྗͷ߲͍ߴ໨ͱͯ͠G (General)ܕ, L (Low rank)ܕɼH (High

rank) ɼࣝผྗͷ௿͍߲໨ͱͯ͠ܕ E (Easy) ɼܕ M (Middle)ܕɼ D (Difficult)

ɼBܕ (Bad)ܕʹͦΕͧΕ෼ྨՄೳͰ͋Δɻ
͜͜Ͱࣝผྗͷ߲͍ߴ໨ͱ͸ɼςετಘ఺ԼҐ܈ΑΓ΋্Ґ܈ͷਖ਼౴֬཰͕
໌Β͔ʹ͘ߴɼંΕઢάϥϑ͕ӈ্͕Γͷܗঢ়Λ߲ࣔ͢໨Λ͍ͯ͠ࢦΔɻ൓ର
ʹɼࣝผྗ͕௿͍߲໨ͱ͸ɼ܈ʹΑΒͣਖ਼౴཰͕ൺֱతҰఆͰ͋ΓɼંΕઢ͕
ԣʹഝ͍ͬͯΔΑ͏ͳܗঢ়Λ߲ࣔ͢໨Λ͍ͯ͠ࢦΔʢ๛ా, 2012ʣɻ

G߲ܕ໨͸ςετಘ఺௿Ґ͔܈Β্Ґ܈ͷશ܈ʹΘͨͬͯଌΓ͍ͨಛੑ͕ൺ
ֱతਫ਼౓Αࣝ͘ผ͞Ε͍ͯΔ߲໨Ͱ͋Δ͜ͱΛ͍ࣔͯ͠Δɻ౰߲֘໨͕ྑ࣭ͳ
߲໨Ͱ͋Δ͜ͱΛҙຯ͓ͯ͠Γɼ௨ৗ͸͜ͷΑ͏ͳ߲໨͕ςετʹଟؚ͘·Ε
͍ͯΔ͜ͱ͕๬·͍͠ɻ

L߲ܕ໨͸ԼҐ܈ʹ͓͍ͯಛੑ͕Αࣝ͘ผ͞Ε͍ͯΔ߲໨Ͱ͋Δɻ্Ґ܈ͷ
ಛੑΛࣝผ͢Δʹ͸ྗෆ଍Ͱ͸͋Δ͕ɼԼҐ܈ͷࣝผΛ໨తͱͨ͠ςετͷ৔
߹ʹ͸ L߲ܕ໨͕ඞཁͱͳΔɻ
ҰํͰH߲ܕ໨͸্Ґ܈ͷಛੑ͕Αࣝ͘ผ͞ΕΔ߲໨Ͱ͋ΔɻબൈݧࢼͳͲɼ
ΑΓ͍ߴಛੑΛ༗͢ΔडऀݧΛࣝผ͍ͨ͠৔߹ʹ͸H߲ܕ໨͕ςετʹؚ·Ε
͍ͯΔͱΑ͍ɻ

E߲ܕ໨͸ԼҐ܈΋্Ґ܈΋ਖ਼౴཰͕ಉ༷ʹ͘ߴɼಛੑͷࣝผࣗମʹ͸͋·
Γد༩͍ͯ͠ͳ͍ɻ߲ͨͩ͠ࣄૅجͷ֬ೝͱͯ͠ E߲ܕ໨͕ඞཁͱͳΔ৔߹΋
͋Δɻ

M߲ܕ໨͸ԼҐ͔܈Β্Ґ܈·Ͱਖ਼౴཰͕தؒΛඬ͓ͬͯΓɼड͕ऀݧ௿ಛ
વਖ਼౴͢ΔΑ͏ͳ߲໨Ͱ͋Γɼແବͳઃ໰ͱͳͬͯۮͳ͘܎ؔʹಛੑ͔ߴ͔ੑ
͠·͍ͬͯΔɻ

D߲ܕ໨͸શମతʹਖ਼౴཰͕௿͍ҐஔʹுΓ෇͍͓ͯΓɼडऀݧͷଟ͕͘ޡ
౴͢Δ߲໨ͱͳ͍ͬͯΔɻಛੑͷࣝผʹ͸ෆద౰͔ͭߴಛੑऀ͕࣌ؒΛۭඅ͢
ΔΑ͏ͳ߲໨Ͱ͋ΓɼςετશମʹѱӨڹΛ༩͑Δ৔߹͕͋Δɻ

B߲ܕ໨͸௿Ґ͔ΒߴҐ܈ʹ͔͚ͯਖ਼౴཰͕Լ͕ͬͯ͠·͏Α͏ͳ߲໨Ͱ͋
Γɼଌఆର৅ಛੑͱ͸ແؔ܎Ͱ͋ͬͨΓɼઃ໰ͷޡΓ͕ٙΘΕΔɻ
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1.2.3 ਖ਼౴෼ੳ

߲໨ಛੑਤͷجຊతͳར༻ํ๏ͱͯ͠ɼਖ਼౴෼ੳʹ༻͍Δํ๏͕͛ڍΒΕΔɻ
߲໨ಛੑਤΛ͢࡯؍Δ͜ͱͰɼ͝܈ͱʹਖ਼౴બ୒ࢶͷબ୒޲܏Λ֬ೝ͢Δ͜ͱ
͕ՄೳͱͳΔɻςετಘ఺͕͍ߴड܈ऀݧʹͳΔ΄Ͳɼਖ਼౴બ୒ࢶͷબ୒཰͕
ͳΒͳ͚Ε͹ɼ౰֘ςετ߲໨͸ԿΒ͔ͷ໰୊Λ༗͍ͯ͠Δ΋ͷͱղऍ͘͢ߴ
Δ͜ͱ͕ՄೳͰ͋Δɻ
ਖ਼౴෼ੳʹ͓͚Δ߲໨ಛੑਤͷղऍ͸ɼલܝͷ߲໨ಛੑਤͷਖ਼౴޲܏ͷ෼ྨ
͹Α͍ɻ͑ߦͯͬैʹ

1.2.4 ౴෼ੳޡ

߲໨ಛੑਤ͸ਖ਼౴෼ੳͷΈͳΒͣɼޡ౴෼ੳʹ༻͍Δ͜ͱ΋ՄೳͰ͋Δɻ͜
ͷ৔߹ʹ͸ɼਖ਼౴બ୒ࢶҎ֎ͷબ୒ࢶɼ͢ͳΘͪޡ౴બ୒ࢶͷબ୒཰΋ϓϩο
τ͠ɼϓϩοτؒΛ௚ઢͰͭͳ͛͹Α͍ɻਖ਼౴෼ੳΛޙͨͬߦʹɼޡ౴෼ੳ΁
ͱ෼ੳΛਐΊΔ͜ͱͰɼͲͷಘ఺܈ͷड͔͍͕ऀݧͳΔޡ౴બ୒ࢶʹັྗΛײ
͡ɼޡ౴ͯ͠͠·ͬͨͷ͔Λ֬ೝ͢Δ͜ͱ͕ՄೳͱͳΔɻৄ͘͠͸ୈ 3ষͰड़
΂Δɻ

1.3 ߲໨ಛੑਤ࡞੒࣌ͷ໰୊఺
߲໨ಛੑਤ͸ඇৗʹ༗༻ͳ߲໨෼ੳͷͨΊͷಓ۩Ͱ͸͋Δ͕ɼͦͷ࡞੒ํ๏
ʹ͍ͭͯ͸ɼ஫ҙ͢΂͖఺͕େผͯͭ͠ࡾଘ͢ࡏΔɻ

1.3.1 ਺ܾఆํ๏ͷዞҙੑ܈

߲໨ಛੑਤͷ࡞੒࣌ʹडऀݧΛ܈ʹ෼͚Δࡍɼ܈਺Gͷ஋Λܾఆ͢ΔͨΊͷ
໌֬ͳج४͸஌ΒΕ͍ͯͳ͍ɻݱঢ়Ͱ͸෼ੳऀʹΑͬͯݧܦతʹܾఆ͞Ε͓ͯ
ΓɼҰൠతʹ͸G = 5ͱ͞ΕΔ͕ɼͦͷࠜڌ͸໌֬ʹ͸ࣔ͞Ε͍ͯͳ͍ɻ

1.3.2 ߲໨ಛੑਤͷ֮ࢹతಛ௃ͱղऍͷূݕՄೳੑ

߲໨ಛੑਤʹ͓͚Δޡ౴બ୒ࢶͷදݱ͸ɼͦͷੑ্࣭ɼબ୒཰͕ͨࣅΑ͏ͳ
Λࣔ͠΍͍͢ɻͦͷͨΊʹɼϓϩοτؒͷ௚ઢ͕ॏͳΓɼ߲໨ಛੑਤͷ௕޲܏
ॴͷҰͭͰ͋Δɼબ୒཰ͷࢹೝੑ͕௿Լͯ͠͠·͏͜ͱͱͳΔɻ
͜ͷΑ͏ͳ߲໨ಛੑਤͷ೉ੑࢹΛճආ͢ΔͨΊʹ͸ɼྫ͑͹೚ҙͷج४Λઃ
ఆ͠ɼͦͷج४ΛԼճͬͨޡ౴બ୒ࢶʹؔͯ͠͸ޡ౴෼ੳͷର৅͔Β֎͢ͳͲɼ
߲໨ಛੑਤʹ͓͚Δඳը͢Δޡ౴બ୒ࢶͷ਺ΛݮΒ͢ͱ͍͏ରԠ͕͑ߟΒΕΔɻ
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͔͠͠ͳ͕Βɼ߲ ໨ಛੑਤͷࢹೝੑΛ֬อ͢Δࡍͷج४͸͘޿஌ΒΕ͍ͯͳ͍ɻ
౴ޡΔͨΊʹɼ߲໨ಛੑਤʹ͓͚Δ͍ͯ͠ࣅೳ͕ྨػͷ࿭Θ͠ͷࢶ౴બ୒ޡ
ઢۂ 2ͷྨ͕ੑࣅਪଌ͞ΕΔ৔߹ʹ͸ɼ͜͏ͨ͠Ծઆʹ͍ͯͮجɼޡ౴ۂઢΛ
·ͱΊΔ͜ͱ͕͑ߟΒΕΔɻ͋Δ͍͸ɼֶशͷಛఆͷஈ֊ʹ͓͍ͯޡ༻͞ΕΔ
ํུɼ஌ࣝʹΑͬͯಋ͔ΕΔޡ౴ػೳʹয఺ΛߜΔͨΊʹɼ౰֘બ୒ࢶҎ֎ͷ
෦෼Λ·ͱΊ͍ͨ৔߹΋૝ఆՄೳͰ͋Δɻ
ͨͩ͠ɼ࡞੒ͨ͠ʢΦϦδφϧͷʣ߲໨ಛੑਤΛ͠࡯؍ɼ݁࡯؍Ռ͔Βߏ੒
ͨ͠Ծઆʢޡ౴બ୒ࢶͷػೳͷྨੑࣅ΍ಛҟੑʣʹ͍ͯͮجෳ਺ͷޡ౴બ୒ࢶ
Λ·ͱΊΔ͜ͱ͸ՄೳͰ͋ͬͯ΋ɼԾઆΛ൓өͯ͠࡞੒߲ͨ͠໨ಛੑਤΛূݕ
͢Δํ๏͸ະཱͩ֬͞Ε͍ͯͳ͍ɻ

1.3.3 ಉҰ߲໨ʹؔ͢Δॏෳ߲ͨ͠໨ಛੑਤͷղऍͷዞҙੑ

ςετͷ࣮ํࢪ๏ͷҰͭͱͯ͠ɼϒοΫϨοτʢখࢠ࡭ʣํࣜʹΑΔ߲໨ͷ
ग़୊͕͛ڍΒΕΔɻϒοΫϨοτํࣜͱ͸ɼςετ͕େن໛ͳͨΊʹಉҰ೔࣌ɼ
৔ॴͰςετΛ࣮͢ࢪΔ͜ͱ͕ࠔ೉Ͱ͋Γɼෳ਺ͷ஍ҬͰɼෳ਺ͷडݧՄೳ೔
Λઃఆ͍ͯ͠Δ৔߹ʹ༗༻ͳςετ࣮ํࢪ๏Ͱ͋Δɻ
ಉ͡ςετΛ਺ճʹ౉Γ࣮͢ࢪΔ͜ͱ͸ɼ໰୊߲໨ͷ࿙Ӯ΍ɼಉ͡ड͕ऀݧ
·ͬͨ͘ಉ͡ςετΛड͢ݧΔ͜ͱʹ͕ܨΓɼ݁Ռతʹ๬·͘͠ͳ͍Ө͕ڹੜ
͡ΔڪΕ͕͋Δɻ͜ͷ৔߹ʹ͸ɼ߲໨͸ʢ৔߹ʹΑͬͯ͸߲໨਺΋ʣҟͳΔ͕ɼ
ಉ͡ಛੑΛଌఆͰ͖ΔΑ͏ͳςετͷ൛ʢϒοΫϨοτʣΛ͍͔ͭ͘࡞੒͠ɼς
ετͷ࣮͝ࢪͱʹϒοΫϨοτΛม͢ߋΔ͜ͱͰରॲ͢Δɻͭ·Γɼ֤डऀݧ
ूஂʹରͯ͠ҟͳΔϒοΫϨοτׂ͕Γ౰ͯΒΕΔɻ
͜ͷͱ͖ɼҟͳΔϒοΫϨοτؒͰ͋ͬͯ΋ɼޙͷ෼ੳʹ͓͍ͯςετ΍ड
௨͢Δ߲ڞͷಛੑ͕ൺֱՄೳͱͳΔΑ͏ʹɼϒοΫϨοτؒͰ͍͔ͭ͘ͷऀݧ
໨ʢڞ௨߲໨ʣΛؚ·͓ͤͯ͘ɻ
௨߲໨ʹ͍ͭͯ͸ڞΘΕΔͨΊɼߦʹతͳ߲໨෼ੳ͸ϒοΫϨοτ͝ͱૅج
ؚ·ΕΔϒοΫϨοτͷ਺͚߲ͩ໨ಛੑਤΛ࡞੒͢Δ 3͜ͱ͕ՄೳͱͳΔɻ
ઢʢτϨʔεϥۂ௨߲໨ʹ͍ͭͯͷ߲໨ಛੑਤ͸ɼϒοΫϨοτؒͷಛੑڞ
Πϯʣͷද͕ݱҰ؏ͯ͠શ͘ಉ͡޲܏Λ͍ࣔͯ͠Δ͜ͱ͕๬·͍͠ɻ͔͠͠ͳ
͕Βɼಛੑۂઢ͸ඞͣ͠΋ಉҰදݱͱ͸ͳΒͣɼϒοΫϨοτؒͰҟͳΓಘΔɻ
͜Ε͸ɼϒοΫϨοτ͝ͱʹڞ௨߲໨Ҏ֎ͷ߲໨΍ɼ߲໨਺ɼͦͯ͠ड͕ऀݧ
ҟͳΔͱ͍͏ཁૉͷӨڹΛड͚ΔͨΊͰ͋Δɻ
͜ͷͱ͖ɼ౰֘ڞ௨߲໨ͷ߲໨ಛੑΛද͢ݱΔ߲໨ಛੑਤͱͯ͠ɼԿΕΛ࠾
༻߲ͯ͠໨෼ੳΛ͏ߦ΂͖͔ɼج४͸͘޿஌ΒΕ͓ͯΒͣɼ෼ੳऀ͕೚ҙͷҰ
ͭͷਤʹ஫໨ͯ͠෼ੳ͕ߦΘΕ͍ͯΔɻ

2ਖ਼౴બ୒ࢶͷಛੑۂઢΛਖ਼౴ۂઢɼޡ౴બ୒ࢶͷಛੑۂઢΛޡ౴ۂઢͱݺশ͢Δɻ
3࿨ಘ఺ͱͯ͠ϒοΫϨοτಘ఺Λ༻͍Δɻ
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1.4 ߲໨ಛੑਤͷ࡞੒ํ๏ʹ͓͚Δج४ͷಋೖ
ຊ࿦จͰ͸ɼલઅʹ͓͚Δ߲໨ಛੑਤͷዞҙੑΛऔΓআͨ͘Ίͷ౷ܭతج४
ͷར༻ํ๏ΛఏҊ͢Δɻͦ͜Ͱɼ౷ܭϞσϧΛબ୒͢ΔͨΊʹ༻͍ΒΕΔɼ৘
ใྔن४ (information criterion)ͱݺ͹ΕΔϞσϧධՁن४Λ༻͍Δ͜ͱͱ͢Δɻ
৘ใྔن४Λ༻͍ͨબ୒Λ͜͏ߦͱͰɼ܈਺બ୒ج४΍ɼ߲໨ಛੑਤͷ౷߹ج
४ɼಉҰ߲໨ʹ͓͚Δෳ਺ͷ߲໨ಛੑਤͷબ୒ͱ͍ͬͨ൑அΛϞσϧબ୒ͷ؍
఺͔Β͜͏ߦͱͰ͖ΔΑ͏ʹͳΔɻ·ͣຊઅͰ͸৘ใྔن४ʹ͍ͭͯ֓આ͢Δɻ

1.4.1 ੺஑৘ใྔن४

զʑ͸͋Δ؍ଌσʔλ͕ಘΒΕͨ৔߹ʹɼͦͷσʔλ͕ͲͷΑ͏ͳߏ଄ͷԼ
Ͱൃੜͨ͠ͷ͔ɼͱ͍͏͜ͱΛ͑ߟΔɻ͔͠͠ͳ͕Βɼଟ͘ͷ෼໺ʹ͓͍ͯɼਅ
ͷߏ଄͸ະ஌Ͱ͋Δɻσʔλ͕ಘΒΕͨϞσϧΛ׬શʹ͠ݱ࠶Α͏ͱ͢Δͱɼଟ
͘ͷύϥϝλΛ૝ఆ͠ͳ͚Ε͹ͳΒͳ͘ͳΔɻ͔ͦ͠͠͏ͯ͠ߏ੒ͨ͠Ϟσϧ
͸ɼखݩͷσʔλʹରͯ͠ͷΈɼ༗ޮͳϞσϧͱͳͬͯ͠·͏ɻ੺஑৘ใྔن
४Λ༻͍Δ͜ͱͰɼखݩͷσʔλʹ͓͍ͯਖ਼͍͠ϞσϧΑΓ΋ɼΑΓ༧ଌਫ਼౓
ͷΑ͍ϞσϧΛબͿʢྫ͑͹੺஑ɾ؁རɾ๺઒ɾאౡɾԼฏ, 2007, p.62ʣ͜ͱ
͕ՄೳͱͳΔɻ

1.4.2 ΧϧόοΫ–ϥΠϒϥʔ৘ใྔ

ຊ߲ͰɼΧϧόοΫ–ϥΠϒϥʔ৘ใྔ (Kullback–Leibler divergence; Kullback

& Leibler, 1951)ʹ͍ͭͯɼখ੢ɾ๺઒ (2004)ͷهड़ʹैͬͯ֓આ͢Δɻ͍·ɼ
nݸͷσʔλxn = {x1, x2, · · · , xn}͕֬཰෼෍ؔ਺G(x)͔Βൃੜͨ͠΋ͷͱ͢
Δɻ͜͜Ͱ͸G(x)ΛਅͷϞσϧʢ෼෍ɼ͋Δ͍͸ߏ଄ʣͱݺͿ͜ͱͱ͢Δɻ·
ͨɼG(x)ࣗମ͸ະ஌Ͱ͋Δ΋ͷͱ͢ΔɻҰํɼ͕ऀڀݚ૝ఆ͢ΔʢఏҊ͢Δʣ
ϞσϧΛF (x)ͱ͢Δɻ֬཰෼෍ؔ਺G(x)ͱF (x)͕ɼͦΕͧΕີ౓ؔ਺ g(x)ͱ
f(x)Λ΋ͭ৔߹͸ɼ࿈ଓϞσϧͱ͍͏ɻҰํ g(x)ͱ f(x)͕༗ݶ΋͘͠͸Մࢉແ
఺ࢄͷ཭ݸݶ {x1, x2, · · · , xk, · · · }ʹରͯ͠ɼҎԼͷΑ͏ʹࣄ৅ {ω;X(ω) = xi}

ͷ֬཰

gi =g(xi) ≡ Pr({ω;X(ω) = xi}),

fi =f(xi) ≡ Pr({ω;X(ω) = xi}), i = 1, 2, · · ·

Ͱද͞ΕΔ৔߹͸ɼ཭ࢄϞσϧͱ͍͏ɻ
Akaike (1973)͸ɼਅͷϞσϧ g(x)ͱఏҊϞσϧ f(x)ͷ֬཰෼෍ͱͯ͠ͷۙ
͞ΛΧϧόοΫ–ϥΠϒϥʔ৘ใྔ

I(G;F ) = EG

[
log

G(X)

F (X)

]
(1.5)
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Λ༻͍ͯࢉग़͠ɺϞσϧͷ૬ରతͳΑ͞ͱͯ͠ධՁ͢Δ͜ͱΛఏҊͨ͠ɻΧϧ
όοΫ–ϥΠϒϥʔ৘ใྔ͸࿈ଓܕϞσϧͷ৔߹ɼ

I(g; f) =

∫ ∞

−∞

log

(
g(x)

f(x)

)
g(x)d(x) (1.6)

ͱද͞Εɺ཭ܕࢄϞσϧͷ৔߹͸ɼ

I(g; f) =
∞∑

i=1

g(xi) log
g(xi)

f(xi)
(1.7)

ͱද͞ݱΕΔʢখ੢ɾ๺઒, 2004, p.28ʣɻ
ΧϧόοΫ–ϥΠϒϥʔ৘ใྔʹ͸ೋͭͷੑ࣭͕ଘ͢ࡏΔɻҰͭ໨͸I(g; f) ≥ 0

Ͱ͋Γɼೋͭ໨͸ I(g; f) = 0Ͱ͋Δͱ͖ɼ͔ͭͦͷͱ͖ʹݶΓɼg(x) = f(x)Ͱ
͋Δɻ͜ΕΒͷੑ࣭͔ΒɼΧϧόοΫ–ϥΠϒϥʔ৘ใྔͷ஋͕ 0ʹ͍ۙ΄Ͳɼ
ఏҊϞσϧ f(x)͸ਅͷϞσϧ g(x)ʹ͍ۙͱ͍͏͜ͱ͕Ͱ͖Δɻ͜ͷੑ࣭ͷূ
໌͸খ੢ɾ๺઒ (2004, pp.28-29)ʹ༩͑ΒΕ͍ͯΔɻ
ΧϧόοΫ–ϥΠϒϥʔ৘ใྔΛར༻͢Δ͜ͱͰɼఏҊϞσϧͷΑ͞ΛධՁ͢
Δ͜ͱ͕ՄೳͱͳΔɻ͔͠͠ͳ͕Βɼ࣮ࡍʹ͸ɼΧϧόοΫ–ϥΠϒϥʔ৘ใྔ
Λར༻͢Δ͜ͱ͸೉͍͠৔߹͕ଟ͍ɻΧϧόοΫ–ϥΠϒϥʔ৘ใྔ (1.5)ࣜࣗ
ମ͕ͦͷ಺ʹਅͷ෼෍ΛؚΜͰ͠·͍ͬͯΔͨΊʹɼ͜Ε͕ະ஌Ͱ͋Δ৔߹ʹ
͸௚઀తʹΧϧόοΫ–ϥΠϒϥʔ৘ใྔΛಘΔ͜ͱ͕Ͱ͖ͳ͍ɻ

1.4.3 ฏۉର਺໬౓

ΧϧόοΫ–ϥΠϒϥʔ৘ใྔ͸

I(g; f) =

∫
log

(
g(x)

f(x)

)
g(x)dx

=EG[log g(X)]− EG[log f(X)] (1.8)

ͱ෼ղՄೳͰ͋Δʢখ੢ɾ๺઒, 2004, p.33;੺஑ɾ؁རɾ๺઒ɾאౡɾԼฏ, 2007ʣɻ
͜͜ͰEG͸֬཰ม਺X͕ਅͷ෼෍ gʹै͏΋ͷͱͯ͠ͷظ଴஋Λࣔ͢ɻ(1.8)ࣜ
ͷ࠷ӈลୈ 1߲EG[log g(X)]͸ɼະ஌ͳΔਅͷϞσϧʹؔ͢Δ஋Ͱ͋Γɼ௚઀͸
஌Γಘͳ͍ʹ͠ΖɼͨͩҰͭͷ஋ʹఆ·Δɻͱ͜ΖͰɼΧϧόοΫ–ϥΠϒϥʔ
৘ใྔͷੑ࣭͔ΒɼI(g; f) ≥ 0Ͱ͋Γɼͳ͓͔ͭΧϧόοΫ–ϥΠϒϥʔ৘ใྔ
ͷ஋͕ 0ʹ͍ۙ΄ͲɼఏҊϞσϧ f(x)͸ਅͷϞσϧ g(x)ʹ͍ۙͱ͍͏͜ͱ͕Մ
ೳͰ͋ͬͨɻ͜ͷੑ࣭͔ΒɼI(g; f)Λ 0΁ͱ͚ۙͮΔͨΊʹ͸ɼ(1.8)ࣜͷ࠷ӈล
ୈ 2߲EG[log f(X)]͕େ͖͍΄ͲΑ͍ͱ͍͏͜ͱʹͳΔ (Burnham & Anderson,

2002, p.58;খ੢ɾ๺઒, 2004, p.33)ɻฏۉର਺໬౓ (expected log-likelihood)ͱ͍

15



͏ͱ͖͸ɼ͜ͷୈ 2߲EG[log f(X)]ͷ͜ͱΛ͢ࢦʢখ੢ɾ๺઒, 2004, p.33ʣɻฏ
ର਺໬౓͸ۉ

EG[log f(X)] =

∫
log f(x)dG(x)

=

∫ ∞

−∞

g(x) log f(x)dx (1.9)

ʹΑͬͯࢉग़͞ΕΔ͕ɼ͜Ε͸ະ஌ͳΔਅͷϞσϧ gʹґଘ͍ͯ͠ΔͨΊɼͦ
ͷ··Ͱ͸ٻΊΔ͜ͱ͕Ͱ͖ͳ͍ɻ

1.4.4 ฏۉର਺໬౓ͷਪఆྔͱͯ͠ͷର਺໬౓

લ߲·ͰͰɼߏ੒ͨ͠ϞσϧͱਅͷϞσϧؒͷڑ཭ͱͯ͠ͷΧϧόοΫ–ϥ
Πϒϥʔ৘ใྔΛಋೖͨ͠ɻ·ͨɼ௚઀ࢉग़͢Δ͜ͱ͕ࠔ೉ͳΧϧόοΫ–ϥΠ
ϒϥʔ৘ใྔͦͷ΋ͷʹ୅͑ͯɼͦͷߏ੒ཁૉͰ͋Δฏۉର਺໬౓Λ༻͍ͯϞ
σϧൺֱΛ͜͏ߦͱΛ֓આͨ͠ɻ͔͠͠ͳ͕Βɼ͜ͷฏۉର਺໬౓΋·ͨɼਅ
ͷ෼෍ʹґଘ͢ΔͨΊʹ௚઀ར༻͢Δ͜ͱʹ೉͕͋Δ͜ͱ͕෼͔ͬͨɻͦ͜Ͱɼ
ฏۉର਺໬౓Λࢉग़͢Δ͜ͱʹ୅͑ͯɼԿΒ͔ͷํ๏Ͱਪఆ͠ɼ͜ͷਪఆ஋Λ
༻͍ͯɼϞσϧൺֱΛ͜͏ߦͱ͕͑ߟΒΕΔɻͦͷํ๏͕ɼର਺໬౓ʹΑΔฏ
ର਺໬౓ͷਪఆͰ͋Δɻۉ
ਅͷ෼෍ g(x)͔Βੜ੒͞Εͨσʔλ x1, x2, · · · , xn͕༩͑ΒΕΔͱɼ

l =
1

n

n∑

i=1

log f(xi) (1.10)

ʹΑͬͯฏۉର਺໬౓Λਪఆ͢Δ͜ͱ͕ՄೳͱͳΔɻσʔλ਺ n͕ n → ∞ͱ
ͳΔʹ͕͍ͨ͠ɼେ਺ͷ๏ଇ͔Β l͸EX [log f(X)]ʹऩଋ͢Δɻ͜ͷ͜ͱ͔Βɼ
(1.10)ࣜͷ l͕େ͖͍ߏ੒Ϟσϧ΄Ͳɼൺֱ͍ͯ͠ΔϞσϧؒʹ͓͍ͯɼΑ͍Ϟ
σϧͰ͋Δͱ൑அ͢Δ͜ͱ͕Ͱ͖Δɻσʔλ͕खݩʹಘΒΕΕ͹ର਺໬౓Λܭ
ର਺໬౓ͷෆภਪఆ஋ͱͳΔɻ͜ͷਪۉ஋͸ɼฏͨ͠ࢉܭΔ͜ͱ͕Ͱ͖ɼ͢ࢉ
ఆ஋Λ༻͍ͯɼϞσϧͷΑ͠ѱ͠ΛධՁ͢Δ͜ͱ͕ՄೳͱͳΔɻ
ͦΕͰ͸ɼ͍·ɼϞσϧධՁͷͨΊʹର਺໬౓ lΛٻΊ͍ͨ΋ͷͱ͢Δɻͨ
ͩ͠ɼ࣮ࡍͷϞσϧ಺ʹ͸ɼະ஌ͷύϥϝλ θؚ͕·ΕΔɻ͜ͷͱ͖ର਺໬౓
͸ύϥϝλ θͷ஋ʹΑͬͯมΘΔͨΊɼlΛ θͷؔ਺ l(θ)ͱΈͳ͢ɻͭ·Γɼର
਺໬౓ؔ਺ l(θ)Λ࠷େͱ͢Δύϥϝλ θΛٻΊΔ͜ͱͰɼͦΕ͸ۙࣅతʹ࠷΋
Α͍ߏ੒ϞσϧΛ༩͑ΔύϥϝλΛٻΊΔ͜ͱ͕ՄೳͱͳΔɻ
ΧϧόοΫ–ϥΠϒϥʔ৘ใྔͷ৔߹ɼͦΕ͸࠷໬ਪఆྔ θ̂(= θ̂(x))Λ༻͍Ε
͹Α͍͜ͱʹͳΔʢ๺઒, 2007ʣɻ
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1.4.5 ର਺໬౓ͷόΠΞε

ฏۉର਺໬౓Λ௚઀͢ࢉܭΔ͜ͱ͸Ͱ͖ͳ͘ͱ΋ɼखݩͷσʔλ͔Β͞ࢉܭ
ΕಘΔର਺໬౓Λɼฏۉର਺໬౓ͷਪఆ஋ͱͯ͠༻͍Ε͹Α͍͜ͱΛલઅͰड़
΂ͨɻͭ·Γɼ࠷໬ਪఆʹΑΔਪఆྔ θ̂ʹΑͬͯߏ੒͞ΕΔϞσϧ f(x|θ̂(x))

Λɼର਺໬౓ l(θ̂(x))Λ༻͍ͯධՁ͢Ε͹Α͍͜ͱͱͳΔɻ
͔͠͠ɼ࠷໬ਪఆྔ θ̂Λ୅ೖͨ͠ର਺໬౓ l(θ̂) = log f(x|θ̂)Λ༻͍ͯɼϞσ
ϧͷΑ͞ΛධՁ͢Δ͜ͱʹ͸·ͩ໰୊͕ଘ͢ࡏΔɻ
ର਺໬౓͸͕ฏۉର਺໬౓ͷෆภਪఆྔͱͳΔͷ͸ύϥϝλ θ͕ݻఆ͞Εͯ
͍Δ৔߹Ͱ͋ΔɻͦͷҰํͰɼύϥϝλʹ࠷໬ਪఆྔΛ୅ೖͨ͠৔߹ʹ͸ɼର਺
໬౓͸ฏۉର਺໬౓ͷෆภਪఆྔͰ͸ͳ͘ɼภΓʢόΠΞε; biasʣͷ͋Δਪఆ
ྔͱͳΔɻ͜ͷόΠΞε͸ɼύϥϝλ਺ͷ࣍ݩͷมԽʹͱ΋ͳ͍มԽ͢Δɻ࠷
໬ਪఆྔΛ୅ೖͨ͠৔߹ͷର਺໬౓ͷɼฏۉର਺໬౓ʹର͢ΔόΠΞε͸ɼಉ
ҰσʔλΛύϥϝλ θͷਪఆ͓Αͼɼਪఆ͞ΕͨϞσϧͷฏۉର਺໬౓ͷਪఆ
ͷ 2౓ʹ౉Γ࢖༻ͨ͜͠ͱʹΑͬͯੜͨ͡΋ͷͰ͋Δʢ๺઒, 2007ʣɻ

όΠΞεͷิਖ਼

͜͜Ͱɼର਺໬౓ͱฏۉର਺໬౓ͷࠩΛ

δ = log f(x|θ̂(x))− Ey[log f(y|θ̂(x))]

= log f(x|θ̂(x))− log f(x|θ0)

+ log f(x|θ0)− Ey[log f(y|θ0)]

+ Ey[log f(y|θ0)]− Ey[log f(y|θ̂(x))] (1.11)

ͱ෼ղ͠ɺ࿨ͷه߸͝ͱʹ δ1 + δ2 + δ3ͱஔ͘ʢ๺઒, 2007, p.83ʣɻθ0͸

EG

[
∂

∂θ
log f(y|θ)

]
=

∫
g(y)

∂

∂θ
log f(y|θ)dy = 0 (1.12)

ͷղͰ͋Δʢখ੢ɾ๺઒, 2004, p.50)ɻ͜͜Ͱ y͸ະདྷʹಘΒΕΔσʔλΛද͠
͍ͯΔɻ্ࣜɼδ2͸

EX [δ2] =0 (1.13)

ͱͳΓɼδ1, δ3͸ͦΕͧΕ઴ۙతʹ

EX [δ1] =EX [δ3] =
1

2
tr(IJ−1) (1.14)
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ͱۙ͞ࣅΕΔɻδ1, δ2, δ3ͷظ଴஋ͷΑΓৄࡉͳಋग़͸খ੢ɾ๺઒ (2004, pp.51-52)

ʹ༩͑ΒΕ͍ͯΔɻδͷظ଴஋ɼ͢ͳΘͪ઴ۙతͳภΓ͸ɼ্هͷ෼ղ͔Βɼ

δ =δ1 + δ2 + δ3

=
1

2
tr(IJ−1) + 0 +

1

2
tr(IJ−1)

=tr(IJ−1) (1.15)

ͱͳΓɼtr(IJ−1)Ͱ͋Δ͜ͱ͕ࣔ͞ΕΔɻͳ͓ I͸αΠζ p× pͷϑΟογϟʔ
৘ใྔྻߦ (Fisher information matrix)Λද͠ɼJ ͸αΠζ p × pͷϔοηྻߦ
(Hessian matrix)ͷظ଴஋ͷූ߸Λ൓సͤͨ͞΋ͷͰ͋Δʢ๺઒, 2007, pp.82-83ʣɻ
ͭ·Γɼ

I = EX

[
∂ log f(X|θ0)

∂θ

∂ log f(X|θ0)

∂θ′

]
(1.16)

Ͱ͋Γɼ·ͨɼ

J = −EX

[
∂2 log f(X|θ0)

∂θ∂θ′

]
(1.17)

ͱఆٛ͞ΕΔɻAkaike (1973)͸ɼฏۉର਺໬౓ͷਪఆྔͱͯ͠࠷໬ਪఆྔ (max-

imum likelihood estimator)ʹ͓͚Δର਺໬౓ؔ਺ (log-likelihood function)Λ࠷େ
Խͨ͠࠷େର਺໬౓ (maximum log likelihood)Λ༻͍ɼ͞Βʹɼδͷظ଴஋ʢ઴
ۙόΠΞεʣ͕ύϥϝλʢ࣍ݩʣ਺ pͰۙࣅՄೳͰ͋Δ͜ͱΛࣔ͠ɼର਺໬౓
ʹύϥϝλ਺ʹΑΔόΠΞεमਖ਼Λͨͬߦ

AIC =− (େର਺໬౓࠷)2 + 2(ύϥϝλ਺) (1.18)

=− 2l(θ̂) + 2p (1.19)

ΛఏҊͨ͠ɻ(1.19)ࣜ͸ɼ੺஑৘ใྔن४ (Akaike’s Information Criterion, AIC;

Akaike, 1973)ͱݺ͹ΕΔɻ੺஑৘ใྔن४͸ۙࣅతʹฏۉର਺໬౓ͷෆภਪఆ
ྔͱͳΔɻ

AICΛ༻͍Δ͜ͱͰɼզʑ͸σʔλ͕ಘΒΕͨਅͳΔߏ଄͕ະ஌ͷ··Ͱ͋ͬ
ͨͱͯ͠΋ɼෳ਺ͷఏҊϞσϧΛɼਅͷϞσϧͱͷۙ͞ɼͱ͍͏؍఺͔ΒධՁ
͢Δ͜ͱ͕ՄೳͱͳΔʢ੺஑ɾ؁རɾ๺઒ɾאౡɾԼฏ, 2007, p.19ʣɻ

AICͷ஋͕࠷খͱͳΔϞσϧΛྑ࠷ͷϞσϧͱͯ͠ධՁ͢Δ͜ͱͱͳΔɻͳ
͓ɼখ੢ɾ๺઒ (2004)͸ɼAIC͕࠷খͱͳΔ͜ͱͰબ୒͞Εͨਪఆ஋΍Ϟσϧ
Λɼ࠷খAICਪఆ஋ͱݺΜͰ͍Δɻͨͩ͠ɼAIC͸ൺֱର৅ͱͳΔϞσϧؒͷ
૬ରతͳΑ͞ͷࢦඪͰ͋Δ͜ͱ΍ɼ૬ରతʹAIC͕࠷খͱͳͬͨϞσϧ͕ඞͣ
͠΋ਅͷϞσϧͰ͋Δͱ͸ݶΒͳ͍͜ͱʹ஫ҙ͕ඞཁͰ͋Δɻ
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1.4.6 ϕΠδΞϯ৘ใྔن४

Schwarz (1978)͸ϕΠζ౷ֶܭ 4ͷཱ৔͔ΒϞσϧબ୒ن४ΛఏҊͨ͠ɻ͜͜
Ͱ͸খ੢ɾ๺઒ (2004, pp.151-156)ɼ؁ར (2007)ͷهड़ʹ͖ͮجɼSchwarz (1978)

ʹΑͬͯఏҊ͞ΕͨϞσϧબ୒ن४ʹ͍ͭͯ֓આ͢Δɻ
͍·ɼखݩʹ nݸͷσʔλ xn͕ಘΒΕͨঢ়گΛ͑ߟΔɻ͜ͷσʔλʹؔ͠
ͯɼൺֱީิϞσϧ f(x|θ)Λ I ੒͢Δ΋ͷͱ͢Δɻ͜͜ͰɼͦΕͧΕͷ࡞ݸ
ީิϞσϧ͸ύϥϝλ θiΛ༻͍ͯಛఆ͞ΕΔɻ͢ΔͱީิϞσϧ͸ɼͦΕͧΕ
f1(xn|θ1), f2(xn|θ2), · · · , fI(xn|θI)ͱද͞ΕΔɻ͜͜Ͱɼύϥϝλ θi͸ࣄલ෼
෍ πi(θi)ʹΑͬͯɼͦͷࣄલ৘ใ͕ද͞ݱΕΔ΋ͷͱ͢Δɻ
͜ͷͱ͖ɼީิϞσϧ fi(·|·)͔Β؍ଌσʔλxn͕ಘΒΕΔ֬཰͸ɼύϥϝλ

θiʹؔͯ͠ੵ෼Λ͜͏ߦͱͰಘΒΕΔɼީิϞσϧ෼෍ͷपล໬౓
∫

fi(xn|θi)πi(θi)dθi (1.20)

ʹΑͬͯ༩͑ΒΕΔʢখ੢ɾ๺઒, p.151ʣɻ্ࣜͷपล໬౓ͱɼϕΠζͷఆཧΛ
༻͍Δ͜ͱͰɼީิϞσϧ fi(·|·)ʹؔͯ֬͠཰

Pr{fi(θi|xn)} =

∫
fi(xn|θi)πi(θi)dθi Pr{fi(xn|θi)}∑I

i=1

∫
fi(xn|θi)πi(θi)dθi Pr{fi(xn|θi)}

, i = 1, 2, · · · , I

(1.21)

͕ಘΒΕΔɻ͜͜ͰPr{fi(xn|θi)}͸ީิϞσϧ fi(·|·)ͷࣄલ֬཰ͱݺ͹ΕΔ৘
ใΛද͢ɻ·ͨɼPr{fi(θi|xn)}͸֬ޙࣄ཰ͱݺ͹Εɼσʔλ xn͕खݩʹಘΒ
Εͨͱ͖ʹɼ౰֘σʔλ͕ީิϞσϧ fi͔Βੜ੒͞ΕΔ֬཰Λද͍ͯ͠Δɻͭ
·ΓɼIݸͷީิϞσϧͷ಺͔ΒͲΕ͔ҰͭͷϞσϧΛબ୒͢Δͱͨ͠৔߹ɼࣄ
େ࠷཰֬ޙ (maximum a posteriori, MAP)ͱͳΔΑ͏ͳύϥϝλਪఆ஋Λ༗͢Δ
ϞσϧΛ࠾༻͢Ε͹Α͍ɻͳ͓ɼ͜ͷج४͸ɼ(1.21)ࣜͷ෼฼͕͢΂ͯͷϞσ
ϧʹ͓͍ͯڞ௨Ͱ͋Δ͜ͱ͔Βɼ෼ࢠΛ࠷େʹ͢ΔϞσϧͷબ୒ͱಉٛͰ͋Δ
ʢখ੢ɾ๺઒, p.152ʣɻ
·ͨɼࣄલ֬཰Pr{fi(xn|θi)}͕ީิϞσϧʹґΒͣ౳͍͠৔߹ʹ͸ɼ෼ࢠΛ
େʹ͢ΔϞσϧͷબ୒Λҙຯ͢Δ࠷େʹ͢ΔϞσϧͷબ୒ͱ͸ɼपล໬౓Λ࠷
͜ͱͱͳΔɻ
ͨͩ͠ɼ(1.21)ࣜͷपล໬౓ͷۙࣅʹ͸ɼੵ෼ؚ͕ࢉܭ·Ε͓ͯΓɼ͢ࢉܭ
Δ্Ͱࠔ೉͕ੜ͡Δ৔߹͕͋ΔɻϕΠδΞϯ৘ใྔن४ (Bayesian Information

Criterion, BIC)͸ɼ͜ͷੵ෼ΛϥϓϥεۙࣅʹΑͬͯ

−2 log

{∫
fi(xn|θi)πi(θi)dθi

}
≈ −2 log fi(xn|θ̂i) + pi log n (1.22)

4ϕΠζ౷ֶܭʹ͍ͭͯ͸ୈ 4ষʹ͓͍ͯهड़͢Δɻ
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ͱۙ͞ࣅΕΔɻͳ͓͜ͷۙࣅ͸ඪຊ਺͕े෼ʹେ͖͍͜ͱ͕૝ఆ͞Ε͍ͯΔɻ
͜͜Ͱɼθ̂i͸ީิϞσϧ fi(xn|θi)ͷ pi࣍ݩύϥϝλϕΫτϧ θiͷ࠷໬ਪఆྔ
Λද͍ͯ͠ΔɻBICʹ͓͍ͯ͸ɼ֤Ϟσϧͷύϥϝλ਺Λද߲͕͢AICͱ͸ҟ
ͳΓɼlog nͱͳ͍ͬͯΔɻ

AICʹ͸ɼඪຊ਺Λ૿΍ͯ͠΋ɼAICʹΑͬͯબ୒ͨ͠ߏ੒Ϟσϧͷύϥϝ
λ࣍਺͸ɼਅͷϞσϧͷ࣍਺ʹҰக͠ͳ͍ɼͭ·ΓҰகੑΛ࣋ͨͳ͍ͱ͍͏ओ
ு͕ଘ͢ࡏΔʢ๺઒, 2007, p.84;؁ར, 2007, pp.65-66ʣɻҰํͰɼBICʹ͓͚Δ
Ϟσϧબ୒Ͱબ͹ΕΔϞσϧͷ࣍਺͸ҰகੑΛ΋ͭ͜ͱͱͳΔɻͨͩ͠ɼ͜ͷ
͜ͱΛ΋ͬͯBIC͕AICΑΓ΋༏Ε͍ͯΔͱ͍͏͜ͱʹ͸ͳΒͳ͍ʢྫ͑͹؁
ར, 2007, p.67;๺઒, 2007, p.85-86ʣɻ
I ࠷໬๏ʹΑͬͯਪఆ͠ɼͦͷ಺͔ΒɼBICͷ஋͕࠷ͷൺֱީิϞσϧΛݸ
খͱͳΔϞσϧΛ࠾༻͢Δɻ

1.5 ͷ໨తڀݚ
࣍ষҎ߱Ͱ͸ɼຊষͰ߲ͨ͛ڍ໨ಛੑਤ࡞੒ͷࡍʹ௚໘͢Δ໰୊΁ͱରॲ͢
Δํ๏ͷఏҊΛ͍ߦɼͦΕͧΕͷఏҊख๏ʹؔͯ͠ɼ۩ମతͳద༻ྫΛ௨ͯ͡ɼ
ख๏ͷ༗༻ੑͷݕ౼Λ͏ߦɻ
ୈ 2ষͰ͸ڀݚ Iͱͯ͠ɼ੺஑৘ใྔن४ɼϕΠδΞϯ৘ใྔن४Λར༻ͨ͠
߲໨ಛੑਤͷ܈਺બ୒๏ΛఏҊ͢ΔɻఏҊख๏ IΛ༻͍Δ͜ͱͰɼ౷ܭతͳج४
਺Λબ୒͢Δ͜ͱ͕ՄೳͱͳΔɻୈ܈ɼ͖ͮجʹ 2ষͰ͸ɼγϛϡϨʔγϣϯ
ͱ࣮ࡍͷςετσʔλ΁ͷద༻ྫΛ௨ͯ͡ɼఏҊख๏͕༗༻Ͱ͋Δ͜ͱΛࣔ͢ɻ
ୈ 3ষʹ͓͍ͯɼڀݚ IIͱͯ͠ɼ͋Δಛఆͷ߲໨ʹ͓͍ͯɼΧςΰϦಛੑۂ
ઢͷซ߹ঢ়گʢϞσϧʣ͕ෳ਺૝ఆ͞ΕಘΔ৔߹ʹɼ෼ੳऀͷԾఆʢ͋Δಛఆ
ͷΧςΰϦಛੑۂઢ͕޲܏ಉ౳Ͱ͋Δͱݟ၏͢͜ͱ͕Ͱ͖Δ͔ʣΛ͔֬ΊΔͨ
Ίͷ৘ใྔن४ʹΑΔ౷ܭతࢦඪΛࢉग़͢Δํ๏ΛఏҊ͢ΔɻຊఏҊख๏Λ༻
͍Δ͜ͱͰɼޮՌతͳޡ౴෼ੳΛͨ͏ߦΊͷ߲໨ಛੑਤΛ࡞੒͢Δ͜ͱ͕Մೳ
ͱͳΔɻ·ͨɼڀݚ IIʹ͓͚ΔఏҊख๏ IIΛ༻͍Δ͜ͱͰɼ෼ੳऀ͕߲໨ಛੑ
ਤΛ݁ͨ͠࡯ߟՌಘΒΕͨԾઆΛ͠ূݕɼͳ͓͔ͭਤͷࢹೝੑΛ֬อ͢Δ͜ͱ
͕ՄೳͱͳΔɻ
ୈ4ষͰ͸ɼޙͷୈ5ষͰ༻͍ΒΕΔϋΠϒϦουϞϯςΧϧϩ (hybrid Monte

Carlo, HMC)๏ 5ʹ͍ͭͯ֓આ͢Δɻ
ୈ 5ষͷڀݚ IIIʹ͓͍ͯ͸ɼಉҰ߲໨ʹ͓͍ͯෳ਺ͷ߲໨ಛੑਤ͕࡞੒Մೳ
ͳ৔߹ʹɼԿΕͷ߲໨ಛੑਤͷදݱΛ࠾༻͢Ε͹Α͍ͷ͔ɼ΋͘͠͸ͦΕΒͷ
߲໨ಛੑਤͷ౷߹͸Մೳ͔ʹ͍ͭͯɼͦͷબ୒ج४ΛఏҊ͢ΔɻఏҊख๏ IIIʹ
͍ͭͯɼγϛϡϨʔγϣϯΛ͍ߦɼ࣮σʔλ΁ͷద༻ྫΛࣔ͢ɻ
ୈʹޙ࠷ 6ষʹ͓͍ͯɼຊߘͰࣔͨ͠ڀݚશମͷ࡯ߟΛ͏ߦɻ

5ϋϛϧτχΞϯϞϯςΧϧϩ (Hamiltonian Monte Carlo)๏ͱ΋ݺ͹ΕΔɻ
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ୈ2ষ ߲໨ಛੑਤͷ܈෼͚ج४
ʢڀݚ Iʣ

2.1 ໰୊ I

ୈ 1ষͰड़΂ͨͱ͓Γɼ߲໨ಛੑਤ͸߲໨෼ੳͷࡍʹɼ߲໨ͷଌఆੑೳΛ໨
੒࡞Ͱ֬ೝ͢Δ͜ͱΛՄೳͱ͢Δ༗༻ͳಓ۩Ͱ͋Δɻͨͩ͠ɼ߲໨ಛੑਤͷࢹ
࣌ʹዞҙతͳ͕ۀ࡞ඞཁͱͳΔɻ࡞੒࣌ʹ͸डऀݧΛɼಘ఺ʹ͍͍ͭͯͮ͘ج
͔ͷ܈΁ͱ෼͚Δ͜ͱ͕ٻΊΒΕΔɻ͜ͷࡍʹɼ෼ׂ͢Δ਺ɼ͢ͳΘͪ܈਺͸
೚ҙʹઃఆՄೳͰ͋Δɻडऀݧ਺͕ൺֱతগ਺Ͱ͋Δ৔߹ʹ͸ɼ܈਺ͷมߋʹ
Αͬͯɼ߲໨ಛੑਤͷද͕ݱେ͖͘มԽ͢Δ͜ͱ΁ͱͭͳ͕Δɻ
߲໨ಛੑਤͷ࡞੒࣌ʹडऀݧΛ܈ʹ෼͚Δࡍɼ܈਺Gͷ஋Λܾఆ͢ΔͨΊͷ
໌֬ͳج४͸஌ΒΕ͓ͯΒͣɼݱঢ়Ͱ͸෼ੳऀʹΑͬͯݧܦతʹܾఆ͞Ε͓ͯ
ΓɼҰൠతʹ͸G = 5ͱ͞ΕΔɻ͔͠͠ɼͦͷࠜڌ͸໌֬ʹ͸ࣔ͞Ε͍ͯͳ͍ɻ
डऀݧΛ͍͔ͭ͘ͷ܈ʹ෼͚Δ͜ͱ͸ςετཧ࿦ɼ͓Αͼڭҭతͳݟ஍͔Βؔ
৺Λ͚޲ΒΕɼిൃ͕ػࢉܭࢠୡ͢ΔҎલΑΓ͞ڀݚΕ͍ͯΔɻ஑ాʢ1973ʣͰ
͸ɼडऀݧΛಘ఺܈ผʹ෼͚ɼ֤ ɼʹࡍ͏ߦͷ෼෍Λ༻͍߲ͯ໨෼ੳΛࢶͷબ୒܈
Dࢦ਺๏ʹ͓͍ͯɼड্ऀݧҐ܈ͱԼҐ܈ͷॴଐׂ߹Λ 27%ͱ͢Δ͜ͱ͕ࣔࠦ
͞Ε͍ͯΔɻ27%ͱ͍͏ج४͸Kellyʢ1939ʣʹ͓͍ͯɼม਺͕ਖ਼ن෼෍͢Δ৔
߹ʹඪຊฏۉͷࠩͷྟքൺʢcritical ratioʣΛ࠷େԽ͢Δൺ཰ͱͯ͠ 0.2702678͕
ಋ͔Εͨ͜ͱʹ༝དྷ͢Δʢ੺ࠜΒ, 2006ʣɻ·ͨɼCroonʢ2002ʣͰ͸ɼજࡏΫϥ
ε෼ੳΛ͍ߦɼద߹౓ࢦඪΛ༻͍ͯΫϥε਺Λݕ౼͍ͯ͠Δɻۙ೥Ͱ͸ Shojima

ʢ2008ʣ͕ɼજࡏϥϯΫཧ࿦ʢ૳ౡ, 2010ʣʹ͓͚Δ߲໨ࢀরϓϩϑΝΠϧʢitem

reference profile, IRP;૳ౡ, 2010, p.86ʣΛ࡞੒͢ΔࡍʹɼडऀݧΛ෼ׂ͢Δજࡏ
ϥϯΫ਺Λద߹౓ࢦඪ͓Αͼ৘ใྔن४Λ༻͍ܾͯఆ͢Δ͜ͱΛݕ౼͍ͯ͠Δɻ
߲໨ಛੑਤͷ࡞ਤͷࡍʹ΋ɼ܈ͷ෼ׂ਺ͷબ୒ʹ͍ͭͯɼ౷ܭతͳج४΍ࠜ
Λ༩͑Δ͜ͱ͕Ͱ͖Ε͹ɼ߲໨ಛੑਤΛ༻͍߲ͯ໨ͷੑ࣭Λௐ΂Δ্Ͱศརڌ
Ͱ͋Δɻ
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2.2 ڀݚ I໨త
ຊڀݚͰ͸৘ใྔن४ʢ੺஑৘ใྔن४ɼϕΠδΞϯ৘ใྔن४ʣΛར༻͠
߲ͨ໨ಛੑਤͷ܈਺બ୒๏ΛఏҊ͢Δɻ
ຊڀݚʹ͓͚Δ܈਺બ୒๏ʹ͸ೋͭͷར఺͕͛ڍΒΕΔɻୈҰ఺໨͸ɼ߲໨
ಛੑਤΛඳ͘ࡍʹɼडऀݧͷଟՉʹԠͯ͡ɼ҆ఆͨ͠ಛੑͷදݱΛͨ͏ߦΊʹ
ར༻ՄೳͰ͋Δͱ͍͏͜ͱͰ͋Δɻ
߲໨ͷੑ࣭Λ͢࡯ߟΔͱ͍͏໨తͷͨΊʹ͸ɼ෼ׂ͢Δ܈ͷ਺͕গͳ͗͢Δ
ͱਖ਼౴֬཰ͷมԽʹؔ͢Δ௚ઢͷද͕ݱେຯʹͳΓա͗ɼେҬత࡯ߟͷΈ͕Մ
ೳͱͳΔɻྫ͑͹ ෼ׂͨ͠৔߹ɼ߲໨ಛੑਤ͸ʹ܈2 1ຊͷ௚ઢͰද͞ΕΔ͜ͱ
ʹͳΓɼ౰֘௚ઢͷ͖܏ͷΈ͕࡯ߟͷର৅ͱͳΔɻड͕ऀݧଟ͍৔߹ʹ͸ɼ܈
਺Λଟͯ͘͠΋άϥϑ্ͷදݱ͸҆ఆ͢ΔͨΊɼ߲໨ͷੑ࣭Λࡉ΍͔ʹ͢࡯ߟ
Δ͜ͱ͕ՄೳͱͳΔɻҰํͰɼडऀݧͷશମਓ਺͕গ਺Ͱ͋Δ৔߹͸ɼ܈਺Λ
૿΍ͦ͏ͱ͢Δͱ֤܈ʹଐ͢Δडऀݧ਺͕গͳ͘ͳΔͨΊʹɼάϥϑ্ͷදݱ
͕҆ఆ͠ͳ͘ͳͬͯ͠·͏ɻ͜ͷ৔߹ɼແཧʹ܈਺Λ૿΍ͦ͏ͱ͸ͤͣɼΉ͠
ΖݮΒ͢͜ͱʹΑͬͯɼ҆ఆ߲ͨ͠໨ͷੑ࣭Λ͢࡯ߟΔ͜ͱ͕ظ଴Ͱ͖Δɻ
ୈೋ఺໨͸ɼۙ೥զ͕͘޿͍͓ͯʹࠃ༻͍ΒΕ͍ͯΔ߲໨൓Ԡཧ࿦ʢitem re-

sponse theory, IRT; Lord, 1980ʣ͕ద༻Ͱ͖ͳ͍ςετ߲໨ʹؔͯ͠΋߲໨ಛੑ
ਤ͸࡞ਤՄೳͰ͋Γɼͦͷಛੑද͕ݱ༗͢Δ৘ใ͸ɼܾͯ͠ IRTʹ͓͚Δ ICC

(item characteristic curve)ͱൺֱͯ͠΋ྼݟΓ͕͢Δ΋ͷͰ͸ͳ͍ɼͱ͍͏͜ͱ
Ͱ͋Δɻ
߲໨ಛੑΛ͢࡯ߟΔಓ۩ͷҰͭͱͯ͠ IRTʹ͓͚Δ ICC͕͋ΔɻICCΛར༻
͢ΔͨΊʹ͸ɼ·ͣςετσʔλʹରͯ͠ IRT͕ద༻ՄೳͰ͋Δ͜ͱ͕લఏ৚
݅ͱͳΔɻIRT͕ద༻ՄೳͳςετσʔλΛڀݚ Iʹ͓͚ΔఏҊख๏Ͱ෼ੳ͢
Δ͜ͱ͸Մೳ͕ͩɼ͜ͷٯ͸ඞͣ͠΋੒Γཱͨͳ͍ɻ·ͨɼޙड़͢ΔఏҊख๏
͸ IRTΑΓ΋؆୯ʹ෼ੳΛ͜͏ߦͱ͕ՄೳͰ͋Δɻߋʹ IRT͸ύϥϝτϦοΫ
ͳ෼ੳख๏Ͱ͋ΔͨΊɼ߲໨฼਺͕ఆ·Δͱࣗಈతʹ−∞͔Β∞ͷൣғ·Ͱ
ʹϩδεςΟοΫۂઢ΋ఆ·Δ͜ͱͱͳΔɻҰํͰ߲໨ಛੑਤʹ͓͍ͯ͸ɼ௿
ಘ఺͔܈Βதಘ఺܈ʹ͔͚ͯҰ୴ਖ਼౴཰͕Լ͕Γͳ͕Β΋ɼߴಘ఺܈ʹ͓͍ͯ
͸࠶ͼ্ঢ޲܏ʹస͡Δɼ௿ಘ఺͔܈Βதಘ఺܈ʹ͓͍ͯ͸ಛੑද͕ݱ୯ௐ૿
Ճ޲܏ʹ͋Γͳ͕Βɼߴಘ఺܈ʹ͓͍ͯ͸ਖ਼౴཰͕Լ͕Δɼ͋Δ͍͸͜ͷ྆ํ
ͷ͞࡯؍͕޲܏Εɼؒ܈Ͱਖ਼౴཰্͕Լ͢Δɼͱ͍ͬͨϩδεςΟοΫۂઢͰ
͸දͤͳ͍Α͏ͳঢ়گΛ΋ද͢ݱΔ͜ͱ͕ՄೳͰ͋Δɻ͜ͷ఺ΛؑΈΕ͹ɼ߲
໨ಛੑਤΛ༻͍ͨંΕઢάϥϑʹΑΔ࡯ߟ͸߲໨ಛੑʹ͍ͭͯ๛͔ͳ৘ใΛఏ
ͷཧ༝ΑΓɼҎԼʹఏҊ͢Δख๏͸هΔͱ͍͑Α͏ɻ্͢ڙ IRTͷීٴʹΑͬ
ͯ΋ͦͷॏཁੑ͕ଛͳΘΕΔ͜ͱ͸ͳ͍΋ͷͱ͍͑Δɻ
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2.3 ৘ใྔن४Λ༻͍ͨ܈਺બ୒๏ͷఏҊʢํ๏ Iʣ
͍·ɼJݸͷ߲໨ʹΑͬͯߏ੒͞ΕΔςετʹؔͯ͠ɼୈ j(= 1, · · · , J)൪໨
ͷ߲໨ʹର͢Δड݁ݧՌ͕ਖ਼ޡͷ 2ΧςΰϦʹ੔ཧ͞ΕΔ΋ͷͱ͢Δɻ
߲໨ jʹର͢Δɼୈ g(= 1, · · · , G)܈ʹଐ͢Δ i൪໨ͷडऀݧͷ൓Ԡ xjgi͕ਖ਼
౴൓Ԡͱͯ͠؍ଌ͞ΕΔ֬཰Λ pjg ͱ͢Δɻୈ j߲໨ͷୈ g܈ʹ͓͚Δडऀݧ
͕Njgਓ͓Γɼͦͷ಺Ͱਖ਼౴ͨ͠ड͕ऀݧ njgਓ͍Δͱ͖ɼਖ਼ޡ൓Ԡύλϯϕ
Ϋτϧ

xjg = (xjg1, · · · , xjgi, · · · , xjgNjg
)′

ΛಘΔ֬཰͸

p(xjg|pjg) = p
njg

jg (1− pjg)
Njg−njg

ͱͳΔɻͳ͓ɼnjg =
∑Njg

i=1 xjgi͸ਖ਼౴ऀ਺Λҙຯ͓ͯ͠Γɼ͜Ε͸े෼౷ྔܭ
Ͱ͋Δɻ߲໨ jͷ͝܈ͱͷ൓ԠύλϯϕΫτϧͷू·Γ

xj = (x′
j1, · · · ,x

′
jg, · · · ,x

′
jG)

′

Λ؍ଌ͢Δ֬཰͸ɼpjgΛ

pj = (pj1, . . . , pjg, . . . , pjG)
′

ͷΑ͏ʹ഑ͨ͠฼਺ϕΫτϧ pjΛ༻͍ͯɼ

p(xj|pj) =
G∏

g=1

p
njg

jg (1− pjg)
Njg−njg

ͱͳΔɻpjgͷ࠷໬ਪఆྔ͸

p̂jg =
njg

Njg

Ͱ͋Γɼ͜ΕΛ pjͷ֤ཁૉͱͯ͠഑͢Δ͜ͱͰɼ࠷େର਺໬౓Λ

log lmax = log l(p̂j)

=
G∑

g=1

{njg × log p̂jg

+ (Njg − njg)× log(1− p̂jg)} (2.1)

ͱಋ͘͜ͱ͕Ͱ͖Δɻ
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(2.1)ࣜΛ༻͍ͯɼ2ΧςΰϦͰ੔ཧ͞ΕΔ߲໨ jʹؔͯ͠ɼ܈਺GͰඳ߲͘
໨ಛੑਤͷAIC͓Αͼ BICɼ

AICj(G) = −2× log lmax + 2×G (2.2)

BICj(G) = −2× log lmax +G× log(Nj) (2.3)

Λࢉग़ՄೳͰ͋Δɻ͜͜ͰNj =
∑G

g=1 NjgͰ͋Δɻ
(2.2)͓ࣜΑͼ (2.3)ࣜʹΑ߲ͬͯ໨͝ͱʹ৘ใྔن४Λ༻͍ͯ܈਺Λબ୒͢
Δ͜ͱ͕ՄೳͰ͋Δ͕ɼ࣮༻৔໘ʹ͓͍ͯ͸ςετ߲໨શମͰ෼ׂ͢Δ܈਺Λ
౷Ұͨ͠ํ͕ѻ͍қ͍৔߹΋͋Δɻςετ߲໨શମͰಉ͡܈਺Λ༻͍߲ͯ໨ಛ
ੑਤΛඳ͘৔߹ɼAICͱ BIC͸ͦΕͧΕ

AIC(G) =
J∑

j=1

AICj(G) (2.4)

BIC(G) =
J∑

j=1

BICj(G) (2.5)

Ͱࢉग़͢Δɻͨͩ͠ɼ߲໨ؒͷಠཱੑ͕ຊ࣭తʹ൱ఆ͞ΕΔ৔߹ʹ͸ɼ(2.4)ࣜɼ
(2.5)ࣜ͸੒ཱ͠ͳ͍͜ͱʹ஫ҙ͢Δඞཁ͕͋Δɻ

2.4 γϛϡϨʔγϣϯʹΑΔఏҊํ๏ͷݕ౼
લઅʮํ๏ Iʯʹ͓͍ͯఏҊ͞Εͨख๏͕ద੾ͳ܈਺Λਪ঑ՄೳͰ͋Δ͔Λ
ௐ΂ΔͨΊʹɼ༷ʑͳ৚݅ͰγϛϡϨʔγϣϯσʔλΛ 1000ճਪఆ͠ɼఏҊख
๏ʹΑͬͯਅͷ܈਺ΛԿճ౰ͯΒΕΔ͔Λௐ΂ͨɻෳ਺ͷϞσϧͷྑ͞Λൺֱ
͢Δ৔߹ʹɼ৘ใྔن४Λࢉग़͠ɼͦͷ஋͕࠷΋খ͍͞Ϟσϧ͕࠷దͳϞσϧ
Ͱ͋Δͱ൑அ͢Δ͜ͱ͕ՄೳͰ͋Δʢݩࡔɾੴࠇɾ๺઒, 1983ʣɻ͜͜Ͱ͸ɼ͋
Δ߲໨ʹ͍ͭͯɼ܈਺ΛมԽͤͨ͞৔߹ͷ৘ใྔن४ͷ஋Λൺֱ͠ɼ஋͕࠷খ
ͱͳΔ܈਺Λ౰߲֘໨ͷ߲໨ಛੑਤ࡞੒࣌ʹ͓͚Δ܈਺ͱͯ͠࠾༻͢Δɻຊষ
Ͱ͸γϛϡϨʔγϣϯखॱ͓Αͼ݁Ռʹ͍ͭͯࣔ͢ɻຊڀݚͰ͸ɼγϛϡϨʔ
γϣϯʹ͓͚Δ܈΁ͷ෼ׂํ๏͸ɼ౳ਓ਺ɼ౳ִؒͷ྆ํͰ͜͏ߦͱͱͨ͠ɻ

γϛϡϨʔγϣϯσʔλͷύϥϝλઃఆ ɹγϛϡϨʔγϣϯʹ༻͍Δςετ
σʔλΛਓ޻తʹൃੜͤ͞ΔͨΊͷύϥϝλΛઃఆ͢Δɻର৅ͱͳΔύϥϝλ͸

1. डऀݧ਺ɿ100ਓɼ200ਓɼ300ਓɼ400ਓɼ500ਓ

2. ਅͷ܈਺ɿ3܈ɼ4܈ɼ5܈ɼ6܈ɼ7܈

ͷೋͭͰ͋Δɻͳ͓ɼ͜͜Ͱ͸ςετ߲໨਺Λ 100໰ɼ֤߲໨ͷ഑఺Λ 1఺ʹ
ఆͨ͠ɻݻ
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౳ਓ਺σʔλൃੜखॱ ɹ·ͣγϛϡϨʔγϣϯΛ͏ߦडऀݧ਺ͱɼ౰ͯΔ΂
͖ਅͷ܈਺Λઃఆ͢Δɻ࣍ʹՍۭͷडऀݧ਺Λਅͷ܈਺ͰׂΓɼ֤܈ͷॴଐਓ
਺Λܾఆ͢Δɻͦͷࡍʹ༨Γ͕ग़ͨ৔߹͸ɼͦͷ෼ͷਓ਺͸௿͍ํͷ͔܈ΒҰ
ਓؚͣͭΊΔ͜ͱͱͨ͠ɻޙ࠷ʹਅͷ܈਺ʢ3ɾ4ɾ5ɾ6ɾ7ʣʹ͓͚Δ֤܈ͷ֤
߲໨΁ͷਖ਼౴֬཰ΛҰ༷෼෍͔Βཚ਺ͱͯ͠ൃੜͤ͞Δɻͳ͓ɼ֤܈ͷҰ༷ཚ
਺ൃੜൣғ͸ද 2.1ͷΑ͏ʹઃఆͨ͠ɻྫ͑͹ਅͷ܈਺͕ ͷ৔߹ͷɼୈ܈3 ܈1
ͷ֤߲໨΁ͷਖ਼౴֬཰͸ɼ0.00͔Β 0.34ͷൣғʹ͓͍ͯൃੜͤͨ͞Ұ༷ཚ਺ʹ
Αͬͯઃఆ͞ΕΔ͜ͱͱͳΔɻ
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ද 2.1 ਅͷ܈਺ʹ͓͚Δ͝܈ͱͷҰ༷ཚ਺ͷઃఆൣғ

܈3 ࢝఺ ऴ఺

ୈ ܈1 0.00 0.34

ୈ ܈2 0.31 0.67

ୈ ܈3 0.64 1.00

܈4 ࢝఺ ऴ఺

ୈ ܈1 0.00 0.25

ୈ ܈2 0.20 0.50

ୈ ܈3 0.45 0.75

ୈ ܈4 0.70 1.00

܈5 ࢝఺ ऴ఺

ୈ ܈1 0.00 0.20

ୈ ܈2 0.15 0.40

ୈ ܈3 0.35 0.60

ୈ ܈4 0.55 0.80

ୈ ܈5 0.75 1.00

܈6 ࢝఺ ऴ఺

ୈ ܈1 0.00 0.17

ୈ ܈2 0.12 0.33

ୈ ܈3 0.29 0.50

ୈ ܈4 0.46 0.67

ୈ ܈5 0.63 0.84

ୈ ܈6 0.80 1.00

܈7 ࢝఺ ऴ఺

ୈ ܈1 0.00 0.15

ୈ ܈2 0.10 0.30

ୈ ܈3 0.25 0.45

ୈ ܈4 0.40 0.60

ୈ ܈5 0.55 0.75

ୈ ܈6 0.70 0.90

ୈ ܈7 0.85 1.00
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౳ִؒσʔλൃੜखॱ ɹ౳ִؒ๏Ͱ͸ɼडऀݧͷςετಘ఺ͷ෼෍ʹਖ਼ن෼
෍ΛԾఆ͠ɼσʔλΛൃੜͤ͞Δɻ·ͣγϛϡϨʔγϣϯΛ͏ߦडऀݧ਺ͱɼ౰
ͯΔ΂͖ਅͷ܈਺Λઃఆ͢Δɻ
࣍ʹภࠩ஋ͷ 30͔Β 70ͷൣғΛɼઃఆͨ͠ਅͷ܈਺ͰׂΔɻਅͷ܈਺ʹର
Ԡͨ͠ྦྷੵ఺ΛٻΊɼ͜ΕΒͷ֤఺ͷؒΛɼؒ܈ͷ۠ؒͱͯ͠ઃఆ͢Δɻޙ࠷
ʹ۠ؒ಺ͷ໘ੵΛਖ਼ن෼෍දΑΓٻΊɼ֤܈ͷॴଐਓ਺Λ͜ΕΒͷ۠ؒͷ໘ੵ
ʹैܾͬͯఆ͢Δɻ
ͳ͓ɼ0͔Β 30ɼ͓Αͼ 70͔Β 100෦෼ͷ໘ੵ͸ͦΕͧΕ 30͔Βͷ࠷௿Ґ
ͱ܈ 70·Ͱͷߴ࠷Ґ܈ͷ໘ੵʹؚΊΔ͜ͱͱͨ͠ɻ·ͨɼ໘ੵΛॴଐਓ਺ʹ׵
΋ଟ͍ਓ਺࠷ͷ͏ͪͰ܈ೖ౳ʹΑΓ༨Γ͕ग़ͨ৔߹͸ɼ֤ޒɼ࢛ࣺʹࡍΔ͢ࢉ
͔ΒҰ໊ͣͭҾ͘͜ͱͱͨ͠ɻ
डऀݧͷਖ਼ޡύλϯൃੜํ๏͸౳ਓ਺σʔλͷൃੜखॱͱಉ༷Ͱ͋Δɻ
डऀݧ਺ɼਅͷ܈਺ɼͦΕͧΕͷύϥϝλઃఆʹ͍ͭͯൃੜͤͨ͞౳ਓ਺ɼ౳
ִؒͷγϛϡϨʔγϣϯσʔλʹؔͯ͠ɼ(2.4)ࣜɼ(2.5)ࣜʹ͖ͮجɼ2͔܈Β
਺܈খͱͳΔ࠷ग़ɼൺֱ͠ɼͦΕͧΕͰࢉͰςετશମͷAICɼBICΛ·܈10
Λ֬ೝͨ͠ɻͳ͓ɼ౳ਓ਺σʔλͷ৔߹͸౳ਓ਺෼ׂͱ͠ɼ౳ִؒσʔλͷ৔
߹͸౳ִؒʹ܈Λ෼ׂ͢Δ͜ͱͱͨ͠ɻ

2.5 γϛϡϨʔγϣϯ݁Ռ
ද 2.2ʹ 1000ճ෼ͷγϛϡϨʔγϣϯʹ͓͚ΔAICʹΑΔਪ঑܈਺ͷස౓Λ
ࣔͨ͠ɻද 2.2Ͱ͸ɼॎʹ܈ʢ2͔܈Β ਺Λ഑͠ɼ֤ηऀݧʣΛɼԣʹड܈10
ϧ͸ͦΕͧΕͷ৚݅ʹ͓͚Δ৘ใྔن४ʹΑΔਪ঑ස౓ʢ৘ใྔن४͕૬ରత
খͱͳͬͨ౓਺ʣΛ͍ࣔͯ͠Δɻ࠷ʹ
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ද 2.2 ౳ਓ਺σʔλ AICਪ঑܈਺ͷස౓

਺܈ 100 200 300 400 500

ਅͷ܈਺ (3)

2 0 0 0 0 0

3 1000 1000 999 978 652

4 0 0 0 0 0

5 0 0 0 0 0

6 0 0 1 22 348

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (4)

2 0 0 0 0 0

3 0 0 0 0 0

4 1000 1000 1000 1000 998

5 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 2

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (5)

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

5 1000 1000 1000 1000 1000

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (6)

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

5 11 0 0 0 0

6 989 1000 1000 1000 1000

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (7)

2 0 0 0 0 0

3 0 0 0 0 0

4 19 0 0 0 0

5 149 0 0 0 0

6 254 1 0 0 0

7 578 999 1000 1000 1000

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0
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ද 2.2ΑΓɼਅͷ܈਺͕ൺֱతগͳ͘ɼ3܈ͷ৔߹ɼडऀݧ਺͕ 100ਓ͔Β 400

ਓͰ͸ɼׂ͍ߴ߹Ͱਅͷ܈਺ͱͯ͠ઃఆͨ͠஋͕ਪ঑͞Εͨɻਓ਺͕ 500ਓͷ
৔߹ʹ͸ɼߦࢼ਺ͷ͏ͪ 35%͕ Λਪ঑͢Δ݁Ռͱͳͬͨɻ͜ͷ͜ͱ͔Βड܈6
·਺Λ૿΍ͯ͠͠܈ʹ਺͕ൺֱతগͳ͍৔߹ʹ͸ɼແବ܈਺͕ଟ͘ɼਅͷऀݧ
΍΍ೝΊΒΕΔɻ͕޲܏͏
ਅͷ܈਺͕ 4ɼ5ɼ6܈ͷ৔߹ʹ͸ɼ͍ͣΕͷडऀݧ਺Ͱ͋ͬͯ΋΄΅ɼਅͷ
਺ͱಉ͡஋Λਪ঑͢Δ݁Ռͱͳͬͨɻ܈
ਅͷ܈਺͕ ਺͕ऀݧͱൺֱతଟ͘ɼड܈7 100ਓͷ৔߹ɼAICͰ͸ਅͷ܈਺
ͱಉ͡܈਺ΛҰ؏ͯ͠ਪ঑͢Δ͜ͱ͸Ͱ͖ͣɼ7܈ΑΓ΋খ͍͞܈਺͕ਪ঑͞
ΕΔ݁Ռͱͳͬͨɻ͜Ε͸ ݧॴଐ͢Δडʹ܈Ͱ෼ׂͯ͠͠·͏ͱɼ֤·ʹ܈7
ऀͷਓ਺͕ݮগ͠ɼද͕ݱෆ҆ఆͱͳͬͯ͠·͏ͨΊͱਪ͞࡯ΕΔɻ
ද 2.3ʹγϛϡϨʔγϣϯʹ͓͚Δ BICʹΑΔ֤ਪ঑܈਺ͷස౓Λࣔͨ͠ɻ

AICͱൺֱ͢ΔͱɼBICͰ͸ਅͷ܈਺͕ 3ɾ4܈ͱ͍͏ൺֱతগͳ͍܈਺Ͱ͋Δ
৔߹͸AICʹΑΔਪ঑݁ՌΑΓ΋ଟ͘ɼ1000ճͱ΋ਅͷ܈਺ͱͯ͠ઃఆͨ͠஋
Λਪ঑͢Δ݁Ռͱͳͬͨɻ
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ද 2.3 ౳ਓ਺σʔλ BICਪ঑܈਺ͷස౓

਺܈ 100 200 300 400 500

ਅͷ܈਺ (3)

2 0 0 0 0 0

3 1000 1000 1000 1000 1000

4 0 0 0 0 0

5 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (4)

2 0 0 0 0 0

3 0 0 0 0 0

4 1000 1000 1000 1000 1000

5 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (5)

2 0 0 0 0 0

3 946 0 0 0 0

4 16 0 0 0 0

5 38 1000 1000 1000 1000

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (6)

2 0 0 0 0 0

3 998 730 48 0 0

4 2 269 249 0 0

5 0 1 35 2 0

6 0 0 668 998 1000

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (7)

2 0 0 0 0 0

3 993 112 0 0 0

4 7 888 973 533 73

5 0 0 27 431 339

6 0 0 0 22 63

7 0 0 0 14 525

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0
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ͨͩ͠ɼडऀݧ਺͕গͳ͘ɼਅͷ܈਺͕େ͖͍৔߹ʹ͸ਪ঑܈਺ʹؔͯ͠อ
कతͳ޲܏ʹ͋Δ͜ͱ͕Θ͔Δɻಛʹडऀݧ਺͕ 100ਓͷͱ͖ʹ͸ɼਅͷ܈਺
5ɾ6ɾ7͕܈ɼ200ਓͷͱ͖ʹ͸ 6ɾ7܈ʹ͓͍ͯਅͷ܈਺ͱਪ঑͞ΕΔ܈਺ͷ৯
͍ҧ͍͕େ͖͘ͳ͍ͬͯͨɻ5܈Ͱ͋Ε͹ 200ਓ΄Ͳɼ6܈ͷ৔߹ʹ͸ 300ਓҎ
্͔Βɼ҆ఆͯ͠ਅͷ܈਺Λਪ঑͢Δ͍ͤͩݟ͕޲܏Δ΋ͷͷɼ7܈ͷ৔߹ʹ
͸डऀݧ਺ 500ਓͰ͋ͬͯ΋ਅͷ܈਺ͱಉ͡஋Λਪ঑͢Δׂ߹͸ 5ׂͱͳͬͯ
͍ΔɻҰൠతʹɼBIC͸AICͱൺֱͯ͠ύϥϝλʹ݆ؔͯ͠໿తͳ޲܏ʹ͋Δɻ
͜ͷ͜ͱ͕ࠓճͷAICͱ BICͷਪ঑ස౓ͷࠩͱͳͬͯදΕͨҰҼͰ͋Ζ͏ɻ
ද 2.4͸෼ׂํ๏Λ౳ִؒͱͨ͠৔߹ͷγϛϡϨʔγϣϯʹ͓͚ΔAICͷਪ
঑܈਺ͷ౓਺දͰ͋Δɻਅͷ܈਺͕ 3ɾ4܈ͱগͳ͍৔߹ʹ͸ɼडऀݧ਺͕ 200

ਓΛ௒͑Δͱɼ܈਺͕ଟΊʹੵݟ΋ΒΕΔ޲܏ʹ͋Δ͜ͱ͕Θ͔Δɻडऀݧ਺
͕ଟ͍৔߹ʹ͸ɼ܈਺ʹؔ͢ΔύϥϝλΛա෼ʹ૿΍ͯ͠͠·͏Մೳੑʹཹҙ
͢Δඞཁ͕͋ΔͩΖ͏ɻ
ද 2.5͸BICͷ৔߹ͷਪ঑܈਺ͷස౓දͰ͋ΔɻBICͰ͸ɼ3ɾ4܈ͷ৔߹ʹ
͸ɼ͍ͣΕͷडऀݧ਺Ͱ͋ͬͯ΋֓Ͷਅͷ܈਺ͱಉ͡஋Λਪ঑͢Δ݁Ռͱͳͬ
ͨɻ͔͠͠ɼਅͷ͕܈ ਺Λਪ঑͢Δʹ͸܈Ҏ্ͷ৔߹͸ɼਅͷ܈5 100ਓͰ͸
ਓ਺͕ෆ଍͠ɼಛʹ ͱ܈6 Λඞཁͱ͢ΔՄೳੑ͕ࣔऀݧͰ͸ΑΓଟ͘ͷड܈7
ࠦ͞Εͨɻ
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ද 2.4 ౳ִؒσʔλ AICਪ঑܈਺ͷස౓

਺܈ 100 200 300 400 500

ਅͷ܈਺ (3)

2 0 0 0 0 0

3 907 693 334 86 20

4 93 307 663 912 970

5 0 0 3 2 1

6 0 0 0 0 6

7 0 0 0 0 3

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (4)

2 0 0 0 0 0

3 0 0 0 0 0

4 799 525 274 164 62

5 192 340 289 185 99

6 9 135 433 638 788

7 0 0 4 13 32

8 0 0 0 0 15

9 0 0 0 0 4

10 0 0 0 0 0

ਅͷ܈਺ (5)

2 0 0 0 0 0

3 0 0 0 0 0

4 3 0 0 0 0

5 844 531 314 197 118

6 147 402 491 387 273

7 6 64 167 295 354

8 0 3 28 114 239

9 0 0 0 7 16

10 0 0 0 0 0

ਅͷ܈਺ (6)

2 0 0 0 0 0

3 0 0 0 0 0

4 246 0 0 0 0

5 80 0 0 0 0

6 632 625 369 205 101

7 42 340 492 505 397

8 0 35 131 261 372

9 0 0 8 28 115

10 0 0 0 1 15

ਅͷ܈਺ (7)

2 0 0 0 0 0

3 0 0 0 0 0

4 280 0 0 0 0

5 662 56 0 0 0

6 24 3 0 0 0

7 33 661 430 264 149

8 1 269 517 593 591

9 0 11 52 131 222

10 0 0 1 12 38
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ද 2.5 ౳ִؒσʔλ BICਪ঑܈਺ͷස౓

਺܈ 100 200 300 400 500

ਅͷ܈਺ (3)

2 0 0 0 0 0

3 1000 1000 1000 1000 999

4 0 0 0 0 1

5 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (4)

2 110 0 0 0 0

3 10 0 0 0 0

4 880 1000 1000 1000 988

5 0 0 0 0 12

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (5)

2 1 0 0 0 0

3 997 638 9 0 0

4 2 27 2 0 0

5 0 335 989 1000 1000

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (6)

2 27 0 0 0 0

3 973 715 86 2 0

4 0 285 913 878 400

5 0 0 1 11 11

6 0 0 0 109 589

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0

ਅͷ܈਺ (7)

2 0 0 0 0 0

3 997 224 0 0 0

4 3 776 987 834 478

5 0 0 13 166 522

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0

10 0 0 0 0 0
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ද 2.6͓Αͼද 2.7͸౳ਓ਺๏͓Αͼ౳ִؒ๏Ͱ܈෼͚Λͨͬߦ৔߹ͷ 1000

ճͷγϛϡϨʔγϣϯʹ͓͚ΔɼAICɼBICʹΑΔਪ঑܈਺ͷฏۉ஋ͱ෼ࢄͰ͋
Δɻ౳ਓ਺๏ͷ৔߹ɼAICʹؔͯ͠͸ਅͷ܈਺͕ ʹ਺͕૬ରతऀݧड͔ͭ܈3
ଟ͍ͱ͖ʹ͸ɼਪ঑܈਺΋େ͖͘ͳΔ޲܏ʹ͋Δɻ·ͨɼਅͷ܈਺͕ ɼ͔܈7
ͭडऀݧ਺͕ൺֱతগͳ͍৔߹ʹ͸ਅͷ܈਺ΑΓ΋ਪ঑܈਺͕খ͘͞ͳΔ޲܏
ʹ͋Δ͜ͱ͕෼͔ΔɻBICʹ͍ͭͯ͸ɼਅͷ܈਺͕ൺֱతখ͍͞৔߹ɼAICʹ
͓͚Δ݁Ռͱಉ༷ʹਅͷ܈਺Λਪ঑͢Δ͜ͱ͕ՄೳͰ͋ͬͨɻ·ͨɼਅͷ܈਺
͕ ਺ʹ෼܈਺ΑΓ΋খ͞ͳ܈਺Ͱ͸Ұ؏ͯ͠ਅͷऀݧͷ৔߹ɼઃఆͨ͠ड܈7
ׂ͢Δ͜ͱ͕ਪ঑͞ΕΔ޲܏΋֬࠶ೝ͞Εͨɻͨͩ͠ɼडऀݧ਺͕૿͑Δʹ࿈
Εɼਅͷ܈਺Λਪ঑͢Δ޲܏΋Ӑ͏͜ͱ͕ՄೳͰ͋Δɻ
౳ִؒ๏ͷ৔߹΋ɼ౳ਓ਺๏ͱಉ༷ͷ͕֬޲܏ೝ͞ΕΔ΋ͷͷɼਅͷ܈਺ͷ
पΓͰͷࢄΒ͹Γ͕ɼ౳ਓ਺๏ΑΓ΋େ͖͍͕޲܏ೝΊΒΕͨɻ
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ද 2.6 ৘ใྔن४ʹΑΔਪ঑܈਺ͷฏۉ஋

౳ਓ਺σʔλฏۉ஋

ʘਓ਺܈ 100 200 300 400 500

AIC(3) 3 3 3.003 3.066 4.044

AIC(4) 4 4 4 4 4.008

AIC(5) 5 5 5 5 5

AIC(6) 5.989 6 6 6 6

AIC(7) 6.391 6.999 7 7 7

BIC(3) 3 3 3 3 3

BIC(4) 4 4 4 4 4

BIC(5) 3.092 5 5 5 5

BIC(6) 3.002 3.271 5.323 5.998 6

BIC(7) 3.007 3.888 4.027 4.517 6.04

౳ִؒσʔλฏۉ஋

ʘਓ਺܈ 100 200 300 400 500

AIC(3) 3.093 3.307 3.669 3.916 4.002

AIC(4) 4.210 4.610 5.167 5.500 5.851

AIC(5) 5.156 5.539 5.909 6.347 6.762

AIC(6) 5.470 6.410 6.778 7.115 7.546

AIC(7) 4.813 7.176 7.624 7.891 8.149

BIC(3) 3 3 3 3 3.001

BIC(4) 3.770 4 4 4 4.012

BIC(5) 3.001 3.697 4.98 5 5

BIC(6) 2.973 3.285 3.915 4.227 5.189

BIC(7) 3.003 3.776 4.013 4.166 4.522
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ද 2.7 ৘ใྔن४ʹΑΔਪ঑܈਺ͷ෼ࢄ

౳ਓ਺σʔλ෼ࢄ

ʘਓ਺܈ 100 200 300 400 500

AIC(3) 0 0 0.009 0.194 2.044

AIC(4) 0 0 0 0 0.032

AIC(5) 0 0 0 0 0

AIC(6) 0.011 0 0 0 0

AIC(7) 0.651 0.001 0 0 0

BIC(3) 0 0 0 0 0

BIC(4) 0 0 0 0 0

BIC(5) 0.160 0 0 0 0

BIC(6) 0.002 0.200 1.006 0.002 0

BIC(7) 0.007 0.100 0.026 0.378 1.156

౳ִؒσʔλ෼ࢄ

ʘਓ਺܈ 100 200 300 400 500

AIC(3) 0.084 0.213 0.228 0.081 0.072

AIC(4) 0.184 0.508 0.696 0.605 0.453

AIC(5) 0.150 0.395 0.585 0.891 0.992

AIC(6) 0.826 0.312 0.483 0.574 0.771

AIC(7) 0.410 0.510 0.345 0.432 0.501

BIC(3) 0 0 0 0 0.001

BIC(4) 0.397 0 0 0 0.012

BIC(5) 0.003 0.882 0.038 0 0

BIC(6) 0.026 0.204 0.080 0.398 0.954

BIC(7) 0.003 0.174 0.013 0.139 0.250

Ҏ্ͷ݁ՌΑΓɼఏҊख๏͕ਅͷ܈਺ʹԠͯ͡ɼ༗ޮతʹ܈਺Λਪ঑Ͱ͖Δ
͜ͱ͕֬ೝͰ͖ͨɻ
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2.6 ࣮σʔλΛ༻͍ͨద༻ྫ
γϛϡϨʔγϣϯΛ௨ͯ͡ɼʮํ๏ IʯͰఏҊ͞Εͨख๏͕ɼಛʹAICΛ༻͍ͨ
৔߹ʹਅͷ܈਺Λਪ঑ՄೳͰ͋Δ͜ͱ͕ࣔ͞Εͨɻͦ͜ͰҎԼͰ͸࣮ࡍͷςε
τσʔλʹରͯ͠ఏҊख๏Λద༻͠ɼͦͷ݁Ռ͓ΑͼղऍΛࣔ͢ɻ܈਺બ୒๏
Λద༻͢Δ࣮σʔλͱͯ͠๛ాʢ2012ʣʹ͞ࡌܝΕ͍ͯΔʮֶྗςετ 1ʯʢ߲
໨਺ 50໰ɼडऀݧ਺ 226໊ʣΛ༻͍ͨɻͳ͓ɼద༻ྫʹ͓͚Δ܈΁ͷ෼ׂํ๏
͸౳ਓ਺๏Λ༻͍ͨɻ
ද 2.8ʹʮֶྗςετ 1ʯͷ 50໰ͷ֤߲໨ʹ͍ͭͯAIC͓ΑͼBIC͕࠷খͱ
ͳͬͨ܈਺Λࣔͨ͠ɻද 2.8͔ΒɼγϛϡϨʔγϣϯΛ௨ͯࣔࠦ͡͞ΕͨΑ͏
ʹɼBIC͸AICΑΓ΋อकతͳ޲܏ʹ͋Δ͜ͱ͕Θ͔Δɻද 2.9ʹςετશମ
ʹ͓͚Δɼ2͔܈Β ΁෼ׂͨ͠ͱ͖ͷAICͱBICΛࣔ͠ɼਤ܈ͷ֤܈10 2.1ʹ
ςετશମʹର͢Δɼ܈਺͝ͱͷ৘ใྔن४ͷมԽΛࣔͨ͠ɻ࣮ઢ͓Αͼࠨॎ
࣠͸AICΛࣔ͠ɼ఺ઢ͓Αͼӈॎ࣠͸ BICΛ͍ࣔͯ͠Δɻ
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ਤ 2.1 ʮֶྗςετ 1ʯશମʹ͓͚Δਪ঑෼ׂ਺ (AIC;ӈ࣠:BIC:࣠ࠨ)

ςετશମͰͷ܈਺ʹؔͯ͠͸ɼAICͰ͸ ɼBICͰ͸͕܈5 Ε࣋͞ࢧ͕܈3
Δ݁Ռͱͳͬͨɻʮֶྗςετ 1ʯʹ͍ͭͯ౳ਓ਺Ͱ෼ׂ͠ɼAICΛࢀর͢Δ৔
߹ʹ͸ɼ͜Ε·Ͱݧܦతʹ ਺ʹ͍ͭͯɼAIC܈ͱ͞Ε͖߲ͯͨ໨ಛੑਤͷ܈5

ʹΑΔਪ঑܈਺Λ๣ূͱͯ͠ɼ5܈෼ׂͱ͢Δ͜ͱ͕ՄೳͰ͋ΔɻBICʹͮج
͍ͯશମͷ෼ׂ਺Λ ͭʹ޲܏ͷ܈ɼ্Ґ܈ɼதҐ܈෼ׂͱ͢Δ৔߹ɼԼҐ܈3
͍ͯ෼ੳ͢Δ͜ͱ͕ՄೳͱͳΔɻ
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ද 2.8 ֤߲໨ʹ͓͚Δ৘ใྔن४ʹΑΔਪ঑܈਺

߲໨ AIC BIC ߲໨ AIC BIC

1 2 2 26 8 3

2 6 2 27 3 2

3 2 2 28 5 3

4 2 2 29 7 5

5 2 2 30 3 3

6 5 2 31 3 2

7 3 2 32 5 4

8 9 3 33 4 4

9 6 3 34 5 3

10 2 2 35 4 2

11 2 2 36 5 2

12 9 2 37 2 2

13 3 2 38 8 3

14 6 3 39 2 2

15 5 2 40 4 4

16 5 2 41 4 2

17 10 3 42 5 2

18 4 3 43 4 3

19 10 4 44 4 2

20 7 3 45 4 4

21 5 2 46 6 3

22 8 4 47 2 2

23 3 3 48 3 3

24 5 2 49 5 3

25 9 3 50 4 4
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ද 2.9 ςετશମʹ͓͚Δ܈਺͝ͱͷ৘ใྔن४

਺܈ AIC BIC

2 11926.60 12268.65

3 11738.42 12251.50

4 11703.61 12387.71

5 11682.19 12537.32

6 11715.56 12741.72

7 11760.04 12957.22

8 11818.86 13187.07

9 11842.62 13381.87

10 11893.27 13603.54

਺ผ߲໨ಛੑਤͷൺֱ܈ ͜͜Ͱ͸ಉҰ߲໨ʹ͍ͭͯɼਪ঑܈਺ͱ܈਺ΛมԽ
ͤͨ͞৔߹Ͱ߲໨ಛੑਤΛඳ͖ɼ͜ΕΒΛൺֱ͢Δ͜ͱͰɼ܈਺બ୒๏ͷಛ௃
Λࣔ͢ɻʮֶྗςετ 1ʯʹର߲ͯ͠໨ผͷAICʹΑΔਪ঑෼ׂ਺Λࢉग़͠ɼ3

Ҏ্͕ਪ঑͞Ε߲ͨ໨͔Β܈ 3߲໨ΛબͼɼͦΕΒͷ߲໨ಛੑਤͱͦͷղऍྫ
Λࣔ͢ɻ
ਤ 2.2ʹʮֶྗςετ 1ʯͷୈ 34߲໨ʹ͍ͭͯɼAICΛ༻͍ͯ෼ׂ਺Λબ୒
͠ɼͦΕʹ࡞͍ͯͮج੒߲ͨ͠໨ಛੑਤΛࣔͨ͠ɻਤ 2.2಺্ࠨ͸ɼ2͔܈Β 10

ॎ࣠ࠨ४ͷਪҠΛ͍ࣔͯ͠Δɻ͜͜Ͱ࣮ઢ͓Αͼنͷ֤෼ׂ਺͝ͱͷ৘ใྔ܈
͸AICΛɼ఺ઢ͓Αͼӈॎ࣠͸BICΛද͍ͯ͠Δɻਤ 2.2಺ӈ্͸AICʹΑͬ
ͯਪ঑͞Εͨ෼ׂ਺Λ༻͍ͯ࡞੒߲ͨ͠໨ಛੑਤͰ͋Δɻਤ 2.2಺ࠨԼ͓Αͼ
ӈԼ͸ͦΕͧΕਪ঑෼ׂ਺±1ͷ৔߹Ͱ࡞੒߲ͨ͠໨ಛੑਤΛࣔͨ͠ɻ
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第34項目 情報量規準
(実線&左軸:AIC;点線&右軸:BIC)

分割数

AI
C

分割数

29
5
30
0
30
5
31
0
31
5

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数(5群)

推奨分割数

確
率

1 2 3 4 5

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数-1

推奨分割数-1

確
率

1 2 3 4

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数+1

推奨分割数+1

確
率

1 2 3 4 5 6

ਤ 2.2 ʮֶྗςετ 1ʯୈ 34߲໨ʹ͓͚Δ߲໨ผਪ঑෼ׂ਺

ୈ 34߲໨ʹ͍ͭͯ͸AICʹΑΓ ਪ঑͞Εͨɻ෼ׂ਺͕܈5 5± ͍ͯͭʹ܈1
߲໨ಛੑਤΛ֬ೝ͢Δͱɼ5܈ʹ෼ׂͨ͠ݟʹࡍΒΕΔɼୈ 3͓Αͼୈ ؒ܈4
Ͱਖ਼౴཰͕ฏୱͱͳΔදࣦ͕ݱΘΕͯ͠·͍ͬͯΔ͜ͱ͕Θ͔Δɻ͜ͷΑ͏ʹɼ
ಉҰ߲໨ʹ͍ͭͯɼ܈਺ʹΑ߲ͬͯ໨ಛੑਤͷද͕ݱҟͳΓɼ෼ੳऀ͕දݱͷ
ͷੋඇʹ໎͏Α͏ͳ৔߹ʹɼʮํ๏༺࠾ Iʯʹ͓͍ͯࢉग़ͨ͠৘ใྔن४ͷ஋Λ
๣ূͱͯ͠ɼ߲໨ಛੑਤͷ܈਺Λબ୒͢Δ͜ͱ͕ՄೳͰ͋Δɻ
ਤ 2.3ʹ͸ୈ 40߲໨ʹରͯ͠܈਺બ୒๏Λద༻ͨ͠৔߹ͷ߲໨ಛੑਤΛࣔ͠
ͨɻਪ঑܈਺͸ ͱͳͬͨɻ߲໨ಛੑਤΑΓɼୈ܈4 40߲໨͸ߴಛੑͷडऀݧΛ
ࣝผ͢Δ͜ͱʹద߲ͨ͠໨Ͱ͋Δ͜ͱ͕Θ͔Δɻ3܈Ͱͷ෼ׂͰ͸ਖ਼౴཰͸શ
ମతʹӈ্͕ݞΓͷදݱͱͳ͍ͬͯΔɻҰํɼ5܈෼ׂͱͨ͠৔߹͸ɼ4܈ͱಉ

41



ಛੑऀΛࣝผ͢Δ͜ͱʹదͯ͠͸͍Δ΋ͷͷɼୈߴʹ༷ ࠐͷਖ਼౴཰͕མͪ܈3
ΜͰ͍Δɻ5܈෼ׂͷ৔߹ʹ͸ɼୈ Δ͢౼ݕͷਖ਼౴཰Լ߱ͷཁҼʹ͍ͭͯɼ܈3
͜ͱ͕ඞཁͱͳΖ͏ɻୈ 40߲໨ʹ͓͍ͯ͸ɼ৘ใྔن४ʹ͍ͯͮجɼ4܈෼ׂ
ͱ͠ɼ߲໨ಛੑਤͷ෼ྨྫʹ͓͚ΔH߲ܕ໨ͱͯ͠෼ྨ͢Δ͜ͱ͕ՄೳͰ͋Δɻ

2 4 6 8 10

25
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26
0
26
5
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0
27
5
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0

第40項目 情報量規準
(実線&左軸:AIC;点線&右軸:BIC)

分割数

AI
C

分割数

27
0
27
5
28
0
28
5
29
0
29
5

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数(4群)

推奨分割数

確
率

1 2 3 4

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数-1

推奨分割数-1

確
率

1 2 3

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数+1

推奨分割数+1

確
率

1 2 3 4 5

ਤ 2.3 ʮֶྗςετ 1ʯୈ 40߲໨ʹ͓͚Δ߲໨ผਪ঑෼ׂ਺

ਤ 2.4ʹ͸ୈ 45߲໨ʹ͓͍ͯ܈਺બ୒๏Λద༻ͨ͠ͱ͖ͷ߲໨ಛੑਤΛࣔ͠
ͨɻ͜ͷ߲໨Ͱ͸ ΁ͷ෼ׂ͸܈΁ͷ෼ׂ͕ਪ঑͞Εͨɻ5܈4 ݱ෼ׂͱද܈4
͕େมࣅ௨͍ͬͯΔɻ͜͜Ͱ͸֤܈ͷॴଐਓ਺͕ൺֱతଟ͘ͳΓɼΑΓ҆ఆత
ͳ߲໨ಛੑͷදݱΛ๬Ή͜ͱ͕Մೳͳ ·΁ͷ෼ׂ͕ਪ঑͞Εͨͱ͍͑Δɻ܈4
ͨ ΕΔ߲໨ಛੑ͞ݱ௚ઢతʹͳ͓ͬͯΓɼਤʹΑͬͯද͕ݱͰͷ෼ׂ͸ද܈3
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͕ҟͳΔɻ͜ͷΑ͏ͳ৔߹ʹఏҊख๏Ͱ͸AICʹ͍ͯͮج Δ͢༺࠾෼ׂΛ܈4
͜ͱ͕ՄೳͰ͋Δɻ

2 4 6 8 10

29
6
29
8
30
0
30
2
30
4

第45項目 情報量規準
(実線&左軸:AIC;点線&右軸:BIC)

分割数

AI
C

分割数
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0
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5
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0

0.
0
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0

推奨分割数(4群)

推奨分割数

確
率

1 2 3 4

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数-1

推奨分割数-1

確
率

1 2 3

0.
0
0.
2
0.
4
0.
6
0.
8
1.
0

推奨分割数+1

推奨分割数+1

確
率

1 2 3 4 5

ਤ 2.4 ʮֶྗςετ 1ʯୈ 45߲໨ʹ͓͚Δ߲໨ผਪ঑෼ׂ਺

ਤ 2.5͓Αͼਤ 2.6ʹୈ 38߲໨ͱୈ 17߲໨ͷɼ܈਺બ୒๏Λద༻ͨ͠৔߹ͷ
߲໨ಛੑਤΛࣔͨ͠ɻਪ঑܈਺͸ͦΕͧΕ తʹ༻͍ΒݧܦͱͳΓɼ܈ɼ10܈8
ΕΔ Δͱɼਤ͢࡯؍෼ׂΑΓ΋ଟ͘ͳͬͨɻ߲໨ಛੑਤΛ܈5 2.5Ͱ͸ɼୈ ܈1
͔Βୈ ܈͸Լ͕Γɼ্Ґ͍͓ͯʹ܈΁ͱɼҰ୴্ঢͨ͠ਖ਼౴཰͕தఔ౓ͷ܈2
ʹͳΔʹ࿈Εͯ࠶౓ɼ্ঢ޲܏ʹస͡Δ͜ͱ͕ͯݟͱΕΔɻ·ͨਤ 2.6ʹ͓͍
ͯ΋ಉ༷ʹਖ਼౴཰্͕Լ͢Δ༷͕ࢠӐ͑ΔɻAICʹΑͬͯ ਺͕ਪ܈Ҏ্ͷ܈8
঑͞ΕΔΑ͏ͳ৔߹ʹ͸ɼਤ 2.5ɼਤ 2.6ʹ͓͍ͯ֬ೝ͞ΕΔΑ͏ʹɼൺֱతෳ
ΕΔɻ͞࡯਺͕ଟ͘ͳͬͨ΋ͷͱਪ܈ΔͨΊʹɼਪ঑͢ݱͳ߲໨ಛੑΛදࡶ
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第38項目 情報量規準
(実線&左軸:AIC;点線&右軸:BIC)

分割数
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確
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ਤ 2.5 ʮֶྗςετ 1ʯୈ 38߲໨ʹ͓͚Δ߲໨ผਪ঑෼ׂ਺
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第17項目 情報量規準
(実線&左軸:AIC;点線&右軸:BIC)

分割数
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確
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ਤ 2.6 ʮֶྗςετ 1ʯୈ 17߲໨ʹ͓͚Δ߲໨ผਪ঑෼ׂ਺

ͷద༻ྫΛ௨ͯ͡ɼAIC͸෼ׂ਺ʹΑͬͯಉҰ߲໨ʹؔ͢Δ߲໨ಛੑਤه্
ͷද͕ݱҟͳΔ৔߹ʹɼ܈਺બ୒ج४Λఏ͢ڙΔ͜ͱ͕ࣔ͞Εͨɻ·ͨɼෆඞ
ཁͳ·Ͱʹ܈਺Λ૿΍͢͜ͱͰ߲໨ಛੑਤͷදݱͷ҆ఆੑΛࣦ͏͜ͱ͕ආ͚Β
ΕΔՄೳੑ΋ࣔࠦ͞ΕͨɻҰํͰɼ߲໨ಛੑ͕ෳࡶͳܗঢ়Λࣔ͢৔߹ʹ͸ɼൺ
ֱతडऀݧ਺͕গ਺Ͱ͋Δ৔߹ʹ΋ɼਪ঑܈਺͕૿͑Δ޲܏ʹ͋Δ͜ͱ΋ࣔࠦ
͞Εͨɻ
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2.6.1 શମσʔλͱநग़σʔλͷ߲໨ಛੑਤͷ૬ੑࣅ

͜͜Ͱ͸ɼ͋Δσʔληοτ͔Βநग़͞ΕͨσʔλΛ༻͍ɼఏҊख๏ʢAICʣ
ͷσʔληοτશମͷ߲໨ಛੑΛݩ੒͞Ε߲ͨ໨ಛੑਤ͕ɼநग़࡞͍ͯͮجʹ
Δ͜ͱ͕ࣔ͞ΕΔɻ͍ͯ͠ࣅۙ
ൺֱ༻σʔλͱͯ͠೔ຊࡁܦ৽ฉࣾͱ೔ຊڀݚࡁܦηϯλʔ͕ओ͢࠵Δ೔ܦ
஌ྗςετࡁܦ (Test of Economic Sense and Thinking;೔ܦ TEST)ͷ൓Ԡύλϯ
σʔλʢ߲໨਺ 100ɼडऀݧ 5289ਓʣΛ༻͍ͨɻ5289ਓͱ͍͏डऀݧ਺Ͱ͸ɼ
ఏҊख๏ʢAICʣΛ༻͍ͨ৔߹ɼ΄ͱΜͲͷ߲໨ʹ͓͍ͯ Ҏ্͕ਪ঑͞Ε܈5
ͨɻ͜͜Ͱ͸ 5289ਓΛશମσʔλͱ͠ɼ͜ͷத͔Β 400ਓ෼ͷ൓ԠύλϯΛඇ
෮ݩແ࡞ҝநग़͠ɼநग़σʔλΛ࡞੒ͨ͠ɻ͜ͷநग़σʔλʹ͍ͭͯఏҊख๏
Λ༻͍߲ͯ໨ಛੑਤΛ࡞੒͠ɼ౰߲֘໨ಛੑਤͱશମσʔλΛ ଐʹ܈ʢ֤܈10
͢Δडऀݧ͸ 530ਓऑʣʹ෼ׂͨ͠৔߹ͷ߲໨ಛੑਤʹ͍ͭͯൺֱͨ͠ɻશମ
σʔλ͸े෼ʹਓ਺͕ଟ͍ͨΊɼ10܈ʹ෼ׂͯ͠΋දݱ͸҆ఆ͢Δ͜ͱ͕༧૝
͞ΕΔɻ
நग़σʔλ͓Αͼશମσʔλͷ 100߲໨ʹఏҊख๏Λద༻ͨ݁͠ՌɼAICʹ
Αͬͯਪ঑͞Εͨ෼ׂ਺ͷස౓Λද 2.10ʹࣔͨ͠ɻද 2.10͔Β 400ਓͰ͸܈਺
͸ݮΒͨ͠ํ͕ྑ͘ɼ5000ਓڧͷडऀݧΛ༴͢Δશମͷ৔߹͸ɼݧܦతʹ ܈5
ʹ෼ׂ͢Δ͜ͱ΍ Δ͜ͱ͕͋ʹ޲܏ఆ͢Δ͕҆ݱͰ෼ׂͯ͠΋ಛੑͷද·܈10
ࣔࠦ͞Εͨɻ

ද 2.10 நग़ɾશମσʔλʹ͓͚ΔAICਪ঑෼ׂ਺ͷ౓਺

਺܈ 2 3 4 5 6 7 8 9 10

நग़ 11 12 18 20 11 11 6 7 4

શମ 1 3 0 2 5 11 15 33 30

ਤ 2.7ʹʮ೔ܦTESTσʔλʯୈ 22߲໨ʹ͓͚Δநग़σʔλͷ߲໨ಛੑਤͱશ
ମσʔλͷ߲໨ಛੑਤʹ͍ͭͯࣔͨ͠ɻਤ 2.7಺ɼ্ࠨͷਤ͸෼ׂ਺͝ͱͷAIC

ͷਪҠΛ͍ࣔͯ͠Δɻ͜͜Ͱ࣮ઢ͓Αͼࠨॎ࣠͸நग़σʔλʹؔ͢Δ AICΛɼ
఺ઢ͓Αͼӈॎ࣠͸શମσʔλʹؔ͢ΔAICͷਪҠΛͦΕͧΕ͍ࣔͯ͠Δ 1ɻӈ
্ͷਤ͸நग़σʔλʹ͓͚Δਪ঑෼ׂ਺ʢAICʣʹΑΔ߲໨ಛੑਤΛɼࠨԼ͸
நग़σʔλΛ ෼ׂͨ͠৔߹ͷ߲໨ಛੑਤΛɼӈԼ͸શମσʔλΛʹ܈10 ܈10
ʹ෼ׂͨ͠ࡍͷ߲໨ಛੑਤΛͦΕͧΕ͍ࣔͯ͠Δɻ

1͜͜Ͱ఺ઢ͕ࣔ͢ҙຯ͕ʮֶྗςετ 1ʯ΁ͷద༻ྫͱ͸ҟͳ͍ͬͯΔ͜ͱʹ஫ҙͯ͠΄͠
͍ɻ
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第22項目AIC
(実線&左軸:抽出;点線&右軸:全体)
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抽出(10群)
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全体(10群)

分割数

確
率
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ਤ 2.7 ʮ೔ܦ TESTσʔλʯୈ 22߲໨ʹ͓͚Δ߲໨ಛੑਤͷ૬ੑࣅ

ୈ 22߲໨ͷ৔߹ɼ௚ઢͷදݱ΍ɼ࠷ԼҐ͓܈Αͼ্࠷Ґ܈ʹ͓͚Δਖ਼౴֬཰
ʹ஫໨͢ΔͱɼAICʹΑΔਪ঑෼ׂ਺Λ༻͍߲ͨ໨ಛੑਤ͸நग़ʢ10܈ʣΑΓ
΋શମσʔλͷ߲໨ಛੑਤʹࣅ௨͍ͬͯΔͱ͑ݴΔɻΑͬͯୈ 22߲໨ʹ͓͚Δ
ਪ঑෼ׂ਺͸ཧʹద͍ͬͯΔͱ͑ݴΔͩΖ͏ɻ
ਤ2.8ʹୈ33߲໨΁ͷநग़͓Αͼશମσʔλͷ߲໨ಛੑਤΛࣔͨ͠ɻநग़σʔ
λͰͷਪ঑෼ׂ਺͸ ΍͔ͳ߲໨ಛࡉΑΔʹݱઢදۂ෼ׂͰ͸܈ͱͳͬͨɻ3܈3
ੑͷ࡯ߟΛͨ͏ߦΊʹ͸ෆे෼Ͱ͸͋Δ΋ͷͷɼநग़σʔλͷԼҐɼதҐɼ্
Ґ܈ͷؔ܎ͱɼશମσʔλͷಛੑ޲܏͸͍ۙͯ͠ࣅΔͱ͍͑Δɻୈ 33߲໨ʹ͓
͍ͯ͸ɼ܈਺ΛݮΒͯ͠ɼ҆ఆ߲ͨ͠໨ಛੑਤͷදݱΛಘͭͭɼશମσʔλʹ
ରԠͨ͠޲܏Λ஌Δ͜ͱ͕Մೳͳɼ3܈෼ׂͱ͢Δ͜ͱʹ΋ར఺͕͋Δͱ͍͑
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第33項目AIC
(実線&左軸:抽出;点線&右軸:全体)
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ਤ 2.8 ʮ೔ܦ TESTσʔλʯୈ 33߲໨ʹ͓͚Δ߲໨ಛੑਤͷ૬ੑࣅ

ਤ 2.9ʹୈ 81߲໨ʹ͓͚Δநग़͓Αͼશମσʔλͷ߲໨ಛੑਤΛࣔͨ͠ɻୈ
81߲໨ͷ৔߹ɼநग़σʔλਪ঑෼ׂ਺ɼநग़ʢ10܈ʣɼશମʢ10܈ʣͰڞ௨܏
Ͱ͸ɼநग़σʔλਪ঑෼ׂ਺ͱશݱΔදؔ͢ʹ܈Δ΋ͷͷɼதҐҎ্ͷ͋ʹ޲
ମʢ10܈ʣͰࣅ௨͍ͬͯΔɻ·ͨɼਪ঑෼ׂ਺͸Ұൠతʹར༻͞ΕΔ Λ௒܈5
ա͠ɼ7܈·Ͱ૿΍͞Ε͍ͯΔɻγϛϡϨʔγϣϯΛ௨ͯࣔࠦ͡͞ΕͨΑ͏ʹɼ
ड͕ऀݧগͳ͍৔߹ɼఏҊख๏ͷਪ঑෼ׂ਺͸ݮগ޲܏ʹ͋Δɻ͔͠͠ɼୈ 81

߲໨΁ͷద༻Ͱ Βͯ͠දݮΛ܈෼ׂ͕ࣔࠦ͞Εͨ͜ͱʹΑΓɼఏҊख๏͸܈7
਺͕૿͑܈Λ҆ఆͤ͞ΔΑΓ΋ɼݱΛ҆ఆͤ͞Δ͚ͩͰ͸ͳ͘ɼͱ͖ʹ͸දݱ
ͯ΋σʔλશମͷߏ଄ʹ͍ۙಛੑͷදݱΛಘΔ͜ͱ͕ՄೳͱͳΔ෼ׂ਺Λਪ঑
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͢Δ͜ͱ͕ࣔࠦ͞Εͨɻʮֶྗςετ 1ʯ΁ͷద༻ྫʢද 2.8ʣʹ͓͍ͯɼ5܈Ҏ
্ͷ͕܈ਪ঑͞ΕΔ߲໨͕͋ͬͨ͜ͱ͸ɼ͜͏ͨ͠ཧ༝͕͋ͬͨ΋ͷͱਪ͞࡯
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第81項目AIC
(実線&左軸:抽出;点線&右軸:全体)
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ਤ 2.9 ʮ೔ܦ TESTσʔλʯୈ 81߲໨ʹ͓͚Δ߲໨ಛੑਤͷ૬ੑࣅ

ܦͷʮ೔ه্ TESTσʔλʯ߲໨܈ʹର͢Δ͔࡯ߟΒɼநग़σʔλʹ͍ͭͯɼ
ఏҊख๏Λ༻͍߲ͯ໨ಛੑਤΛ࡞ਤͨ͠৔߹ɼ౰߲֘໨ಛੑਤ͸શମσʔλʹ
͓͚Δ܈਺Λ૿΍ͨ͠৔߹ͷ׈Β͔ͳ߲໨ಛੑਤʹ͓͚ΔಛੑͷදݱΛۙ͢ࣅ
Δ޲܏ʹ͋Δ͜ͱ͕ࣔࠦ͞ΕΔ݁Ռͱͳͬͨɻ
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2.7 ڀݚ I݁࿦
৘ใྔن४Λ༻͍߲ͨ໨ಛੑਤͷ܈਺બ୒๏͸ɼҰൠʹຊݧࢼΑΓ΋डऀݧ
਺͕ང͔ʹগͳ͘ͳΔ༧උݧࢼʹ͓͚Δ߲໨෼ੳΛࡍ͏ߦʹಛʹ༗༻Ͱ͋Δͱ
݁࿦͚ͮΒΕΔɻ·ͨɼ܈਺ͷมߋʹΑ߲ͬͯ໨ಛੑਤͷද͕ݱมΘΓɼ߲໨
ಛੑͷ࡯ߟʹӨ͠ڹಘΔ৔߹ʹ΋ɼ৘ใྔن४Λ๣ূͱͯ͠ɼ܈਺Λબ୒͢Δ
͜ͱ͕ՄೳͰ͋Δɻ
γϛϡϨʔγϣϯʹ͓͍ͯ֬ೝ͞Ε֤ͨ෼ׂ๏ͱ৘ใྔن४ͷಛ௃Λ·ͱΊ
Δɻ෼ׂ๏Λ౳ਓ਺ɼ͔ͭ৘ใྔن४ΛAICͱͨ͠৔߹ɼਅͷ܈਺Λతதͤ͞
Δ͜ͱ͕ՄೳͰ͋ͬͨɻडऀݧ਺͕ 200ਓҎԼɼਅͷ܈਺ Ҏ্ͷ৔߹ɼਅ܈6
ͷ܈਺ΑΓ΋গͳ͘ͳΔ޲܏ʹ͋ͬͨɻ౳ਓ਺͔ͭBICͰ͸ɼडऀݧਓ਺͕গ
ͳ͘ɼਅͷ܈਺͕ଟ͍৔߹ɼਅͷ܈਺ͱಉ͡஋Λਪ঑͢Δ޲܏͸௿͍͜ͱ͕ೝ
ΊΒΕͨɻ౳ִ͔ؒͭAICͰ͸ɼ200໊Ҏ্ͷड͍͕ऀݧΔ৔߹ɼ܈਺͕ա෼
ʹਪ঑͞ΕಘΔ͜ͱʹ஫ҙ͕ඞཁͰ͋Δɻ౳ִ͔ؒͭBICͰ͸ɼड͕ऀݧগͳ
͍৔߹ɼେ͖ͳਅͷ܈਺ͱಉ͡஋Λਪ঑͢Δ͕޲܏௿͍͜ͱ͸౳ਓ਺͔ͭ BIC

ͷ৔߹ͱڞ௨ͷ޲܏ʹ͋Δ΋ͷͷɼ౳ਓ਺๏ΑΓ΋ΑΓଟ͘ͷडऀݧ਺͕ඞཁ
ͱ͞ΕΔ৔߹͕͋Δɻ
਺͕܈४ʹΑͬͯਪ঑͞ΕΔنͷద༻৔໘Ͱ͸ɼ৘ใྔࡍ࣮ ΍܈2 ͱͳ܈3
Δ৔߹͕͋Δɻडऀݧ਺͕গͳ͍৔߹ʹ͸ɼ܈਺ΛݮΒ͠ɼ2܈΍ ෼ׂͱ܈3
͢Δ͜ͱͰɼ҆ఆ߲ͨ͠໨ͷੑ࣭Λ͢࡯ߟΔ͜ͱ͕ՄೳͱͳΔɻ͔͠͠ɼ2܈
΍ ͳੑ࣭Λௐ΂Δࡉ͸ྗෆ଍Ͱ͋ΔͨΊɼΑΓৄʹ࡯ߟ΍͔ͳࡉͰ͸͖Ί܈3
ͨΊʹ ΒΕΔɻ͜ͷΑ͏ͳରॲ͸͑ߟਤ͢Δ͜ͱ΋࡞Ҏ্Ͱ߲໨ಛੑਤΛ܈4
४ʹΑΔਪنతʹ͸ॏཁͳࣔࠦΛಘΒΕΔՄೳੑ͕͋Δɻͨͩ͠ɼ৘ใྔݧܦ
঑෼ׂ਺Ҏ্ͷ܈਺Ͱඳ͍߲ͨ໨ಛੑਤͷදݱΛɼ߲໨ͷઈରతͳੑ࣭ͱݟͳ
͢͜ͱʹ͸৻ॏͳݕ౼Λཁ͢ΔͩΖ͏ɻ
Ұํɼडऀݧ਺͕গͳ͍৔߹ʹ͸ɼ׈Β͔ͳ߲໨ಛੑਤͷදݱΛಘͨ͘ͱ΋ɼ
߲໨ಛੑਤͷ҆ఆੑͷݟ஍͔Βɼݧܦతʹ ͱ͕᪳͜͏ߦ਺෼ׂΛ܈Ҏ্ͷ܈6
᪯ΘΕΔ৔߹͕͋ΔͩΖ͏ɻ৘ใྔن४ʹΑΔ܈਺બ୒๏Ͱ͸ɼγϛϡϨʔγϣ
ϯ΍ద༻ྫΛ௨ͯ֬͡ೝͨ͠Α͏ʹɼडऀݧ਺͕ଟ͘ͳ͍৔߹Ͱ͋ͬͯ΋ɼ6܈
Ҏ্Ͱͷ෼ׂ͕ਪ঑͞ΕಘΔͨΊɼڀݚ IʹΑͬͯఏҊͨ͠ํ๏ IͰࢉग़ͨ͠
৘ใྔن४Λɼ6܈Ҏ্ͰडऀݧΛ෼ׂ͢Δࡍͷ๣ূͱ͢Δ͜ͱ͕ՄೳͰ͋Δɻ
߲໨ಛੑਤͷ࡞੒ʹ͓͍ͯडऀݧΛ త൑அ͸ɼ͜Εݧܦ෼͚Δͱ͍͏ʹ܈5
·Ͱͷ࣮຿৔໘ʹ͓͍ͯޮՌΛ্͍͛ͯΔɻಛʹड͕ऀݧඇৗʹଟ͍ςετʹ
ؔͯ͠͸৘ใྔن४Λ༻͍ͨ܈਺બ୒๏ͷࣹఔʹ͸ͳ͘ɼݧܦతʹ ෼ׂʹ܈5
͢Δ͜ͱͰे෼ʹ߲໨ಛੑͷ࡯ߟͱ͍͏໨తΛୡ੒ՄೳͰ͋Δɻ
ຊఏҊख๏͸ςετʹ͓͚Δडऀݧ਺͕গͳ͍৔߹ʹಛʹޮՌΛൃ͢شΔɻ
ྫ͑͹डऀݧ਺ 200໊ఔ౓ͷ༧උݧࢼͱ 5000໊ఔ౓ͷຊ͕͋ݧࢼΔΑ͏ͳ৔߹ɼ
༧උݧࢼͷ߲໨ಛੑਤʹؔͯ͠͸ఏҊख๏Λ༻͍ͯ࡞੒͢Δ͜ͱ͕༗ޮͰ͋Ζ
͏ɻຊख๏͸ɼ߲໨ಛੑਤ࡞੒ʹ͓͚Δ෼ׂ਺ͷܾఆʹ๣ূΛ༩͑Δ͜ͱ͕Մ
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ೳͱͳΔɻಛʹಉҰ߲໨ʹ͓͍ͯ෼ׂ਺͝ͱʹද͞ݱΕΔ߲໨ͷಛੑ͕େ͖͘
ҟͳΔΑ͏ͳ৔߹ʹ͸ɼ෼ׂ਺Λબ୒͢Δࡍͷࢦ਑ͱ͢Δ͜ͱ͕ՄೳͰ͋Δɻ
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ୈ3ষ ౴෼ੳʹ͓͚Δ߲໨ಛੑਤޡ
ͷ࡞੒ํ๏ʢڀݚ IIʣ

3.1 ౴෼ੳʹ͓͚Δ߲໨ಛੑਤͷ໰୊఺ޡ
߲໨ಛੑਤͷ࡞ਤ๏ ͜͜Ͱɼ2஋Ҏ্ͷଟࢶબ୒߲ࣜ໨ʹ͓͍ͯɼ2஋ʹ੔ཧ
͠ͳ͍৔߹ͷ߲໨ಛੑਤͷ࡞ਤ๏Λ֓આ͢Δɻ
·ͣɼςετʹ͓͚Δडऀݧͷ߹ܭಘ఺Λঢॱʹฒ΂ɼ೚ҙͷ਺ͷ܈ʢݧܦ
తʹ ͷɼ֤߲໨ͷΧςΰϦ͝ͱͷ܈ͱ͞ΕΔʣʹ෼ׂ͢Δɻ࣍ʹ෼ׂ֤ͨ͠܈5
બ୒཰Λ͠ࢉܭɼԣ࣠ʹ܈ɼॎ࣠ʹ֬཰ΛׂΓ౰ͯͨάϥϑʹબ୒཰Λϓϩο
τ͢Δɻޙ࠷ʹ֤ϓϩοτΛ௚ઢͰ݁Ϳɻ
ຊষͰ͸ਖ਼౴બ୒ࢶͷಛੑۂઢΛਖ਼౴ۂઢɼޡ౴બ୒ࢶͷಛੑۂઢΛޡ౴ۂ
ઢͱݺশ͢Δɻ

3.1.1 ਖ਼౴෼ੳ

߲໨ಛੑਤΛ༻͍ͨਖ਼౴཰ʹؔ͢Δ෼ੳ͸ɼ߲໨ͷଌఆੑೳΛௐ΂ΔͨΊͷ
ఔɼਖ਼౴͠қ͍ߴͷ࣮ྗ͕ऀݧຊతͳ߲໨෼ੳͷख๏Ͱ͋Δɻ͋Δ߲໨͕डج
͘ͳΔͱ͍͏ੑ࣭͸ɼ౰߲֘໨͕ద੾ʹʢ෼ੳऀ͕૝ఆ͍ͯ͠Δʣडऀݧͷ࣮
ྗΛଌఆͰ͖͍ͯΔ͔ɼͱ͍͏͜ͱͱີ઀ͳؔ܎ʹ͋Δɻ߲໨ಛੑਤʹ͓͍ͯ
͸ɼߴಘ఺܈Ͱ͋Δఔɼਖ਼౴཰͕߲͍ߴ໨Ͱͳ͚Ε͹ɼҰൠʹडऀݧೳྗͷଌ
ఆʹ͸ੑೳෆ଍ɼ͋Δ͍͸ෆద౰ͳ߲໨ͱ͍͏൑அΛԼ͢͜ͱʹͳΔɻ

3.1.2 ౴෼ੳޡ

ઢ΋ۂ౴ޡઢʹՃ͑ͯۂຯ͕͋Δ৔߹͸ɼ߲໨ಛੑਤ্ʹਖ਼౴ڵʹ޲܏౴ޡ
ඳ͖ɼޡ౴෼ੳΛ͜͏ߦͱ͕ՄೳͰ͋Δɻޡ౴෼ੳ΋ਖ਼౴෼ੳͱಉ༷ʹॏཁͳ
෼ੳͰ͋Γʢ٢ଜ, 2009;๛ా, 2012ʣɼਖ਼౴෼ੳʹΑ߲ͬͯ໨ͷଌఆੑೳ͕୲อ
͞Εͨޙ͸ɼޡ౴෼ੳΛ͜͏ߦͱͰɼΑΓৄࡉʹɼ֤બ୒ࢶͱ۩ମతͳडऀݧ
ͷ൓Ԡ͕ෳ਺ͷΧςΰϦ൓ԠͱऀݧͷಛੑΛ෼ੳ͢Δ͜ͱ͕ՄೳͰ͋Δɻड܈
ͯ͠੔ཧ͞ΕΔ߲໨ͷ৔߹ɼड͕ऀݧͲͷ෦෼ʹ͖᪴қ͔ͬͨͷ͔ɼͱ͍͏͜
ͱ͕ޡ౴બ୒ࢶͷબ୒֬཰ͱ͍͏ܗͰ໌ࣔԽ͞ΕΔɻEducational Testing Service
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(1963)͸डऀݧΛ੒੷͝ͱʹ ผͷબ୒ऀ਺ࢶΔબ୒͚͓ʹ܈෼ׂ͠ɼ֤ʹ܈5
Λදʹද͢෼ੳํ๏ʹ͍ͭͯ࿦͍ͯ͡Δ.·ͨɼ੺ࠜΒ (2006)͸બ୒ࢶผͷબ
୒཰͕ɼޡ౴͕ଟ͍৔߹ʹडऀݧͷཧղ౓΍߲໨ͷద൱Λݕ౼͢Δ͜ͱʹ༗༻
Ͱ͋Δ͜ͱΛࢦఠ͍ͯ͠Δɻબ୒཰Λ֮ࢹԽ߲ͨ͠໨ಛੑਤ΋·ͨɼ߲໨ͷੑ
࣭΍ɼडऀݧͷ޲܏Λ஌ΔͨΊʹ༗༻ͳಓ۩ͱͳΔ 1ɻબ͹Εқ͔ͬͨޡ౴બ
୒͕ࢶଘͨ͠ࡏ৔߹ɼԿނɼ౰֘ޡ౴બ୒͕ࢶબ͹Εͨͷ͔ɼडऀݧ͸೗Կͳ
Δͨͬޡ஌ࣝΛద༻ͯ͠͠·ͬͨͷ͔Λ͢࡯ߟΔ͜ͱͰɼςετޙͷडऀݧͷ
଴Ͱ͖Δɻྫ͑͹ظͱ͕͍ͯ͛͘͜ܨʹͳΔֶशͷൃలߋ஌ࣝͷमਖ਼ɼͨͬޡ
ཾԬɾྛ (2001)Ͱ͸ɼղ౴ύλʔϯΛ༻͍ͨޡೝ൑அͷํ๏Λ঺հ͍ͯ͠Δɻ
·ͨɼຑฑ (2006)͸छʑͷ՝୊ʹ͓͚Δͨͬޡ஌ࣝͷमਖ਼ํུʹ͍ͭͯɼ۩ମ
తͳྫࣄΛަ͑ͭͭɼ༷ʑͳଆ໘͔Βݕ౼͍ͯ͠Δɻ
ັʹͱൺֱͯ͠ɼಛҟࢶ౴બ୒ޡ͸ɼଞͷࢶ౴બ୒ޡ౴෼ੳͷ݁Ռɼ͋Δޡ
ྗతͳબ୒ࢶͱͯ͠ػೳ͍ͯ͠Δ౳ͷ஌͕ݟಘΒΕΔɻ͜ͷΑ͏ͳ൑அΛԼ͢
ͨΊʹ͸ɼڭՊ಺༰ʹؔ͢Δ஌ࣝΛ൐ͬͨߴ౓ͳ͕ੑײཁ͞ٻΕΔɻجʹੑײ
ͱͰ߲͜͏ߦΛ࡞ઢʹରͯ͠ɼҎԼʹड़΂Δૢۂ੒ͨ͠Ծઆ͸ɼಛੑߏ͍ͯͮ
໨ಛੑਤʹ൓ө͢Δ͜ͱ͕Ͱ͖Δɻ
ྫ͑͹ಉ༷ͷํུɼ஌ࣝʹΑͬͯಋ͔ΕΔෳ਺ͷޡ౴બ୒͕ࢶଘ͍ͯ͠ࡏΔ
৔߹ʹɼͦΕΒΛ·ͱΊΔ͜ͱ͕͑ߟΒΕΔɻ͋Δ͍͸ɼֶशͷಛఆͷஈ֊ʹ
౴ʹয఺Λ౰ͯΔͨΊɼͦΕޡΕΔํུɼ஌ࣝʹΑͬͯಋ͔ΕΔ͞༺ޡ͍͓ͯ
Ҏ֎ͷ෦෼Λ·ͱΊ͍ͨ৔߹΋૝ఆՄೳͰ͋Δɻ͜ΕΒͷঢ়گʹ͓͍ͯɼͦͷ
ଥ౰ੑ͕֬ೝՄೳͰ͋Ε͹ɼڭՊ಺༰ʹ͍ͭͯͷߋͳΔཧղͷଅਐ͕ظ଴Ͱ͖
ΔͰ͋Ζ͏ɻ
͔͠͠ͳ͕ΒɼԾઆΛ൓ө߲ͨ͠໨ಛੑਤΛղऍ͢Δ͜ͱ͸ՄೳͰ͋ͬͯ΋ɼ
͔ͦ͜ΒಘΒΕͨ஌ݟΛ͢ূݕΔํ๏͸ະཱͩ֬͞Ε͍ͯͳ͍ɻ
߲໨ಛੑਤͷଞʹɼडݸऀݧʑਓ͕֤߲໨ʹ೗ԿͳΔ൓ԠΛ͔ࣔͨ͠Λௐ΂
Δಓ۩ͱͯ͠ S-Pදʢࠤ౻, 1998ʣ͕͋ΔɻS-Pද΋ଟࢶબ୒ࣜܗͷ߲໨ͷޡ౴
෼ੳΛ্͏ߦͰ༗༻ͳಓ۩ͱͳΔʢࠤ౻, 1998, pp.51–57ʣɻ͔͠͠ S-Pද͸डݧ
ऀͷਓ਺΍ಘ఺ͷൣғʹΑͬͯɼେ͖ͳදαΠζͱͳΓಘΔɻҰํͰɼ߲໨ಛ
ੑਤ͸ଟ͘ͷड͓͕ऀݧΓɼಘ఺ͷ෯͕ൣ޿ғͰ͋ͬͯ΋֮ࢹతͳ೺Ѳ͕༰қ
Ͱ͋Δɻ·ͨɼ߲໨ಛੑਤ͸෼ੳର৅߲໨Ҏ֎ͷ߲໨͕ଟࢶબ୒ࣜҎ֎ͷࣜܗ
Ͱ͋ͬͯ΋ɼ࡞੒Մೳͱ͍͏ར఺͕͛ڍΒΕΔɻ͔͠͠ͳ͕Βɼ߲໨ಛੑਤʹ
͓͚Δޡ౴બ୒ࢶͷಛੑۂઢ͸ɼ໎Θ͠ͱͯ͠ͷੑ্࣭ɼબ୒֬཰͕ࣅ௨͍қ
͘ɼ݁Ռతʹਤ͕൥ࡶԽ͠қ͍ɻ͜ΕͰ͸߲໨ಛੑਤͱͯ͠ͷ௕ॴ͕ੜ͔͞Ε
͍ͯͳ͍ঢ়گͱ͍͑ΔͩΖ͏ɻ൥ࡶԽΛආ͚ΔͨΊͷ؆୯ͳํ๏ͱͯ͠͸ɼ߲
໨ಛੑਤʹ͓͚Δಛੑۂઢͷຊ਺ΛݮΒ͢͜ͱ͕͑ߟΒΕΔɻྫ͑͹શ͘બ͹
Ε͍ͯͳ͍બ୒ࢶʹ͍ͭͯ͸ͦ΋ͦ΋ϓϩοτ͠ͳ͍͜ͱ΍ɼҰఆͷج४Λઃ
͚ͯɼج४ҎԼͷۂઢ͸ඳը͠ͳ͍ͱ͍͏͜ͱ͕ՄೳͰ͋Δɻ٢ଜ (2009)Ͱ͸

1౷ܭσʔλͷ֮ࢹԽͷॏཁੑ͸ࢁຊɾ൧௩ɾ౻໺ (2013)ʹΑͬͯࢦఠ͞Ε͍ͯΔɻ
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ಛੑۂઢʹΑͬͯਤ͕൥ࡶԽ͢Δ͜ͱΛආ͚ΔͨΊɼʢશ܈ʹ౉ͬͯʣબ୒֬཰
10%ະຬͷΧςΰϦʹ͍ͭͯ͸දࣔ͠ͳ͍ͱ͍͏ج४͕ࣔ͞Ε͍ͯΔɻ͔͠͠ɼ
Ͳͷఔ౓ͷબ୒֬཰·Ͱ͕ॏཁͰ͋Δͷ͔͸ɼडऀݧ਺ɼςετͷ໨తɼ߲໨
ͷੑ࣭ʹΑͬͯҟͳΓಘΔͨΊɼҰ༷ͳબ୒֬཰ͷج४Λઃ͚Δͷ͸ࠔ೉ͳ৔
߹͕͋Δɻ
ผͷํ๏ͱͯ͠ɼޙड़͢ΔώϡʔϦεςΟοΫʹ͍ͯͮجબ୒ؒࢶͷฏۉબ
୒཰Λ༻͍Δ͜ͱ͕͑ߟΒΕΔɻ͜ͷํ๏Ͱ͸ɼ͢΂ͯͷબ୒ྀߟ͍ͯͭʹࢶ
ͭͭ͠ɼಛੑۂઢͷຊ਺ΛݮΒ͢͜ͱ͕Ͱ͖Δɻຊํ๏΋߲໨ಛੑਤͷࢹೝੑ
Λ֬อ͠ɼޡ౴෼ੳΛ্͏ߦͰ༗༻ͱͳΔͩΖ͏ɻ
બ୒ࢶΛ·ͱΊΔࡍʹ͸ɼ࠷ऴతʹ෼ੳऀͷڭՊ಺༰ʹؔ͢Δ஌ࣝͱ͕ੑײ
ॏཁͱͳΔɻ߲ͨͩ͠໨ಛੑਤʹΑͬͯ͸ɼબ୒ࢶͷ·ͱΊํɼ͢ͳΘͪԾઆ
͕ෳ਺͑ߟΒΕΔ৔߹͕͋Δɻ
߲໨ಛੑʹର͢ΔԾઆ͕Ұҙʹఆ·Βͳ͍৔߹΍ɼ෼ੳऀؒͷੑײ΍Ծઆ͕
ରཱ͢Δ৔߹ʹɼͳͥɼ౰֘ͷซ߹ͨ͠ɼ͋Δ͍͸ซ߹͠ͳ͔߲ͬͨ໨ಛੑਤ
Λ෼ੳʹ༻͍Δͷ͔Λ౷ܭతʹ͚ࠜͮڌΔํ๏͸͘޿஌ΒΕ͍ͯͳ͍ɻ
ຊڀݚͰ͸ɼ෼ੳऀ͕ਤ 3.1(i)ͷΑ͏ͳ߲໨ಛੑਤͷ࡯ߟΛ௨ͯ͡ಘͨԾઆ
Λɼ߲໨ಛੑਤʹ൓ө͢Δํ๏ͱͯ͠ɼฏۉબ୒཰Λ༻͍ΔɻಘΒΕͨԾઆ͸୯
ͳΔඪຊมಈʹΑΔ্͚͔ݟͷ΋ͷͰ͋Δ৔߹΍ɼଞʹ΋໬΋Β͍͠Ծઆʢซ
߹ঢ়گʣ͕ฒཱͯ͠ಘΒΕΔ৔߹͕͋Δɻ͜ͷͱ͖ɼ৘ใྔن४Λ༻͍ͨϞσ
ϧൺֱʹΑͬͯɼ౷ܭతͳ؍఺͔ΒԾઆͷ࠾༻Λิ͢ڧΔ͜ͱ͕༗ޮͰ͋Ζ͏ɻ
ຊ࿦จͰ͸Ծઆʹ࡞͍ͯͮج੒ͨ͠ซ߹ɼ͋Δ͍͸ແซ߹ͷ߲໨ಛੑਤΛϞσ
ϧͱݟ၏͠ɼ͜ΕΒͷϞσϧΛൺֱ͢ΔͨΊͷ৘ใྔن४Λࢉग़͢Δํ๏ʹͭ
͍ͯఏҊ͢Δɻ෭࣍తͳޮՌͱͯ͠ɼਤͷࢹೝੑΛ֬อ͢Δ͜ͱ΋ՄೳͱͳΔɻ
ಛੑۂઢͷซ߹͸߲໨͝ͱͷԾઆ࣍ୈͰ༷ʑͳঢ়͑ߟ͕گΒΕΔ΋ͷͷɼ͍͘
͔ͭͷώϡʔϦεςΟοΫʹैͬͯ·ͱΊΔ͜ͱ͕Ͱ͖ΔɻҎԼͰ͸ɼޡ౴બ
୒ࢶͷಛੑۂઢΛ·ͱΊΔώϡʔϦεςΟοΫʹ͍ͭͯهड़͢Δɻ

ซ߹ͷͨΊͷώϡʔϦεςΟοΫࢶ౴બ୒ޡ ͜͜Ͱɼޡ౴બ୒ࢶͷಛੑۂઢ
Λ·ͱΊΔώϡʔϦεςΟοΫʹ͍ͭͯهड़͢Δɻ
·ͣɼ౷߹લͷΦϦδφϧͷ߲໨ಛੑਤΛ࡞ਤ͢Δɻ࣍ʹɼඳ͔ΕͨંΕઢ
͔Βղऍ͞ΕΔɼग़୊಺༰΍ϫʔσΟϯάͷಛ௃ͷՄೳੑΛݟग़͢ɻ
ಛఆͷޡ౴બ୒ࢶͷɼಛҟͳܗঢ়͔Βղऍ͞ΕΔɼग़୊಺༰΍ϫʔσΟϯά
ͷಛ௃ͷՄೳੑͱͯ͠ɼ

H.1 ͷϫʔσΟϯάͷѱ͔͞Βɼ౰֘બ୒װͳͲɼ͍ߴͷબ୒֬཰͕܈Ґ্࠷
΋ਖ਼ղͷཁૉ͕͋ͬͨՄೳੑʹࢶ

H.2 ౰֘બ୒͕ࢶҰͯ͠ݟ෼͔Δ΄Ͳత֎Εͳ಺༰Ͱ͋ΔͨΊʹɼબ୒ީิʹ
ೖΒͣɼ໎Θ͠ͱͯ͠ػೳ͍ͯ͠ͳ͔ͬͨՄೳੑ
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H.3 બ୒֬཰͕͘ߴɼಛఆͷೳྗϨϕϧʹ͓͍ͯ౰֘ޡ౴બ୒͕ࢶਖ਼౴બ୒ࢶ
ΑΓ΋ັྗతʹ͡ײΒΕͨՄೳੑ

H.4 બ୒֬཰͕͘ߴɼಛఆͷೳྗϨϕϧʹ͓͍ͯ౰֘ޡ౴બ୒͕ࢶଞͷޡ౴બ
୒ࢶΑΓ΋ັྗతʹ͡ײΒΕͨՄೳੑ

H.5 ෳ਺ͷޡ౴બ୒͕ࢶಉ༷ͳંΕઢΛࣔ͠ɼ͍ޓʹ౳֬཰Ͱબ͹Εɼ໎Θ͠
ͱͯ͠༗ޮʹػೳ͍ͯ͠ΔՄೳੑ

ޡɼ͠౼ݕՊ಺༰తͳଆ໘͔Β΋ڭͷಛ௃ʹՃ͑ɼࢶ౴બ୒ޡΒΕΔɻ֤͑ߟ͕
౴બ୒ࢶΛ·ͱΊΔɻ
ؔʹɼΦϦδφϧͷ߲໨ಛੑਤ΍·ͱΊํͷҟͳΔෳ਺ͷ߲໨ಛੑਤʹޙ࠷
ͯ͠ɼݟग़͞Εͨಛ௃ͷҧ͍͕ඪຊࠩޡʹΑΔ΋ͷ͔ɼͦΕҎ্ͷ΋ͷͰ͋Δ
ͷ͔Λຊষʹ͓͍ͯఏҊͨ͠ख๏ʹΑΓ֬ೝ͢Δɻ

ද 3.1 ʮֶྗςετ 1ʯୈ 7໰
ࣗ༝໘઀ʹΑΔௐࠪํ๏͸

(a) ௐࠪථʹ͞ࡌهΕ࣭ͨ໰ʹඃௐࠪऀ͕ճ౴͢Δ

(b) ੓෎ɼؔػࡍࠃɼϚείϛɼۀاɼڀݚॴ͕ൃදͨ͠౷ࢿܭྉɾ਺ࣈΛ
2࣍తʹൺֱݕ౼͢Δ

(c) ௐࠪऀͷ࣭໰ʹࣗ༝ʹճ౴ͨ͠ඃௐࠪऀͷൃݴ಺༰ΛϝϞ΍Ϩίʔμʔ
ʹΑͬͯه࿥͢Δ

(d) ௐࠪऀࣗ਎͕ௐࠪର৅ूஂͷ׆ಈʹԿΒ͔ͷܗͰࢀՃ͠ɼͦͷ׆ಈΛ؍
࿥͢Δهɼ͠࡯

(e) खࢴɾ೔هɾࣗ఻ɾ৽ฉࣄهͳͲʹ͞ࡌܝΕͨಛఆͷࣾձࣄ৅ͷه࿥Λ
಺༰తʹ෼ੳ͠ɼௐࠪऀͷڵຯͷ؍఺͔Β݁࿦Λಋ͘

ਖ਼౴ “c”

ʢ๛ాʢ2012, pp.235–238ʣΑΓҾ༻ʣ

ਤ 3.1͸͋ΔେֶͰ࣮͞ࢪΕͨʮ౷ܭతௐࠪ๏ʯͱ͍͏ٛߨͷظ຤ݧࢼσʔ
λʢ๛ా, 2012, p.113–114ʣͰ͋Δɼʮֶྗςετ 1ʯʢडऀݧ਺ 216໊ʢແޮճ
౴ऀআ֎લ 226໊ʣɼ߲໨਺ ,ݸ50 ,๛ా;ࣜܗબ୒ࢶ5 2012, pp.235–238ʣʹ͓
͚Δ߲໨ಛੑਤͷ࡞੒ྫͰ͋Δɻޡ౴෼ੳΛࡍ͏ߦʹ͸ɼ௨ৗ͸ਤ 3.1(i)ͷΑ
͏ʹɼ5͢ࢶ΂ͯͷબ୒ࢶʹؔͯ͠બ୒֬཰Λϓϩοτ͠ɼۂઢΛඳը͢Δɻ͠
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(i)ۂઢΛ͢΂ͯඳ͘৔߹ (ii)ۂઢΛ 2ຊʹ·ͱΊΔ৔߹

(iii)ۂઢΛ 3ຊʹ·ͱΊΔ৔߹ (iv)ୈ Λอ޲܏౴ޡΔಛҟͳ͚͓ʹ܈1
ଘ͍ͨ͠৔߹

ਤ 3.1 ߲໨ಛੑਤʢʮֶྗςετ 1ʯɾୈ 7໰ʣ

͔͠ͳ͕Βɼޡ౴ۂઢ͸͍ޓʹॏͳΓ߹͍ɼඇৗʹ൥ࡶͰ͋Δɻ͜ͷ෦෼ʹؔ
ͯ͠ɼ͢΂ͯͷબ୒ྀͭͭ͠ߟ͍ͯͭʹࢶɼۂઢͷຊ਺ΛݮΒ͍ͨ͠ɻڭՊ಺
༰తͳ஌͕ݟಘΒΕ͍ͯͨΓɼબ୒ࣅ͕޲܏௨͍ͬͯΔͱ൑அ͞ΕΔ৔߹ʹ͸ɼ
બ୒ࢶΛ·ͱΊɼ߲໨ಛੑਤ্ʹඳը͢Δํ๏͕͑ߟΒΕΔɻ͜ͷ·ͱΊํʹ
ؔͯ͠΋ɼূݕΛ͍͍ͨߦɻ͜͜Ͱ͸ޡ౴બ୒ࢶ “a”ɼ“b”ɼ“d”ɼ“e”ͷબ୒֬
཰͸ͲΕ΋ࣅ௨͍ͬͯΔͱ൑அͨ͠΋ͷͱ͢Δɻͦ͜Ͱɼ͢΂ͯͷޡ౴બ୒ࢶ
ͷબ୒֬཰ͷฏۉ஋Λ৽ͨʹΧςΰϦ “Q”ͱͯ͠ϓϩοτ߲ͨ͠໨ಛੑਤ͕ਤ
3.1(ii)Ͱ͋Δɻ͜Ε͸ɼԿΕͷޡ౴બ୒ࢶ “a”ɼ“b”ɼ“d”ɼ“e”΋ಉఔ౓ʹબ୒͞
Εқ͍ͱ͍͏Ծఆͷঢ়گΛ൓ө͍ͯ͠Δɻ
͔͠͠ͳ͕Βਤ 3.1(i)Λ͢࡯؍Δͱɼબ୒ࢶ “d”͕ɼଞͷޡ౴બ୒ࢶͱ͸ಛҟ
ʹબ୒͞Εқ͍ͱ͍͏ঢ়گ΋૝ఆ͞ΕಘΔɻ͜ͷঢ়گΛදͨ͠ͷ͕ਤ 3.1(iii)Ͱ
͋Δɻਤ 3.1(iii)Ͱ͸બ୒ࢶ “a”ɼ“b”ɼ“e”Λ౷߹͠ɼฏۉ஋Λϓϩοτ͠ɼબ୒
ࢶ “d”ʹؔͯ͠͸બ୒֬཰Λݩͷ··ϓϩοτ͍ͯ͠Δɻۂઢ͸૿͑Δ΋ͷͷɼ
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ΛਐΊΔͱɼಛʹୈ࡯؍ʹߋɻ͍ߴೝੑ͸ࢹઢΛඳ͘ΑΓ΋ۂ΂ͯͷ͢ࢶ5 ܈1
ͷडऀݧʹͱͬͯɼબ୒ࢶ “d”͕ಛҟʹબ୒͞Εқ͘ɼັྗ͋Δޡ౴ͱͳͬͯ
͓Γɼୈ Λ͍ࣔͯ͠ΔΑ޲܏ͨࣅͱࢶରͯ͠͸ɼଞͷબ୒ʹऀݧҎ্ͷड܈2
͏Ͱ͋Δɻਤ 3.1(iv)͸ɼୈ Βୈ͔܈2 Ͱ͸·܈5 ͱ΋ಉఔ౓ʹબ୒͞Εқࢶ4
͍ͱԾఆͨ͠ঢ়گΛ൓ө͍ͯ͠Δɻਤ 3.1(iii)ͱ͸ҟͳΓɼ5͢܈΂ͯͰ͸ͳ͘ɼ
ୈ ࢶ౴બ୒ޡͷΈɼ܈1 “d”͕ಛҟʹબ୒͞Εқ͍ͱ͍͏ঢ়گΛද͍ͯ͠ݱΔɻ
ද 3.1͕ୈ 7໰ͷ߲໨಺༰Ͱ͋Γɼࣗ༝໘઀ʹؔͯ͠ਖ਼͍͠΋ͷΛબ୒͢Δ
໰୊Ͱ͋Δɻਖ਼ղ͸ “c”Ͱ͋Δ͕ɼୈ ࢶ͸ಛʹબ୒ऀݧ഑͞ΕΔडʹ܈1 “d”͕
ັྗతʹ͡ײΒΕΔΑ͏Ͱ͋Δɻબ୒ࢶ “d”͸ࢀ༩࡯؍ʹؔ͢Δهड़Ͱ͋Δ͕ɼ
௿ಘ఺܈͸ௐࠪʹ͓͚Δʮ໘઀ʯͱʮ࡯؍ʯΛࠞಉ͍ͯ͠ΔΑ͏Ͱ͋Δɻ౰֘
डऀݧ͸྆ௐࠪ๏ͷ۩ମతͳ࣮ํࢪ๏ͷҧ͍ʹ͍ͭͯɼ࠶౓֬ೝ͢Δ͜ͱ͕؊
ཁͰ͋Ζ͏ɻ
͜͜Ͱ͸ɼώϡʔϦεςΟοΫͷH.4ͷՄೳੑΑΓɼਤ 3.1(iv)ͷঢ়گͰޡ౴
෼ੳΛ͍͍ͨߦ΋ͷͷɼ౰֘૝ఆঢ়͕گଞͷ߲໨ಛੑਤʹΑΔ૝ఆঢ়گΑΓ΋
ద੾Ͱ͋Δ͜ͱΛࣔࠜ͢ڌ͸ݟ͘޿ग़͞Ε͍ͯͳ͍ɻͲͷબ୒ࢶʹ஫໨͠ɼซ
߹͢Δͷ͔ɼಛҟͳಛੑۂઢͱͯ͠ඳը͢Δͷ͔ͱ͍͏൑அ͸Ծઆͷ൓өͱݟ
Δ͜ͱ͕Ͱ͖Δ͕ɼ্هͷΑ͏ʹ͜͏ͨ͠ซ߹ঢ়گ͸ෳ਺͑ߟΒΕΔɻ
ຊڀݚͰ͸ɼಉҰ߲໨ʹ͓͍ͯɼΧςΰϦಛੑۂઢͷซ߹ঢ়گʢϞσϧʣ͕
ෳ਺૝ఆ͞ΕಘΔ৔߹ʹɼ෼ੳऀͷԾఆʢ͋ΔಛఆͷΧςΰϦಛੑۂઢͷ޲܏
͕ಉ౳Ͱ͋Δͱݟ၏͢͜ͱ͕Ͱ͖Δ͔ʣΛ͔֬ΊΔͨΊͷ৘ใྔن४ʹΑΔ౷
ޡग़͢Δํ๏ΛఏҊ͢ΔɻຊఏҊख๏Λ༻͍Δ͜ͱͰɼޮՌతͳࢉඪΛࢦతܭ
౴෼ੳΛͨ͏ߦΊͷ߲໨ಛੑਤΛ࡞੒͢Δ͜ͱ͕ՄೳͱͳΔɻຊఏҊख๏Λ༻
͍Δ͜ͱͰɼԾઆΛ൓ө߲ͨ͠໨ಛੑਤΛ౷ܭతʹൺֱ͠ɼ࠾༻ͷ๣ূͱ͢Δ
͜ͱ͕ՄೳͱͳΔɻ

3.2 ߲໨ಛੑਤΛ༻͍ͨޡ౴෼ੳͷਫ਼៛ԽͷఏҊʢํ
๏ IIʣ

ਤ 3.1ʹࣔͨ͠ 4ͭͷ߲໨ಛੑਤ͸ɼड܈ऀݧͷޡ౴ঢ়گʹର͢Δɼฒཱ͢Δ
ԾઆΛ൓өͨ͠Ϟσϧͱଊ͑Δ͜ͱ͕Ͱ͖Δɻྫ͑͹෼ੳऀ͕ޡ౴෼ੳͷ݁Ռɼ
ʮޡ౴બ୒ࢶʠ dʡ͸ಛҟʹୈ ೳ͍ͯ͠Δʯͱ͍͏ػରͯ͠໎Θ͠ͱͯ͠ʹ܈1
ԾઆΛಘͨͱ͖ʹɼϞσϧʢਤ 3.1(iv)ʣΛ࡞੒͠ɼߋͳΔ߲໨෼ੳʹ࢖༻͢Δ
͜ͱ͕͑ߟΒΕΔɻ͔͠͠ͳ͕Βɼલड़ͨ͠ঢ়گͷΑ͏ʹʮબ୒ࢶʠ dʡ͸શ܈
ʹ౉ͬͯಛҟʹັྗతͰ͋Δʢਤ 3.1(iii)ʣʯ΍ʮબ୒ࢶʠ dʡͷಛҟͳ͚͔ݟ͸
ඪຊมಈͰ͋Γ໎Θ͠ͱͯ͠ͷػೳʹޡ౴બ୒ؒࢶͷҧ͍͸ͳ͍ʢਤ 3.1(ii)ʣʯ
ͱ͍ͬͨରཱ͢ΔϞσϧ΋͑ߟΒΕΔɻ
΋͠ɼڭՊ಺༰ʹ͓͚Δઌڀݚߦ΍஌͕ࣝ͋Δ৔߹ʹ͸ɼͦΕΒΛ๣ূͱ͠
ͯϞσϧਤ 1(iv)ͷ࠾༻Λཧ༝͚ͮΔ͜ͱ΋ՄೳͰ͋Δɻ͜ͷͱ͖ɼ౷ܭతʹϞ
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σϧΛൺֱ͠ɼϞσϧ࠾༻ͷ๣ূͱͯ͠༻͍Δ͜ͱ͕Ͱ͖Δ౷ܭతج४͕͋Ε
͹ศརͰ͋Δɻ
ҎԼͰ͸ɼ͢΂ͯͷ܈ʹ౉ͬͯɼಛఆͷޡ౴બ୒͕ࢶಛҟʹػೳ͍ͯ͠Δʢͦ
ͷଞͷޡ౴બ୒ࢶ͸ซ߹͞ΕΔʣ৔߹ͱɼୈ ػ͕ࢶ౴બ୒ޡʹͷΈͰಛҟ܈1
ೳ͢Δ৔߹ͱʹ෼͚ͯɼAICͱBICΛࢉग़͢Δํ๏Λ࿦͡Δɻ·ͨޙͷઅͰ͸
۩ମతͳ߲໨ʹର͢ΔఏҊख๏ͷద༻ྫΛࣔ͢ɻ

3.2.1 ͢΂ͯͷΧςΰϦಛੑۂઢΛඳը͢Δ߲໨ͷ৔߹

͍·ɼJݸͷ߲໨ʹΑͬͯߏ੒͞ΕΔςετʹؔͯ͠ɼୈ j (= 1, 2, · · · , J)൪
໨ͷ߲໨ʹ͓͚Δडऀݧͷબ୒݁Ռ͕ɼCjݸͷΧςΰϦʹ੔ཧ͞ΕΔ΋ͷͱ͢
Δɻྫ͑͹ ͱʹ੔ཧ͢Δ৔߹ɼ͝ࢶՌΛબ୒݁ݧͷ߲໨ʹର͢Δडࣜܗબ୒ࢶ5
Cj = 5ͱͳΔɻ·ͨɼແޮղ౴ΛؚΊͯ੔ཧ͢Δ৔߹ʹ͸Cj = 6ͱͳΔɻ
͜͜Ͱɼ߲໨ jʹ஫໨͢Δɻه߸Λ؆ૉԽ͢ΔͨΊʹఴ͑ࣈ jʹΑΔ۠ผΛ
লུ͠ɼୈ g(= 1, 2, · · · , G)܈ 2ʹଐ͢Δ i (= 1, 2, · · · , ng)൪໨ͷडऀݧͷ൓Ԡ
xgi͕ɼc (= 1, 2, · · · , C)൪໨ͷΧςΰϦͱͯ͠؍ଌ͞ΕΔ֬཰Λ pgcͱ͢Δɻ
͜ͷΑ͏ͳड͕ऀݧ ngਓ͍Δͱ͖ɼෳ਺ͷडऀݧͷ൓ԠΛฒ΂ͨϕΫτϧ

xg = (xg1, · · · , xgi, · · · , xgng)
′

ΛಘΔ֬཰͸ɼ֤ΧςΰϦͷ൓Ԡ͕ಠཱͰ͋Δ΋ͷͱͯ͠ɼ

Pr(xg|pg) =
C∏

c=1

pngc
gc (3.1)

ͱͳΔɻ͜͜Ͱ pg͸

pg = (pg1, · · · , pgc, · · · , pgC)
′

Ͱ͋ΔΑ͏ͳ฼਺ϕΫτϧͰ͋Γɼngc͸ΧςΰϦ cΛબ୒ͨ͠ਓ਺Ͱ͋Δɻ͞
ΒʹϕΫτϧ

x1, · · · ,xg, · · · ,xG

Λ؍ଌ͢Δ֬཰͸

Pr(x1, · · · ,xg, · · · ,xG|p1, · · · ,pg, · · · ,pG) =
G∏

g=1

C∏

c=1

pngc
gc

2ຊઅɼٴͼ࣍અͰ͸܈਺Λ gʹΑͬͯ೚ҙͷ਺ͱͯ͠ද͍ͯ͠ݱΔ͕ɼຊڀݚͰ͸ޡ౴෼
ੳ͕য఺Ͱ͋ΔͨΊɼద༻ྫͰ͸͢΂ͯɼҰൠతʹ༻͍ΒΕΔ G = 5ͱͯ͠࡞੒͢Δɻ
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Ͱ͋Δɻ߲໨Λද͢ఴ͑ࣈ jʹΑΔ۠ผΛಋೖ͢Δͱɼ(3.1)ࣜ͸

Pr(xjg|pjg) =

Cj∏

c=1

p
njgc

jgc (3.2)

ͱ࠶ද͞ݱΕΔɻ߲໨ jʹ͓͚Δ฼ൺ཰ͷ࠷໬ਪఆྔ͸

p̂jgc =
njgc

njg

Ͱ͋Γɼ͜ΕΛ฼਺ϕΫτϧ pjgͷཁૉͱͯ͠഑͢Δ͜ͱͰɼ࠷େର਺໬౓Λ

log lmax = log l(p̂j1, · · · , p̂jg, · · · , p̂jG)

=
G∑

g=1

Cj∑

c=1

njgc × log p̂jgc (3.3)

ͱಋ͘͜ͱ͕Ͱ͖Δɻ͜͜Ͱ

Cj∑

c=1

p̂jgc = 1

ͱ͍͏੍໿͕͋ΔͨΊɼ

P̂ j = (p̂j1, · · · , p̂jg, · · · , p̂jG)

ʹؚ·ΕΔࣗ༝౓͸G× (Cj − ͱͳΔɻݸ(1
(3.3)ࣜΛ༻͍ͯɼ߲໨ jʹؔͯ͠ɼ܈਺GͰඳ߲͘໨ಛੑਤͷAICٴͼBICɼ

AICj =− 2 log lmax + 2G(Cj − 1) (3.4)

BICj =− 2 log lmax +G(Cj − 1) log(nj) (3.5)

Λࢉग़ՄೳͰ͋Δɻ͜͜Ͱ

nj =
G∑

g=1

Cj∑

c=1

njgc

Ͱ͋ΔɻϞσϧؒͰ৘ใྔن४ͷ஋͕૬ରతʹখ͍͞Ϟσϧ͕ɼσʔλ΁ͷ౰
ͯ͸·Γ͕ྑ͍ͱ൑அ͢Δ͜ͱ͕ՄೳͰ͋Δʢݩࡔ,ੴࠇ,๺઒, 1983ʣɻ

3.2.2 ಛఆͷΧςΰϦ͕ซ߹Մೳͳ߲໨ͷ৔߹

͍·ɼςετΛߏ੒͢Δɼ͋Δ߲໨ j(j = 1, 2, · · · , J)ʹ͍ͭͯɼ౰߲֘໨ͷ
ճ౴͕Cjݸͷબ୒ࢶΧςΰϦʹ੔ཧ͞ΕΔঢ়گΛ૝ఆ͢Δɻ͜͜Ͱɼબ୒֬཰
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͕ॴ༩ͷԼͰͷ֤બ୒؍͕ࢶଌ͞ΕΔ֬཰͸ (3.2)ࣜͱಉ༷ʹද͞ݱΕΔɻఴࣈ
jͱ gʹΑΔ۠ผ͸͜͜Ͱ͸ඇຊ࣭తͰ͋ΔͨΊɼදهΛ؆ܿʹ͢ΔͨΊʹҎ
ࣈɼ(3.2)ࣜʹ͍ͭͯɼ߲໨ʹؔ͢Δఴޙ jͱ܈ʹؔ͢Δఴࣈ gʹΑΔ۠ผΛল
ུ͠ɼ

Pr(x|p) =
C∏

c=1

pnc
c (3.6)

ͱ࠶ද͢ݱΔɻ͍· CݸͷΧςΰϦதɼ೚ҙͷM(M ≤ C)ݸͷΧςΰϦΛؚ
Ήू߹Λఆٛ͠ɼ౰֘ू߹಺ͷΧςΰϦؒͷબ୒֬཰͕౳͘͠ pQͱͯ͠Ծఆ͞
ΕΔ΋ͷͱ͢Δɻͭ·Γ pC−M+1 = pC−M+2 = · · · = pC = pQ Ͱ͋Δ 3ɻ͢Δͱ
(3.6)ࣜ͸

Pr(x|p) =
C−M∏

c=1

pnc
c × p

nQ

Q (3.7)

ͱ࠶ද͞ݱΕΔ 4ɻͨͩ͠

pQ =
(1−

∑C−M
c=1 pc)

M
(3.8)

nQ =
C∑

c=(C−M+1)

nc,
C−M∑

c=1

pc +MpQ = 1

Ͱ͋Δɻ(3.7)ࣜʹ (3.8)ࣜΛ୅ೖ͠ର਺໬౓ΛٻΊΔͱɼ

logL =
C−M∑

c=1

nc log pc + nQ log

(
1−

∑C−M
c=1 pc
M

)

ͱͳΓɼ͜ΕΛ pcͰภඍ෼͠ɼӈลΛ 0ͱஔ͘ͱ

∂ logL

∂pc
=

nc

pc
−

nQ

1−
∑C−M

c=1 pc
= 0

Ͱ͋Δɻ͜͜Ͱ (3.8)ࣜΛར༻ͯ͠ม͠ܗɼͦͷ݁ՌΛఆ਺ T ͱஔ͘ͱɼ

nc

pc
=

nQ

MpQ
= T (3.9)

3ຊઅͰ͸બ୒֬཰͕౳͍͠ͱԾఆ͞Εͳ͍ΧςΰϦʹ͍ͭͯ c = 1, · · · ,M ͱ͠ɼબ୒֬཰
͕౳͍͠ͱԾఆ͞ΕΔΧςΰϦΛ c = C −M + 1, · · · , C ͱ͢Δɻ

4(3.6)ࣜʹ͍ͭͯɼબ୒֬཰͕౳͍͠ͱ͸Ծఆ͞Εͳ͍ΧςΰϦͱɼબ୒֬཰͕͍ޓʹ౳͠
͍ͱԾఆ͞ΕΔΧςΰϦͷੵͱͯ͠࠶ද͍ͯ͠ݱΔɻ
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ͱͳΔɻ͜͜Ͱɼ

n =
C−M∑

c=1

nc + nQ

=
C−M∑

c=1

nc

pc
pc +

nQ

MpQ
MpQ

=T (
C−M∑

c=1

pc +MpQ)

=T (3.10)

Ͱ͋ΔͨΊɼఆ਺ T = nͰ͋Δɻఴࣈ jͱ gʹΑΔ۠ผΛ࠶ಋೖ͢Δͱɼ(3.9)

ࣜΑΓ࠷໬ਪఆྔ͸

p̂jgc =
njgc

njg

, (c = 1, · · · , Cj −Mjg), (3.11)

p̂jgQ =
njgQ

Mjgnjg

(3.12)

ͱಋ͔ΕΔɻ(3.11)͓ࣜΑͼ (3.12)ࣜΛ༻͍Δ͜ͱͰɼ࠷େର਺໬౓͸

log lmax = log l(p̂jg1, · · · , p̂jgc, · · · , p̂(Cj−Mjg), p̂jgQ)

=
G∑

g=1

⎛

⎝
Cj−Mjg∑

c=1

njgc log p̂jgc + njgQ log p̂jgQ

⎞

⎠ (3.13)

ͱߏ੒͞ΕΔɻ֤߲໨ͷAICٴͼ BIC͸ (3.13)ࣜΛ༻͍ͯɼ

AICj =− 2 log lmax + 2
G∑

g=1

(Cj −Mjg) (3.14)

BICj =− 2 log lmax +
G∑

g=1

(Cj −Mjg)× log(nj) (3.15)

ͱͳΓɼࢉग़ՄೳͱͳΔɻ

3.3 ࣮σʔλΛ༻͍ͨద༻ྫʢద༻ྫ IIʣ
ຊઅͰ͸લઅͰఏҊͨ͠ํ๏Λɼ࣮ࡍͷςετσʔλʹ͓͚Δ߲໨ಛੑਤ࡞
੒ʹద༻͠ɼͦͷ݁ՌͱղऍΛࣔ͢ɻ
ద༻ྫͱͯ͠༻͍߲ͨ໨͸ɼͦͷ͍ͣΕ΋͕ޡ౴෼ੳ͔Βɼෳ਺ͷԾઆཱ͕
ͯΒΕɼ݁Ռͱͯ͠ώϡʔϦεςΟοΫʹ͍ͯͮجෳ਺ͷ߲໨ಛੑਤ͕࡞੒Ͱ
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͖Δɻͳ͓ద༻ྫͰ߲ࣔͨ͠໨ͷԿΕʹ͓͍ͯ΋ώϡʔϦεςΟοΫ H.1͔Β
H.5ͷൣғͰѻ͏͜ͱ͕ՄೳͰ͋ͬͨɻ͜ΕΒଟ༷ͳύλʔϯΛ߲ࣔ͢໨ಛੑ
ਤɼ͢ͳΘͪϞσϧʹରͯ͠ఏҊख๏Λద༻͠ɼϞσϧൺֱΛ৘ใྔن४ʹج
ΔΑ͏ʹͳΔ͜ͱΛࣔ͢ɻ͑ߦ͍ͯͮ

3.3.1 ౷ܭతௐࠪ๏ςετʢֶྗςετ 1ʣσʔλ΁ͷద༻

ද 3.2 ʮֶྗςετ 1ʯୈ 7໰ɾ֤߲໨ಛੑਤͷ৘ใྔن४

Ϟσϧ ਤ 3.1(i) ਤ 3.1(ii) ਤ 3.1(iii) ਤ 3.1(iv)

ຖͷΧςΰϦ਺܈ 5,5,5,5,5 2,2,2,2,2 3,3,3,3,3 3,2,2,2,2

ύϥϝλ਺ 20 5 10 6

ର਺໬౓ −106.520 −123.766 −116.983 −119.307

AIC 253.04 257.532 253.966 250.615

BIC 320.545 274.408 287.718 270.866

લઅͰड़΂ͨํ๏Λ༻͍Δ͜ͱͰɼද 3.2ͷΑ͏ͳʮֶྗςετ 1ʯୈ 7໰ͷ
֤߲໨ಛੑਤͷ৘ใྔن४͕ࢉग़ՄೳͱͳΔɻ৘ใྔن४ʹΑΔͱਤ 3.1(iv)ͷ
Ϟσϧ͕࠷΋௿͍஋Λ͍ࣔͯͨ͠ɻ෼ੳऀͷ͔࡯؍ΒಘΒΕͨԾઆ͕ฒཱ͢Δ
ঢ়گʹ͓͍ͯɼຊख๏͸બ୒ࢶʠ dʡͷಛҟੑʹ஫໨ͯ͠ޡ౴෼ੳΛਐΊ͍ͯ͘
ͷ๣ূΛ༩͑Δ͜ͱ͕ՄೳͱͳΔɻࡍ
ද3.2தͷύϥϝλ਺͸ɼਤ3.1(i)͔Βਤ3.1(iii)ʹ͍ͭͯ͸ (3.4)ࣜɼ(3.5)ࣜͷ
ୈ2߲ʹ͓͚ΔG(Cj−1)͔Βࢉग़͞ΕΔɻྫ ͑͹ਤ3.1(i)ͷ৔߹ɼG = 5, Cj = 5

Ͱ͋ΔͨΊɼG(Cj−1) = 20ͱͳΔɻҰํͰҰ෦ͷಛੑۂઢ͕ซ߹͞ΕΔਤ 1(iv)

ͷ৔߹͸ (3.14)ࣜɼ(3.15)ࣜͷୈ 2߲ʹ͓͚Δ
∑G

g=1(Cj −Mjg)ΑΓɼ܈ผΧς
ΰϦ਺ʹ͍ͯͮجɼ(5− 3) + 3(5− 4) = 6ͱࢉग़͞ΕΔɻ

ද 3.3 ʮֶྗςετ 1ʯୈ 8໰
΋ए೥૚͔ΒඪຊΛબͼɼͦͷඪຊΛ࣌ؒͱ࠷ຯͷର৅ͱͳΔ೥ྸɾੈ୅ͷڵ
ͱ΋ʹ௥੻͢Δௐࠪ͸
(a)ൃܕݟௐࠪ (b)౷੍ௐࠪ (c)அ໘తௐࠪ (d)ԣஅతௐࠪ (e)ॎஅత
ௐࠪ
ʢਖ਼౴ʣ“e”

ʢ๛ా (2012, pp.235–238)ΑΓҾ༻ʣ
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(i)ۂઢΛ͢΂ͯඳ͘৔߹

(ii)ۂઢ͕ 3ຊʹ·ͱΊΒΕΔ৔߹ (iii)ۂઢ͕ 2ຊʹ·ͱΊΒΕΔ৔߹

ਤ 3.2 ߲໨ಛੑਤʢʮֶྗςετ 1ʯɾୈ 8໰ʣ

ද 3.3ʹୈ 8໰ͷ߲໨಺༰Λɼਤ 3.2ʹ߲໨ಛੑਤΛɼද 3.4ʹఏҊख๏ͷద
༻݁ՌΛͦΕͧΕࣔͨ͠ɻୈ 8໰ͷਖ਼౴͸ “e”ʮॎஅతௐࠪʯͰ͋Δɻਤ 3.2(i)

͔Βɼ͢΂ͯͷ܈ʹ౉Γɼબ୒ࢶ “d”ʮԣஅతௐࠪʯ͕ଞͷޡ౴બ୒ࢶΑΓ΋ಛ
ҟʹબ୒͞ΕΔ޲܏ʹ͋Δ͜ͱ͕ݟड͚ΒΕΔɻώϡʔϦεςΟοΫͷ H.4ͷ
ঢ়͕گ૝ఆՄೳͰ͋Δɻ֤Ϟσϧʹ͓͚Δ৘ใྔن४Λൺֱ͢Δͱɼਤ 3.2(ii)

͕ਪ঑͞ΕΔ݁ՌͱͳΓɼ্هͷ࣋͞ࢧ͕࡯؍Εͨɻ
બ୒ࢶ “d”Λબ୒ͨ͠डऀݧ͸ɼௐ໊ࠪশΛهͯͬޡԱ͢Δɼॎஅͱԣஅͷ۠
ผ͕ᐆດͱͳ͍ͬͯΔঢ়ଶͰ͋Δ͜ͱ͕ਪ͞࡯ΕΔɻબ୒ࢶ “d”͕ୈ ͍͓ʹ܈4
ͯ΋બ୒͞ΕΔ޲܏ʹ͋Δ͜ͱ͔ΒɼൺֱతߴಛੑͷडऀݧͰ͋ͬͯ΋ԣஅͱ
ॎஅΛऔΓҧ͍͑ͯΔՄೳੑ͕ࣔࠦ͞Εͨɻޡ౴ऀ͸ԣஅͱॎஅͷ֓೦తͳҧ
͍ͱɼݴ༿ʹΑΔఆٛͷରԠؔ܎Λ֬࠶ೝ͢Δඞཁ͕͋ΔͩΖ͏ɻ
ද 3.5ʹୈ 30໰ͷ߲໨಺༰Λɼਤ 3.3ʹ߲໨ಛੑਤΛɼද 3.6ʹఏҊख๏ͷద
༻݁ՌΛͦΕͧΕࣔͨ͠ɻୈ 30໰ʹ͓͚Δબ୒ࢶ “a”͔Β “d”͸ͦͷԿΕ΋͕ௐ
ࠪʹ͓͚Δճ౴͕ෆ׬શͳঢ়ଶͰಘΒΕ͍ͯΔঢ়گͰ͋ΔɻͦͷͨΊɼ“e”͸Ұ
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ද 3.4 ʮֶྗςετ 1ʯୈ 8໰ɾ֤߲໨ಛੑਤͷ৘ใྔن४

Ϟσϧ ਤ 3.2(i) ਤ 3.2(ii) ਤ 3.2(iii)

ຖͷΧςΰϦ਺܈ 5,5,5,5,5 3,3,3,3,3 2,2,2,2,2

ύϥϝλ਺ 20 10 5

ର਺໬౓ −116.221 −120.615 −142.561

AIC 272.442 261.231 295.121

BIC 339.948 294.984 311.998

ද 3.5 ʮֶྗςετ 1ʯୈ 30໰
ௐࠪථΛճऩͨ͠͏ߦʹޙฤूʢΤσΟςΟϯάʣͰमਖ਼Λཁ͢Δͷ͸

(a)നࢴɼ࣮࣭తͳճ౴ͷͳ͍ௐࠪථ
(b)ճ౴ཝͰ͸ͳ͘બ୒ࢶʹνΣοΫ͍ͯ͠Δճ౴
(c)Ζաత࣭໰ʹໃ६͍ͯ͠Δճ౴
(d)ଘ͠ࡏͳ͍બ୒൪߸͋Δ͍͸਺஋ͷճ౴
(e)্ͷ 4ͭ͸मਖ਼Ͱ͸ͳ͘ແޮճ౴ͱ͢Δ
ʢਖ਼౴ʣ“b”

ʢ๛ా (2012, pp.235–238)ΑΓҾ༻ʣ

౴͍ͯ͠Δɻ͔͠͠ޡ͕ऀݧଟ͘ͷडʹࡍͰ͋Γɼ࣮ࢶ໬΋Β͍͠બ୒ͯ͠ݟ
ͳ͕Βɼ“b”ͷΈ͸ௐࠪऀଆͰमਖ਼Λͯ͠ࢪ΋ෆద੾ͱ͸ݟͳ͞Εͳ͍ɻώϡʔ
ϦεςΟοΫͷH.2ɼ͓ΑͼH.3ͷঢ়͕گ૝ఆ͞ΕΔɻ
ୈ 30໰Ͱ͸ɼද 3.6ΑΓɼਤ 3.3(ii)ͷϞσϧ͕࣋͞ࢧΕͨɻඇৗʹັྗతͳ
Δ໰୊Ͱ͸͋Δ͕ɼୈ͢ࡏ౴͕ଘޡ ͳΔ΄Ͳʹ܈ಘ఺ߴҎ߱͸܈2 “e”ͷબ୒཰
΋ݮগ޲܏ʹ͋Δ͜ͱ͔Βɼա౓ͳ໎Θ͠ͱ͸ͳΒͣʹɼͲΕ͚ͩςετʹର
ͯ͠४උ͍͔ͯͨ͠ΛଌΔ͜ͱ͕Մೳͳ߲໨Ͱ͋ͬͨͱ͑ݴΔͩΖ͏ɻ

3.3.2 PISAσʔλ΁ͷద༻

ຊઅͰ͸ʮOECD5ੜెͷֶश౸ୡ౓ௐࠪʯ(Programme for International Student

Assessment, PISA;ڭཱࠃҭ੓ڀݚࡦॴ, 2004)ͷ2003೥ʹ࣮͞ࢪΕͨςετσʔ
λ༻͍ɼద༻ྫΛࣔ͢ɻ
ॴڀݚࡦҭ੓ڭཱࠃ (2004)͸ɼPISAௐࠪΛʮٛ຿ڭҭमྃஈ֊ͷ ͕ࣇࡀ15

5Organisation for Economic Co-operation and Developmentʢྗڠࡁܦ։ൃߏػʣ
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(i)ۂઢΛ͢΂ͯඳ͘৔߹

(ii)ۂઢ͕ 3ຊʹ·ͱΊΒΕΔ৔߹ (iii)ۂઢ͕ 2ຊʹ·ͱΊΒΕΔ৔߹

ਤ 3.3 ߲໨ಛੑਤʢʮֶྗςετ 1ʯɾୈ 30໰ʣ

͍࣋ͬͯΔ஌ࣝ΍ٕೳΛɼ࣮ੜ׆ͷ༷ʑͳ৔໘Ͱ௚໘͢Δ՝୊ʹͲͷఔ౓׆༻
Ͱ͖Δ͔Ͳ͏͔ΛධՁʢಛఆͷֶߍΧϦΩϡϥϜ͕ͲΕ͚ͩशಘ͞Ε͍ͯΔ͔
ΛݟΔ΋ͷͰ͸ͳ͍ʣʯ͢ΔௐࠪͰ͋Δͱड़΂͍ͯΔɻ

PISA͸ࡍࠃతͳௐࠪͰ͋Δ͕ɼຊڀݚʹ͓͍ͯ͸೔ຊͷௐࠪ݁ՌͷΈΛநग़
ͯ͠༻͍Δ͜ͱͱͨ͠ɻ2003೥൛ PISAͷ೔ຊʹ͓͚Δडऀݧ͸ 4707ਓͰ͋ͬ
ͨɻ·ͨɼPISAௐࠪ͸ಡղྗɼ਺ֶతϦςϥγʔɼՊֶతϦςϥγʔΛओཁ 3

෼໺ͱ͍ͯ͠Δ͕ɼ2003೥ͷௐࠪͰ͸਺ֶతϦςϥγʔ͕ॏ఺తௐࠪର৅ͱ͞
Ε͍ͯͨɻຊڀݚʹ͓͍ͯ͸਺ֶతϦςϥγʔͷௐࠪʹ༻͍ΒΕͨ 90߲໨ͷ
಺ɼղ౴͕ࣜܗଟࢶબ୒ࣜܗͰ͋Γɼͳ͓͔߲ͭ໨಺༰͕ެ։͞Ε͍ͯΔ߲໨
͔Β 3߲໨Λద༻ର৅ͱͨ͠ɻௐࠪ͸ 14छྨͷϒοΫϨοτࣜܗͰ࣮͞ࢪΕɼ
֤ϒοΫϨοτʹؚ·ΕΔ߲໨ɼٴͼ߲໨਺͸ҟͳΔɻΑͬͯҎԼʹࣔ͢ద༻
ྫ͸߲໨ؒͰडऀݧ਺ͱ౰߲֘໨ؚ͕·ΕΔϒοΫϨοτʹ͓͚Δຬ఺͕ҟͳ
Δɻද 3.7ʹɼ৘ใྔن४ʹΑΔϞσϧൺֱΛ߲͏ߦ໨ͱɼ֤߲໨ؚ͕·ΕΔ
ϒοΫϨοτɼٴͼͦͷडऀݧɼຬ఺ʢ഑఺Λ 1఺ͱͨ͠ʣΛࣔ͢ɻ
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ද 3.6 ʮֶྗςετ 1ʯୈ 30໰ɾ֤߲໨ಛੑਤͷ৘ใྔن४

Ϟσϧ ਤ 3.3(i) ਤ 3.3(ii) ਤ 3.3(iii)

ຖͷΧςΰϦ਺܈ 5,5,5,5,5 3,3,3,3,3 2,2,2,2,2

ύϥϝλ਺ 20 10 5

ର਺໬౓ −163.634 −165.710 −235.582

AIC 367.268 351.420 481.163

BIC 434.774 385.173 498.04

ද 3.7 ద༻߲໨ؚ͕·ΕΔϒοΫϨοτͷडऀݧ

߲໨ 49 56 60

ϒοΫϨοτ 13 3 6

डऀݧ 351 351 328

ຬ఺ 23 35 36

݁Ռͱղऍ

ຊ߲Ͱ͸ PISAσʔλ΁ͷద༻݁ՌɼٴͼղऍΛࣔ͢ɻPISAͰ͸਺ֶతͳ಺
༰ʹऔΓ૊ΉͨΊʹඞཁͳೳྗɼೝ஌త׆ಈΛʮೳྗΫϥελʔʯͱ͍͏෼ྨ
Λ༻͍ͯઆ໌͍ͯ͠Δɻ͜͜Ͱ෼ྨ໊ͱఆٛΛڭཱࠃҭ੓ڀݚࡦॴ (2004, p.33)

ΑΓҾ༻͢Δɻʦݱ࠶ΫϥελʔʧɿʮൺֱతΑ͘׳ݟΕͨɼ࿅श͞Εͨ஌ࣝͷ࠶
Ϋϥελʔͷݱ࠶Λओʹཁ͢Δ໰୊Λղ͘ೳྗʯɻʦؔ࿈෇͚Ϋϥελʔʧɿʮݱ
্ʹҐஔͮ͘΋ͷͰɼ΍΍׳ݟΕͨ৔໘ɼ·ͨ͸ɼ׳ݟΕͨ৔໘͔Β֦ு͞Ε
ൃల͞Εͨ৔໘ʹ͓͍ͯɼखॱ͕ͦΕ΄Ͳܾ·Γ͖ͬͯ͸͍ͳ͍໰୊Λղ͘ೳ
ྗʯɻʦख़ߟΫϥελʔʧɿʮؔ࿈෇͚Ϋϥελʔͷ͞Βʹ্ʹҐஔͮ͘΋ͷͰɼ
ಎ࡯ɼ൓লతߟࢥɼؔ࿈͢Δ਺ֶΛ͚ͭݟग़͢૑଄ੑɼղΛੜΈग़ͨ͢Ίʹؔ
࿈͢Δ஌ࣝΛ݁ͼ͚ͭΔೳྗʯɻ
ද3.8ʹ͸2003೥PISAௐࠪʹ͓͍ͯ༻͍ΒΕ ʮ͍ͨΖ͍Ζͳ৭ͷΩϟϯσΟʯ

ʢҎԼʮΩϟϯσΟʯ,ϒοΫϨοτ 13ɼडऀݧ 351໊ɼ23఺ຬ఺ʣͱ୊͞Εͨ
߲໨ͷ಺༰Λࣔͨ͠ɻ
߲໨ʮΩϟϯσΟʯͷਖ਼౴͸ “B”Ͱ͋Δ͕ɼਤ 3.4(i)Λ͢࡯؍Δͱɼಘ఺͕௿
ड͚ΒΕɼಛʹୈݟ౴΋ൺֱతଟ͘ޡͰ͸܈͍ Ͱ͸܈1 40%௒ͷडޡ͕ऀݧ౴
બ୒ࢶ “C”ΛબΜͰ͍Δ͜ͱ͕ࣔ͞Ε͍ͯΔɻ·ͨɼޡ౴ “C”͸ଞͷ܈ʹ͓͍
ͯ΋૬ରతʹબ͹Εқ͘ɼັྗ͋Δޡ౴બ୒ࢶͱͯ͠ػೳ͍ͯ͠Δ༷ࢠΛӐ͏
͜ͱ͕Ͱ͖Δɻޡ౴ “A”͸࣮ࡍͷ݁ࢉܭՌͱͯ͠ࢉग़ՄೳͰ͸͋Δ΋ͷͷɼͦ
Ε͸ԫ৭ͱ྘ͷΩϟϯσΟʹؔ͢Δ֬཰Ͱ͋Δɻޡ౴ “D”ɼ“C”͸໰Ͱ༩͑ΒΕ
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ද 3.8 ʮ͍Ζ͍Ζͳ৭ͷΩϟϯσΟʯ
͍Ζ͍Ζͳ৭ͷΩϟϯσΟ

໌͞Μʹ͓฼͞Μ͕όοά͔ΒΩϟϯσΟΛ ɻͨ͠·͍ݴʹऔΔΑ͏ݸ1
໌͞Μ͸ΩϟϯσΟΛݟΔ͜ͱ͕Ͱ͖·ͤΜɻόοάͷதͷΩϟϯσΟͷ৭͝
ͱͷ਺͸Լͷάϥϑͷ௨ΓͰ͢ɻ

໌͞Μ͕੺͍ΩϟϯσΟΛऔΔ֬཰͸͍͘ΒͰ͔͢ɻ

A 10ˋ B 20ˋ C 25ˋ D 50ˋ

ʢਖ਼౴ʣ“B”

ʢڭཱࠃҭ੓ڀݚࡦॴ (2004, p.321)ΑΓҾ༻ɻࣈମɼάϥϑҐஔ౳ͷมߋ͸
ຊ࿦จஶऀʹΑΔ΋ͷʣ

ͨ਺஋͔Β௚઀తʹࢉग़͢Δ͜ͱ͸೉͍͠஋͕౴͑ͱͯ͠ઃఆ͞Ε͍ͯΔɻ
߲໨ʮΩϟϯσΟʯʹਖ਼౴͢ΔͨΊʹ͸ɼάϥϑΛਖ਼͘͠ಡΈऔΓɼ͔ͭಡ
Έऔͬͨ஋Λ༻͍ͯൺ཰ͷࢉܭΛ͜͏ߦͱ͕ཁ͞ٻΕΔɻޡ౴ “C”ΛબΜͩड
ҧ͍Λ൜ͨ͠Γɼ͋Δ͍͸੺͍ΩϟϯσΟ͕શମͷ൒෼͸ͳ͘ɼؒࢉܭ͸ɼऀݧ
10%Ͱ͸௿ա͗Δͱݟ౰Λ͚ͭͨɼ΋͘͠͸୯७ʹ 20%୆ͷબ୒͕ࢶ 2ͭ͋Δ
ͷͰԿΕ͔Ͱ͋Δ΋ͷͱਪଌͨ͠ͱ͑ߟΒΕΔɻ
߲໨ʮΩϟϯσΟʯ͸ʮݱ࠶Ϋϥελʔʯʹ෼ྨ͞ΕΔೳྗ͕ཁ͞ٻΕΔ߲
໨Ͱ͋Δɻ·ͨɼ਺ֶ͕༻͍ΒΕΔঢ়گͱͯ͠ɼʮࢲతʯɿੜెͷ೔ʑͷ׆ಈʹ௚
઀ؔ͢܎Δจ຺ʢڭཱࠃҭ੓ڀݚࡦॴ, 2004, p.34ʣ͕૝ఆ͞Ε͍ͯΔɻޡ౴͠
ͨडऀݧ͸جຊతͳࢉܭखॱ΍ɼखॱͷ࿅शྔʹ͍ͭͯ࠶౓֬ೝ͠ɼ࿅श໰୊
ͱಉ༷ͷঢ়گʹରͯ͠ࢉܭखॱΛద༻͢Δ܇࿅ΛੵΉඞཁ͕͋ΔͩΖ͏ɻ
߲໨ʮΩϟϯσΟʯʹ͓͍ͯ͸બ୒ࢶ “A”ɼ“D”͸޲܏ͨࣅΛࣔ͢ɼັྗͷബ
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(i)ۂઢΛ͢΂ͯඳ͘৔߹

(ii)ۂઢ͕ 3ຊʹ·ͱΊΒΕΔ৔߹

群

確
率

(iii)ۂઢ͕ 2ຊʹ·ͱΊΒΕΔ৔߹

ਤ 3.4 ߲໨ʮΩϟϯσΟʯɾϒοΫϨοτ 13ʹ͓͚Δ߲໨ಛੑਤ

͍໎Θ͠ͱͯ͠ซ߹͠ɼબ୒ࢶ “C”͸શ܈ʹ౉ͬͯಛʹັྗ͋Δ໎Θ͠ͱͯ͠ػ
ೳ͍ͯ͠Δͱ͍͏ঢ়͕گ૝ఆ͞ΕΔɻ͜͜Ͱ͸ώϡʔϦεςΟοΫͷH.3ɼH.4

͕૝ఆՄೳͰ͋Δɻ
͜ͷঢ়گͱɼͦͷଞͷঢ়گʹ͍ͭͯ৘ใྔن४Λࢉग़ɼൺֱ͢Δɻਤ 3.4ͱද

3.9ʹϒοΫϨοτ 13ʢ2003೥ PISAௐࠪʣʹؚ·Ε͍ͯΔ߲໨ʮΩϟϯσΟʯ
΁ͷఏҊख๏ͷద༻݁ՌΛࣔͨ͠ɻද 3.9͔Β͸ɼਤ 3.4(ii)Ͱද͞ݱΕΔঢ়گ
͕ਪ঑͞ΕΔ͜ͱͱͳͬͨɻ͜ͷ͜ͱ͸બ୒ࢶ “C”͕ັྗతͳޡ౴બ୒ࢶͱ͠
Δ΋ͷͰ͋Δͱ͍͑Α͏ɻ࣋͢ࢧΛཱͯݟೳ͍ͯ͠Δͱ͍͏ػͯ
ද 3.10ʹʮ஍਒ʹؔ͢Δ໰୊ʯʢҎԼɼʮ஍਒ʯɼϒοΫϨοτ 3ɼडऀݧ 351

໊ɼ35఺ຬ఺ʣͷ߲໨಺༰Λࣔͨ͠ɻ
ࢶ౴બ୒ޡ “A”͸໰୊Ͱఏࣔ͞Εͨ਺ࣈΛ໬΋Β͘͠༻͍͍ͯͯ͠ࢉܭΔ͕ɼ
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ද 3.9߲໨ʮΩϟϯσΟʯɾϒοΫϨοτ 13ʹ͓͚Δ֤߲໨ಛੑਤͷ৘ใྔن४

Ϟσϧ ਤ 3.4(i) ਤ 3.4(ii) ਤ 3.4(iii)

ຖͷΧςΰϦ਺܈ 4,4,4,4,4 3,3,3,3,3 2,2,2,2,2

ύϥϝλ਺ 15 10 5

ର਺໬౓ −274.611 −279.216 −301.513

AIC 579.222 578.431 613.026

BIC 637.134 617.039 632.33

20೥ͷ಺ͷ 3෼ͷ 2ͷؒظΛ໰୊ͱ͍ͯ͠ΔΘ͚Ͱ͸ͳ͍͜ͱʹ஫ҙ͠ͳ͚Ε
͹ͳΒͳ͍ɻޡ౴બ୒ࢶ “B”͸ 2෼ͷ 1Λ۠੾Γͱͨ͠നߟࢥࠇʹनΘΕͯ͠
·͍ɼޡ౴ͯ͠͠·͏΋ͷͱਪ͞࡯ΕΔɻͨͩ͠ɼ2จ໨Ҏ߱͸ɼʮ͔ͩΒʯͱ
͍͏ԋ៷తͳදݱΛআ͖ɼθοτϥϯυࢢͱ͍͏Սۭͷ౎ࢢͰ͋Δ͜ͱΛແࢹ
͢Δͱɼ͜ͱ೔ຊʹ͓͍ͯ͸͋Δछਖ਼͍͠ঢ়گͰ͋Δͱ΋͍͑Δɻ௿ಘ఺܈ͷ
डऀݧ͸ɼʮ஍਒ʯͷ໰୊ΛՍۭͷ౎ࢢʹ͓͚Δ࿦ཧֶతઃ໰ͱͯ͠ཧղ͢Δ͜
ͱ͕Ͱ͖ͣɼ਎ۙͳɼੈ࣮ݱքʹ͓͚Δ೔ຊͷ໰୊ͱͯͯ͠͠͠ߟࢥ·͍ͬͯ
ΔՄೳੑ΋͑ߟΒΕΔɻޡ౴બ୒ࢶ “D”͸จষͷਖ਼܎ؔʹޡͳ͘ɼ஍਒͕͖ى
Δ͔൱͔Λ͍ͯ͠໌ݴΔʮ஍ֶ࣭ऀͷݴ༿ͷҙຯʯͱͯ͠͸ෆద౰Ͱ͋Δɻ
ʮ஍਒ʯ͸ʮख़ߟΫϥελʔʯʹ෼ྨ͞ΕΔೳྗ͕ཁ͞ٻΕΔ߲໨Ͱ͋Γɼ࠷
্Ґͷೳྗ͕ඞཁͱͳΔɻ·ͨɼ਺ֶ͕༻͍ΒΕΔঢ়گͱͯ͠ɼʮՊֶతʯ,ͭ·
ΓɼΑΓந৅తͳจ຺Ͱɼٕज़తͳաఔɼཧ࿦తͳ৔໘ɼ໌Β͔ʹ਺ֶతͳ໰
୊ʹ͍ͭͯͷཧղʹؔ࿈ʢڭཱࠃҭ੓ڀݚࡦॴ, 2004, p.34ʣͨ͠ঢ়͕گ૝ఆ͞
Ε͍ͯΔɻ௿ಛੑͷडऀݧ͸จষ୊ͷಡΈऔΓํ΍ɼ֬཰ͷѻ͍ํΛ͔ૅجΒ
֬ೝ͢Δ͜ͱ͕ॏཁͰ͋Ζ͏ɻ
ਤ 3.5(i)Λ͢࡯؍ΔͱɼԿΕͷޡ౴બ୒ࢶʹ͍ͭͯ΋޲܏ͨࣅΛ͍ࣔͯ͠Δ
΋ͷͷɼୈ ࢶ͸બ୒͍͓ͯʹ܈1 “B”ͷબ୒཰͕ಛҟͳ޲܏Λ͍ࣔͯ͠Δɻબ
୒ࢶ “B”ͷจষ಺ʹ͓͚Δ໬΋Β͍֬͠཰ͷൺֱ͕ɼୈ ଐ͢Δɼଈͪ֬ʹ܈1
཰తͳঢ়گͷ൑அ͕ۤखͳडऀݧͷબ୒Λ༠Ҽͨ͠΋ͷͱਪ͞࡯ΕಘΔɻ͜͜
Ͱ͸ώϡʔϦεςΟοΫͷH.3͕૝ఆ͞ΕΔɻ
ਤ 3.5ͱද 3.11ʹϒοΫϨοτ 3ʹؚ·Ε͍ͯΔ߲໨ʮ஍਒ʯ΁ͷఏҊख๏
ͷద༻݁ՌΛࣔͨ͠ɻද 3.11͔ΒɼAICʹΑͬͯਤ 3.5(ii)ͷϞσϧ͕ਪ঑͞Ε
ͨɻ·ͨɼBICͰ͸AICͷ݁Ռͱ͸ҟͳΓɼ݆໿తʹɼਤ 3.5(iii)ͷϞσϧ͕ࢧ
࣋͞Εͨɻਤ 3.5(iii)Ͱ΋ୈ ड͚ݟ͸ࢠ౴֬཰্͕ঢ͍ͯ͠Δ༷ޡΔ͚͓ʹ܈1
ΒΕΔ΋ͷͷɼԿΕͷޡ౴͕બ͹Εқ͔ͬͨͷ͔͸ෆ໌ͱͳΔɻୈ ͍͓ʹ܈1
ͯ “B”ͱͦͷଞͷબ୒ؒࢶͷ֬཰ͷ͕ࠩେ͖͚Ε͹ɼAICͱಉ༷ͷ݁ՌΛಘͨ
΋ͷͱࢥΘΕΔɻ৘ใྔن४ؒͰਪ঑݁Ռ͕ҟͳΔ৔߹͸͋Δ΋ͷͷɼ“B”͕಺
༰తʹ௿ಘ఺܈ͷडऀݧʹબ͹Εқ͔ͬͨͱ͍͏ঢ়گΛද͢ݱΔ͜ͱ͕Ͱ͖Δ
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ද 3.10 ʮ஍਒ʹؔ͢Δ໰୊ʯ
஍਒

஍਒ͱ஍਒ͷස౓ʹ͍ͭͯͷυΩϡϝϯλϦʔ൪૊͕์ૹ͞Ε·ͨ͠ɻ൪
૊Ͱ͸஍਒Λ༧஌Ͱ͖Δ͔Ͳ͏͔ʹ͍ͭͯ΋ٞ࿦͕ަΘ͞Ε·ͨ͠ɻ
͋Δ஍ֶ࣭ऀ͸࣍ͷΑ͏ʹ͍ݴ·ͨ͠ɻʮޙࠓ 20೥Ҏ಺ʹθοτϥϯυࢢ

Ͱ஍਒͕͖ىΔ֬཰͸ 3෼ͷ 2ͩʯ
͜ͷ஍ֶ࣭ऀͷݴ༿ͷҙຯΛҰ൪Α͘൓ө͍ͯ͠Δͷ͸࣍ͷͲΕͰ͔͢ɻ

Aɹ 2
3 × 20 = 13.3ɻ͔ͩΒɼ͍·͔Β 13೥͔Β 14೥ͷؒʹθοτϥϯυࢢ
Ͱ͸͍͔ͭ஍਒͕͖ىΔɻ

Bɹ 2
3 ͸

1
2 ΑΓେ͖͍ɻ͔ͩΒɼ20೥ͷؒʹθοτϥϯυࢢͰ͸͍͔ͭඞͣ

஍਒͕͖ىΔɻ

Cɹޙࠓ 20೥ͷؒʹθοτϥϯυࢢͰ஍਒͕͖ىΔ֬཰͸ɼ஍਒͕͖ىͳ͍
֬཰ΑΓେ͖͍ɻ

Dɹ஍਒͕͍͖ͭىΔ͔͸ͩΕ΋֬৴Ͱ͖ͳ͍ͷͰɼԿ͕͖ىΔ͔Λ༧͢ݴ
Δ͜ͱ͸Ͱ͖ͳ͍ɻ

ʢਖ਼౴ʣ“C”

ʢڭཱࠃҭ੓ڀݚࡦॴ (2004, p.327)ΑΓҰ෦૊Έସ͑ͯҾ༻ʣ

ਤ 3.5(ii)ͷϞσϧ͕࣋͞ࢧΕͨ͜ͱɼͦͯ͠ਤ 3.5(iv)΍ਤ 3.5(i)ͷϞσϧ͕ࢧ
࣋͞ΕͨΘ͚Ͱ͸ͳ͍͜ͱ͸ख๏ͷ༗༻ੑͷ๣ূͱͳΔͩΖ͏ɻ
ද 3.12ʹʮεέʔτϘʔυʹؔ͢Δ໰ 2ʯʢҎԼʮεέʔτʯɼϒοΫϨοτ

6ɼडऀݧ 328໊ɼ36఺ຬ఺ʣͷ߲໨಺༰Λࣔͨ͠ɻ
ਤ 3.6ͱද 3.13ʹϒοΫϨοτ 6ʹؚ·Ε͍ͯΔ߲໨ʮεέʔτʯ΁ͷఏҊ
ख๏ͷద༻݁ՌΛࣔͨ͠ɻ߲໨ʮεέʔτʯ͸૊Έ߹Θͤͷ໰୊Ͱ͋Δɻडݧ
ऀ͸͜͜ʹ͸͍ࣔͯ͠ͳ͍ɼʮεέʔτϘʔυʹؔ͢Δ໰̍ʯͷ࣌఺ͰʮσοΩʯ
ʮंྠηοτʯʮۚ۩ηοτʯʮτϥοΫηοτʯͷ෦඼͕͋Ε͹Ұͭͷεέʔτ
ϘʔυΛ૊ΈཱͯΒΕΔͱ͍͏৘ใΛطʹ༩͑ΒΕ͍ͯΔɻΑͬͯ͜͜Ͱ͸୯
७ͳ૊Έ߹Θͤͷ໰୊Λ໰ΘΕ͍ͯΔɻਖ਼౴ʹࢸΔͨΊʹ͸͢΂ͯͷ෦඼ͷछ
ྨ਺Λֻ͚߹ΘͤΔ (3× 2× 2× 1 = 12)ɼ͋Δ͍͸थܗਤΛඳ͖ɼ਺্͑͛Δ
ͱ͍͕ͬͨۀ࡞ඞཁͱͳΔʢڭཱࠃҭ੓ڀݚࡦॴ, 2004, p.103ʣɻ
ҰํͰɼ͢ ΂ͯͷ෦඼ͷछྨ਺Λ଍͠߹Θͤͯ͠·ͬͨΓ (B:3+2+2+1 = 8)ɼ
໰୊จΛݟམͱ͢౳ɼԿΒ͔ͷཧ༝ʹΑͬͯɼ͋Δ෦඼ͷछྨΛൈ͍ͯ૊Έ߹
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(i)ۂઢΛ͢΂ͯඳ͘৔߹ (ii)ୈ ೝΊΒΕ͕޲܏౴ޡಛҟͳʹ܈1
Δ৔߹

(iii)ۂઢ͕ 2ຊʹ·ͱΊΒΕΔ৔߹ (iv)ۂઢ͕ 3ຊʹ·ͱΊΒΕΔ৔߹

ਤ 3.5 ߲໨ʮ஍਒ʯɾϒοΫϨοτ 3ʹ͓͚Δ߲໨ಛੑਤ

ΘͤͷࢉܭΛͯͬ͠ߦ·͏ (“A”:3× 2(×1) = 6, 3+2+1 = 6)͜ͱͰɼޡ౴ “A”ɼ
“B”ʹࢸΔ΋ͷͱ͑ߟΒΕΔɻ͔͠͠ͳ͕Βޡ౴બ୒ࢶ “C”͸ (3 + 2)× 2 = 10

ͱ͢Δ౳ɼग़୊ͷҙਤ͔Β཭ΕɼՃ๏ͱ৐๏Λ૊Έ߹ΘͤͨԋࢉΛ͞ࢪͳ͚Ε
͹୧Γண͘͜ͱ͸Ͱ͖ͳ͍ɻ
ਤ 3.6(i)Λ͢࡯؍Δͱɼબ୒ࢶ “A”ɼ“B”͸޲܏ͨࣅΛ͍ࣔͯ͠Δ͕ɼಛʹෆ
ਓؾͳޡ౴બ୒ࢶͱͯ͠ “C”Λݟग़͢͜ͱ͕Ͱ͖Δɻ௿ಘ఺ऀʹର͢Δ໎Θ͠
ͱͯ͠͸΍΍ෳࡶͳࢉܭखॱʹΑͬͯબ͹Ε೉͘ͳ͍ͬͯͨͷͰ͋Ζ͏ɻ
Ҏ্ͷ߲໨ʮεέʔτʯʹର͢Δޡ౴޲܏ͷ͔࡯؍ΒɼH.5Λ૝ఆͯ͠ɼબ
୒ࢶ “A”ɼ“B”Λซ߹͠ɼಛҟͳɼັྗͷͳ͍ޡ౴બ୒ࢶͱͯ͠ “C”ɼਖ਼౴બ୒
ࢶ “D”ͷ 3ຊͷۂઢʹ੔ཧ߲ͯ͠໨ಛੑਤΛඳ͘͜ͱ͕ద౰Ͱ͋Ζ͏ɻ
֤߲໨ಛੑਤͷ৘ใྔن४Λࢉग़͠ɼൺֱͨ͠ͱ͜ΖɼAICʹΑΓɼਤ 3.6(ii)

ͷঢ়گͰ߲໨ಛੑਤΛ࡞੒͢Δ͜ͱ͕ਪ঑͞Εɼޡ౴෼ੳͰಘΒΕͨ஌ࢧ͕ݟ
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ද 3.11 ߲໨ʮ஍਒ʯɾϒοΫϨοτ 3ʹ͓͚Δ֤߲໨ಛੑਤͷ৘ใྔن४

Ϟσϧ ਤ 3.5(i) ਤ 3.5(ii) ਤ 3.5(iii) ਤ 3.5(iv)

ຖͷΧςΰϦ਺܈ 4,4,4,4,4 3,2,2,2,2 2,2,2,2,2 3,3,3,3,3

ύϥϝλ਺ 15 6 5 10

ର਺໬౓ −294.957 −298.389 −300.360 −296.738

AIC 619.914 608.778 610.72 613.476

BIC 677.826 631.943 630.024 652.084

ද 3.12 ʮεέʔτϘʔυʹؔ͢Δ໰ 2ʯ
εέʔτϘʔυʹؔ͢Δ໰ 2

͜ͷళʹ͸σοΩ 3छྨɼंྠηοτ 2छྨɼۚ۩ηοτ 2छྨ͕͋Γ·
͢ɻτϥοΫͷηοτ͸ 1छྨ͔͋͠Γ·ͤΜɻ
ೋ͞Μ͕૊ΈཱͯΒΕΔεέʔτϘʔυ͸ԿछྨͰ͔͢ɻߒ

A 6 B 8 C 10 D 12

ʢਖ਼౴ʣ“D”

ʢڭཱࠃҭ੓ڀݚࡦॴ (2004, p.103)ΑΓҰ෦૊Έସ͑ͯҾ༻ʣ

࣋͞ΕΔ݁Ռͱͳͬͨɻ
ʮεέʔτʯ͸ʮݱ࠶Ϋϥελʔʯʹ෼ྨ͞ΕΔೳྗ͕ཁ͞ٻΕɼʮࢲతʯͳ
ঢ়گʹؔ͢Δ߲໨Ͱ͋Δɻޡ౴ऀ͸૊Έ߹Θͤͷํࢉܭ๏͔Β֬࠶ೝ͢Δ͜ͱ
͕ޮՌతͰ͋Ζ͏ɻ

3.4 γϛϡϨʔγϣϯڀݚ IIʹΑΔ֬ೝ
ຊઅͰ͸ɼ͜Ε·Ͱࣔͨ͠ద༻ྫ͕ద੾ͳ΋ͷͰ͋ͬͨͷ͔ΛɼγϛϡϨʔ
γϣϯΛ௨ͯ͡ݕ౼͢Δɻͨͩ͠ɼ͢΂ͯͷΧςΰϦ਺ɼۂઢͷ·ͱΊํʹͭ
͍ͯ໢ཏతʹγϛϡϨʔγϣϯΛ͜͏ߦͱ͸ࠔ೉Ͱ͋ΔͨΊɼ͜͜Ͱ͸ओʹద
༻ྫͰࣔ͞ΕͨϞσϧʹ͍ͭͯɼ߲໨ಛੑਤʹ͓͚Δۂઢͷຊ਺Λద੾ʹਪ঑
͠ಘΔ͜ͱΛ֬ೝ͢Δɻ
γϛϡϨʔγϣϯͰ͸ 4छྨͷϞσϧΛઃఆͨ͠ɻॱ൪ʹɼͦͷ಺ 1ͭΛਅ
ͷϞσϧͱ͠ɼ1000ճͷ܁Γฦ͠ͷதͰɼ৘ใྔن४ʹΑͬͯਅͷϞσϧ͕ଞ
ͷϞσϧʹରͯ͠ɼద੾ʹਪ঑͞ΕΔճ਺Λ֬ೝͨ͠ɻҎԼͰ֤Ϟσϧͷ߲໨

72



(i)ۂઢΛ͢΂ͯඳ͘৔߹

(ii)ಛҟʹັྗͷͳ͍ޡ౴બ୒͕͋ࢶΔ
৔߹

(iii)ޡ౴ۂઢ͸͢΂ͯಉ༷ͷ޲܏Λࣔ͢
৔߹

ਤ 3.6 ߲໨ʮεέʔτʯɾϒοΫϨοτ 6ʹ͓͚Δ߲໨ಛੑਤ

ಛੑਤͷঢ়گͱ߲໨ൃੜํ๏ʹ͍ͭͯड़΂Δɻͳ͓डऀݧ਺Λ 350໊ɼ߲໨ܗ
ࣜΛଟࢶબ୒ࣜܗͱ͠ɼબ୒ࢶ਺Λ 4ͱͨ͠ɻ

Ϟσϧ 1 શ܈ʹ౉Γɼ͢΂ͯͷޡ౴બ୒ࢶ͸ಉ͡޲܏Λ͍ࣔͯ͠Δͱݟ၏ͤ
ΔϞσϧ

ઢۂ 1 ਖ਼౴ۂઢ 1ຊ

ઢۂ 2 3ͭͷޡ౴બ୒ࢶͷબ୒཰͕౳͍͠ͱݟ၏ͨ͠ۂઢ 1ຊ

Ϟσϧ 2 ಛఆͷޡ౴બ୒͕ࢶશ܈ʹ౉ͬͯಉ͡޲܏Λ͍ࣔͯ͠Δͱݟ၏ͤΔ
ʢ͜͜Ͱ͸બ୒ࢶ 3,4ͱ͢ΔʣϞσϧ

ઢۂ 1 ਖ਼౴ۂઢ 1ຊ
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ද 3.13 ߲໨ʮεέʔτʯɾϒοΫϨοτ 6ʹ͓͚Δ֤߲໨ಛੑਤͷ৘ใྔن४

Ϟσϧ ਤ 3.6(i) ਤ 3.6(ii) ਤ 3.6(iii)

ຖͷΧςΰϦ਺܈ 4,4,4,4,4 3,3,3,3,3 2,2,2,2,2

ύϥϝλ਺ 15 10 5

ର਺໬౓ −253.192 −256.987 −267.962

AIC 536.385 533.974 545.925

BIC 593.28 564.973 559.397

ઢۂ 2 ಛҟͳޡ౴ۂઢ 1ຊ

ઢۂ 3 2ຊͷޡ౴ۂઢΛ౳͍͠ͱݟ၏͠ɼซ߹ͨ͠ۂઢ 1ຊ

Ϟσϧ 3 ୈ Βୈ͔܈2 Λ͍ࣔͯ͠Δͱ޲܏͸ಉ͡ࢶ౴બ୒ޡ͸͢΂ͯͷ܈5
၏ͤΔ͕ɼୈݟ ଘ͕ࢶ౴બ୒ޡ၏ͤΔݟಛผʹಛҟͱ͍͓ͯʹ܈1
ΔϞσϧ͢ࡏ

ઢۂ 1 ਖ਼౴ۂઢ 1ຊ

ઢۂ 2 ୈ Β͔܈2 Λ౳͍͠ͱࢶ౴બ୒ޡͰɼ3ͭ͢΂ͯͷ·܈5
ઢۂͨ͠߹၏͠ɼซݟ 1ຊ

ઢۂ 3 ୈ ͕ࢶ౴બ୒ޡͷΈɼಛҟͳ͍͓ͯʹ܈1 1ͭଘ͠ࡏɼ࢒
Γͷ 2ͭͷޡ౴બ୒͕ࢶ౳͍͠ͱݟ၏ͤΔ৔߹

Ϟσϧ 4 ͢΂ͯͷ܈ʹ͓͍ͯɼ͢΂ͯͷޡ౴બ୒͕ࢶಛҟͰ͋ΔϞσϧ

• ਅͳΔߏ଄ͷઃఆແ͠ʢ͢΂ͯͷબ୒ࢶʹ͍ͭͯɼۂઢΛඳը
͢Δʣ

߲໨਺͸ 30ͱ͠ɼ಺ 1߲໨্͕هͷϞσϧʹै͍ͬͯΔঢ়گΛԾఆͨ͠ɻ߲
໨ಛੑਤ࡞੒࣌ͷ෼ׂ܈਺͸ ࢶఆ͠ɼબ୒ݻʹ܈5 1Λਖ਼౴બ୒ࢶͱͨ͠ɻ

3.4.1 ֤Ϟσϧʹ͓͚ΔγϛϡϨʔγϣϯσʔλͷൃੜ

γϛϡϨʔγϣϯɾϞσϧ 1

γϛϡϨʔγϣϯ 1Ͱ͸ɼϞσϧ ଄ΛԾఆ͠ߏɼબ୒཰ʹؔ͢Δ͍ͯͮجʹ1
߲ͨ໨͕ 30߲໨த 1߲໨͋Δঢ়گΛ૝ఆ͠ɼ౰߲֘໨ʹରͯ͠ୈ 2.2અͰड़΂
ͨํ๏Ͱ৘ใྔن४ͷࢉग़Λ͍ߦɼଞͷϞσϧͱͷൺֱΛͨͬߦɻγϛϡϨʔ
γϣϯ 2͔Β 4΋ಉ༷ͷखॱͰͨͬߦɻ
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ද 3.14 ͷҰ༷ཚ਺ʹΑΔਖ਼౴཰ൃੜൣғ܈֤

܈ ࢝఺ ऴ఺
ୈ ܈1 0.00 0.20

ୈ ܈2 0.15 0.40

ୈ ܈3 0.35 0.60

ୈ ܈4 0.55 0.80

ୈ ܈5 0.75 1.00

Ϟσϧ 1ͷ߲໨σʔλൃੜํ๏

աఔ [A.1] ਖ਼౴ 1: ද ͷਖ਼౴཰Λൃੜ͞܈ɼҰ༷ཚ਺ʹΑ֤͖ͬͯͮجʹ3.14
ͤΔɻ

աఔ [A.2] ౴ޡ 2–4: શମͷબ୒཰ʢ1−ਖ਼౴཰ʣΛࢶ౴બ୒ޡ 3౳෼͠ɼ֤
ͷબ୒཰ͱͯ͠ઃఆ͢Δɻࢶ౴બ୒ޡ

γϛϡϨʔγϣϯɾϞσϧ 2

Ϟσϧ 2ͷ߲໨σʔλൃੜํ๏

աఔ [B.1] ਖ਼౴ 1: ද ޡɼҰ༷ཚ਺͔Βਖ਼౴཰Λൃੜͤ͞Δɻ͍ͯͮجʹ3.14
౴બ୒ࢶશମͷબ୒཰ʢ1−ਖ਼౴཰ʣΛࢉग़͢Δɻ

աఔ [B.2] ౴ޡ 2: 0͔Βશମޡ౴બ୒཰·ͰͷൣғͰɼҰ༷ཚ਺Λൃੜͤ͞ɼ
ઢͷબ୒཰ͱͯ͠ઃఆ͢Δɻۂ౴ޡΔಛҟͳ͚͓ʹ܈֤

աఔ [B.3] ౴ޡ 3–4: {ʦ1−ʢਖ਼౴཰+ಛҟͳޡ౴཰ʣʧ/2}Λ͠ࢉܭɼ֤܈ͷ
౴બ୒཰ͱͯ͠ઃఆ͢Δɻޡ၏͠ಘΔݟ౳͍͠ͱʹ͍ޓ

γϛϡϨʔγϣϯɾϞσϧ 3

Ϟσϧ 3ͷ߲໨σʔλൃੜํ๏ ద༻ྫͷঢ়͖ͮجʹگɼಛҟͳબ୒ࢶΛઃఆ
͢Δ܈Λୈ ͱͨ͠ɻ܈1

աఔ [C.1] ୈ ɾਖ਼౴܈1 1: γϛϡϨʔγϣϯ 2ʢաఔB.1ʣʹ͖ͮجɼબ୒཰
Λઃఆ͢Δɻ

աఔ [C.2] ୈ ౴ޡɾ܈1 2–4: γϛϡϨʔγϣϯ 2ʢաఔB.2ͱB.3ʣʹ͖ͮجɼ
બ୒཰Λઃఆ͢Δɻ
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աఔ [C.3] ୈ ɾਖ਼౴܈5–2 1: աఔ C.1Λ࠶౓࣮͢ߦΔɻ

աఔ [C.4] ୈ ౴ޡɾ܈5–2 2–4: Ϟσϧ 1ʹ͓͚Δޡ౴બ୒ࢶσʔλͷൃੜख
ॱʢաఔA.2ʣʹ͖ͮجɼબ୒཰Λઃఆ͢Δɻ

γϛϡϨʔγϣϯɾϞσϧ 4

Ϟσϧ 1͔Β 3ΛԾఆ͠ͳ͍߲໨σʔλͷൃੜํ๏

աఔ [D.1] ਖ਼౴ 1: ද ͷਖ਼౴཰Λൃੜͤ͞Δɻʢ1−ਖ਼౴཰ʣ܈֤͖ͮجʹ3.14
Ͱશମޡ౴཰Λࢉग़͢Δɻ

աఔ [D.2] ౴ޡ 2: 0͔Βʢ1−ਖ਼౴཰ʣͷൣғͰબ୒཰Λઃఆ͢Δɻ

աఔ [D.3] ౴ޡ 3: 0͔Βʦ1−ʢਖ਼౴཰ 1ʴޡ౴཰ 2ʣʧͷൣғͰબ୒཰Λઃ
ఆ͢Δɻ

աఔ [D.4] ౴ޡ 4:ʦ1−ʢਖ਼౴཰ 1ʴޡ౴཰ 2ʴޡ౴཰ 3ʣʧΛޡ౴બ୒ࢶ 4ͷ
બ୒཰ͱͯ͠ઃఆ͢Δɻ

͜͜Ͱ͸ 30߲໨ͷ಺ɼબ୒͕ࢶซ߹Մೳͳ߲໨ʢϞσϧ 1, 2, 3ʣ͕ಛʹଘࡏ
͍ͯ͠ͳ͍৔߹Λ૝ఆ͠ɼγϛϡϨʔγϣϯ 1͔Β 3ͱಉ༷ͷ৘ใྔن४ͷൺ
ֱΛͨͬߦɻ

3.4.2 डऀݧͷ߲໨൓Ԡσʔλͷੜ੒

0͔Β 1ͷൣғͰҰ༷ཚ਺Λ͝܈ͱͷडऀݧ਺෼ɼੜ੒͢Δɻ্هͷաఔ A

͔Βաఔ Dʹൃ͍ͯͮجੜ֤߲ͤͨ͞໨ͷɼ֤܈ͷ֤બ୒ࢶʹର͢Δબ୒཰
ͷྦྷੵ֬཰ͱɼडऀݧͷҰ༷ཚ਺Λൺֱ͢Δɻ֤܈ͷબ୒͝ࢶͱͷൣғͷԿΕ
ʹडऀݧͷҰ༷ཚ਺͕ॴଐ͍ͯ͠Δ͔ʹ͖ͮجɼडऀݧͷΧςΰϦ൓Ԡσʔ
λΛੜ੒ͨ͠ɻྫ͑͹աఔ BʹΑͬͯઃఆ͞Εͨɼୈ ࢶΔબ୒͚͓ʹ܈1 1

͔Β 4·Ͱͷબ୒཰͕ (0.163, 0.620, 0.108, 0.108)′Ͱ͋Δ৔߹ʹ͸ɼྦྷੵ֬཰͸
(0.163, 0.784, 0.892, 1.000)′ͱͳΔɻͦͯ͠ɼ֤डऀݧͷҰ༷ཚ਺ͱൺֱ͠ɼ0Ҏ
্ɼ0.163ະຬͳΒ͹બ୒ࢶ 1Λɼ0.163Ҏ্ 0.784ະຬͳΒ͹બ୒ࢶ 2Λબ୒
ͨ͠΋ͷͱ֤ͯ͠डऀݧͷ൓ԠΛܾఆ͢Δɻબ୒ࢶ 4͸্ݶͱͯ͠ 1.000·Ͱ
ΛؚΊͨൣғ [0.892, 1.000]Ͱडऀݧͷ൓ԠΛܾఆ͍ͯ͠Δɻද 3.15ʹ֤Ϟσϧ
ͷγϛϡϨʔγϣϯσʔλʹ͍ͭͯɼ֤աఔͰൃੜ߲ͤͨ͞໨ͷ಺༁Λࣔͨ͠ɻ
ද 3.15ͷ߲໨ߏ੒ʹଇ߲ͬͨ໨൓ԠγϛϡϨʔγϣϯσʔλʢडऀݧ 350ਓɼ
30߲໨ͷαΠζ 350× 30ʣΛ 1000ճ෼ൃੜͤ͞ɼγϛϡϨʔγϣϯΛͨͬߦɻ
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ද 3.15 γϛϡϨʔγϣϯςετσʔλͷ߲໨ߏ੒

աఔA աఔ B աఔ C աఔD

Ϟσϧ 1 1 0 0 29

Ϟσϧ 2 0 1 0 29

Ϟσϧ 3 0 0 1 29

Ϟσϧ 4 0 0 0 30

ද 3.16 γϛϡϨʔγϣϯ݁Ռɿʢׅހ಺͸ BICʹΑΔ݁Ռʣ

\ਅͷߏ଄ Ϟσϧ 1 Ϟσϧ 2 Ϟσϧ 3 Ϟσϧ 4

Ϟσϧ 1 917 (1000) 20 (172) 172 (314) 0

Ϟσϧ 2 69 (0) 886 (828) 96 (0) 0

Ϟσϧ 3 ʕ ʕ 716 (686) ʕ
Ϟσϧ 4 14 (0) 94 (0) 16 (0) 1000 (1000)

తத཰ 0.917 (1.00) 0.886 (0.828) 0.716 (0.686) 1.00 (1.00)

3.4.3 γϛϡϨʔγϣϯ݁Ռ

ද 3.16ʹ 4छྨͷγϛϡϨʔγϣϯʹ͍ͭͯɼ৘ใྔن४ (AIC, BIC)ʹΑΔ
ਪ঑ස౓ͷ݁ՌΛࣔͨ͠ɻׅހ಺ͷ਺஋͸BICͷਪ঑ස౓Λද͍ͯ͠ΔɻϞσ
ϧ 3ʹ͍ͭͯ͸ɼ࣮ࡍͷద༻৔໘ʹ͓͍ͯϞσϧ 2͕Ծఆ͞Εͨ৔߹Ͱ͋ͬͯ
΋ඞͣ͠΋ݟग़͞ΕಘΔΘ͚Ͱ͸ͳ͍ͨΊɼਅͷϞσϧͱͯ͠ઃఆ͞ΕΔ৔߹
Ҏ֎ʹ͸ൺֱର৅ͱ͍ͯ͠ͳ͍ɻԿΕͷϞσϧͷ৔߹΋ɼߦࢼ਺ͷա൒਺Ҏ্ɼ
ਅͷߏ଄Λਖ਼͘͠ਪ঑͢Δ͜ͱ͕ՄೳͰ͋Δ͜ͱ͕ࣔ͞Εͨɻ
Ϟσϧ 1ͷ৔߹͸શߦࢼͷ಺ 90%Ҏ্͕ਖ਼͘͠ਪ঑͞ΕͨɻϞσϧ 1͕ਅͷ
଄ͱͯ͠ઃఆ͞Ε͍ͯΔ৔߹ʹɼϞσϧߏ 2΍Ϟσϧ 4͕ਪ঑͞Εͨͷ͸ɼબ
୒ؒࢶͷ֬཰ͷ͕ࠩɼಉ౳ͱݟ၏͢ʹ͸େ͖ա͗ͨͨΊͰ͋Ζ͏ɻϞσϧ 2ͷ
৔߹ɼશߦࢼத 87%͕ਖ਼͘͠ਪ঑͞ΕͨɻϞσϧ 2͕ਅͷߏ଄Ͱ͋Δ৔߹ʹ͸ɼ
બ୒ؒࢶͷ֬཰ͷ͕ࠩେ͖ա͗Δɼ͋Δ͍͸খ͞ա͗Δ৔߹ʹϞσϧ 1΍Ϟσ
ϧ 4͕ਪ঑͞Εͨͱਪ͞࡯ΕΔɻϞσϧ 3ͷ৔߹ɼ72%͕ਖ਼͘͠ਪ঑͞Εͨɻଞ
ͷϞσϧͱൺֱ͢Δͱɼ௿͍ਪ঑ਫ਼౓ͱͳͬͨɻಛʹɼϞσϧ 1͕ਪ঑͞ΕΔ
ड͚ΒΕΔɻ͜Ε͸ୈݟ͕޲܏ ͓ʹگఆతͳঢ়ݶͷΈ͕ಛҟͰ͋Δͱ͍͏܈1
͍ͯ͸ɼ౰֘܈ʹ͓͚Δ֬཰ͷ͕ࠩ໌֬Ͱͳ͍৔߹͸ɼ͢΂ͯͷޡ౴બ୒͕ࢶ
౳͍͠ͱݟͳͤΔϞσϧ 1͕ਪ঑͞Εқ͘ͳΔ΋ͷͱղऍՄೳͰ͋Δɻ·ͨซ
߹Մೳͳબ୒͕ࢶઃఆ͞Ε͍ͯͳ͍Ϟσϧ 4ͷ৔߹ʹ͸ɼશߦࢼʹ౉ͬͯ௨ৗ
ͷ߲໨ಛੑਤΛඳ͘͜ͱ͕ਪ঑͞ΕͨɻBICʹ͓͍ͯ΋AICͱಉ༷ͷ͕֬޲܏
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ೝͰ͖Δ͕ɼBICͷ৔߹͸ύϥϝλ߲ʹؔͯ͠ΑΓอकతͱͳΔ͜ͱ͕ࣔࠦ͞
Εͨɻ

3.5 ڀݚ II݁࿦
࣮σʔλ΁ͷద༻ྫɼγϛϡϨʔγϣϯΛ௨ͯ͡ɼఏҊख๏͕ɼޡ౴෼ੳʹ
͓͍ͯɼซ߹ՄೳͰ͋Δͱ൑அՄೳͳϞσϧΛద੾ʹਪ঑͠ಘΔ͜ͱ͕֬ೝ͞
Εͨɻͨͩ͠BIC͸อकతͳ޲܏ʹ͋Δ͜ͱ΋ಉ࣌ʹࣔࠦ͞Εͨɻ·ͨɼద༻
ྫʹ͓͍ͯ֬ೝ͞ΕͨΑ͏ʹɼଥ౰Ͱ͸͋Δ΋ͷͷɼAICͱBIC͸ඞͣ͠΋ಉ
Ұͷ߲໨ಛੑਤΛਪ঑͢ΔΘ͚Ͱ͸ͳ͍ɻ͜ͷ͜ͱ͸৘ใྔن४Λ༻͍ͨϞσ
ϧબ୒ͷݶքͱͯ͠ෆՄආͷࣄଶͰ͋Γɼཹҙ͢Δඞཁ͕͋Δ͕ɼࠓճͷద༻
ྫʹ͓͍ͯ͸ྫ͑ҟͳΔϞσϧ͕ਪ঑͞Εͨͱͯ͠΋ɼղऍՄೳͳൣғ಺Ͱ͋
Γɼख๏ͷ༗༻ੑʹେ͖͘ӨڹΛ༩͑Δ΋ͷͰ͸ͳ͍ͱ͑ߟΒΕΔɻ
ఏҊख๏͸ɼԾઆΛ൓ө߲ͨ͠໨ಛੑਤͷ༏ҐੑΛࣗಈతʹ෇༩͢Δ΋ͷͰ
͸ͳ͍ɻ৘ใྔن४ʹΑΔ߲໨ಛੑਤʢϞσϧʣબ୒ʹ͓͍ͯɼ࠷ऴతͳ൑அ
͸෼ੳऀͷڭՊ಺༰ʹର͢Δ஌ࣝʹߦ͍ͯͮجΘΕΔ΂͖Ͱ͋Δɻ
ຊڀݚͰ༻͍ͨซ߹ͷͨΊͷ 5ͭͷώϡʔϦεςΟοΫ͸ɼݧܦతʹಋ͖ग़
͞Εͨ΋ͷͰ͋Δɻద༻ྫͰࣔͨ͠Α͏ʹɼ༷ʑͳಛੑۂઢͷύλʔϯΛࣔ͢
߲໨ʹରͯ͠ద༻ՄೳͰ͸͋Δ΋ͷͷɼద༻ྫͰѻ߲ͬͨ໨Ҏ֎ͷޡ౴෼ੳΛ
ग़͞ΕΔՄݟʹߋ͸ɼ͜ΕΒʹՃ͑ͯ༗༻ͳώϡʔϦεςΟοΫ͕ʹࡍͨͬߦ
ೳੑ͸ଘ͢ࡏΔɻͦͷ৔߹ʹ͸ɼఏҊख๏ͷద੾͞ʹ͍ͭͯͷߋͳΔݕ౼͕ඞ
ཁͱͳΔͩΖ͏ɻ
ฏۉબ୒཰Λ༻͍Δ͜ͱͰɼඳը͢ΔಛੑۂઢΛબ୒͢ΔͷͰ͸ͳ͘ɼ͢΂
ͯͷબ୒ྀͨ͠ߟ͍ͯͭʹࢶঢ়ଶͰಛੑۂઢͷຊ਺ΛݮΒͭͭ͠ɼΑΓಛ௃త
ͳޡ౴બ୒ࢶΛநग़߲ͯ͠໨ಛੑਤʹΑΔޡ౴෼ੳΛ͜͏ߦͱ͕ՄೳͱͳΔɻ
੔ཧ͞Εͨঢ়گͰɼࡉ΍͔ͳ߲໨෼ੳɼޡ౴෼ੳ͕ՄೳͱͳΓɼडऀݧɼಛʹ
௿ಘ఺ऀ΁ͷޮՌతͳֶशࢦಋ΁ͱ͛ܨΔ͜ͱ͕ظ଴Ͱ͖Δɻ
͜ͷࡍɼซ߹ঢ়͕گԾઆͱͯ͠ෳ਺͑ߟΒΕΔ৔߹ʹɼຊߘʹ͓͍ͯఏҊ͠
ͨख๏Λ༻͍Δ͜ͱͰɼͳͥͦͷத͔Β౰߲֘໨ಛੑਤΛ༻͍ͯɼ߲໨ಛੑΛ
දͨ͠ݱͷ͔ΛɼڭՊ಺༰త؍఺ʹՃ͑ͯ౷ܭతͳ؍఺͔Β΋ड़΂Δ͜ͱ͕Ͱ
͖ΔΑ͏ʹͳΔɻ
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ୈ4ষ ϕΠζ౷ֶܭͱϞϯςΧϧϩ
αϯϓϦϯά

ຊষͰ͸ɼ࣍ষʹ͓͍ͯ༻͍ΒΕΔϕΠζ౷ֶܭͷ࿮૊ΈΛ༻͍ͨ฼਺ਪఆ
ํ๏ʹ͍ͭͯ֓આ͢Δɻ

4.1 ಉ࣌֬཰ɾ৚݅෇֬཰ɾपลԽ

4.1.1 ಉ࣌֬཰ɾ৚݅෇֬཰

͍·ɼ2ຕͷίΠϯΛ౤͛ɼͲͪΒͷ໘্͕ͱͳΔ͔Λه࿥͢ΔߦࢼΛ͑ߟΔɻ
͜ͷͱ͖ɼ2ͭͷࣄ৅͕ಉ࣌ʹ͜ىΔ֬཰Ͱ͋Δɼಉ࣌֬཰ (joint probability)͸
֬཰ͷ৐๏ఆཧΑΓɼ

Pr(A ∩ B) = Pr(B) Pr(A|B) = Pr(A|B) Pr(B)

ʹΑͬͯද͞ΕΔɻ
Pr(A|B)͸ɼࣄ৅B͕༩͑ΒΕͨͱ͖ͷɼࣄ৅A͕͞࡯؍ΕΔ֬཰Λࣔͯ͠
͓Γɼ͜ΕΛ৚݅෇֬཰ (conditional probability)ͱݺͿɻ৚݅෇֬཰͸

Pr(A|B) =
Pr(A ∩ B)

Pr(B)

ʹΑͬͯ༩͑ΒΕΔɻ
͜͜Ͱɼ2ຕͷίΠϯ͸ͲͷΑ͏ͳॱ൪Ͱɼ͋Δ͍͸ಉ࣌ʹ౤͛Α͏ͱ΋ɼޓ
͍ͷ݁ߦࢼՌʹӨڹΛٴ΅͋͠͏͜ͱ͸ͳ͍ɻࣄ৅Bͱ͍͏৚݅ͷԼͰࣄ৅A

͕ੜ͢ىΔ֬཰͸ Pr(A|B) = Pr(A)Ͱ༩͑ΒΕɼࣄ৅ Aͷੜ֬ى཰ʹҰக͢
Δɻ͜ͷͱ͖ɼࣄ৅Aͱࣄ৅B͸ಠཱͰ͋Δͱ͍͏ɻ
཰ͷੵΛ༻͍ͯɼ֬ى৅ಉ࢜ͷੜࣄ৅AͱBͷಉ࣌֬཰͸֤ࣄಠཱͳʹ͍ޓ

Pr(A ∩B) = Pr(B) Pr(A)ͱද͞ݱΕΔɻ

4.1.2 पลԽ

͍·ɼखݩʹ 2ຕͷίΠϯɼ3ຕͷίΠϯɼ4ຕͷίΠϯͷηοτ S1, S2, S3

͕͋Δ΋ͷͱ͢Δɻ͜ͷ಺ 1ͭͷηοτΛແ࡞ҝʹબͼɼબ͹Εͨηοτͷί
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ΠϯΛ౤͛ͯͲͪΒͷ໘͕͞࡯؍ΕΔ͔Λௐ΂ΔߦࢼΛ͑ߟΔɻ͜ͷͱ͖ɼ౤
͛ͨίΠϯ͢΂ͯʹ͓͍ͯද໘HNʢN ͸ද໘͕ग़ͨίΠϯͷ਺ʣ͕͞࡯؍Ε
Δ֬཰͸ɼબ͹ΕΔηοτʹґଘ͠ɼ

Pr(H2|S1), Pr(H3|S2), Pr(H4|S3)

ͱͳΔɻ
͍·ɼ೚ҙͷηοτʹ͍ͭͯɼίΠϯΛ౤͛ɼ͢΂ͯද໘͕͞࡯؍ΕΔ֬཰
Λௐ΂Δͱ͖ɼηοτ͕બ͹ΕΔ֬཰ࣗମ΋ྀ͠ߟͳ͚Ε͹ͳΒͳ͍ɻ͔͠͠
ͳ͕Βɼηοτ͕બ͹ΕΔ֬཰ʹ͸ڵຯ͸ͳ͍ɻ͜ͷͱ͖ɼڵຯͷର৅֎Ͱ͋
Δηοτͱ͍͏ύϥϝλ͸ہ֎ύϥϝλͱݺ͹ΕΔɻ
ηοτ͕બ୒͞ΕΔ֬཰ͱɼ֤ηοτʹ͓͍ͯ͢΂ͯͷߦࢼͰද໘͕͞࡯؍
ΕΔ֬཰ͷੵ࿨Λ͢ࢉܭΔ͜ͱʹΑΓɼہ֎ύϥϝλΛ֬཰෼෍͔Βফ͢ڈΔ
͜ͱ͕ՄೳͰ͋Δɻ͜ͷૢ࡞ΛपลԽ (marginalization) ͱݺͿɻ·ͨɼपลԽ
ʹΑͬͯಘΒΕͨ෼෍Λपล෼෍ (marginal distribution)ͱݺͿɻม਺͕࿈ଓܕ
ͷ৔߹ʹ͸ੵ࿨ʹ୅͑ͯہ֎ύϥϝλʹ͍ͭͯੵ෼Λ͜͏ߦͱͰಉ༷ͷ݁ՌΛ
ಘΔ͜ͱ͕Ͱ͖Δɻ

4.2 ϕΠζͷఆཧ
ΕΔ֬཰Λ͞࡯؍৅A͕ࣄ৅B͕༩͑ΒΕͨԼͰɼࣄ

Pr(A|B) =
Pr(B|A)× Pr(A)

Pr(B)
(4.1)

ͱද͢ݱΔɻ͋Δ͍͸ಉ౳ʹɼA͕ԾઆͰ͋ΓɼB͕࣮ࡍʹಘΒΕΔσʔλΛ
ද͢΋ͷͱ͠ɼσʔλB͕ಘΒΕͨԼͰͷԾઆA͕੒Γཱͭ֬཰ͱଊ͑Δ͜ͱ
΋Ͱ͖Δɻ

(4.1)ࣜ͸ϕΠζͷఆཧ (Bayes’ theorem)ͱݺ͹ΕɼϕΠζ౷ֶܭͷࠜװΛͳ
֬͢཰දݱͰ͋Δɻ͜͜ͰɼPr(A)͸࣮ࡍʹखݩʹσʔλ͕ಘΒΕΔલͷɼԾ
આAʹର͢Δࣄલ৘ใɼ͋Δ͍͸৴೦ͷ͞ڧΛࣔ͢ओ؍తͳ֬཰Λද͍ͯ͠Δɻ
͜ͷ͜ͱ͔Β Pr(A)͸ࣄલ֬཰ͱ΋ݺ͹ΕΔɻ
Pr(B|A)͸ԾઆAͷԼͰσʔλ͕ಘΒΕΔ໬౓Λද͍ͯ͠Δɻ͜Ε͸ɼԾઆA

ͷԼʹ͓͍ͯɼσʔλB͕࣮ࡍʹಘΒΕΔ֬཰Λද͍ͯ͠ΔɻPr(B)͸Pr(B|A)

ΛपลԽͨ͠ɼσʔλ͕ಘΒΕΔ֬཰Λද͍ͯ͠Δɻ
ҰํͰɼ(4.1)ࣜͷPr(A|B)͸࣮ࡍʹσʔλB͕खݩʹಘΒΕͨޙʹɼߋ৽͞
ΕͨԾઆAʹ͍ͭͯͷ৴೦ͷ͞ڧΛද͢ओ֬؍཰Ͱ͋Δɻ͜ ͷ͜ͱ͔ΒPr(A|B)

͸֬ޙࣄ཰ͱݺ͹ΕΔɻ
(4.1)ࣜ͸ݸผͷࣄ৅͔Βɼ֬཰ม਺͓Αͼ෼෍Λѻ͏৔߹΁ͱ֦ு͢Δ͜ͱ
͕ՄೳͰ͋Δɻ֬཰ม਺ Y ͱ Y ʹؔ͢Δະ஌ύϥϝλ θʹؔͯ͠ɼϕΠζͷఆ
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ཧ͸

f(θ|Y ) =
f(Y |θ)× f(θ)

f(Y )
(4.2)

ͱද͞ݱΕΔɻ͜ͷͱ͖ (4.2)ࣜͷ f(θ)͸࣮ࡍͷσʔλ͕ಘΒΕΔҎલͷ৴೦
ͱͯ͠ͷ θ͕ै͍ͬͯΔ෼෍Λද͠ɼࣄલ෼෍ (prior distribution)ͱݺ͹ΕΔɻ
·ͨɼf(Y |θ)͸ύϥϝλ θʹؔ͢Δ໬౓Ͱ͋Δɻf(Y )͸ f(Y |θ)ʹؔ͢Δपล
໬౓Ͱ͋Γʢ౉෦, 1999, p.16ʣɼ֨نԽఆ਺ͱ΋ݺ͹ΕΔɻ
f(θ|Y )͸࣮ࡍʹσʔλ͕ಘΒΕͨߋʹޙ৽͞Εͨ θʹ͍ͭͯͷ෼෍Λදͯ͠
͓Γɼޙࣄ෼෍ (posterior distribution)ͱݺ͹ΕΔɻ

4.3 ϕϧψΠ෼෍ɼ2߲෼෍ɼ֊૚ϕΠζϞσϧɼϕʔ
λ෼෍

ຊઅͰ͸রҪ (2010, p.22-26)ɼݹ୩ (2008, p.16)ʹ͖ͮجɼୈ 5ষͰ༻͍Δ 2

߲෼෍ɼٴͼϕʔλ෼෍Λಋೖ͢Δɻ

4.3.1 ϕϧψΠߦࢼɾϕϧψΠ෼෍ɾ2߲෼෍

͍·ɼߗ՟Λ౤͛ͯදཪΛ౰ͯΔͱ͍͏ߦࢼΛ͜͏ߦͱΛ͑ߟΔɻ͜ͷߦࢼ
݁ՌΛ yͰද͢ͱ͢Δͱɼ੒ޭ (y = 1)΋͘͠͸ࣦഊ (y = 0)ͷ 2஋ͱͳΔɻ͜
ͷͱ͖ɼ੒ޭ֬཰͕ pͰ͋ΔΑ͏ͳߦࢼΛϕϧψΠߦࢼ (Bernoulli trial)ͱ͍͏ɻ
ϕϧψΠߦࢼͷ֬཰ؔ਺͸

Pr(y|p) = py(1− p)1−y (4.3)

Ͱ͋Γ 1ɼ(4.3)ࣜΛϕϧψΠ෼෍ (Bernoulli distribution)ͱݺͿɻ͜͜ͰN ճͷ
ಠཱͳϕϧψΠ݁ߦࢼՌΛ y = (y1, . . . , yN)′ͱͨ͠ͱ͖ɼ͜ΕΒͷಉ࣌֬཰͸

Pr(y|p) = Pr(y1, . . . , yN |p) =
N∏

i=1

yi(1− p)1−yi (4.4)

=p
∑N

i=1 yi(1− p)n−
∑N

i=1 (4.5)

ͱද͞ΕΔɻ͜͜ͰɼN ճͷಠཱͳϕϧψΠߦࢼ y1, . . . , ynΛͨͬߦͱ͖ɼ೚
ҙͷॱ൪Ͱ nճ੒ޭ͔ͨ͠͸ɼ

n = y1 + y2 + · · ·+ yN =
N∑

i=1

yi (4.6)

1͜͜Ͱ Pr(·)ͱ p͸ͦΕͧΕผݸͷ֬཰Λද͍ͯ͠Δه߸Ͱ͋Δ͜ͱʹ஫ҙ͞Ε͍ͨ
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Ͱ༩͑ΒΕΔɻ(4.6)ࣜͷࣄ৅͕͞࡯؍ΕΔ֬཰͸

Pr(y|p,N) =

(
N

n

)
pn(1− p)N−n (4.7)

ͱ͍͏֬཰ؔ਺ʢ໬౓ؔ਺ʣʹΑͬͯද͞ݱΕΔɻ(4.7)ࣜ͸ 2߲෼෍ (binominal

distribution)ͱݺ͹ΕΔɻ͜͜Ͱ
(

N

n

)
=

N !

n!(N − n)!
(4.8)

Ͱ͋ΓɼN ճߦࢼதɼͲͷΑ͏ͳ૊Έ߹ΘͤͰ nճͷ੒ޭࣄ৅͕͞࡯؍Ε͔ͨ
Λද͍ͯ͠Δɻͦͷ໬౓ؔ਺͸ࣄ৅ͷ૊Έ߹ΘͤʹؔΘΒͣɼ

Pr(n|p,N) ∝ pn(1− p)N−n (4.9)

ͱ༩͑ΒΕΔɻ͜͜Ͱ∝͸ൺྫΛҙຯ͢Δɻ

4.3.2 ֊૚ϕΠζϞσϧ

͋ΔϞσϧʹ͓͚Δɼ೚ҙͷύϥϝλ pͷࣄલ෼෍ʹରͯ͠ɼߋͳΔࣄલ৘
ใ͕Ծఆ͞ΕΔ΋ͷͱͯ͠ɼͦͷࣄલ৘ใΛنఆ͢Δύϥϝλ θΛ༻͍ͯ֊૚
తʹ

y|p ∼Pr(y|p)

p|θ ∼Pr(p|θ)

θ ∼Pr(θ|θ0)

ͱ͍͏͕ؔੑ܎૝ఆ͞ΕΔͱ͖ɼ౰֘ϞσϧΛ֊૚Ϟσϧ (hierarchical model)

ͱݺͿɻ֊૚తͳࣄલ෼෍Pr(θ)ͷύϥϝλͰ͋Δ θ0͸ಛʹ௒ύϥϝλ (hyper

parameter)ͱݺ͹ΕΔɻ௒ύϥϝλͷ஋͸ط஌ͷ΋ͷͱͯ͠ѻΘΕΔ͜ͱ΋͋
Δ͕ɼແ৘ใతͳࣄલ෼෍͕Ծఆ͞ΕΔ͜ͱ΋͋Δɻ
ྫ͑͹͍·ɼੜెͷֶྗௐࠪΛ͜͏ߦͱΛ૝ఆ͠Α͏ɻ͜͜Ͱੜె͸֤ʑ͕
ॴଐ͢Δɼֶߍ୯Ґͷଐੑ͔ΒӨڹΛड͚ɼֶߍ͸ෳ਺஍Ҭ͔Βநग़͞Εɼॴ
ଐ஍Ҭ୯Ґ͔ΒӨڹΛड͚ɼ֤஍Ҭ͸౰֘ͷࠃͷจԽ౳͔ΒӨڹΛड͚͍ͯΔ
ͱ͑ߟΒΕΔ৔߹ɼ͜ͷߏ଄͸֊૚తͰ͋Δͱ͍͑Δɻ֊૚Ϟσϧ͸σʔλ͕
ಘΒΕΔঢ়گɼࣄલ৘ใͷӨ܎ؔڹΛॊೈʹද͢ݱΔ͜ͱ͕Ͱ͖Δ༗༻ͳಓ۩
Ͱ͋Δɻ
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෼෍͸ޙࣄ૚Ϟσϧͷಉ࣌֊ه্

Pr(p, θ|y) =
Pr(p, θ,y)

Pr(y)

=
Pr(y|p, θ) Pr(p, θ)

Pr(y)

=
Pr(y|p) Pr(p|θ) Pr(θ)

Pr(y)

ͱͳΔɻपลޙࣄ෼෍ Pr(p|y)͸ θʹؔͯ͠ੵ෼ফڈΛ͜͏ߦͱͰ

Pr(p|y) =

∫
Pr(p, θ|y)dθ

=

∫
Pr(y|p) Pr(p|θ) Pr(θ)

Pr(y)
dθ

ͱද͞ΕΔɻ্ࣜʹ͍ͭͯɼ֨نʹߋԽఆ਺ Pr(y)Λແ͢ࢹΕ͹ɼ

Pr(p|y) ∝ Pr(y|p) Pr(p|θ) Pr(θ)

ͱͳΔ (রҪ, 2010, p.11)ɻ
3֊૚Ҏ্ͷ৔߹΋ಉ༷ʹߏ଄Խ͢Δ͜ͱ͕Ͱ͖Δɻ֊૚ߏ଄͸ཧ࿦తʹ͸
ແݶʹԾఆ͢Δ͜ͱ͕ՄೳͰ͸͋Δ͕ɼ࣮ࡍ৔໘Ͱ͸ 2ͳ͍͠ 3֊૚·ͰΛԾ
ఆ͢Δ͜ͱ͕ҰൠతͰ͋Δɻ

4.3.3 ϕʔλ෼෍ɾڞ໾ੑ

લ߲·Ͱʹಋೖͨ͠ 2߲෼෍ʹؔ͢Δύϥϝλ pͷ֊૚తͳࣄલ෼෍ͱͯ͠ɼ
ϕʔλ෼෍ (beta distribution)ɼ

Pr(p) =
Γ(α + β)

Γ(α)Γ(β)
pα−1(1− p)β−1, α, β > 0 (4.10)

ΛԾఆ͢Δɻϕʔλ෼෍͸ύϥϝλͱͯ͠ α, β Λ࣋ͪɼ͜ΕΒ͸ܗঢ়ύϥϝ
λ (shape parameter) ͱݺ͹ΕΔɻαΛܗঢ়ύϥϝλɼβ Λई౓ύϥϝλ (scale

parameter)ͱݺͼ෼͚Δ৔߹΋͋Δɻ͜͜Ͱ͸ܗঢ়ύϥϝλ α, β͕௒ύϥϝλ
ͱͯ͠ͷ໾ׂΛ୲͍ͬͯΔɻ(4.10)ࣜதͷ Γ(·)͸ΨϯϚؔ਺Λද͓ͯ͠Γɼ

Γ(α) =

∫ ∞

0

yα−1e−ydy, α > 0 (4.11)

Ͱ͋Δ (๛ా, 2006, p.159)ɻ
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ϕʔλ෼෍ͷฏۉͱ෼ࢄ͸ͦΕͧΕύϥϝλ α, βΛ༻͍ͯ

E(p) =

∫ 1

0

pPr(p)dp

=
α

α + β
(4.12)

͓Αͼ

Var(p) =

∫ 1

0

p2 Pr(p)dp− E(p)2

=
αβ

(α + β)2(α + β + 1)
(4.13)

ͱ༩͑ΒΕΔɻ͜ͷͱ͖ޙࣄ෼෍͸֨نԽఆ਺Λແ͢ࢹΔͱɼ

Pr(p|y) ∝Pr(p) Pr(y|p)

∝pα−1(1− p)β−1p
∑n

i=1 yi(1− p)n−
∑n

i=1 yi

∝p(α+
∑n

i=1 yi)−1(1− p)(β+n−
∑n

i=1 yi)−1 (4.14)

ͱͳΓɼޙࣄ෼෍΋·ͨɼϕʔλ෼෍ʹै͍ͬͯΔ͜ͱ͕෼͔ΔʢরҪ, 2010,

pp.22-24ʣɻσʔλ͕ಘΒΕɼ৘ใ͕ߋ৽͞Εͨޙͷޙࣄ෼෍͕ɼߋ৽લͷ෼෍
ͱಉ͡෼෍଒ʹै͍ͬͯΔΑ͏ͳࣄલ෼෍ͷ͜ͱΛಛʹʢࣗવʣڞ໾ࣄલ෼෍
((natural) conjugate prior distribution)ͱݺͿʢൟຟ, 1985, p.45;౉෦, 1999, p.85ʣɻ

4.4 Ϛϧίϑ࿈࠯ϞϯςΧϧϩ๏
(4.2)ࣜʹ͓͚Δ Pr(Y )ΛಘΔͨΊʹ͸ɼ

∫
Pr(Y |θ) Pr(θ)dθ (4.15)

Λ͢ࢉܭΔඞཁ͕͋Δ͕ɼ͜Ε͸͠͹͠͹ࠔ೉Λ൐͏΋ͷͱͳΔɻϞσϧͷه
ड़ྗΛ্͛ΔͨΊʹଟ͘ͷ฼਺ΛऔΓ্͛ɼෳࡶͳࣄલ෼෍ͱ໬౓Λߏ੒͢Δ
ͱɼͦΕ͚ͩ࣍ߴͷੵ෼ٻ͕ࢉܭΊΒΕΔΑ͏ʹͳΔͨΊͰ͋Δɻ
ൺֱత؆қͳϞσϧͰ͋ͬͯ΋ɼଟॏੵ෼Λ͏ߦඞཁ͕ੜ͡ΔͨΊɼిܭࢠ
෼ʹൃୡ͢Δ·Ͱ͸ਪఆͷෛ୲͕খ͘͞͸ͳ͔ͬͨɻ·ͨɼੵ෼͕ղे͕ػࢉ
ੳతʹղ͚Δอূ΋ͳ͍ͨΊɼ༗༻ͳϞσϧͰ͋Δ͜ͱ͕ࠐݟ·Εͯ΋ɼղΛ
ΔͨΊʹɼैདྷͷ͢ݮΊΔ͜ͱ͕Ͱ͖ͳ͍͜ͱ͕͋ͬͨɻ͜ΕΒͷ໰୊Λܰٻ
ϕΠζਪఆʹ͓͍ͯ͸ɼڞ໾ࣄલ෼෍Λ༻͍ͨޙࣄ෼෍ͷಋग़͕ߦΘΕ͖ͯͨɻ
͔͠͠ͳ͕Βɼਪఆͷෛ୲Λܰ͢ݮΔͨΊʹࣄલ෼෍Λબ୒͢Δͱ͍͏ߦҝ͸
ຊདྷͷ෼ੳ໨తͱ͸ԿΒ͕ؔ܎ͳ͍ɻ
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ྺ࢙తʹɼ෼ੳऀͷࣄલ஌ࣝΛಋೖ͢Δ͜ͱ͸ੑ؍٬ʹ͚ܽΔͱ͍͏൷൑͕
લ෼෍Λศ্ٓͷཧ༝͔ΒԾఆࣄ໾ੑͷ͋ΔڞʹߋΘΕΔ͜ͱ͕͕͋ͬͨɼߦ
͢Δ͜ͱ΋·ͨɼࣄલ৘ใΛද͢ݱΔͱ͍͏ࣄલ෼෍ͷଥ౰ੑʹ͚ܽΔߦҝͰ
͋Δͱͯ͠൷൑ͷର৅ͱͳΔ͜ͱ΋͋Δɻ
·ͨɼ͢΂ͯͷϞσϧʹ͍ͭͯڞ໾ੑ͕อো͞ΕΔࣄલ෼෍͕ద༻Մೳͱ͍
͏Θ͚Ͱ͸ͳ͍ͨΊʹɼ෼ੳͷํݶ͕ੑ޲ఆ͞Εͯ͠·͏͜ͱ΋ɼϕΠζਪఆ
ࣄ͸ֶܭར༻͞ΕΔ͜ͱΛ๦͛ΔҰҼͱͳͬͨɻ͜ͷͨΊɼϕΠζ౷ʹࡍ࣮͕
લ৘ใΛ૊ΈࠐΈɼσʔλΛಘͨޙʹɼ͜ͷ৘ใ͕ޙࣄ෼෍ͱ͍͏ࣜܗͰߋ৽
͞ΕΔͱ͍͏ڵຯਂ͍ํ๏Ͱ͸͋Δ΋ͷͷɼओͱͯ͠ϕΠζ౷ֶܭɼ͓Αͼਪ
ఆ๏ͦΕࣗମΛର৅ͱ͢Δཧ࿦తͳଆ໘͔Βͷ͕ڀݚଟ͔ͬͨɻ
͔͠͠ͳ͕Βɼۙ೥͸Ϛϧίϑ࿈࠯ϞϯςΧϧϩ (markov chain monte carlo;

MCMC)๏ͱݺ͹ΕΔɼ໨తͱ͢Δ֬཰෼෍͔Β௚઀αϯϓϦϯάΛํ͏ߦ๏
Δɻ͍ͯͤݟΓΛ·޿ͷԠ༻తͳֶܭΔʹ࿈ΕɼϕΠζ౷·޿͕
Ϛϧίϑ࿈࠯ϞϯςΧϧϩ๏͸ɼޙࣄ෼෍Λ਺஋తʹγϛϡϨʔτ͢Δ͜ͱ
Ͱੵݩ࣍ߴ෼Λճආ͠ɼਪఆྔͷ෼෍Λ௚઀ௐ΂Δ͜ͱΛՄೳͱ͢Δɻैདྷ͸
ͳϞσϧ΁ͷదࡶख๏Ͱ͋ͬͨͨΊʹɼෳ͍ߴίετ͕ࢉܭΑΔʹػࢉܭࢠి
༻͸͑߇ΒΕ͖ͯͨɻ͔ۙ͠͠೥ͷిػࢉܭࢠͷೳྗൃୡʹ൐͍ɼෳࡶͳϞσ
ϧ΁ͷద༻͕૿͍͑ͯΔɻ
Ϛϧίϑ࿈࠯ϞϯςΧϧϩ๏Λ༻͍Δ͜ͱͰɼ෼ੳऀ͸ੵ࣍ߴ෼ͷղΛղੳ
తʹٻΊΔ͜ͱ͕Մೳ͔Ͳ͏͔ʹ஫ҙΛ෷͏ඞཁͳ͘ɼύϥϝλͷޙࣄ෼෍Λ
໾ੑ͕อͨΕΔ͔൱͔ڞલ෼෍ͷબ୒΋ɼࣄΊΔ͜ͱ͕ՄೳͱͳΔɻ·ͨɼٻ
ͱ͍͏ɼڀݚʹ͓͍ͯඇຊ࣭తͳੑ࣭Λؾʹ͢Δ͜ͱͳ͘ɼࣄલ৘ใͷ൓өͱ
͍͏ຊདྷͷ໾ׂʹ͍ͯͮجʕબ୒ͨ͠ࣄલ෼෍͕ຊ౰ʹద੾Ͱ͋Δ͔Ͳ͏͔ͱ
͍͏͜ͱʹ͸ґવͱͯ͠஫ҙΛ෷Θͳ͚Ε͹ͳΒͳ͍΋ͷͷʕબ୒͢Δ͜ͱ͕
ՄೳͱͳΔɻ
ຊઅҎ߱Ͱ͸ɼϚϧίϑ࿈࠯ϞϯςΧϧϩ๏ͷ֓ཁʹ͍ͭͯɼ๛ా (2008a)ɼ
৿ଜɾڮߴ ϞϯςΧϧϩ๏ͱಉ༷ʹɼ࠯ɼϚϧίϑ࿈ޙड़΂͍ͨͯͮجʹ(1979)
αϯϓϦϯάΞϧΰϦζϜͷҰछͰ͋ΔϋΠϒϦουϞϯςΧϧϩ๏ʹ͍ͭͯ
֓આ͢Δɻ

4.4.1 Ϛϧίϑ࿈࠯

͍·ɼ࣌఺ t = 1, 2, · · · ʹ͍ͭͯɼ֤࣌఺ʹ͓͚Δঢ়ଶ (֬཰աఔ, stochastic

process)Λ࣮ݱ஋ͱ͢Δ֬཰ม਺Λ x(t)ͱද͢ɻ·ͨɼx(t)ͷͱΓ͏Δ͢΂ͯͷ
ঢ়ଶΛؚΉू߹Λ S ͱ͢Δɻ͜ͷू߹ S ͸ঢ়ଶۭؒ (state space) ͱݺ͹ΕΔɻ
͍·ɼ৚݅෇֬཰

Pr(x(t+1) = j|x(1) = i1, · · · , x
(t) = i) (4.16)
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Λ͑ߟΔɻ͜͜Ͱ (4.16)ࣜ͸ɼ࣌఺ tʹ͓͍ͯঢ়ଶ͕ i(i ∈ S)ʹ͋Δࣄ৅͕ɼ࣍
ͷ t+ 1࣌఺ʹ͓͍ͯ jͱͳΔ֬཰Ͱ͋Δɻ͜ͷ৚݅෇֬཰ (4.16)͕ࣜɼ

Pr(x(t+1) = j|x(1) = i1, · · · , x
(t) = i) = Pr(x(t+1) = j|x(t) = i) (4.17)

ͱ͍͏ੑ࣭Λ͢΂ͯͷ tʹ͍ͭͯຬͨ͢ͱ͖ɼ֬཰աఔ (4.17)ࣜ͸Ϛϧίϑੑ
Λ࣋ͭͱ͍͍ɼϚϧίϑ࿈࠯ (markov chain)ͱݺ͹ΕΔɻϚϧίϑੑΛ࣋ͭ֬
཰աఔͰ͸ɼ೚ҙͷ࣌఺ tʹ͓͍ͯɼx(t)͕ঢ়ଶ iʹ͋Δͱ͖ɼ࣍ͷ࣌఺ t + 1

ʹ͓͍ͯɼx(t+1)͕ঢ়ଶ j΁ͱਪҠ͢Δ֬཰͸ࡏݱͷঢ়ଶ x(t)ͷΈʹґଘ͢Δ͜
ͱͱͳΔɻͭ·Γɼx(t)͕ॴ༩ͷԼͰ͸ɼt− 1Ҏલͷ࣌఺ͷঢ়ଶ x(1), · · · , x(t−1)

ͱ͸ಠཱͱͳΔɻ
·ͨɼͲͷ࣌఺ tʹ͓͍ͯ΋ɼਪҠͷ֬཰͸ಉ͡Ͱ͋Δͱ͍͏ԾఆΛਪҠ֬
཰ͷఆৗੑͱ͍͍ɼఆৗͳਪҠ֬཰Λ΋ͭϚϧίϑաఔ͸੪࣌తͰ͋Δͱ͍Θ
ΕΔɻ
͍·ɼ(4.17)ࣜΑΓɼ͋Δ࣌఺ t͔Β࣍ͷ࣌఺ t+ 1ʹਪҠ͢Δ৚݅෇֬཰Λ

pij = Pr(x(t+1) = j|x(t) = i)

ͱද͢ݱΔɻ͜ͷ pijΛཁૉͱ͢Δྻߦ͸

P =

⎡

⎢⎢⎢⎣

p11 p12 · · · p1J
p21 p22 · · · p2J
...

...
. . .

...

pI1 pI2 · · · pIJ

⎤

⎥⎥⎥⎦
, I = J (4.18)

ͱද͞ΕΔɻ(4.18)ࣜ͸ਪҠ֬཰ྻߦ (transition probability matrix)ͱݺ͹ΕΔɻ
͋Δ͍͸Ϛϧίϑ࿈࠯ͷਪҠΛܾఆ͢Δத֩Λ୲͏͜ͱ͔ΒɼਪҠ֩ (transition

kernel)ͱ΋ݺ͹ΕΔɻͳ͓ (4.18)ࣜதͷ֤ཁૉ pij͸֬཰Ͱ͋Δ͜ͱ͔Βɼ࣍ͷ
ঢ়ଶ΁ͷਪҠɼ͋Δ͍͸ࡏݱͷঢ়ଶʹཹ·Δ৔߹΋ؚΊͯɼ

0 ≤ pij ≤ 1,
J∑

j=1

pij = 1

ͱ͍͏੍໿͕ଘ͢ࡏΔɻ

4.4.2 Ϛϧίϑ࿈࠯ͱෆม෼෍

࣌఺ tʹ͓͍ͯঢ়ଶ iʹ͋Δ֬཰Λ

π(t)
i = Pr(x(t) = i) (4.19)
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ͱ͢Δɻಉ༷ʹ͢΂ͯͷঢ়ଶʹ͍ͭͯද͢ͱ

π(t) = (π(t)
1 , π(t)

2 , . . . , π(t)
I )′ (4.20)

ͱͳΓɼ(4.20)ࣜ͸࣌఺ tʹ͓͚Δঢ়ଶ֬཰෼෍ (state probability distribution)ͱ
͹ΕΔɻ͜͜Ͱɼঢ়ݺ෼෍ͱظঢ়ଶͷ෼෍͸ॳظ͹ΕΔɻਪҠ͕࢝·Δલͷॳݺ
ଶ֬཰෼෍ʹ͓͚Δॳظ෼෍ͱɼਪҠ֬཰ྻߦ͸ɼ

π(2) = π(1)P (4.21)

ͱ͍͏ؔ܎Λ༗͍ͯ͠Δɻߋʹɼಉ༷ͷؔ܎Λ༻͍ͯɼπ(3)͸ɼt− 1࣌఺ͷঢ়
ଶ֬཰෼෍Λ༻͍ͯɼ

π(3) = π(2)P (4.22)

ͱͳΔɻͭ·Γɼ೚ҙͷ࣌఺ tʹ͍ͭͯɼ

π(t) = π(t−1)P (4.23)

Ͱ͋Δɻ͜͜Ͱ (4.21)ࣜͷ݁ՌΛ༻͍Δͱɼ

π(1)PP = π(3) (4.24)

ͱද͢͜ͱ΋ՄೳͰ͋Δɻ(4.22)ࣜͷؔ܎͸࣌఺ tʹ͍ͭͯɼ

π(t)P = π(t+1) (4.25)

ͱදݱՄೳͰ͋Δɻಉ༷ʹɼ֬཰π(t+1)ʹ͍ͭͯ͸ɼ(4.21)ࣜɼ(4.24)ࣜͷؔ܎
͔Βɼπ(1)ʹରͯ͠ɼP Λඞཁͳճ਺෼ɼ܁Γฦֻ͚͠Δ͜ͱʹΑͬͯɼ

π(t+1) = π(1)P t (4.26)

ͱද͢͜ͱ͕Ͱ͖Δɻ(4.26)͔ࣜΒɼt+ 1࣌఺ͷঢ়ଶ֬཰෼෍π(t+1)ΛٻΊΔ
͜ͱ͕ՄೳͱͳΔɻ
Ҏ্ͷ݁Ռ͔Βɼtʹ͓͚Δঢ়ଶ֬཰෼෍ͷϕΫτϧͱɼͦͷਪҠ֬཰ྻߦͱ
ͷੵΛ͢ࢉܭΔ͜ͱͰɼ࣍ͷ࣌఺ t+1ʹ͓͚Δঢ়ଶͱͳΔ֬཰ΛٻΊΔ͜ͱ͕
ՄೳͱͳΔɻ

4.4.3 Τϧΰʔυੑ

MCMCͰ͸ɼ·ͣΤϧΰʔυతͳϚϧίϑ࿈࠯Λߏ੒͢Δ͜ͱΛ໨͢ࢦɻ͜
͜Ͱ͸ɼΤϧΰʔυੑΛຬͨͨ͢Ίͷ৚݅ʹ͍ͭͯड़΂Δɻ

87



໿తط

Ϛϧίϑ࿈࠯ͷঢ়ଶ i͕༗ݶճͷਪҠ tʹ͓͍ͯɼঢ়ଶ j΁ͱ౸ୡ͢Δ֬཰͕
θϩͰ͸ͳ͘ɼP t

ij > 0ͷͱ͖ɼঢ়ଶ i͸ঢ়ଶ jʹ౸ୡՄೳͰ͋Δͱ͍͏ɻ͞Β
ʹɼP t′

ji > 0΋੒ΓཱͭͳΒ͹ɼঢ়ଶ iͱঢ়ଶ j͸͍ޓʹ౸ୡՄೳͰ͋Δͱ͍͏ɻ
Ϛϧίϑ࿈࠯ͷঢ়ଶۭؒ Sͷཁૉ͕͢΂͍ͯޓʹ౸ୡՄೳͰ͋Δͱ͖ɼط໿త
(irreducible)ͱ͍͏ɻط໿తͳϚϧίϑ࿈࠯Ͱ͸ɼঢ়ଶۭؒશମ͕ 1ͭͷط໿ͳ
ू߹ͱͳ͍ͬͯΔɻط໿ͳू߹͸ɼঢ়ଶؚ͕·Ε͍ͯΔू߹ͷ͏ͪɼू߹಺ͷ
͋Δঢ়ଶ i͔Βɼঢ়ଶ jʹରͯ͠ਪҠΛ܁Γฦ͢͜ͱͰ౸ୡ͢Δ͜ͱ͕Ͱ͖Δ
͕ɼू߹ʹؚ·Ε͍ͯͳ͍ঢ়ଶ k΁͸ਪҠ͢Δ͜ͱ͸ͳ͍ͱ͍͏ੑ࣭Λ΋ͭɻ

తؼ࠶

ঢ়ଶ i͔ΒਪҠΛ։࢝͠ɼ࠶ͼঢ়ଶ iͱͳΔ࠷খͷਪҠʢ࣌఺ʣճ਺ΛTiͱ͢
Δɻ͜ͷͱ͖ɼPr(Ti < ∞) = 1ɼͭ·Γ༗ݶճͷਪҠճ਺Ͱ࠶ͼಉҰͷঢ়ଶͱ
ͳΔ͜ͱ͕࣮֬Ͱ͋ΔͳΒɼঢ়ଶ i͸ؼ࠶త (recurrent)Ͱ͋Δͱ͍ΘΕΔɻ࠶
తͳঢ়ଶؼ iʹؔͯ͠E[Ti] < ∞Ͱ͋Δͱ͖ɼਖ਼ؼ࠶తͰ͋Δͱ͍ΘΕΔɻط
໿తͳϚϧίϑ࿈͕࠯ਖ਼ؼ࠶తͰ͋Δͱ͖ɼ೚ҙͷঢ়ଶ͸ਪҠͷؒʹز౓΋౸
ୡ͞ΕΔ͜ͱͱͳΔɻ

पظతɾඇपظత

ɼঢ়ଶ͍͓ͯʹ࠯໿తͳϚϧίϑ࿈ط i͔Βঢ়ଶ j΁ͱ౸ୡ͢ΔਪҠճ਺ͷن
ଇੑͷ༗ແʹΑΓɼ࿈࠯ͷੑ࣭͕पظత͔ඇपظత͔ʹ෼ྨ͞ΕΔɻपظ (period)

ͱ͸ɼ࿈࠯ͷ֤ঢ়ଶ͕ಉҰͷ܁Γฦ͠ʹͳΔ࣌఺ؒͷ௕͞ͷ͜ͱͰ͋Δɻྫ͑
͹ɼ3ͭͷঢ়ଶ i1, i2, i3ʹ͍ͭͯɼঢ়ଶ i1͔Βঢ়ଶ i2΁ɼ·ͨɼঢ়ଶ i2͔Βঢ়
ଶ i3΁͸౸ୡՄೳͰ͋Δ͕ɼͦͷٯ͸ෆՄೳͰ͋ΔΑ͏ͳϚϧίϑ࿈͕͋࠯Δ
ͱ͢Δʢ͜ͷ৔߹֤ਪҠ֬཰͸ 1Ͱ͋Δʣɻ͜ͷͱ͖ɼ೚ҙͷঢ়ଶ͔Βग़ൃ͠ɼ
ಉ͡ঢ়ଶʹ౸ୡ͢Δ·Ͱ 3ճͷਪҠ͕ඞཁͱͳΔɻ͜͜Ͱɼi1͔Β i2΁౸ୡ͢
ΔͨΊͷඞཁਪҠճ਺͸ 1Ͱ͋ΓɼͦͷଞͷݸผͷਪҠʹؔͯ͠΋ඞͣ 1ճͰ
୧Γண͘͜ͱ͕ՄೳͰ͋Δ͕ɼपظతͳੑ࣭Λ࣋ͭ࿈࠯ͷ͏ͪɼ࠷େճ਺Λ౰
֘Ϛϧίϑ࿈࠯ͷपظͱͯ͠ѻ͏͜ͱͱͳΔɻΑͬͯɼ౰֘Ϛϧίϑ࿈࠯ͷप
͸ظ 3Ͱ͋Γɼपظ 3ͷपظతϚϧίϑ࿈࠯ͱݺ͹ΕΔɻपظతϚϧίϑ࿈࠯
ʹ͸ɼݸผͷঢ়ଶͷΈͳΒͣɼঢ়ଶΛؚΉू߹ؒ΁ͷ౸ୡʹؔͯ͠ɼنଇੑ͕
͋Δ৔߹΋ؚ·ΕΔɻपظతͳϚϧίϑ࿈࠯͸ɼਪҠΛԿ౓܁Γฦͯ͠΋ɼॳ
͕ظΓଓ͚ΔɻҰํͰɼ͢΂ͯͷঢ়ଶʹ͍ͭͯप࢒͕ڹঢ়ଶͷӨظ 1Ͱ͋ΔΑ
͏ͳϚϧίϑ࿈࠯͸ඇपظత (aperiodic)Ͱ͋Δͱ͍ΘΕΔɻ
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ΤϧΰʔυతͳϚϧίϑ࿈࠯

͋ΔϚϧίϑ࿈ط͕࠯໿తɼਖ਼ؼ࠶తɼඇपظతͰ͋Δͱ͖ɼ౰֘Ϛϧίϑ
࿈࠯͸Τϧΰʔυੑ (ergodicity)Λຬͨ͠ɼΤϧΰʔυతϚϧίϑ࿈࠯ͱݺ͹Ε
ΔɻΤϧΰʔυతϚϧίϑ࿈࠯͸ɼঢ়ଶۭؒͷ෦෼ू߹ʹ͓͚Δ͢΂ͯͷঢ়ଶ
i, jʹର͠ɼ

lim
t→∞

P t
ij = π(j) (4.27)

͕੒ཱ͢Δɻͭ·ΓɼΤϧΰʔυతͳϚϧίϑ࿈࠯͸ɼ͍͔ͳΔঢ়ଶΛॳظঢ়
ଶͱͯ͠ਪҠΛ։࢝ͯ͠΋ɼਪҠΛ t → ∞ͱ܁Γฦͨ͠ͱ͖ɼ෼෍

πP = π (4.28)

ʹऩଋ͢Δɻ(4.28)ࣜ͸ɼਪҠ֬཰ྻߦP ʹैͬͯঢ়ଶ͕ਪҠͨ͠ͱͯ͠΋ɼશ
ମͷ෼෍ͱͯ͠͸πͰ͋Δ͜ͱΛ͍ࣔͯ͠Δɻ΋͠ɼਪҠΛ։࢝͢Δ࣌఺Ͱͷ
෼෍͕

π(1) = π (4.29)

Ͱ͋Δ৔߹ɼ(4.23)͓ࣜΑͼ (4.28)͔ࣜΒɼ

π(1),π(2), . . . ,π(T ) = π (4.30)

ͱͳΓɼπ(t) = π΁ͱऩଋ͢Δɻ͜ͷ෼෍πΛਪҠ֬཰ྻߦP Λ࣋ͭϚϧίϑ
࿈࠯ͷෆม෼෍ (invariant distribution)ɼ·ͨ͸ఆৗ෼෍ (stationary distribution)

ͱݺͿɻ

4.4.4 ϞϯςΧϧϩ๏

ཚ਺Λɼಛఆͷ෼෍΍ඪຊ͔Βੜ੒͢Δͱ͖ɼ͜ͷํ๏ΛϞϯςΧϧϩൃੜ
(monte carlo generation)ͱ͍͏ɻ
֬཰ม਺ͷྻ {x(t)}(t = 1, 2, . . .)ͱ֬཰ม਺ xʹ͍ͭͯɼϵ > 0ʹରͯ͠

lim
t→∞

Pr(|xt − x| ≥ ϵ) = 0 (4.31)

·ͨ͸ɼಉ౳ʹ

lim
t→∞

Pr(|xt − x| < ϵ) = 1 (4.32)

Ͱ͋ΔͳΒ͹ɼ{x(t)}͸ xʹ֬཰ऩଋ͢Δͱ͍͏ɻ
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͍·ɼ֬཰ม਺ͷྻ {x(t)}͕ɼ૬ޓʹಠཱͰ͋ΓɼͦΕͧΕฏۉµɼ෼ࢄσ2 <

∞Λ΋ͭ෼෍ʹै͍ͬͯΔͱ͢Δɻ͜ͷͱ͖ɼ{x(t)}͸ಠཱಉ෼෍ʹै͏ (inde-

pendent and identically distributed; iid)ͱ͍͏ɻ͜ ΕΒͷඪຊฏۉ x̄(t) = t−1
∑t

i=1 x
(t)

ʹ͍ͭͯ͸ɼେ਺ͷऑ๏ଇͱݺ͹ΕΔఆཧ

lim
t→∞

Pr(|x̄(t) − µ| < ϵ) = 1 (4.33)

͕੒ཱ͢Δɻେ਺ͷऑ๏ଇ (4.33)ࣜΑΓɼt → ∞ͷͱ͖ɼඪຊฏۉ͸ظ଴஋ µ

ʹ֬཰ऩଋ͠ɼظ଴஋͕ඪຊฏۉͰۙࣅͰ͖Δ͜ͱʹͳΔɻ·ͨɼ೚ҙͷ࿈ଓ
ؔ਺ h(·)ʹΑͬͯ xΛมͨ͠׵৔߹΋ɼେ਺ͷ๏ଇ͸੒ཱ͢Δɻ
͍·ɼ࿈ଓؔ਺ f ʹ͓͚Δੵ෼

∫
f(x)dx (4.34)

ΛٻΊ͍ͨͱ͢Δɻ΋͠ f ͷੵ෼ΛղੳతʹٻΊΔ͜ͱ͕ࠔ೉ͳΒ͹ɼ਺஋ղ
ੳʹΑͬͯղ͘͜ͱͱͳΔɻ͜ͷͱ͖ɼ਺஋ղੳͷํ๏ͷҰͭͱͯ͠ɼϞϯς
Χϧϩ๏Λ༻͍Δ͜ͱ͕ՄೳͰ͋Δɻੵ෼ͷର৅Ͱ͋Δؔ਺Λ f(x)ͱ͢Δɻ΋
͠ɼಠཱʹಉҰͷ෼෍ f(x)ʹै͏ཚ਺ x(1), . . . ,x(T )Λੜ੒͢Δ͜ͱ͕Ͱ͖Δ
ͳΒ͹ɼੵ෼͸

∫ b

a

f(x)dx ≈
1

T
{f(x(1)) + · · ·+ f(x(T ))} (4.35)

ͷΑ͏ʹۙ͢ࣅΔ͜ͱ͕ՄೳͰ͋Δɻେ਺ͷऑ๏ଇ͔ΒɼT → ∞Ͱ͋Δͱ͖ɼ
ฏۉʹΑΔۙࣅ͸ର৅ͷੵ෼ͷ஋ʹ֬཰ऩଋ͢Δ͜ͱ͕อূ͞ΕΔɻ͜ͷΑ͏
ʹɼཚ਺Λ༻͍ͯɼੵ෼Λ਺஋తʹٻΊΔํ๏͸ϞϯςΧϧϩੵ෼ͱݺ͹ΕΔɻ
ཚ਺ͷαϯϓϦϯά๏ͱͯ͠ɼ٫غαϯϓϦϯά΍ॏ఺తαϯϓϦϯά͕ఏҊ
͞Ε͍ͯΔɻ
ϞϯςΧϧϩ๏͸ɼಛఆͷ෼෍΍ඪຊ͔Βཚ਺Λൃੜ͍ͤͨ͞৔߹ʹ༻͍Β
ΕΔɻ͔͠͠ͳ͕Βɼੜ੒͍ͨ͠෼෍͕ෳࡶͰ͋Γɼಛఆ͢Δͷ͕೉͍͠Α͏
ͳ৔߹ʹ͸ɼαϯϓϦϯά͕ࠔ೉Ͱ͋Δͱ͍͏ੑ࣭Λ࣋ͭɻ

4.4.5 Ϛϧίϑ࿈࠯ϞϯςΧϧϩ๏

Ϛϧίϑ࿈࠯ʹ͓͍ͯɼঢ়ଶ͸ͦΕͧΕ৚݅෇֬཰ͷ෼෍ʹैͬͯਪҠ͢Δ
΋ͷͷɼਪҠΛ܁Γฦ͍ͯؒ͘͠ʹɼ͍ͣΕͷঢ়ଶ֬཰෼෍΋ɼಉҰͷෆม෼
෍ʹै͏Α͏ʹͳΔͱ͍͏ੑ࣭Λ΋ͭɻϞϯςΧϧϩ๏ʹ͓͍ͯཚ਺ͷαϯϓ
Ϧϯά͕ࠔ೉Ͱ͋Δ৔߹ʹɼϚϧίϑ࿈࠯ͷੑ࣭Λ༻͍Δ͜ͱ͕༗ޮͰ͋Δɻ
Ϛϧίϑ࿈࠯ϞϯςΧϧϩ๏͸ɼෆม෼෍͕໨ඪ෼෍ͱͳΔΑ͏ʹɼΤϧΰʔ
υతͳϚϧίϑ࿈࠯Λߏ੒͠ɼঢ়ଶͷਪҠΛ܁Γฦ͢͜ͱʹΑͬͯɼ΍͕ͯ໨ඪ
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෼෍΁ͱ౸ୡ͠ɼ͔ͦ͜Βͷཚ਺ൃੜΛՄೳͱ͢ΔɻϚϧίϑ࿈࠯ϞϯςΧϧϩ
๏ʹ͓͚ΔΞϧΰϦζϜͷ୅දతͳΞϧΰϦζϜͱͯ͠ɼϝτϩϙϦεɾϔΠε
ςΟϯάε (metropolis–hastings; MH)ΞϧΰϦζϜ΍ɼଟॏϒϩοΫ (multiple-

block)MHΞϧΰϦζϜɼΪϒεαϯϓϥʔ (gibbs sampler)͕͛ڍΒΕΔɻ֤Ξ
ϧΰϦζϜͱෆม෼෍ͱͷؔੑ܎ʹ͍ͭͯ͸๛ా (2008, pp.9-20)ʹݟΔ͜ͱ͕
Ͱ͖Δɻ

MCMCͷΞϧΰϦζϜͰ͸ɼ໨ඪ෼෍ π(x)͔Β௚઀తʹαϯϓϦϯάΛߦ
͏͜ͱ͕ࠔ೉ͳ৔߹ʹɼ·ͣ໨ඪ෼෍Λۙͭͭ͠ࣅ༰қʹαϯϓϦϯάͰ͖Δ
෼෍ΛఏҊ෼෍ (proposal distribution)ͱͯ͠࠾༻͠αϯϓϦϯάΛ͏ߦɻͦ͜
ʹఏҊ෼෍ͱ໨ඪ෼෍ͱͷҧ͍Λৄࡉ௼Γ߹͍৚݅ (detailed balance condition)

ͱݺ͹ΕΔ৚͕݅ຬͨ͞ΕΔΑ͏ʹमਖ਼ૢ࡞ΛؚΊΔ͜ͱͰɼ࠷ऴతʹ໨ඪ෼
෍͔ΒͷαϯϓϦϯάΛՄೳͱ͢Δɻ
͜͜Ͱ͸๛ా (2008)ͷٞ࿦Λجͱͯ͠ৄࡉ௼Γ߹͍৚݅Λಋೖ͢Δɻ

௼Γ߹͍৚݅ࡉৄ

ෆม෼෍ʹऩଋ͢Δ͜ͱʹؔ͢Δे෼͕࠯௼Γ߹͍৚݅͸ɼϚϧίϑ࿈ࡉৄ
৚݅Ͱ͋Δɻৄࡉ௼Γ߹͍৚݅͸ɼঢ়ଶۭؒʹଐ͢Δશͯͷ xʹ͍ͭͯɼ

π(x(t)) Pr(x(t+1)|x(t)) = π(x(t+1)) Pr(x(t)|x(t+1)) (4.36)

͕ຬͨ͞Ε͍ͯΔ৔߹ʹ੒Γཱͭɻ͜ͷͱ͖ɼ͋Δঢ়ଶ x(t+1)͔Βঢ়ଶ x(t)΁
൓సͯ͠ਪҠ͢Δঢ়گΛશͯͷ x(t)ʹ͍ͭͯपลԽ͢Δͱ 1ͱͳΔɻͦͷͨΊɼ
௼Γ߹͍৚݅͸ɼࡉৄ

∫
π(x(t)) Pr(x(t+1)|x(t))dx(t) = π(x(t+1)) (4.37)

Ͱ͋Δ͜ͱΛҙຯ͢Δɻ(4.37)ࣜ͸࣌఺ t͔Β t+1ʹભҠͨ͠৔߹ʹɼx(t+1)͕
ै͏෼෍͸ x(t)͕ै͍ͬͯͨ෼෍ͱಉ༷ʹ π(·)ͱͳΔ͜ͱΛ͍ࣔͯ͠Δɻ
͍·ɼఏҊ෼෍Λ q(x|x(t))ͱ͢Δɻx͓Αͼ x(t)͸೚ҙͰྑ͍ͨΊɼఏҊ෼
෍͕ৄࡉ௼Γ߹͍৚݅Λຬ͍ͨͯ͠ͳ͍ঢ়گ͸Ұൠతʹ

π(x(t))q(x|x(t)) > π(x)q(x(t)|x) (4.38)

ͷΑ͏ʹԾఆͰ͖Δɻ(4.38)ࣜ͸௼Γ߹่͍͕Εɼx(t)͸ީิͷ x΁ͱଟ͘ਪҠ
͢Δ͕ɼx͔Β x(t)΁ͷਪҠ͸গͳ͍ͱ͍͏ঢ়گΛද͍ͯ͠Δɻ
͜ͷඇରশੑΛमਖ਼͢ΔͨΊʹɼ֬཰ α(x|x(t))Λಋೖ͠ɼx(t)͔Β x΁ͷਪ
ҠͷྔΛ

Pr(x|x(t)) = q(x|x(t))× α(x|x(t)) (4.39)
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ͷΑ͏ʹɼx(t)͔Β x΁ਪҠ͢Δ௼Γ߹͍͕ͱΕΔΑ͏ௐ੔͢Δɻ
௼Γ߹͍৚݅Λຬͨ͢Α͏ʹ͢Δʹ͸ɼx͔Βࡉล͕ৄࠨࣜ(4.39) x(t)΁ͷਪ
Ҡ͸গͳ͍ͷͰɼௐઅͷͨΊʹ α(x(t)|x)Λ 1ͱͯ͠

α(x|x(t)) =
π(x)q(x(t)|x)

π(x(t))q(x|x(t))

ͷΑ͏ʹ͢Δɻ͜ͷ α(x(t)|x)Λ༻͍ͯɼ

π(x(t))q(x|x(t))α(x|x(t)) = π(x)q(x(t)|x)α(x(t)|x)

= π(x)q(x(t)|x)

ͱ͢Δɻ
୒֬཰࠾ʹ௼Γ߹͍৚͕݅ຬͨͨ͢Ίࡉऴతʹɼৄ࠷ α(·|·)ʹ͍ͭͯ

α(x|x(t)) =

{
min

[
π(x)q(x(t)|x)

π(x(t))q(x|x(t))
, 1
]
෼฼ > 0

1 ෼฼ = 0

ʹै͍ఏҊ෼෍͔ΒͷީิΛ࠾༻ͭͭ͠αϯϓϦϯάΛ͏ߦɻ

4.5 ϋΠϒϦουɾϞϯςΧϧϩ๏
ຊઅͰ͸࣍ষͰ༻͍ΒΕΔਪఆํ๏Ͱ͋ΔɼϋΠϒϦουϞϯςΧϧϩ (hybrid

Monte Carlo; HMC; Duane, Kennedy, Pendleton & Roweth, 1987, Neal, 1996)๏ʹ
͍ͭͯ֓આ͢Δɻ
ϋΠϒϦουϞϯςΧϧϩ๏͸αϯϓϦϯάΞϧΰϦζϜʹؔ͢Δύϥϝλ
ઃఆʹ஫ҙΛཁ͢Δ΋ͷͷɼద੾ͳύϥϝλઃఆͷԼͰ͸ɼैདྷͷMCMC๏
ʹ͓͚ΔΪϒεαϯϓϦϯάΑΓ΋ෆม෼෍΁ͷऩଋ͕ૣ·Δͱ͍͏ར఺Λ༗
͍ͯ͠Δɻ
·ͨɼΪϒεαϯϓϦϯάͷ৔߹ʹ͸ɼ͢΂ͯͷ฼਺ʹؔͯ͠ɼશ৚݅෇͖
෼෍Λಋग़͠ɼͦΕͧΕαϯϓϦϯάͷ೉қ౓ʹԠͯ͡ɼ͍͔ͭ͘ͷϒϩοޙࣄ
Ϋʹ෼ׂͯ͠αϯϓϦϯάΞϧΰϦζϜΛม͢ߋΔͱ͍͏ٻ͕ۀ࡞ΊΒΕΔ͜
ͱ͕͋Δɻ͔͠͠ͳ͕Β HMC๏ͷ৔߹ʹ͸ɼ฼਺ʹؔ͢Δޙࣄ෼෍ͷඍ෼͕
༩͑ΒΕ͍ͯΕ͹Α͘ɼهࠨͷΑ͏ͳௐ੔͸ٻΊΒΕͳ͍ɻ

4.5.1 ϋϛϧτϯؔ਺

HMC๏Ͱ͸ɼϋϛϧτϯྗֶ (Hamiltonian dynamics)Λར༻ͯ͠Ϛϧίϑ࿈
ਤ͢Δɻا੒͠ɼ໨ඪ෼෍͔ΒͷϞϯςΧϧϩ๏Λ༻͍ͨαϯϓϦϯάΛߏΛ࠯
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͍·ɼԾ૝తͳ෺ମͷҐஔʹؔ͢Δม਺ϕΫτϧ x = (x1, . . . , xn)′ͷ஋͕Ծ
૝తͳ࣌ؒ tͷܦաʹΑΓมԽ͢Δ΋ͷͱ͢Δɻ͜͜ͰҐஔม਺ϕΫτϧͷ֤
ཁૉʹରԠ͢Δӡಈྔม਺ϕΫτϧ 2δ = (δ1, . . . , δn)′Λಋೖ͢ΔɻҐஔม਺ͱ
ӡಈྔม਺ʹΑΔ݁߹ۭؒ͸Ґ૬ۭؒͱݺ͹ΕΔɻ
෺ମͷӡಈʹؔͯ͠ɼҐஔΤωϧΪʔ U(x)͸Ґஔม਺ϕΫτϧ xʹΑͬͯ
༩͑ΒΕɼӡಈΤωϧΪʔK(δ)͸ӡಈྔม਺ϕΫτϧ δʹΑͬͯ༩͑ΒΕΔɻ
ΤωϧΪʔอଘଇ͔Βɼܥ (system)ͷશΤωϧΪʔ͸ҐஔΤωϧΪʔͱӡಈΤ
ωϧΪʔͷ࿨

H(x, δ) = U(x) +K(δ) (4.40)

ʹΑΓ༩͑ΒΕΔɻ(4.40)ࣜ͸ϋϛϧτϯؔ਺ (Hamiltonian function; Neal, 2011)ɼ
΋͘͠͸ϋϛϧτχΞϯʢদຊ, 2004ʣͱݺ͹ΕΔɻϋϛϧτϯؔ਺Λར༻͢Δ
͜ͱͰɼ1࣍࿈ཱඍ෼ํఔࣜ

dxi

dt
=

∂H

∂δi
,

dδi
dt

= −
∂H

∂xi

(4.41)

͕ಘΒΕΔɻ(4.41)ࣜ͸ϋϛϧτϯͷӡಈํఔࣜͱݺ͹Εɼ(4.41)ࣜΛղ͘͜ͱ
Ͱɼ෺ମͷӡಈͷมԽΛ஌Δ͜ͱ͕ՄೳͱͳΔɻ

4.5.2 Ϧʔϓϑϩοά๏Λ༻͍ͨ਺஋ੵ෼

ϋϛϧτϯͷӡಈํఔࣜͰ༩͑ΒΕΔ (4.41)ࣜ͸ɼ࣮ࡍʹ͸ղੳతʹղ͘͜
ͱ͸ࠔ೉Ͱ͋ΔͨΊɼ਺஋ੵ෼Λར༻ͯ͠ղΛۙ͢ࣅΔ͜ͱʹͳΔɻ਺஋ੵ෼
๏ͷ 1ͭͱͯ͠Ϧʔϓϑϩοά (leap-frog)๏͕͛ڍΒΕΔɻϦʔϓϑϩοά๏
Ͱ͸ɼॳظ஋ x(0),p(0)ΛఆΊɼҎԼͷߋ৽ࣜ

δi(t+ ϵ/2) =δi(t)−
ϵ

2

∂U

∂xi

[x(t)], (4.42)

xi(t+ ϵ) =xi(t) + ϵ
δi(t+ ϵ/2)

mi

(4.43)

δi(t+ ϵ) =δi(t+ ϵ/2)−
ϵ

2

∂U

∂xi

[x(t+ ϵ)] (4.44)

ɼӡಈྔม਺ΛεςοϓαΠζ͖ͮجʹ ϵ/2ͱͯ͠൒εςοϓߋ৽ͨ͠ޙʹε
ςοϓαΠζ ϵʹΑΔҐஔม਺ͷߋ৽Λ͏ߦɻ͜ΕΛ L = T/ϵճ܁Γฦ͠ɼ࣌
఺ T ʹ͓͚ΔҐஔม਺ϕΫτϧͱӡಈྔม਺ϕΫτϧ x(T ),p(T )ΛಘΔɻ
ͳ͓ɼϋϛϧτϯྗֶʹ͸ɼ࣌ ؒ൓సੑ (reversibility)ɼϋϛϧτχΞϯHͷෆ
มੑ (conservation of the Hamiltonian)ɼҐ૬ۭؒͷମੵอଘ (volume preservation)

ͱ͍͏ੑ࣭͕͋Δɻ͜ΕΒ 3ͭͷੑ࣭Λ่ͣ͞ʹ࿈࠯ͷߋ৽Λ͏ߦඞཁ͕͋Δɻ
Ϧʔϓϑϩοά๏͸ɼମੵอଘੑΛอͬͨ··਺஋ੵ෼Λ͜͏ߦͱ͕ՄೳͰ͋Δɻ

2ҎԼͰ͸Ґஔม਺ϕΫτϧɼӡಈྔม਺ϕΫτϧΛͱ΋ʹҐஔม਺ɼӡಈྔม਺ͱ΋ݺͿɻ
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࣌ؒ൓సੑ ೚ҙͷ࣌఺ t͔Β dͷ෼͚ͩܦաͨ࣌͠఺ t+ dʹ͓͍ͯɼ଎౓ δ

Λ−δͱ൓సͤ͞Δͱɼԟ࿏ͱಉ͡ي੻Λ௨Γɼݩͷ࣌఺ t΁ͱ໭Δੑ࣭Λ࣌ؒ
൓సੑͱ͍͏ɻ࣌఺ tʹ͓͚Δঢ়ଶ

(x(t), δ(t)) (4.45)

͔Βɼ࣌఺ t+ sʹ͓͚Δঢ়ଶ

(x(t+ s), δ(t+ s)) (4.46)

΁͸ࣸ૾ͷؔ܎ʹ͋Γɼ͕૾ࣸٯଘ͢ࡏΔɻ·ͨɼࣸ૾

g : (x′, δ′) = g(x, δ) (4.47)

ʹؔͯ͠ɼ

(x,−δ) = g(x′, δ′) (4.48)

͕੒ཱ͢Δɻ

ϋϛϧτχΞϯHͷෆมੑ ྗֶతΤωϧΪʔอଘอଘ๏ଇ͔Βɼϋϛϧτχ
ΞϯHͷෆมੑ͕ಋ͔ΕΔɻϋϛϧτϯྗֶʹΑͬͯఏҊ͞ΕΔީิ఺Λϝτ
ϩϙϦε๏ʹΑͬͯ࠾୒͢Δ͔Λܾఆ͢ΔࡍʹɼH͕ෆมͰ͋Ε͹࠾୒֬཰͸
ඞͣ 1ͱͳΔɻͨͩ͠ɼ࣮ࡍʹ͸਺஋ੵ෼Λͨ͏ߦΊɼඞͣ͠΋H͕ෆมͱ͸
ͳΒͳ͍ɻ

Ґ૬ۭؒͷମੵอଘ ମੵอଘ͸ࣸ૾ gͷϠίϏྻߦͷ͕ࣜྻߦ 1ʹͳΔ͜ͱ
ͱ౳͍͠ (Neal, 2011)ɻ͜ͷੑ࣭͸ɼϋϛϧτϯྗֶͷ࿮૊Έʹ͓͍ͯ࣌ؒΛൃ
లͤͨ͞ͱ͖ʹɼҐ૬ۭؒͷܗঢ়͸มԽͯ͠΋ɼͦͷମੵ͸มԽ͠ͳ͍ͱ͍͏
͜ͱͰ͋Δ (Ϗγϣοϓ, 2012, p.265)ɻ

4.5.3 ϋϛϧτϯྗֶΛར༻ͨ͠ϞϯςΧϧϩαϯϓϦϯά

͜͜ͰҐஔม਺ xͱӡಈྔม਺ δͷҐ૬ۭؒʹ͓͚Δಉ࣌෼෍Λ

p(x, δ) =
1

ZH

exp[−H(x, δ)/ι] (4.49)

=
1

ZH

exp[−U(x)/ι] exp[−K(δ)/ι] (4.50)

ͱఆٛ͢Δɻ

p(z) =
1

Z
exp[−E(x)/ι] (4.51)
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ʹΑΔදݱ͸ΧϊχΧϧ෼෍ (canonical distribution)ͱݺ͹ΕΔɻ͜͜Ͱ E(x)

͸ΤωϧΪʔΛද͢ɻZ͸ਖ਼نԽఆ਺ 3ɼι͸ܥͷԹ౓ (temperature of the system;

Neal, 2011, p.123)ͱݺ͹Εɼ͜͜Ͱ͸ ι = 1ͱ͢ΔɻҐஔม਺ x͕ύϥϝλ
ͱͳΔͨΊɼͦͷޙࣄ෼෍͕໨ඪ෼෍ͱͳΔɻ͍·ࣄલ෼෍ π(x)ͱ໬౓ؔ਺
L(Data|x)ʹΑΓɼύϥϝλxͷޙࣄ෼෍͕ π(x|Data) ∝ L(Data|x)π(x)ͱද͞
ΕΔͱ͢ΔͱɼҐஔΤωϧΪʔͷޙࣄ෼෍Λ

U(x) = − log[L(Data|x)π(x)] (4.52)

ͷΑ͏ʹఆٛͰ͖Δɻ·ͨɼӡಈΤωϧΪʔ͸

K(δ) =
n∑

i=1

δ2i
2mi

(4.53)

ͱఆٛ͞ΕΔɻ͜͜Ͱm͸࣭ྔʹରԠ͢ΔύϥϝʔλͰ͋Δʢদຊ, 2004, p.149,

Neal, 2011, p.114ʣɻ(4.52)ࣜͱ (4.53)ࣜΛ༻͍ͯಉ࣌෼෍ (4.50)͔ࣜΒཚ਺Λ
ൃੜͤ͞Δ͜ͱͰɼHMC๏Λ༻͍ͨMCMCඪຊΛಘΔ͜ͱ͕ՄೳͱͳΔɻ

4.5.4 HMC๏ͷΞϧΰϦζϜ

͜͜ͰɼHMC๏Λ༻͍ͨαϯϓϦϯάʹ͓͚ΔΞϧΰϦζϜΛࣔ͢ɻHMC

๏ʹ͓͚Δ܁Γฦ͠͸େผͯ͠ 2ͭͷεςοϓ͔Β੒Γཱ͍ͬͯΔɻ

1. xͷॳظ஋ x(0)ɼεςοϓαΠζ ϵɼ͓Αͼߋ৽ճ਺ LΛఆΊΔɻ

2. ࣌఺ t = 1, 2, . . . , T ʹ͓͍ͯɼҎԼͷखॱΛ܁Γฦ͢ɻ

(a) ӡಈྔม਺ʹؔ͢Δॳظ஋ δ(0)Λଟมྔਖ਼ن෼෍N(0, In)ΑΓൃੜ
ͤ͞Δɻ

(b) x(t−1)ͱ δ(0)Λॳظ஋ͱ͠ɼϦʔϓϑϩοά๏ʹΑΓɼީิ఺ x̃ɼδ̃

ΛٻΊΔɻ

(c) ୒֬཰࠾

α = min{1, exp[−H(x̃, δ̃) +H(x(t−1), δ(0))]} (4.54)

Λ͢ࢉܭΔɻ

(d) Ұ༷ཚ਺ uΛUniform(0, 1)͔Βൃੜͤ͞ɼx(t)ΛҎԼʹܾ͍ͯͮج
ఆ͢Δɻ

x(t) =

{
x̃ u ≤ αͷ৔߹
x(t−1) ͦΕҎ֎ͷ৔߹

(4.55)

3p(z)ͷ࿨΋͘͠͸ੵ෼Λ 1ʹௐ੔͢ΔͨΊʹಋೖ͞ΕΔ (Neal, 2011, p.123)ɻ
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ͳ͓ΞϧΰϦζϜ 2(a)͸ɼΤϧΰʔυతͳϚϧίϑ࿈࠯Λߏ੒͢ΔͨΊʹඞ
ཁͳखॱͰ͋Δɻ·ͨɼΞϧΰϦζϜ 2(c)͸ɼHͷෆมੑ͕ɼ਺஋ੵ෼Λͬߦ
ͨ͜ͱʹΑΔݪ͕ࠩޡҼͰຬͨ͞Εͳ͍͜ͱΛ๷͙ͨΊͷखॱͰ͋Δɻ͜ͷߋ
৽खॱʹ͓͍ͯɼࠩޡʹΑΔόΠΞεΛऔΓআ͘͜ͱͰɼෆม෼෍͔Βͷαϯ
ϓϦϯά͕อͨΕΔ͜ͱͱͳΔɻ͜ͷεςοϓʹ͓͍ͯɼৄࡉ௼߹৚͕݅ຬͨ
͞ΕΔ͜ͱͱͳΔ 4ɻ
ͳ͓ɼޙࣄ౷ྔܭΛࢉग़͢Δࡍʹ͸ɼಉ࣌෼෍ p(x, δ)͔Βཚ਺Λൃੜͤ͞ɼ
ӡಈྔม਺ʹؔ͢Δཚ਺Λഁ͠غɼҐஔม਺ʹؔ͢ΔαϯϓϧͷΈΛར༻͢Δɻ

4.5.5 ࿈࠯ͷऩଋ

ຊ߲Ͱ͸Ϛϧίϑ࿈࠯ͷ൑அج४ʹ͍ͭͯɼGelman & Rubin (1992)ɼGelman

(1996)ɼ๛ా ੒ํ๏͓Αͼਪଌํ๏ʹؔͯ֓͠આ͢Δɻߏඪͷࢦɼ͖ͮجʹ(2008)
Ϛϧίϑ࿈࠯ϞϯςΧϧϩ๏͓ΑͼϋΠϒϦουϞϯςΧϧϩ๏Λ༻͍ͨਪ
ଌͰ͸ɼߏ੒ɼਪҠͨ͠࿈͕࠯໨ඪ෼෍΁ͱ౸ୡ͍ͯ͠Δͷ͔ɼͦͯ͠໨ඪ෼
෍ͷશൣғΛे෼ʹඃ෴Ͱ͖͍ͯΔͷ͔Λ֬ೝ͢Δ͜ͱ͕؊ཁͰ͋Δɻ
࿈࠯Λߋ৽͠αϯϓϦϯάΛ݁ͨͬߦՌɼಘΒΕΔ࿈࠯ͷߏ੒ཁૉ͸ɼෆม
෼෍͔Βͷແ࡞ҝඪຊͱͳ͍ͬͯΔ͜ͱ͕ظ଴͞ΕΔɻෆม෼෍౸ୡޙͷ࿈࠯
ͷߏ੒ཁૉʹ͸ɼॳظ஋ͷӨ͓ͯͬ࢒͕ڹΒͣɼෆม෼෍͔Βͷແ࡞ҝඪຊͱ
ऩଋͨ͠ͱ͍͏ɻ͕࠯ͱ͖ɼ࿈ͨͬࢸʹͳͤΔঢ়ଶݟ
ͨͩ͠ɼߋ৽։࢝ॳظͷ࣌఺Ͱ͸ɼ෼ੳऀ͕ዞҙతʹઃఆͨ͠ॳظ஋ͷӨڹ
ະͩ໨ඪ෼෍΁ͱ౸ୡ͍ͯ͠ͳ͍͜ͱ͕༧૝͞ΕΔɻ͕࠯Γɼ࿈͓ͯͬ࢒͕
஋ظҝඪຊͰ͋ͬͨͱͯ͠΋ɼॳ࡞੒ཁૉ͕ෆม෼෍͔Βͷແߏ৽ͷ࠷͑ྫ
͔ΒͷӨ࢒͕ڹΔ࿈࠯ͷߏ੒ཁૉΛ΋ਪଌʹ༻͍Δ͜ͱ͸ɼ݁ͨͬޡ࿦Λಋ͘
͜ͱʹ͕ܨΓ͔Ͷͳ͍ɻ͜Εʹରॲ͢ΔͨΊʹ͸ɼे෼ͳߋ৽ճ਺Λޙͨܦͷ
࿈͔࠯Βɼॳظͷߏ੒ཁૉΛऔΓআ͖ɼෆม෼෍͔Βͷແ࡞ҝඪຊͱͳ͍ͬͯ
Δ෦෼ͷΈΛ༻͍ͯਪଌΛํ͏ߦ๏͕࠾ΒΕΔɻ
͜ͷഁ͞غΕΔߋ৽ؒظΛόʔϯΠϯؒظ (burn-in period)ͱ͍͏ɻύϥϝλ
ਪఆʹ͸ɼ͜ͷόʔϯΠϯؒظҎޙͷߏ੒ཁૉΛ༻͍ͯ͏ߦɻͳ͓ɼόʔϯΠ
ϯؒظ͸΢ΥʔϜΞοϓؒظ (warm-up period)ͱݺশ͞ΕΔ৔߹΋͋Δɻ
࿈࠯ͷॳظཁૉΛഁ͢غΔͱ͍͏ํུࣗମ͸୯७͔ͭޮՌతͰ͸͋Δ΋ͷͷɼ
ద੾ͳόʔϯΠϯؒظΛ༧ΊఆΊΔ౷Ұతͳํ๏͓Αͼج४͸ະͩଘ͠ࡏͳ͍ɻ
ͦͷͨΊɼ࣮ࡍʹར༻৔໘Ͱ͸ɼ෼ੳऀ͕೚ҙʹ࿈࠯ͷߋ৽ؒظΛఆΊɼ͔ͭ
ઃఆͨ͠όʔϯΠϯ͖ͮجʹؒظɼ࿈࠯ͷॳظཁૉΛഁ͢غΔ͜ͱͱͳΔɻ
ͦͷޙɼ࢒Γͷߏ੒ཁૉ͕ऩଋঢ়ଶʹ͍ͯͬࢸΔ͔൱͔Λ൑ఆ͢Δ͜ͱͰɼਪ
ଌʹར༻͢Δ࿈͕࠯ऩଋ͍ͯ͠Δ͜ͱΛޙࣄతʹ֬ೝ͢Δɻ

௼߹৚͕݅੒ཱ͢Δ͜ͱͷূ໌͸ࡉ4ৄ Neal (2011)ʹ͓͍ͯ֬ೝ͢Δ͜ͱ͕Ͱ͖Δ
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ऩଋ൑ఆͷํ๏ʹ͸༷ʑͳ΋ͷ͕ఏҊ͞Ε͍ͯΔ͕ɼ࿈͕࠯ऩଋ͍ͯ͠Δ͜
ͱΛ໌֬ʹ൑ఆͰ͖Δํ๏͸ະͩݟग़͞Ε͍ͯͳ͍ɻ

ऩଋ൑ఆࢦඪR

Gelman & Rubin (1992)͸ɼෳ਺ͷ࿈࠯Λൃੜͤ͞ɼͦΕΒͷ෼ࢄΛൺֱʹ༻
͍Δ͜ͱͰ࿈࠯ͷऩଋΛ൑ఆ͢Δํ๏͓Αͼͦͷࢦඪ R̂ΛఏҊͨ͠ɻͳ͓ R̂͸
estimated potential scale reduction (EPSR; Gelman & Rubin, 1992)ͱ΋ݺ͹ΕΔɻ
ຊࢦඪʹؔͯ͠͸ɼGelman & Rubin(1992)ʹ͓͍ͯ͸ɼn → ∞ͱͳΔʹै͍
ऩॖ͢Δɼอकతͳޙࣄ෼෍ͷई౓ͱ͍͏දݱ΋ݟΒΕΔɻ͜͜Ͱ͸ Gelman &

Rubin(1992)ɼGelman(1996)͓Αͼ๛ా (2008)Λݩʹऩଋ൑ఆࢦඪ R̂ͷࢉग़ํ
๏ʹ͍ͭͯड़΂Δɻ
͍·ɼॳظ஋Λ೚ҙʹઃఆ͠ɼύϥϝλͷඪຊΛൃੜͤͨ͞Ϛϧίϑ࿈࠯Λɼ

Kຊߏ੒͢Δ΋ͷͱ͢Δɻύϥϝλ θʹؔ͢Δɼޙࣄ෼෍͔ΒͷαϯϓϦϯά
ඪຊΛ༻͍ͯɼ

[θ(1)k , θ(2)k , . . . , θ(T )
k ]′, k = 1, . . . , K (4.56)

ͷΑ͏ʹKຊߏ੒͢Δɻ͜͜Ͱ T ͸࿈࠯ͷߋ৽ؒظΛද͢ɻ͜ΕΒͷKຊͷ
࿈ͦ࠯ΕͧΕ͔Βɼॳظͷmճ෼ͷඪຊΛόʔϯΠϯؒظͱͯ͠ഁ͢غΔ΋ͷ
ͱ͢Δɻ͜͜Ͱɼഁޙغͷ T −mݸͷඪຊΛؚΉ࢒Γͷ࿈͕࠯ɼෆม෼෍΁ͱ
ऩଋ͍ͯ͠Δ͔Ͳ͏͔Λ൑ఆ͍ͨ͠ɻ
·ͣ͸ྻܥ಺ฏۉ (with-in sequence mean) VarB(θ)Λ

V̂arB(θ) =
T −m

K − 1

K∑

k=1

(θ
(.)
k − θ

(.)
. )2 (4.57)

ͷΑ͏ʹٻΊΔɻ(4.57)ࣜ͸ҟͳΔ࿈ؒ࠯ʹ͓͚Δ θͷ஋ͷࢄΒ͹ΓΛ༩͑Δɻ
ࢄ಺෼ྻܥʹ࣍ (within-sequence variance) VarW (θ)ͷਪఆ஋Λ

V̂arW (θ) =
1

K

K∑

k=1

s2i (4.58)

=
1

K

K∑

k=1

1

T −m− 1

T−m∑

t=1

(θ(t)k − θ
(.)
. )2 (4.59)

=
1

K(T −m− 1)

K∑

k=1

T−m∑

t=1

(θ(t)k − θ
(.)
. )2 (4.60)

ͷΑ͏ʹٻΊΔɻ(4.60)ࣜ͸࿈࠯಺ʹ͓͚Δ஋ͷࢄΒ͹Γͷਪఆ஋Λද͍ͯ͠Δɻ
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ͳ͓ɼࣜதͷ θ
(.)
k ͸ k൪໨ͷ࿈࠯ʹؚ·ΕΔmݸΛഁޙͨ͠غͷશཁૉͷฏۉ

θ
(.)
k =

1

T −m

T−m∑

t=1

θkt (4.61)

Λද͍ͯ͠Δɻ·ͨɼθ
(.)
. ͸Kຊͷ࿈͝࠯ͱͷKݸͷશཁૉฏۉΛද͠ɼ

θ
(.)
. =

1

K

K∑

k=1

θ
(.)
k. (4.62)

Ͱ͋Δɻ
͜ΕΒ෼ࢄ੒෼ V̂arB(θ), V̂arW (θ)Λ༻͍ͯɼGelman & Rubin (1992)Ͱ͸໨
ඪ෼෍ͷύϥϝλ θͷਅͷ෼ࢄVar(θ)Λਪఆ͢Δํ๏Λड़΂͍ͯΔɻ·ͣ͸͡
Ίʹ

V̂ar(θ) =
T −m− 1

T −m
V̂arW (θ) +

1

T −m
V̂arB(θ) (4.63)

Λߏ੒͢Δɻ͜͜Ͱ (4.63)͕ࣜ V̂ar(θ)ͷෆภਪఆྔͱͳΔͷ͸ɼKຊͷ࿈͕࠯
໨ඪ෼෍΁ͱऩଋ͍ͯ͠Δ৔߹Ͱ͋ΔɻVar(θ)͸ա৒ͳࢄΒ͹Γʹର͢Δอक
తͳਪఆྔ (Gelman & Rubin, 1996)ͱ͞ΕΔɻKຊͷ࿈࠯ͷ͏ͪɼඇऩଋͷ࿈
ʹͷಉҰཁૉͷ஋͕ҟͳΓಘΔͨΊɼV̂arB(θ)͕ա৒ؒ࠯Δ৔߹͸ɼ࿈͕͋࠯
ਪఆ͞ΕΔɻ͜ͷ͜ͱ͔Βɼ(4.63)ࣜͷ஋΋ਅͷVar(θ)ΑΓେ͖͘ͳΓಘΔɻ
ਪఆྔ (4.63)ࣜͷ V̂ar(θ)ͱ (4.60)ࣜͷ V̂arW (θ)͸ Var(θ)ʹର͢ΔɼҟͳΔ
ଆ໘͔Βͷਪఆํ๏Λఏ͍ͯ͠ڙΔɻͦ͜Ͱɼ͜ΕΒ෼ࢄ੒෼ͷਪఆ஋Λ༻͍ɼ
ਅͷ෼ࢄVar(θ)ʹର͢Δਪଌࢦඪͱͯ͠ V̂ar(θ)ͱ V̂arW (θ)Λ༻͍ͯɼ

R̂ =

√√√√ V̂ar(θ)

V̂arW (θ)
(4.64)

ͷΑ͏ʹൺ R̂Λߏ੒͢Δɻ
΋͠ɼ͜ͷͱ͖࿈࠯ͷߋ৽ճ਺͕ෆे෼Ͱ͋Γɼਪଌʹ༻͍Δ࿈࠯ͷ಺ʹඇ
ऩଋͷ࿈ؚ͕࠯·Ε͍ͯΔ৔߹ʹ͸ɼ໨ඪ෼෍ͷશൣғ͔ΒͷαϯϓϦϯά͕
े෼ʹߦΘΕ͍ͯͳ͍͜ͱ͕༧૝͞ΕΔͨΊɼV̂arW (θ)ͷ஋͸ਅ஋Var(θ)ʹର
ͯ͠աগʹਪఆ͞ΕΔ͜ͱͱͳΔɻ
ҰํͰɼਪଌʹ༻͍ͨ࿈͕࠯શͯಉҰͷෆม෼෍ʹऩଋ͍ͯ͠Δ৔߹ʹ͸ɼ

V̂arW (θ)ͷ஋͸ɼਅͷ෼ࢄVar(θ)ʹ౳͘͠ͳΔ͜ͱ͕༧૝͞ΕΔɻ
΋͢͠΂ͯͷ࿈׬͕࠯શʹऩଋ͍ͯ͠ΔͳΒ͹ɼ(4.64)ࣜΛߏ੒͢Δཁૉ͸
ͲͪΒ΋Var(θ)ʹҰக͠ɼ͜ͷͱ͖ R̂ = 1ͱͳΔɻΑͬͯ R͕̂े෼ʹ 1ʹ͚ۙ

98



Ε͹Ϛϧίϑ࿈࠯͸ऩଋ͍ͯ͠Δ΋ͷͱ൑அ͠ɼͦ͏Ͱͳ͍ͳΒ͹࿈࠯͸ඇऩ
ଋͰ͋Δͱ൑அՄೳͰ͋Δɻ

Gelman (1996)͸ɼγϛϡϨʔγϣϯʹΑΔ R̂ͷݕ౼Λ͍ߦɼR͕̂ 1.2Ҏ্ͷ
৔߹ʹ͸ɼ࿈࠯ͷඇऩଋ͕ࣔࠦ͞Εͨ͜ͱ͔ΒɼR̂ͷ஋͕ 1.2ɼ΋͘͠͸ 1.1Α
Γ΋খ͚͞Ε͹࿈࠯͸ऩଋͨ͠ͱݟͳ͢൑அج४ΛఏҊͨ͠ɻ
ͳ͓ɼߏ੒ͨ͠࿈͕࠯ 1ຊͷ৔߹͸ɼཁૉΛෳ਺ʹ෼ׂ͠ɼͦΕΒͷཁૉू
߹Λٖࣅతʹߏ੒͞Εͨෳ਺࿈࠯ͱݟͳ͢͜ͱͰɼ্ड़ͷखॱΛద༻͢Δ͜ͱ
Ͱऩଋ൑ఆΛ͜͏ߦͱ͕ՄೳͰ͋Δɻ
ͦͷଞͷऩଋ൑ఆࢦඪͱͯ͠Geweke (1992)ʹΑΔํ๏ɼHeidelberger & Weltch

(1983) ʹΑΔํ๏ɼRaftery & Lewis (1992a, 1992b) ʹΑΔํ๏͕ఏҊ͞Εͯ
͍Δɻ
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ୈ5ষ ಉҰ߲໨ʹෳ਺ͷ߲໨ಛੑਤ
੒Մೳͳ৔߹ͷ෼ੳํ๏࡞͕
ʢڀݚ IIIʣ

5.1 ڀݚ III໨త
ςετ࣮ࢪձ৔͕͍޿஍Ҭʹ෼͔Ε͍ͯΔ৔߹΍ɼଟ਺ͷडऀݧ਺͕ࠐݟ·
ΕΔͨΊʹɼಉҰ࣌ࠁɼձ৔Ͱͷςετͷ࣮ࠔ͕ࢪ೉ͱͳΔ৔߹ʹ͸ɼϒοΫ
Ϩοτ (booklet, BL)ํࣜʹΑͬͯςετ͕࣮͞ࢪΕΔ͜ͱ͕͋ΔɻϒοΫϨο
τํࣜͱ͸ɼಉҰͷಛੑΛଌఆ͢ΔͨΊͷ߲໨܈Λෳ਺ͷখࢠ࡭ʢϒοΫϨο
τʣʹ෼ׂͯ͠഑ஔ͠ɼෳ਺ͷड܈ऀݧʹϒοΫϨοτΛ഑෍͠ɼ߲໨ʹର͠
ͯճ౴ΛٻΊΔࣜܗͰ͋Δɻ߲໨಺༰ͷ࿙Ӯ͔ΒςετΛकΔͨΊʹɼϒοΫ
Ϩοτ͝ͱͷߏ੒߲໨͸ҟͳΔ৔߹͕ҰൠతͰ͋Δɻͭ·Γɼ഑෍͞ΕΔϒο
ΫϨοτ͕ҟͳΔडऀݧ͸ҟͳΔ߲໨ू߹ʹରͯ͠ճ౴Λ͏ߦɻ
͜ΕΒߏ੒߲໨͕ҟͳΓಘΔϒοΫϨοτؒͷड܈ऀݧͷಛੑʢೳྗʣΛൺֱ
Մೳͱ͢Δํ๏͸ɼϒοΫϨοτؒͰಉҰͷडऀݧʹςετΛ࣮͢ࢪΔڞ௨ड
௨߲໨๏Ͱ͋Δɻڞ௨ͷ߲໨Λؚ·ͤΔڞʹ๏͔ɼ΋͘͠͸֤ϒοΫϨοτऀݧ
๏ͷ৔߹ɼෳ਺ͷϒοΫϨοτ΁ճ౴͢ΔਓһΛख഑͢Δඞཁ͕ऀݧ௨डڞ
͋Δɻ·ͨɼϒοΫϨοτ਺͕ଟ͘ͳΔͱɼڞ௨डऀݧͷෛ୲΋૿͠ɼർ࿑ʹ
ΑΔύϑΥʔϚϯεͷ௿ԼͷՄೳੑʹྀ͍ͭͯߟɼର͢ࡦΔඞཁ͕ੜ͡Δɻ
௨ͷ߲໨Λ഑ஔ͢Δ͜ͱͱͳΔڞ௨߲໨๏Ͱ͸ෳ਺ͷϒοΫϨοτ಺ʹɼڞ
͕ɼ߲໨෼ੳΛ͏ߦ৔߹ʹɼϒοΫϨοτʹରԠͨ͠਺ͷ෼ੳࢦඪ͕ࢉग़͞Ε
Δ͜ͱͱͳΔɻ͜Ε͸߲໨ಛੑਤ΋ྫ֎Ͱ͸ͳ͘ɼڞ௨߲໨ʹ͍ͭͯ͸ϒοΫ
Ϩοτ਺෼ͷ߲໨ಛੑਤ͕ඳըՄೳͱͳΔɻಉҰ߲໨ͷ߲໨ಛੑਤͰ͋ͬͯ΋ɼ
ड͕܈ऀݧҟͳΕ͹ɼಛੑۂઢͷදݱ΋ҟͳΔ΋ͷͱͳΓಘΔɻ
ྫ͑͹ɼਤ 5.1͸ɼPISA 2003ʹ͓͚Δ߲໨ʮ༌ग़ʯͷϒοΫϨοτ͝ͱͷ߲
໨ಛੑਤͰ͋Δ 1ɻ͜͜Ͱ͸ྫࣔͷͨΊ ෼ׂͱ͍ͯ͠Δɻͳ͓ɼ߲໨ʮ༌܈5
ग़ʯͷ߲໨಺༰͸෇࿥෇࿥ʹࣔͨ͠ɻ߲໨ʮ༌ग़ʯ͸ͦΕͧΕ߲໨਺ɼडऀݧ
਺ͷҟͳΔ 4छྨͷϒοΫϨοτʹؚΊΒΕ͍ͯΔɻຊڀݚʹ͓͍ͯ͸ɼศٓ
্ɼڞ௨߲໨ؚ͕·ΕΔϒοΫϨοτΛ۠ผ͢ΔͨΊͷ൪߸Λɼ1͔Β 4ʹৼΓ

1֤ϒοΫϨοτʹ͍ͭͯ͸ 1໰ʹ͖ͭ഑఺Λ 1఺ͱͨ͠ɻ
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(iv) BL 4

ਤ 5.1 ϒοΫϨοτผ߲໨ಛੑਤʢPISA 2003߲໨ʮ༌ग़ʯʣ

ਤ 5.1Λ͢࡯؍Δͱɼ߲໨ʮ༌ग़ʯ͸ԼҐ܈ɼߴҐ܈ͷࣝผྗ͸΍΍௿͘ɼத
Ґ܈ͷࣝผʹద߲ͨ͠໨Ͱ͋Δ͜ͱ͕ࣔࠦ͞ΕΔɻ͔͠͠ͳ͕ΒɼϒοΫϨοτ
͝ͱͷ߲໨ಛੑਤ͸޲܏ͨࣅʹ͍ޓΛࣔͯ͠͸͍Δ΋ͷͷɼಉ࣌ʹϒοΫϨο
τؒͰಛੑදݱͷ༳Β͕͗ੜ͍ͯ͡Δ༷ࢠ΋͞࡯؍ΕΔɻ
͜ͷΑ͏ʹɼಉҰ߲໨Ͱ͋ͬͯ΋ɼϒοΫϨοτؒͰ߲໨ಛੑͷද͕ݱҟͳ
ΓಘΔɻڞ௨߲໨ؚ͕·ΕΔϒοΫϨοτ͕ଟ͍৔߹ʹ͸ɼ1ͭͷ߲໨ʹ͍ͭͯ
͢΂ͯͷϒοΫϨοτͷදݱΛ͔֬ΊΔ͜ͱ͸൥ࡶͰ͋ΔɻߋʹɼϒοΫϨοτ
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ؒͰڞ௨߲໨ͷ߲໨ಛੑਤͷද͕ݱେ͖͘ҟͳΔΑ͏ͳ৔߹ʹ͸ɼ߲໨ಛੑͷ
҆ఆੑ͕ٙΘΕΔ͜ͱͱͳΓɼ҆ఆੑͦΕࣗମΛۛຯ͢Δ͜ͱ΋ٻΊΒΕΔͰ
͋Ζ͏ɻ͔͠͠ͳ͕Βɼଟ͘ͷϒοΫϨοτͷදݱΛՃຯ߲ͭͭ͠໨ಛੑΛղ
ऍ͢Δ͜ͱ͸ࠔ೉Ͱ͋Δɻ͜ͷΑ͏ͳ৔߹ʹɼͲͷϒοΫϨοτͷදݱΛ߲໨
෼ੳͷର৅ͱͯ͠࠾༻͠ɼղऍ͢΂͖͔ɼ໌֬ͳج४͸͘޿஌ΒΕͯ͸͍ͳ͍ɻ
ཧ૝తͳঢ়گͰ͸ɼಉఔ౓ͷಛੑΛ༗͢Δෳ਺ͷडஂूऀݧʹରͯ͠ɼڞ௨
߲໨ΛؚΜͩϒοΫϨοτΛ༻͍ͯςετΛ࣮͢ࢪΔͱɼྫ͑ϒοΫϨοτ͕ҟ
ͳͬͨͱͯ͠΋ɼϒοΫϨοτׂ͕Γ౰ͯΒΕͨडؒ܈ऀݧͷഎޙʹԾఆ͞Ε
Δ෼෍͕͍ޓʹಉҰͰ͋ΔͳΒ͹ɼडऀݧ਺͕૿Ճ͢Δʹ͕͍ͨ͠ɼ߲໨ಛੑ
ਤͷදݱ΋ࣅʹ͍ޓ௨͏Α͏ʹͳΔ͸ͣͰ͋Δɻ͢ͳΘͪɼ͜ͷ৔߹ʹ͸ϒο
ΫϨοτ͝ͱͷɼ߲໨ಛੑਤͷදݱͷҧ͍͸ඪຊࠩޡͷΈʹΑΔ΋ͷͱ͍͏͜
ͱ͕Ͱ͖Δɻ
͔͠͠ͳ͕Βɼ࣮ࡍͷঢ়گͰ͸ϒοΫϨοτͷԣ࣠ɼͭ·Γ܈෼͚͸ϒοΫ
Ϩοτಘ఺ʹΑͬͯఆΊΒΕɼϒοΫϨοτಘ఺͸ɼϒοΫϨοτؒͰ͍ޓʹ
ҟͳΓಘΔʢ߲໨ಛੑਤ࡞੒ର৅ͱͳ͍ͬͯΔ౰߲֘໨Ҏ֎ͷʣଞͷ߲໨܈ʹ
ର͢Δਖ਼ޡ൓Ԡ͓Αͼͦͷഎޙʹ૝ఆ͞ΕΔ߲໨ಛੑʹΑͬͯఆΊΒΕΔɻ
Αͬͯɼ߲໨ಛੑਤͷԣ࣠ʹ͸ͦΕͧΕҟͳΔ߲໨ಛੑͷӨؚ͕ڹ·Ε͍ͯ
Δͱ͑ߟΒΕΔͨΊʹɼ֤ϒοΫϨοτ͝ͱͷ߲໨ಛੑਤͷදݱͷҟͳΓ͸ɼ७
ਮʹඪຊࠩޡͷΈͷӨڹͱ͸ݟͳ͢͜ͱ͕೉͍͠ঢ়گʹ͋Δɻ
શʹҟͳͬ׬ʹ͍ޓ͸ݱͷཧ༝͔ΒɼϒοΫϨοτ͝ͱͷ߲໨ಛੑਤͷදه্
ͨ΋ͷΛද͍ͯ͠ΔͱҰ֓ʹݟͳ͢͜ͱ͸೉͍͠ɻҰํͰɼϒοΫϨοτ͝ͱ
ͷ߲໨ಛੑਤʹ͓͚Δදݱ͸ɼඪຊࠩޡҎ֎͸͢΂ͯಉ͡Ͱ͋Δͱݟͳ͢͜ͱ
΋·ͨࠔ೉Ͱ͋Δɻ
ڀݚ IIIͰ͸ڞ௨߲໨ʹ͍ͭͯෳ਺ͷ߲໨ಛੑਤ͕࡞੒͞ΕಘΔ৔߹ʹɼҟͳ
Δडஂूऀݧʹର͢ΔɼϒοΫϨοτผ߲໨ಛੑਤͷදݱͷҧ͍ΛՃຯͭͭ͠ɼ
ಉ࣌ʹ౷Ұతͳ؍఺͔Β߲໨ಛੑਤΛ࡞੒͠ɼ߲໨෼ੳʹ༻͍Δํ๏ΛఏҊ͢
Δɻͳ͓ɼຊڀݚͰ͸ਖ਼౴෼ੳʹয఺Λ౰ͯΔ͜ͱͱ͢Δɻ

5.2 ֊૚ϕΠζϞσϧΛ༻͍ͨ౷Ұతͳ߲໨ಛੑਤ࡞
੒๏ͷఏҊʢํ๏ IIIʣ

ಉఔ౓ͷಛੑΛ༗͢Δෳ਺ͷडஂूऀݧʹରͯ͠ɼڞ௨߲໨ΛؚΜͩϒοΫ
ϨοτΛ༻͍ͯςετΛ࣮͢ࢪΔͱɼྫ͑ϒοΫϨοτ͕ҟͳͬͨͱͯ͠΋ɼಉ
͡෼෍ͱͳΔͱ͍͏ԾఆͷԼɼ֊૚ϕΠζʹΑΔ͝܈ͱͷ 2஋൓ԠσʔλΛ༻
͍ͨϞσϧԽΛ͍ߦɼ௒ύϥϝλΛ༻͍ͨղऍํ๏ʹ͍ͭͯఏҊ͢Δɻ
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5.2.1 Ϟσϧ

೚ҙͷ߲໨͕ෳ਺ͷBݸͷϒοΫϨοτʹڞ௨߲໨ͱؚͯ͠·Ε͍ͯΔঢ়گ
Λ૝ఆ͢Δɻͳ͓ɼ͜͜Ͱ͸ 1ͭͷ߲໨ͷΈʹண໨͢ΔͨΊɼ߲໨ʹؔ͢Δఴ
͸লུ͢Δɻࣈ͑
͍·ɼ͋Δ߲໨ͷɼୈ b൪໨ (b = 1, 2, . . . , B)ͷϒοΫϨοτʹ͓͚Δɼୈ g

܈ (g = 1, 2, . . . , G)ʹॴଐ͢Δɼୈ i൪໨ (i = 1, 2, . . . , Nbg)ͷडऀݧͷ 0-1ͷ 2

஋൓ԠΛ xbgiͱද͢ɻͭ·Γɼ

xbg = (xbg1,xbg2, . . . ,xbgNbg
) (5.1)

Ͱ͋Δɻ
ʑͷୈݸɼʹߋ g܈ʹ͓͚Δਖ਼౴ਓ਺Λ nbgͱද͢ɻ͜͜Ͱ nbg =

∑Nbg

i=1 xbgi

Ͱ͋Δɻ·ͨɼݸʑͷୈ g܈ʹ͓͚Δਖ਼౴൓Ԡ (xbgi = 1)ͷൺ཰ʢਖ਼౴཰ʣΛ
pbgͱද͢ɻͭ·Γɼ

pbg =
nbg

Nbg

(5.2)

Ͱ͋Δɻ͢ΔͱɼϒοΫϨοτ bɼ܈ gʹ͓͍ͯɼ൓ԠϕΫτϧxbg͔ΒٻΊΒ
ΕΔਖ਼౴਺ nbg͕͞࡯؍ΕΔ֬཰͸ɼਖ਼౴཰ pbg͕ॴ༩ͷԼͰ

f(nbg|Nbg, pbg) =

(
Nbg

nbg

)
p
nbg

bg (1− pbg)
(Nbg−nbg) (5.3)

ͱ༩͑ΒΕΔɻ(5.3)ࣜʹ͍ͭͯϕΠζਪఆΛ͏ߦ΋ͷͱ͢Δɻ
pbgͷࣄલ෼෍ʹ͸

pbg ∼ Beta(αg, βg) (5.4)

ͱ͠ɼϕʔλ෼෍ΛԾఆ͢Δɻ·ͨɼϕʔλ෼෍ͷܗঢ়ύϥϝλ αg͓Αͼ βg

ͷࣄલ෼෍ͱͯ͠ɼ

αg ∼Uniform(0, 100) (5.5)

βg ∼Uniform(0, 100) (5.6)

ͷΑ͏ʹҰ༷෼෍ΛԾఆ͢Δɻpbgʹؔͯ͠पลԽ͢Δͱɼ

f(nbg|αg, βg) =

∫
f(nbg|pbg)f(pbg|αg, βg)dpbg (5.7)

ͱͳΔɻϒοΫϨοτɼ͝܈ͱͷਖ਼౴਺Λཁૉͱ͢ΔϕΫτϧΛ

n = (n11, . . . , n1G, n21, . . . , n2G, nB1, . . . , nBG) (5.8)
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ͱ͢Δͱɼपล໬౓͸

L(n|α,β) =
G∏

g=1

B∏

b=1

f(nbg|αg, βg) (5.9)

ͱͳΓɼύϥϝλͷಉ࣌ޙࣄ෼෍͸

f(α,β|n) ∝ L(n|α,β)f(α)f(β) (5.10)

ͱͳΔɻ
pbgͷશϒοΫϨοτͷ܈ผฏۉ஋ pg͸ࣄલ෼෍ͱͯ͠ϕʔλ෼෍ΛԾఆ͠
͍ͯΔͨΊɼαg͓Αͼ βgͷਪఆ஋Λ༻͍ͯɼ

p̂g =
α̂g

α̂g + β̂g

(5.11)

ʹΑΓ༩͑ΒΕΔɻ
·ͨɼp̂gͷࢄΒ͹Γͷఔ౓͸ɼϕʔλ෼෍ͷ෼ࣜެࢄΛ༻͍ͯɼ

σ̂2
pg

=
α̂gβ̂g

(α̂g + β̂g)2(α̂g + β̂g + 1)
(5.12)

ʹΑΓࢉग़͞ΕΔɻ·ͨͦͷඪ४ภࠩ͸

σ̂pg =
√

σ̂2
pg

(5.13)

ʹΑΓ༩͑ΒΕΔɻ
pg͸ϒοΫϨοτʹґଘ͠ͳ͍ୈ g܈ͷਖ਼౴཰ͱͯ͠ղऍ͢Δ͜ͱ͕Ͱ͖Δɻ
ޙΕ͹ɼpgΛ༻͍Δ͜ͱͰɼϒοΫϨοτ͝ͱʹҟͳΔ߲໨ಛੑਤͷഎ͢ݴ׵
ʹԾఆ͞ΕΔɼڞ௨ͨ͠؍೦తͳ߲໨ಛੑਤΛඳ͘͜ͱ͕ՄೳͱͳΔɻ
pgΛ༻͍߲ͨ໨ಛੑਤΛ߲໨෼ੳͷର৅ͱ͢Δ͜ͱͰɼಉҰ߲໨ʹର͢Δϒο
ΫϨοτؒͷҧ͍ΛՃຯͭͭ͠ɼ౷Ұతͳࢹ఺͔ΒղऍΛ͜͏ߦͱ͕Ͱ͖Δɻ
ͳ͓ɼຊڀݚͰ͸ɼ܈΁ͷ෼ׂํ๏͸͕ؒ܈౳ִؒͱͳΔΑ͏ʹɼύʔηϯ
λΠϧ఺Λ༻͍ͯ܈෼͚Λ͏ߦɻ·ͨɼ܈਺͸ 5ͱͨ͠ɻ

5.2.2 ϋΠϒϦουϞϯςΧϧϩ๏ʹΑΔਪఆ

ຊڀݚͰ͸ɼલड़ͷ֊૚ϕΠζϞσϧʹ͍ͭͯɼHMC๏ʹΑΔύϥϝλਪఆ
Λ͏ߦɻHMC๏ͷ࣮ߦʹ͸ιϑτ΢ΣΞ Stan (Stan Development Team, 2014b)

͓Αͼ౷ܭղੳڥ؀ R (Ihaka & Gentleman, 1996)্ʹ͓͚Δ StanͷΠϯλʔ
ϑΣʔεύοέʔδ RStan (Stan Development Team, 2014a)Λ༻͍ͨɻ
࿈࠯ͷߏ੒਺͸ 4ͱͨ͠ɻ·ͨɼ֤࿈࠯ͷߋ৽ؒظ͸ 2200ճͱ͠ɼ͜ͷ͏ͪ
ॳΊͷ 200ճΛόʔϯΠϯ (burn-in)ؒظʢ͋Δ͍͸΢ΥʔϜΞοϓ (warm-up)ظ
ؒʣͱͯ͠ഁͨ͠غɻͳ͓ؒҾ͖ʹ͍ͭͯ͸ִؒΛ1ͱ͠ɼߦΘͳ͍΋ͷͱͨ͠ɻ
Ҏ্ͷઃఆΑΓɼ֤࿈࠯ʹ͓͚ΔόʔϯΠϯޙؒظͷαϯϓϧ 8000 (4× 2000)

੒ͨ͠ɻߏΛྔܭ౷ޙࣄ͍ͯ༺Λݸ
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5.3 ݁Ռͱ࡯ߟ
ຊઅͰ͸ HMC๏ʹΑͬͯٻΊΒΕͨޙࣄ౷ྔܭΛࣔ͠ɼͦΕΒͷਪఆ݁Ռ
ɻ͏ߦΛ࡯ߟ͍ͯͭʹ

5.3.1 ద༻ྫ PISA 2003߲໨ʮ༌ग़ʯ

·ͣɼPISA 2003߲໨ʮ༌ग़ʯʹର͢ΔఏҊख๏ͷద༻݁ՌΛࣔ͢ɻ

߲໨ʮ༌ग़ʯσʔλ

ද 5.1͓Αͼද 5.2ʹ߲໨ʮ༌ग़ʯʹؔͯ͠ɼਪఆʹ༻͍ΔσʔλΛࣔͨ͠ɻ
ද 5.1͸ ͷॴଐਓ਺Λද͍ͯ͠Δɻ·ͨɼද܈ͷɼ֤ࡍ෼͚ͨʹ܈5 5.2͸౰֘
਺Λද͍ͯ͠Δɻऀݧ಺ʹ͓͍ͯਖ਼౴ͨ͠ड܈

ද 5.1 ߲໨ʮ༌ग़ʯϒοΫϨοτɾ܈ผडऀݧ਺

BL1 BL2 BL3 BL4

g1 28 14 36 40

g2 61 51 80 86

g3 104 92 87 112

g4 110 119 86 70

g5 52 79 36 21

Nb 355 355 325 329

ද 5.2 ߲໨ʮ༌ग़ʯϒοΫϨοτɾ܈ผਖ਼౴ऀ਺

BL1 BL2 BL3 BL4

g1 3 1 6 3

g2 12 5 17 19

g3 54 33 48 78

g4 95 93 72 63

g5 50 75 31 20
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ද 5.3 ߲໨ʮ༌ग़ʯ pbgਪఆ݁Ռ

pbg ฏۉ SD R̂

p11 0.120 0.042 1.000

p21 0.115 0.046 1.000

p31 0.138 0.041 1.000

p41 0.106 0.036 1.001

p12 0.196 0.039 1.000

p22 0.158 0.039 1.000

p32 0.204 0.036 1.000

p42 0.209 0.035 1.000

p13 0.525 0.041 1.000

p23 0.429 0.050 1.000

p33 0.545 0.044 1.000

p43 0.639 0.047 1.000

p14 0.852 0.028 1.000

p24 0.803 0.030 1.000

p34 0.836 0.032 1.000

p44 0.866 0.032 1.000

p15 0.939 0.026 1.000

p25 0.937 0.023 1.000

p35 0.901 0.034 1.000

p45 0.930 0.033 1.000

ද 5.4 ߲໨ʮ༌ग़ʯp̂g͓Αͼ p̂bg

܈ p̂g σ̂2
pg

σ̂pg p1g p2g p3g p4g

1 0.124 0.002 0.040 0.120 0.115 0.138 0.106

2 0.195 0.002 0.046 0.196 0.158 0.204 0.209

3 0.535 0.006 0.075 0.525 0.429 0.545 0.639

4 0.836 0.002 0.044 0.852 0.803 0.836 0.866

5 0.922 0.001 0.034 0.939 0.937 0.901 0.930

106



߲໨ʮ༌ग़ʯਪఆ݁Ռ

ද 5.3ʹ pbgͷਪఆ݁ՌͱͳΔޙࣄ౷ྔܭΛࣔͨ͠ɻHMCʹ͓͚Δऩଋ൑ఆ
ͷͨΊʹɼGelman & Rubin (1992)ʹ͓͍ͯఏҊ͞Εͨऩଋ൑ఆࢦඪ R̂Λ༻͍
ͨɻ൑ఆʹ͋ͨͬͯ͸ Gelman (1996)ΛߟࢀʹɼR͕̂ 1.1ΑΓ΋খ͍͞஋Ͱ͋Ε
͹ɼ౰֘ਪఆ஋ʹؔ͢Δ࿈࠯͸ऩଋͨ͠΋ͷͱ൑அͨ͠ɻ
߲໨ʮ༌ग़ʯʹؔͯ͠͸ɼ͢΂ͯͷਪఆ஋ʹؔͯ͠ R͕̂ 1.1ҎԼͰ͋ͬͨͨ
Ίɼ࿈࠯͸ऩଋͨ͠΋ͷͱ൑அ͠ɼ෼ੳ݁Ռͷղऍʹ༻͍Δ͜ͱͱͨ͠ɻද 5.4

ͷ 2ྻ໨͔Β 4ྻ໨ʹ͸ɼ(5.11)ࣜɼ(5.12)͓ࣜΑͼ (5.13)ࣜʹΑͬͯࢉग़͞Ε
Δਪఆ஋ p̂gɼσ̂2

pg
͓Αͼ σ̂pg Λ഑ͨ͠ɻ·ͨɼ5ྻ໨Ҏ߱͸ϒοΫϨοτ͝ͱͷ

pbgͷਪఆ஋Λ͍ࣔͯ͠Δɻ
ਤ 5.2(i)͸؍ଌσʔλͷબ୒ൺ཰ʢਖ਼౴཰ɾਖ਼౴൓Ԡ཰ʣΛ༻͍ͯ࡞੒߲ͨ͠
໨ಛੑਤͰ͋Δɻ·ͨɼਤ 5.2(ii)ͷ࣮ઢ͸ද ͍ͯ༺Λྔܭ౷ޙࣄͨࣔ͠ʹ5.4
೦తͳʣਪఆ߲໨ಛੑਤͰ͋Δɻਤ؍੒ͨ͠ʢ࡞ 5.2(ii)ʹ͸ϒοΫϨοτ͝ͱ
ͷਖ਼౴൓Ԡ֬཰ͷਪఆ஋ p̂bgΛ༻͍ͨಛੑۂઢʹ͍ͭͯ΋఺ઢͰඳը͍ͯ͠Δɻ
ਤ 5.2(iii)͸ p̂gΛ༻͍ͨಛੑۂઢͷΈΛඳ͍ͨਪఆ߲໨ಛੑਤͰ͋Δɻ
ਤ 5.2(i)ͱਤ 5.2(ii)Λൺֱ͢Δͱɼਪఆ߲໨ಛੑਤͰ͸ɼબ୒཰͔Β௚઀࡞
ਤ͞ΕΔ߲໨ಛੑਤʹΑͬͯද͞ݱΕಘΔಛ௃ʢ߲໨ಛੑʣʹؔͯ͠΋ɼදݱ
͠ಘ͍ͯΔ͜ͱ͕͏͔͕͑ΔɻԼҐʢ௿ಛੑʣ܈ʹ͓͍ͯҰ୴ਖ਼౴཰͕Լ߱͢
Δ༷ࢠ΍ɼதҐʢதಛੑʣ܈ʹ͓͍ͯɼϒοΫϨοτؒͷಛੑۂઢͷဃ཭ͷେ
͖͞΋ਪఆ߲໨ಛੑਤʹΑͬͯද͞ݱΕ͍ͯΔɻ·ͨɼ্Ґʢߴಛੑʣ܈Ͱ͸
ಛੑۂઢͷ͕͖܏খ͘͞ͳΔ޲܏΋ද͞ݱΕ͍ͯΔɻ
ਪఆ߲໨ಛੑਤ্ʹ͸ɼp̂gͷਖ਼౴཰ͷ༳Εͷఔ౓Λද͢ඪ४ภࠩ σ̂pg Λඳը
͍ͯ͠Δɻඪ४ภࠩͷൣғ͔Βɼp̂g͕Ͳͷఔ౓ϒοΫϨοτؒͰ҆ఆͨ͠ࢦඪ
Ͱ͋Δͷ͔΋֬ೝ͢Δ͜ͱ͕ՄೳͰ͋Δɻਤ 5.2(iii)ʹ͓͚Δ p̂g͓Αͼ σ̂gΛ༻
͍ͨಛੑۂઢ͸ϒοΫϨοτ͝ͱͷಛੑۂઢͷಛ௃Λ౷߹తʹදͨ͠ݱ΋ͷͱ
ͳͤΔͰ͋Ζ͏ɻݟ
ਤ 5.2(iii)Λ༻͍߲ͨ໨෼ੳΑΓɼ߲໨ʮ༌ग़ʯ͸ओʹதಛੑऀΛࣝผ͢Δ͜
ͱʹద߲ͨ͠໨Ͱ͋Δ͜ͱɼ௿ಛੑऀ͓Αͼߴಛੑऀʹ͍ͭͯ͸ࣝผྗ͕௿͍
߲໨Ͱ͋Δ͜ͱ͕෼͔ΔɻͦͷҰํͰɼதҐ܈ʹؔͯ͠͸ σ̂pg ͷ஋͕ൺֱతେ
ॴଐ͍ͯ͠ʹ܈ΔϒοΫϨοτ͕ҟͳΔͱɼಉ͢͡ݧΔͨΊɼड͋ʹ޲܏͍͖
΋ਖ਼౴཰ʹ͹Β͖͕ͭੜ͡Δ޲܏ʹ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ
௿ಛੑऀ͓Αͼߴಛੑऀʹؔͯ͠͸എޙʹԾఆ͞ΕΔೳྗ͕தಛੑऀͱൺֱ
ͯ͠ɼ҆ఆ͍ͯ͠Δ͜ͱ͕͑ߟΒΕΔͨΊɼ͜͏߲͕ͨ͠޲܏໨ಛੑʹදΕͨ
΋ͷͱղऍ͞ΕΔɻ
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(ii)ਪఆ߲໨ಛੑਤ (BLผಛੑۂઢ෇͖)
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(iii)ਪఆ߲໨ಛੑਤ

ਤ 5.2 ߲໨ಛੑਤͱਪఆ߲໨ಛੑਤʢPISA 2003߲໨ʮ༌ग़ʯʣ
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5.3.2 ద༻ྫ PISA 2003߲໨ʮΩϟϯσΟʯ

߲໨ʮΩϟϯσΟʯσʔλ

ද 5.5͓Αͼද 5.6ʹ߲໨ʮΩϟϯσΟʯʹؔͯ͠ɼਪఆʹ༻͍ΔσʔλΛࣔ
ͨ͠ɻ

ද 5.5 ߲໨ʮΩϟϯσΟʯϒοΫϨοτɾ܈ผडऀݧ਺

BL1 BL2 BL3 BL4

g1 17 30 29 49

g2 64 61 115 96

g3 87 89 114 114

g4 130 117 86 71

g5 54 56 10 21

Nb 352 353 354 351

ද 5.6 ߲໨ʮΩϟϯσΟʯϒοΫϨοτɾ܈ผਖ਼౴ऀ਺

BL1 BL2 BL3 BL4

g1 3 10 5 15

g2 21 22 45 47

g3 44 50 77 87

g4 101 97 79 68

g5 52 54 10 21

߲໨ʮΩϟϯσΟʯਪఆ݁Ռ

ਤ 5.3͸ PISA 2003ʹ͓͚Δ߲໨ʮΩϟϯσΟʯͷϒοΫϨοτ͝ͱͷ߲໨
ಛੑਤͰ͋Δɻ
͜ΕΒͷ߲໨ಛੑਤΛ͢࡯؍Δͱɼਤ 5.3(i)͸ಛੑۂઢ͕ԼҐ͔܈Β্Ґ܈·
Ͱ௚ઢঢ়ʹද͞ݱΕ͓ͯΓɼडऀݧΛࣝผ͢Δ͜ͱʹద߲ͨ͠໨Ͱ͋Δ͜ͱ͕
෼͔ΔɻҰํͰɼਤ 5.3(ii)Ͱ͸ԼҐ܈ʹ͍ͭͯࣝผྗ͕௿͍༷͑࢕͕ࢠΔɻਤ
5.3(iii)ͱਤ 5.3(iv)͸૒ํͱ΋ʹಉ༷ͷಛੑۂઢͷܗঢ়Λ͓ࣔͯ͠Γɼಛʹ্Ґ
औΕΔɻҰํͰਤͯݟΔ͜ͱ͕͋ʹ޲܏ͷࣝผྗ͕΍΍௿͍܈ 5.3(iv)Ͱ͸ୈ 1
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(iii) BL 3
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(iv) BL 4

ਤ 5.3 ߲໨ಛੑਤʢPISA 2003߲໨ʮΩϟϯσΟʯʣ
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ද 5.7 ߲໨ʮΩϟϯσΟʯ pbgਪఆ݁Ռ

pbg ฏۉ SD R̂

p11 0.256 0.058 1.000

p21 0.289 0.054 1.000

p31 0.247 0.055 1.000

p41 0.285 0.048 1.000

p12 0.375 0.044 1.000

p22 0.388 0.044 1.001

p32 0.398 0.037 1.001

p42 0.444 0.040 1.000

p13 0.563 0.045 1.001

p23 0.594 0.043 1.000

p33 0.658 0.038 1.000

p43 0.711 0.039 1.000

p14 0.804 0.032 1.000

p24 0.840 0.029 1.000

p34 0.895 0.029 1.000

p44 0.915 0.030 1.000

p15 0.961 0.021 1.000

p25 0.962 0.020 1.000

p35 0.965 0.027 1.000

p45 0.970 0.023 1.000

ද 5.8 ߲໨ʮΩϟϯσΟʯ p̂g͓Αͼ p̂bg

܈ p̂g σ̂2
pg

σ̂pg p1g p2g p3g p4g

1 0.272 0.003 0.050 0.256 0.289 0.247 0.285

2 0.403 0.002 0.050 0.375 0.388 0.398 0.444

3 0.631 0.004 0.063 0.563 0.594 0.658 0.711

4 0.863 0.003 0.050 0.804 0.840 0.895 0.915

5 0.960 0.001 0.025 0.961 0.962 0.965 0.970
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(ii)ਪఆ߲໨ಛੑਤ (BL෇͖)
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(iii)ਪఆ߲໨ಛੑਤ

ਤ 5.4 ߲໨ಛੑਤͱਪఆ߲໨ಛੑਤʢPISA 2003߲໨ʮΩϟϯσΟʯʣ
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ͷਖ਼౴཰͕܈ 0.3Ҏ্͋Γɼਤ 5.3(ii)ͱಉ༷ʹ΍΍ฏқɼ΋͘͠͸౰ͯਪྔʹ
ΑΔਖ਼౴ͷՄೳੑ͕ࣔࠦ͞ΕΔɻ
߲໨ʮΩϟϯσΟʯʹ͍ͭͯɼʮํ๏ IIIʯʹ͓͍ͯఏҊͨ͠֊૚ϕΠζϞσϧ
͓ΑͼਪఆΛ݁ͨͬߦՌͷਪఆ஋Λද 5.7ͱද Δɻ͢ࡌܝʹ5.8
ද 5.7ΑΓɼ͢΂ͯͷਪఆ஋ʹ͍ͭͯ R̂ͷ஋͕ 1.1ҎԼͱͳͬͨͨΊɼ࿈࠯͸
ऩଋͨ͠΋ͷͱ൑அͨ͠ɻද 5.8͔Βɼ্Ґ܈ʹ͍ͭͯ͸ p̂gͷ஋͕ϒοΫϨο
τؒͰ૬ରతʹ҆ఆ͍ͯ͠Δ͜ͱ͕෼͔Δɻ·ͨɼୈ ͷਖ਼౴཰ͷ༳Ε͕ൺ܈3
ֱతେ͖͍͜ͱ͕දΕ͍ͯΔɻ
ਤ 5.4ʹɼ߲໨ʮΩϟϯσΟʯʹ͓͚Δ p̂gΛ༻͍ͯ࡞੒ͨ͠ਪఆ߲໨ಛੑਤ
Λࣔͨ͠ɻਤ 5.4(i)ͱਤ 5.4(ii)Λ͢࡯؍Δͱɼਤ 5.4(i)ͷ৔߹ʹ͸ɼ֤܈ͷਖ਼౴
཰͸ϒοΫϨοτؒͰ҆ఆ͍ͯ͠ͳ͍͕޲܏Ӑ͑ΔɻҰํͰਤ 5.4(ii)ͷ৔߹ʹ
͸ɼϒοΫϨοτؒͷਖ਼౴཰ͷࢄΒ͹Γ΋Ճຯͭͭ͠ɼ؍೦తͳಛੑۂઢΛਪ
ఆͰ͖͍ͯΔ༷ݟ͕ࢠΒΕΔɻ
ਪఆ߲໨ಛੑਤ͔Βɼ߲໨ʮΩϟϯσΟʯ΋·ͨɼશମతʹडऀݧΛΑࣝ͘
ผ͢Δ͜ͱ͕ՄೳͰ͋ΓɼͦͷதͰ΋தҐ܈ͷࣝผʹద߲ͨ͠໨Ͱ͋Δ͜ͱ͕
ࣔࠦ͞Εͨɻ߲ͨͩ͠໨ʮ༌ग़ʯͱಉ༷ʹɼதҐ܈ͷਪఆ஋ͷ෯͕΍΍͍͜޿
ͱɼ্Ґ܈ͱൺֱͯ͠ɼԼҐ܈ͷࣝผ͸΍΍ਪఆͷ෯͕͍͜޿ͱʹཹҙ͢Δඞ
ཁ͕͋ΔͩΖ͏ɻ

5.3.3 ద༻ྫ PISA 2003߲໨ʮ஍਒ʯ

߲໨ʮ஍਒ʯσʔλ

ද 5.9͓Αͼද 5.10ʹ߲໨ʮ஍਒ʯʹؔͯ͠ɼਪఆʹ༻͍ΔσʔλΛࣔͨ͠ɻ

ද 5.9 ߲໨ʮ஍਒ʯϒοΫϨοτɾ܈ผडऀݧ਺

BL1 BL2 BL3 BL4

g1 24 26 21 21

g2 45 60 59 34

g3 101 90 89 89

g4 102 117 135 83

g5 79 56 43 50

Nb 351 349 347 277
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(ii) BL 2
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(iii) BL 3
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(iv) BL 4

ਤ 5.5 ߲໨ಛੑਤʢPISA 2003߲໨ʮ஍਒ʯʣ
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ද 5.10 ߲໨ʮ஍਒ʯϒοΫϨοτɾ܈ผਖ਼౴ऀ਺

BL1 BL2 BL3 BL4

g1 4 13 7 2

g2 22 26 25 21

g3 55 64 47 63

g4 81 108 115 71

g5 76 55 42 49

߲໨ʮ஍਒ʯਪఆ݁Ռ

ਤ 5.5͸ PISA 2003ʹ͓͚Δ߲໨ʮ஍਒ʯͷ߲໨ಛੑਤͰ͋Δɻਤ 5.5(i)͔Β
ਤ 5.5(iv)Λൺֱɼ͢࡯؍Δͱɼ߲໨ʮ஍਒ʯ͸্Ґ܈Λࣝผ͢Δ͜ͱʹదͯ͠
͍Δ΋ͷͷɼԼҐ܈ʹ͍ͭͯ͸ϒοΫϨοτؒͰ߲໨ಛੑ͕େ͖͘ҟͳΓಘΔ
͜ͱ͕෼͔Δɻ

4ͭͷ߲໨ಛੑਤΛ͢࡯؍Δͱɼڞ௨ͯ͠தҐ܈Ҏ্ͷࣝผ͸҆ఆͯ͑͠ߦ
Δ߲໨Ͱ͋Δ͜ͱ͕ࣔࠦ͞ΕΔɻ
ҰํͰɼ௿ಛੑऀͷࣝผʹؔͯ͠͸ϒοΫϨοτؒͰղऍ݁Ռ͕ҟͳΓಘΔ
දݱͱͳ͍ͬͯΔɻਤ 5.5(i)ɼਤ 5.5(iii)͔Β͸ɼ௿ಛੑऀΛහײʹࣝผՄೳͰ͋
Δ͜ͱ͕ࣔࠦ͞ΕΔɻ͔͠͠ɼਤ 5.5(ii)Ͱ͸ԼҐ܈ͷࣝผʹ͍ͭͯ͸ෆద౰Ͱ
͋Δ͜ͱ͕ɼ·ͨɼਤ 5.5(iv)͔Β͸ɼԼҐ܈ͷࣝผྗ͕ൺֱత͘ߴɼ·ͨɼ্
Ґ܈ʹ͍ͭͯ΋ࣝผՄೳͰ͋Δ΋ͷͷɼͦͷࣝผྗ͸ൺֱత௿͍͜ͱ͕ࣔࠦ͞
ΕΔɻ
ϒοΫϨοτؒͰղऍ͕େ͖͘ҟͳΓಘΔͨΊʹɼԼҐ܈ͷࣝผʹ͸৻ॏΛ
Ͷ͹ͳΒͳ͍ͩΖ͏ɻ͞ظ
ද 5.11ΑΓɼऩଋ൑ఆࢦඪ R̂͸͢΂ͯͷਪఆ஋ʹ͍ͭͯ 1.1ҎԼͰ͋ͬͨͨ
Ίɼ࿈࠯͸ऩଋͨ͠΋ͷͱ൑அͨ͠ɻ
ਤ 5.6ʹਖ਼౴બ୒཰͔Β௚઀࡞੒߲ͨ͠໨ಛੑਤͱɼਪఆ߲໨ಛੑਤΛࣔ͠
ͨɻਤ 5.6(i)͔Βɼ্Ґ܈ͷಛੑۂઢ͸ൺֱత҆ఆ͍ͯ͠Δ΋ͷͷɼԼҐ܈ʹ
͍ͭͯ͸ݸʑͷಛੑۂઢ΋΍΍ෆ҆ఆͰ͋Γɼͳ͓͔ͭϒοΫϨοτؒͰͷਖ਼
౴཰ͷ༳Ε΋େ͖͍͜ͱ͕෼͔Δɻ͜ͷಛੑද͔ݱΒ͸ɼԼҐ܈Λࣝผ͢Δͨ
Ίͷग़୊߲໨ͱͯ͠͸ෆద౰Ͱ͋Δͱ͍͏൑அΛԼ͟͞ΔΛಘͳ͍Ͱ͋Ζ͏ɻ
Ұํɼਤ 5.6(ii)Λ͢࡯؍Δͱɼ্Ґ܈ͷਖ਼౴཰ͷ҆ఆͷఔ౓͸ಉ༷ʹ͞࡯؍
ΕΔ΋ͷͷɼԼҐ܈ʹ͍ͭͯ΋ಛੑۂઢ͕ӈ্͕ݞΓͱͳΔ༷ݟ͕ࢠΒΕɼԼ
Ґ܈ͷࣝผʹ΋࢖༻Մೳͳ߲໨Ͱ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻͨͩ͠ɼԼҐ܈ʹͭ
͍ͯ͸ϒοΫϨοτؒͷਖ਼౴཰ͷ༳Ε͕ൺֱతେ͖͍޲܏ʹ͋ΔͨΊɼԼҐ܈
ʹର͢ΔϫʔσΟϯάͷํ๏͕ద੾Ͱ͋ͬͨͷ͔Λݕ౼͢Δඞཁ͕͋ΔͩΖ͏ɻ
ͨͩ͠ɼ௿ಛੑ܈͸ߴಛੑ܈ͱൺֱ͢Δͱɼ౰ͯਪྔͱ͍ͬͨडऀݧͷߦಈͷ
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ද 5.11 ߲໨ʮ஍਒ʯ pbgਪఆ݁Ռ

pbg ฏۉ SD R̂

p11 0.253 0.063 1.000

p21 0.348 0.067 1.000

p31 0.299 0.065 1.000

p41 0.238 0.067 1.001

p12 0.484 0.048 1.000

p22 0.466 0.045 1.001

p32 0.463 0.046 1.000

p42 0.514 0.053 1.000

p13 0.579 0.040 1.000

p23 0.666 0.042 1.000

p33 0.574 0.043 1.000

p43 0.664 0.041 1.000

p14 0.819 0.031 1.000

p24 0.895 0.025 1.000

p34 0.852 0.027 1.000

p44 0.853 0.031 1.000

p15 0.962 0.017 1.000

p25 0.971 0.017 1.000

p35 0.968 0.019 1.000

p45 0.970 0.018 1.000
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(ii)ਪఆ߲໨ಛੑਤ (BL෇͖)
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(iii)ਪఆ߲໨ಛੑਤ

ਤ 5.6 ߲໨ಛੑਤͱਪఆ߲໨ಛੑਤʢPISA 2003߲໨ʮ஍਒ʯʣ
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ද 5.12 ߲໨ʮ஍਒ʯp̂g͓Αͼ p̂bg

܈ p̂g σ̂2
pg

σ̂pg p1g p2g p3g p4g

1 0.286 0.004 0.062 0.253 0.348 0.299 0.238

2 0.482 0.002 0.048 0.484 0.466 0.463 0.514

3 0.619 0.003 0.056 0.579 0.666 0.574 0.664

4 0.852 0.002 0.043 0.819 0.895 0.852 0.853

5 0.962 0.001 0.024 0.962 0.971 0.968 0.970

݁Ռɼಛੑۂઢ͕ෆ҆ఆͱͳ͍ͬͯΔ͜ͱ΋͑ߟΒΕΔͨΊɼ͋Δఔ౓ͷਖ਼౴
཰ͷ༳Ε͸ڐ༰͞ΕಘΔͩΖ͏ɻ
ຊྫͷΑ͏ʹɼఏҊख๏Λ༻͍ͯ࡞੒ͨ͠؍೦తͳ߲໨ಛੑਤΛ߲໨෼ੳͷ
ର৅ͱ͢Δ͜ͱͰɼ௨ৗͷ߲໨ಛੑਤΛ͢࡯؍Δ͚ͩͰ͸ಘΒΕͳ͍஌ݟΛಘ
Δ͜ͱ͕ՄೳͱͳΔɻ

5.3.4 ద༻ྫ PISA 2003߲໨ʮεέʔτʯ

߲໨ʮεέʔτʯσʔλ

ද 5.13͓Αͼද 5.14ʹ߲໨ʮεέʔτʯʹؔͯ͠ɼਪఆʹ༻͍ΔσʔλΛࣔ
ͨ͠ɻ

ද 5.13 ߲໨ʮεέʔτʯϒοΫϨοτɾ܈ผडऀݧ਺

BL1 BL2 BL3 BL4

g1 17 27 16 21

g2 66 61 53 40

g3 101 109 81 102

g4 126 110 135 95

g5 36 52 43 86

Nb 346 359 328 344
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(i) BL 1
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(ii) BL 2
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(iii) BL 3
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(iv) BL 4

ਤ 5.7 ߲໨ಛੑਤʢPISA 2003߲໨ʮεέʔτʯʣ
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ද 5.14 ߲໨ʮεέʔτʯϒοΫϨοτɾ܈ผਖ਼౴ऀ਺

BL1 BL2 BL3 BL4

g1 0 4 3 3

g2 19 25 7 7

g3 71 76 46 58

g4 119 101 119 88

g5 36 50 40 84

߲໨ʮεέʔτʯਪఆ݁Ռ

ਤ 5.7͸ PISA 2003߲໨ʮεέʔτʯͷϒοΫϨοτ͝ͱͷ߲໨ಛੑਤͰ͋
Δɻ4ͭͷ߲໨ಛੑਤΛ͢࡯؍Δͱɼڞ௨ͯ͠தҐ܈ͷࣝผྗ͕͘ߴɼ·্ͨ
Ґ܈ͷࣝผྗ͸΍΍௿͍͜ͱ͕෼͔Δɻ·ͨɼਤ 5.7(i)ͱਤ 5.7(ii)Ͱ͸ԼҐ܈
ʹ͍ͭͯ΋ɼࣝผʹద߲ͨ͠໨Ͱ͋Δ͜ͱ͕ࣔࠦ͞ΕΔҰํͰɼਤ 5.7(iii)ͱਤ
5.7(iv)͔Β͸ɼԼҐ܈ʹ͍ͭͯ͸ෆద౰ɼ΋͘͠͸ࣝผྗ͕ඇৗʹ௿͍߲໨Ͱ
͋Δ͜ͱ͕ࣔࠦ͞ΕΔɻ
ຊ߲໨ʹؔͯ͠΋ɼϒοΫϨοτؒͰ߲໨ಛੑͷղऍʹҧ͍͕ೝΊΒΕΔɻ
ΑͬͯఏҊख๏Λద༻͢Δ͜ͱͰɼਖ਼౴෼ੳΛ౷Ұతͳ؍఺͔Β࣮ߦՄೳͱͳ
Δ͜ͱ͕ظ଴͞ΕΔɻ
߲໨ʮεέʔτʯʹରͯ͠ɼఏҊख๏ͷద༻݁ՌΛࣔ͢ɻ
ਤ 5.8(i)͸͜Ε·Ͱͷద༻ྫͱಉ༷ɼ؍ଌσʔλͷ൓Ԡൺ཰Λ༻͍ͯ௚઀తʹ
੒߲ͨ͠໨ಛੑਤͰ͋Δɻ·ͨɼਤ࡞ 5.8(ii)͸ද 5.16ʹΑΔޙࣄ౷ྔܭΛ༻͍
੒ͨ͠ਪఆ߲໨ಛੑਤͰ͋Δɻਤ࡞ͯ 5.8(ii)ΑΓɼ߲໨ʮεέʔτʯ͸্Ґ܈
ʹؔͯ͠͸ࣝผྗ͕௿͍޲܏ʹ͋ΓɼதҐ܈ʹؔͯ͠͸ࣝผྗ͕͍͜ߴͱ͕ࣔ
ࠦ͞Εͨɻ·ͨɼ͜ΕΒͷਪఆબ୒཰ͷ҆ఆͷఔ౓͸ൺֱత͍͜ߴͱ΋෼͔Δɻ
ԼҐ܈ʹؔͯ͠͸௿͍ࣝผྗ͕͋Δ͜ͱ͕ࣔࠦ͞ΕΔ΋ͷͷɼෆ҆ఆ౓߹͍
͕૬ରతʹେ͖͍޲܏ʹ͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ

5.4 ڀݚ III݁࿦
ຊڀݚ IIIͰ͸ɼෳ਺ϒοΫϨοτؒʹؚ·ΕΔڞ௨߲໨ʹ͍ͭͯɼϒοΫϨο
τؒͷ߲໨ಛੑਤͷදݱͷҧ͍ΛՃຯ߲ͨ͠໨෼ੳΛՄೳͱ͢Δํ๏ʹ͍ͭͯ
ఏҊͨ͠ɻ֊૚ϕΠζϞσϦϯάΛ༻͍ͨ෼ੳʹΑͬͯɼ؍೦తͳ߲໨ಛੑਤ
Λ࡞੒͠ɼ߲໨෼ੳͷର৅ͱ͢Δ͜ͱͰɼϒοΫϨοτ͝ͱͷ߲໨ಛੑਤͷൺ
ֱ෼ੳͷΈ͔Β͸ಘΔ͜ͱͷͰ͖ͳ͍஌ݟΛಘΒΕΔ͜ͱ͕ࣔࠦ͞Εͨɻຊఏ
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ද 5.15 ߲໨ʮεέʔτʯ pbgਪఆ݁Ռ

pbg ฏۉ SD R̂

p11 0.111 0.049 1.001

p21 0.142 0.046 1.000

p31 0.148 0.052 1.000

p41 0.140 0.048 1.000

p12 0.275 0.044 1.000

p22 0.333 0.051 1.001

p32 0.204 0.046 1.000

p42 0.228 0.049 1.000

p13 0.668 0.038 1.000

p23 0.667 0.037 1.000

p33 0.603 0.041 1.000

p43 0.600 0.039 1.001

p14 0.931 0.020 1.000

p24 0.915 0.022 1.000

p34 0.891 0.023 1.000

p44 0.919 0.024 1.000

p15 0.973 0.020 1.000

p25 0.960 0.021 1.000

p35 0.947 0.024 1.001

p45 0.968 0.016 1.000
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(ii)ਪఆ߲໨ಛੑਤ (BL෇͖)
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(iii)ਪఆ߲໨ಛੑਤ

ਤ 5.8 ߲໨ಛੑਤͱਪఆ߲໨ಛੑਤʢPISA 2003߲໨ʮεέʔτʯʣ
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ද 5.16 ߲໨ʮεέʔτʯp̂g͓Αͼ p̂bg

܈ p̂g σ̂2
pg

σ̂pg p1g p2g p3g p4g

1 0.139 0.002 0.044 0.111 0.142 0.148 0.140

2 0.262 0.004 0.060 0.275 0.333 0.204 0.228

3 0.633 0.003 0.051 0.668 0.667 0.603 0.600

4 0.909 0.001 0.034 0.931 0.915 0.891 0.919

5 0.957 0.001 0.027 0.973 0.960 0.947 0.968

Ҋख๏͸ɼڞ௨߲໨ͷ߲໨ಛੑਤΛ༻͍߲ͨ໨෼ੳͷͨΊʹ༗ޮͳํ๏ͱͳΔ
Ͱ͋Ζ͏ɻ
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ୈ6ষ ૯߹࡯ߟ

ڀݚ Iɼڀݚ IIɼڀݚ IIIΛ௨ͯ͡ɼଟࢶબ୒߲ࣜܗ໨ͷ߲໨ಛੑਤ࡞੒ํ๏
ʹؔͯ͠ɼ3ͭͷ؍఺͔Βਫ਼៛ԽΛํ͏ߦ๏Λ࿦͖ͯͨ͡ɻ
ڀݚ IͰ͸ɼ߲໨ಛੑਤͷ܈਺બ୒ʹؔ͢Δ౷ܭతͳج४ΛఏҊͨ͠ɻ౷ܭ
σʔλΛ֮ࢹతʹ೺Ѳ͢Δ͜ͱ͸ɼඇৗʹॏཁͳํུͰ͋Δɻ߲໨෼ੳΛ֮ࢹ
తʹ͜͏ߦͱ͕ՄೳͱͳΔ߲໨ಛੑਤ͸ɼ౷ܭ෼ੳΛઐ໳తʹऀ͏ߦͷΈͳΒ
ͣɼඞͣ͠΋౷ܭ෼ੳʹ௨͍ͯ͠ڿΔΘ͚Ͱ͸ͳ͍ɼ֤Պ໨ͷઐ໳Ոɼ߲໨࡞
੒ऀʹͱͬͯ΋ɼॏཁͳಓ۩ͱͳΔɻ߲໨ಛੑਤ͔Β߲໨ಛੑͷධՁ݁Ռʹͭ
ͳΔ߲໨಺༰ͷվળʹ໾ཱͯΔ͜ͱ͕ՄೳͱͳΔɻߋతʹಘΔ͜ͱͰɼ֮ࢹ͍ͯ
ҰํͰɼ߲໨ಛੑਤʹΑΔಛੑදݱ͸ඞͣ͠΋Ұҙʹఆ·Δ΋ͷͰ͸ͳ͘ɼड
͸มԽ͠ಘΔɻҰൠతʹ͸ݱ਺࣍ୈͰɼද܈ͷऀݧ ੒͞Ε࡞෼ׂͱ͞Εͯ܈5
͖͓ͯͯΓɼ༗ޮʹ׆༻͢Δ͜ͱ͕Ͱ͖͍ͯΔɻ͔͠͠ͳ͕ΒɼԿΕͷදݱͰ
ਖ਼౴෼ੳʢ߲໨ͷଌఆੑೳͷௐࠪʣΛ͏ߦ΂͖͔ͷ౷ܭతͳج४͸͘޿஌ΒΕ
͓ͯΒͣɼ෼ੳऀ͕൑அʹ໎͏Α͏ͳ৔߹Ͱ͋ͬͯ΋ɼዞҙతʹܾఆͤ͟ΔΛ
ಘͣɼԿͦނͷΑ͏ͳ൑அΛԼͨ͠ͷ͔͸ɼ͋͘·Ͱݧܦతʹઆ໌͢Δ͜ͱ͠
͔Ͱ͖ͳ͔ͬͨɻ
·ͨɼ߲໨෼ੳ͕׆༻͞ΕΔ৔໘͸ςετͷ४උஈ֊Ͱ͋Δ͜ͱ͕ଟ͍ɻྫ
͑͹࣮ࡍͷςετӡӦͰ͸ඇৗʹଟ͘ͷडࠐݟ͕ऀݧ·ΕΔΑ͏ͳ৔߹Ͱ͋ͬ
ͯ΋ɼςετ࡞੒ஈ֊Ͱ͸ൺֱతɼۃগ਺ͷडऀݧʹର͢Δςετ࣮݁ࢪՌΛ
௨ͯ͡ɼ߲໨෼ੳΛߦΘͳ͚Ε͹ͳΒͳ͍ɻ४උஈ֊Ͱ͋ͬͯ΋ɼे෼ʹଟ͘
ͷडऀݧΛ༻ҙ͢Δ͜ͱ͕ՄೳͰ͋Δ৔߹ʹ͸ɼݧܦతʹ܈਺Λબ୒͠ɼ߲໨
ಛੑͷղऍΛͯͬߦ΋େ͖ͳ໰୊ͱ͸ͳΒͳ͍ɻ͔͠͠ͳ͕Β४උஈ֊ͱຊ൪
Ͱडऀݧ਺ʹେ͖ͳ͕ࠩೝΊΒΕΔ৔߹ʹ͸ɼ྆ऀͷ߲໨ಛੑਤΛಉ͡܈਺Ͱ
ͷେ͖ͳ৯͍ҧ͍Λੜͤ͡͞ΔՄೳੑ͕͋Δɻݱ੒͢Δ͜ͱ͸ಛੑද࡞
डऀݧ਺͕গͳ͍৔߹ʹ͸ɼ܈਺͕ଟ͍ͱ͖ɼ߲໨ಛੑਤͷදݱ͸ෆ҆ఆʹ
ͳΔͨΊɼຊݧࢼʹ߲໨ಛੑΛద੾ʹ൓ө͢Δ͜ͱ͕Ͱ͖͍ͯͳ͍Մೳੑ͕࢒
Δɻ͜ͷ৔߹ʹ͸܈਺ΛݮΒ͠ɼ֤܈ͷॴଐਓ਺Λ૿΍͢͜ͱͰ҆ఆੑΛ૿͢
͜ͱ͕ظ଴Ͱ͖Δ͕ɼ͜ͷ৔߹ʹ΋ͲͷΑ͏ʹ܈਺Λબ୒͢΂͖͔ͷج४͸஌
ΒΕ͍ͯͳ͍ɻ
ڀݚ IʹΑΔํ๏͸ɼ߲໨ಛੑਤΛ༻͍ͨਖ਼౴෼ੳΛࡍ͏ߦͷ܈਺બ୒ͷҰ
ॿͱͳΔ͜ͱ͕ظ଴͞ΕΔɻಛੑදݱΛ҆ఆͤͭͭ͞ɼશମσʔλͷ޲܏Λද
ͷ๣ূͱͯ͠༻͍Δ͜ͱ͕ՄೳͰ͋Δɻࡍ਺Λܾఆ͢Δ܈ΔͨΊͷ͢ݱ
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ڀݚ IIͰ͸ޡ౴෼ੳͷͨΊͷ߲໨ಛੑਤਫ਼៛Խͷํ๏ΛఏҊͨ͠ɻਖ਼౴෼ੳ
ʹΑΓɼجຊతͳଌఆੑೳ͕อো͞Ε߲ͨ໨ʹ͍ͭͯ͸ɼޡ౴෼ੳΛ͜͏ߦͱ
ͰɼडऀݧͷڭՊڭҭΛͨ͏ߦΊͷ஌ݟΛಘΔ͜ͱ͕Ͱ͖Δɻ
ҰํͰɼޡ౴બ୒ࢶͷಛੑۂઢ͸ɼࣅʹ͍ޓ௨͍΍͍͢ͱ͍͏ੑ࣭͕͋Γɼਤ
ʹΑΔ֮ࢹతͳ೺Ѳੑ્͕͞֐ΕಘΔͱ͍͏໰୊͕ଘ͢ࡏΔɻ·ͨɼޡ౴෼ੳ
ʹΑͬͯղऍ͞Εͨޡ౴͕޲܏ඪຊࠩޡʹΑΔӨڹͰ͋Δͷ͔Ͳ͏͔Λ͢ূݕ
Δํ๏΋͘޿஌ΒΕ͍ͯͳ͍ɻ͜ͷͨΊɼ෼ੳ݁Ռʹ͍ͯͮجɼڭՊڭҭํ਑
Λཱͯͨͱͯ͠΋ɼج४ʹরΒ͠߹Θͤͯ༗ޮͰ͋Δ͔൱͔Λٞ࿦͢Δ͜ͱ͸
Ͱ͖ͳ͔ͬͨɻ
͜ͷͱ͖ɼಛҟͳ͕޲܏ೝΊΒΕΔޡ౴બ୒ࢶҎ֎ͷಛੑۂઢʹ͍ͭͯฏۉ
બ୒཰Λ͢ࢉܭΔ͜ͱͰ·ͱΊɼվΊ߲ͯ໨ಛੑਤΛ࡞੒͢Δ͜ͱͰɼޡ౴બ
୒ࢶʹؔͯ͠ޮՌతʹಛੑΛࣔ͢ਤΛ࡞੒͢Δ͜ͱ͕ՄೳͱͳΔɻ·ͨɼ·ͱ
Ίํʹ͍ͭͯɼڀݚ IIʹΑΔఏҊख๏Λ༻͍ͯ৘ใྔن४Λࢉग़͠ɼൺֱ͢Δ
͜ͱͰɼಛੑۂઢͷซ߹ʹ༻͍ͨԾઆ͕ଥ౰Ͱ͋Δ͔Ͳ͏͔Λ͢ূݕΔͨΊͷ
๣ূͱ͢Δ͜ͱ͕ظ଴͞ΕΔɻ
ڀݚ IIIͰ͸ɼϒοΫϨοτࣜܗʹ͓͚Δςετڞ௨߲໨ʹؔ͢Δɼ߲໨ಛੑ
ਤ࡞੒ํ๏ʹ͍ͭͯఏҊͨ͠ɻ
ϒοΫϨοτࣜܗͷςετͰ͸ɼϒοΫϨοτؒʹڞ௨͢Δ߲໨ΛؚΊΔ͜
ͱͰɼ౷ܭతʹ͍ޓʹൺֱՄೳͳঢ়ଶ΁ͱಋ͘͜ͱ͕Ͱ͖Δɻ͜ͷͱ͖ɼڞ௨
߲໨ʹؔͯ͠͸ϒοΫϨοτͷ਺͚ͩɼ߲໨ಛੑਤ͕࡞੒ՄೳͰ͋Δɻ
ྫ͑ಉҰ߲໨Ͱ͋ͬͯ΋ɼඪຊ͓ࠩޡΑͼϒοΫϨοτߏ੒߲໨ͷҧ͍͔Βɼ
߲໨ಛੑ͸ϒοΫϨοτ͝ͱʹมԽ͠ಘΔɻ͜ͷΑ͏ͳ৔߹ʹɼԿΕͷදݱΛ
߲໨ಛੑͱͯ͠࠾༻͢΂͖͔ࢀরՄೳͳج४͸͘޿஌ΒΕͯ͜ͳ͔ͬͨɻ
ڀݚ IIIʹ͓͍ͯఏҊͨ͠ख๏͸ɼ͍ޓʹશ͘ҟͳΔͱ΋ɼશ͘ಉҰͰ͋Δͱ
΋ݟͳ͢͜ͱͷ೉͍͜͠ΕΒͷϒοΫϨοτ߲ؒ໨ಛੑਤʹؔͯ͠ɼ֊૚ϕΠ
ζϞσϧΛ༻͍Δ͜ͱͰෳ਺ͷϒοΫϨοτͷഎڞʹޙ௨ͯ͠Ծఆ͞ΕΔ؍೦
తͳ߲໨ಛੑਤΛ࡞੒͢Δ͜ͱΛՄೳͱ͢Δɻ·ͨɼಉ࣌ʹɼ౰߲֘໨ಛੑਤ
ͷ҆ఆੑʹ͍ͭͯ෼ੳ͢Δ͜ͱ΋ՄೳͱͳΔɻ
೦తͳ߲໨ಛੑਤΛղऍର৅ͱ͢Δ͜ͱͰɼϒοΫϨοτ߲ؒ໨ಛੑਤબ؍
୒ͷዞҙੑΛճආ͠ɼ౷Ұతͳࢹ఺͔Β߲໨෼ੳΛ͑ߦΔ͜ͱ͕ظ଴͞ΕΔɻ
ผʹ߲໨ಛੑਤʹద༻͞ΕͯݸΛ௨ͯ͡ߘΔఏҊख๏͸ຊ͚͓ʹڀݚͷه্
͖ͨɻ͔͠͠ͳ͕Β͜ΕΒͷํ๏͸ঢ়گʹԠͯ͡૊Έ߹Θͤͯద༻͢Δ͜ͱ΋
ՄೳͰ͋ΓɼΑΓॊೈʹ߲໨ಛੑਤΛ༻͍߲ͨ໨෼ੳΛ͏ߦঢ়گʹ͓͍ͯ໾ཱ
ͭ͜ͱ͕ظ଴͞ΕΔɻ
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෇࿥B ڀݚ III Stanίʔυ

ڀݚ IIIʹ͓͍ͯ࢖༻ͨ͠ StanίʔυΛҎԼʹࣔ͢ɻ

data{

int<lower=0, upper=10> G; //G਺
int<lower=0> B; //BL਺
int<lower=0> Nbg[G, B]; //BLผ Gผਓ਺
int<lower=0> Succ[G,B];

}

parameters{

real<lower=0, upper=1> p_bg[G, B];

real<lower=0, upper=100> alpha_g[G];

real<lower=0, upper=100> beta_g[G];

}

model{

for(b in 1:B){ // BL

for(g in 1:G){ //G਺
p_bg[g, b] ˜ beta(alpha_g[g], beta_g[g]);

Succ[g,b] ˜ binomial(Nbg[g, b], p_bg[g, b]);

}

}

}

generated quantities{

real<lower=0, upper=1> p_g[G];

real<lower=0> sigb[G];

// ฏۉͱ෼ࢄ
for(g in 1:G){

p_g[g] <- alpha_g[g]/(alpha_g[g] + beta_g[g]);

sigb[g] <- (alpha_g[g] * beta_g[g])/

((alpha_g[g] + beta_g[g])ˆ2 *
(alpha_g[g] + beta_g[g] + 1));

}

}

127



Ҿ༻จݙ

Akaike, H. (1973). Information theory and an extention of the maximum likeli-

hood principle. In B. N. Petrov, & F. Csaki (Eds.), 2nd International Symposium

on Information Theory., pp.267-281., Akadimiai Kiado.

Akaike, H. (1998). Information theory and an extension of the maximum likeli-

hood principle. In E. Parzen, E., K. Tanabe, & G. Kitagawa. (Eds.), Selected

papers of Hirotugu Akaike., pp.199-214., New York: Springer.

੺஑࣍߂ɾ؁རढ़Ұɾ๺઒࢛ݯ࿠ɾאౡ঵հɾԼฏӳण (ஶ)ࣨాҰ༤ɾ౔୩ོ
(ฤ) (2007). ੺஑৘ใྔن४AICʕϞσϦϯάɾ༧ଌɾ஌ࣝൃݟʕཱڞग़൛
੺ࠜರɾҏ౻ܓɾྛಞ༟ɾ௣໊ٱඒࢠɾେᖒެҰɾ༄Ҫ੖෉ɾా܀ਖ਼ষ (2006).

ࣝผࢦ਺ʹΑΔ૯߹ݧࢼ໰୊ͷ߲໨෼ੳ. େֶೖࢼηϯλʔلڀݚཁ, 35,

pp.19-47. (Akane, A., Ito, K., Hayashi A., Shiina, K., Osawa, K., Yanai, H.,

& Taguri, M. (2006). Item analysis of non-curriculum-based ability test based

upon discrimination index. Research Bulletin of NCUUE, 35, 19-47.)

؁རढ़Ұ (2007). ੺஑৘ใྔن४AIC—ͦͷࢥ૝ͱ৽ల։,੺஑࣍߂ɾ؁རढ़
Ұɾ๺઒࢛ݯ࿠ɾאౡ঵հɾԼฏӳण (ஶ)ࣨాҰ༤ɾ౔୩ོ (ฤ)੺஑৘ใ
,ग़൛ཱڞʕݟ४AICʕϞσϦϯάɾ༧ଌɾ஌ࣝൃنྔ pp.52-78.

Bishop, C. M. (2006). Pattern Recognition and Machine Learning, Springer-

Verlag New York. (C.M.Ϗγϣοϓ (ஶ) ஌೭ɾޱ෉ɾඉتଟా܀ɾߒాݩ
দຊ༟࣏ɾଜాঢ (؂༁) (2012). ύλʔϯೝࣝͱػցֶश (Լ)—ϕΠζཧ
࿦ʹΑΓ౷ܭత༧ଌ,ؙળग़൛)

Schmeiser, C. B., & Welch, C. J. (2006). Test development. In Brennan, R. L.(Ed.)

Educational measurement, Fourth edition. Praeger, pp.307-353.

Burnham, K. P., & Anderson, D. R. (2002). Model Selection and Multimodel

Inference, Second Edition. Springer-Verlag New York.

Croon, M. (2002). Ordering the classes. In J. A. Hagenaars & A. L. McCutcheon

(Eds.) Applied latent class analysis., pp.137-162., Cambridge University Press.

Duane, S., Kennedy, A. D., Pendleton, B. J. & Roweth, D. (1987). Hybrid monte

carlo. Physics Letters B, 195(2), pp.216-222.

Educational Testing Servece (1963). Multiple-choice questions: A close look.

୩஌೭ݹ (2008). ϕΠζ౷ܭσʔλ෼ੳ—R & WinBUGS—ே૔ॻళ
Gelman, A. (1996). Inference and monitoring convergence. In W. R. Gilks, S.

128



Richardson & D. J. Spiegelhalter (Eds.), Markov chain Monte Carlo in practice.,

pp.131-143., London: Chapman and Hall.

Gelman, A. & Rubin, D. B. (1992). Inference from iterative simulation using

multiple sequences (with discussion). Statistical Science, 7, pp.457-511.

Geweke, J. (1992). Evaluating the accuracy of sampling-based approaches to the

calculation of posterior moments. In J. M. Bernerdo, J. O. Berger, A. P. Dawid

& A. F. Smith (Eds.), Bayesian Statistics 4 (pp.169-193). Oxford, NY: Oxford

University Press.

Heidelberger, P. & Welch, P. D. (1983). Simulation run length control in the pres-

ence of an initial transit. Operations Research, 31, pp.1109-1144.

Ihaka, R. & Gentleman, R. (1996). R: a language for data analysis and graphics. J.

Comp. Graph. Stat. 5:299-314. Available via http://www.R-project.

org.

஑ాԝ (1973). ৺ཧֶڀݚ๏ 8ςετ II౦ژେֶग़൛ձ
஑ాԝ (1992). ςετͷՊֶʕݧࢼʹ͔͔ΘΔ͢΂ͯͷਓʹʕ೔ຊจԽՊֶࣾ
Kelley, T. L. (1939). The selection of upper and lower groups for the validation of

test items. Journal of Educational Psychology, 30(1), pp.17-24.

٠஍ݡҰ (1999). ߲໨൓Ԡཧ࿦Λ༻͍ͨઃ໰ղ౴཰෼ੳਤͷධՁ,େֶೖࢼη
ϯλʔلڀݚཁ, 29, pp.1-8. (Kikuchi K. (1999). Evaluation of quintile item

response chart using item response theory. Research Bulletin of NCUUE, 29,

1-8.)

๺઒࢛ݯ࿠ (2007). ৘ใྔن४ͱ౷ܭతϞσϦϯά,੺஑࣍߂ɾ؁རढ़Ұɾ๺
઒࢛ݯ࿠ɾאౡ঵հɾԼฏӳण (ஶ)ࣨాҰ༤ɾ౔୩ོ (ฤ)੺஑৘ใྔن४
AICʕϞσϦϯάɾ༧ଌɾ஌ࣝൃݟʕཱڞग़൛, pp.79-109.

খ੢ఃଇɾ๺઒࢛ݯ࿠ (2004). ৘ใྔج४ே૔ॻళ
ॴڀݚࡦҭ੓ڭཱࠃ (ฤ) (2004). ੜ͖ΔͨΊͷ஌ࣝͱٕೳ (2) —OECDੜెͷ
ֶश౸ୡ౓ௐࠪ (PISA)ɾ2003೥ௐࠪ݁ࡍࠃՌใࠂॻ. ͗ΐ͏͍ͤ

Kullback, S. & Leibler, R. A. (1951). On information and sufficiency, Annals of

Mathematical Statistics, 22(1), pp.79-86.

Lord, F. M. (1980). Applications of item response theory to practical testing prob-

lems. Mahwah, NJ: Lawrence Erlbaum Associates.

ຑฑܒҰ (ฤ) (2006). ֶशऀͷͨͬޡ஌ࣝΛͲ͏मਖ਼͢Δ͔—ϧɾόʔमਖ਼
ετϥςδʔͷڀݚ. ౦๺େֶग़൛ձ
দຊོ (2004). ϋϛϧτχΞϯɾϞϯςΧϧϩ๏ʹΑΔϕΠζతֶशͱ༧ଌ

Inদຊོ,ੴࠇਅ໦෉,סහ࿠,ాᬒᅳ࢜ (ஶ)֊૚ϕΠζϞσϧͱͦͷपล
ʕ࣌ྻܥɾը૾ɾೝ஌΁ͷԠ༻ʕؠ೾ॻళ pp.145-157.

Millman, J., & Greene, J. (1989). The specification and development of tests of

achievement and Ability. In Educational measurement (3rd ed.). New York:

129



American Council on Education and Macmillan. Linn, R. L. (Ed.). (஑ాԝɾ
உࢉɾ༄Ҫ੖෉ɾൟຟ࣑ܙా౻ (༁ฤ) (1992). ஶୈݪҭଌఆֶڭ 3൛ʢԼʣ
(pp.3-54) C.S.L.ֶशධՁڀݚॴ)

৿ଜӳయɾ޾ڮߴ༤ (1979). Ϛϧίϑղੳ೔Պٕ࿈
Neal, R. M. (1996). Bayesian learning for neural networks. Lecture Notes in

Statistics 118, NY: Springer–Verlag.

Neal, R. M. (2011). MCMC Using Hamiltonian Dynamics. In Handbook of

Markov chain Monte Carlo. Brooks, S., Gelman, A., Galin L. Jones G. L. &

Meng, X-L., (Eds.). Chapman & Hall/CRC, pp.113-162.

೔ܦ TEST http://ntest.nikkei.jp/ΞΫηε೔࣌:2014.04.19 05:51

OECD Programme for International Student Assessment (PISA) http://www.

oecd.org/pisa/ΞΫηε೔࣌:2013.05.11 21:39

େ௡ى෉ (2006). େن໛ςετσʔλͷ؆қूܭͱ֮ࢹԽͷͨΊͷπʔϧ. ೔
ຊߦಈֶྔܭձେձൃද࿦จঞ࿥ू 34, 26-27.

Raftery, A. E. & Lewis, S. (1992a). How many iterations in the Gibbs sampler?

In J. M. Bernerdo, J. O. Berger, A. P. Dawid & A. F. Smith (Eds.), Bayesian

statistics 4 (pp.763-773). Oxford, NY: Oxford University Press.

Raftery, A. E. & Lewis, S. (1992b). One long run with diagnostics: implemen-

tation strategies for Markov chain Monte Carlo. Statistical Science, 7, pp.493-

497.

࿠࢛ݯਅ໦෉ɾ๺઒ࠇɾੴߦܚݩࡔ (1983). ৘ใྔ౷ཱڞֶܭग़൛
തོ౻ࠤ (1998). ίϯϐϡʔλॲཧʹΑΔ S–Pද෼ੳͷ׆༻๏—ֶशࢦಋͷ
.—ʹผରԠͷͨΊݸ ໌࣏ਤॻ.

Schwarz, G. (1978). Estimating the dimension of a model. Annals of Statistics, 6,

461-464.

ൟຟࢉஉ (1985). ϕΠζ౷ܭೖ໳౦ژେֶग़൛ձ
ਗ਼ਫཹࡾ࿠ (1983). ࢼΔղ౴ͷ෼ੳʹ͍ͭͯ,େֶೖ͚͓ʹݧࢼ௨Ұֶ࣍ྗڞ
ϑΥʔϥϜ, 1, pp.36-37.

Shojima, K. (2008). Neural test theory: A latent rank theory for analyzing test

data. DNC Research Note, 07-03.

૳ౡ޺ೋ࿠ (2010). χϡʔϥϧςετཧ࿦ʕֶྗΛஈ֊ධՁ͢ΔͨΊͷજࡏ
ϥϯΫཧ࿦ʕɹ২໺ਅਉɾ૳ౡ޺ೋ࿠ʢڞஶʣֶशධՁͷ৽ைྲྀ (ୈ 4ষ,

pp.83-111)ே૔ॻళ
Stan Development Team (2014a). RStan: the R interface to Stan, Version 2.4.

http://mc-stan.org/rstan.html.

Stan Development Team (2014b). Stan: A C++ Library for Probability and Sam-

pling, Version 2.4. http://mc-stan.org.

ཾԬ٠ඒɾྛಞ༟ (2001). తํ๏ܭత஌ࣝεςʔτΛ਍அ͢Δ౷ࡏਓͷજݸ

130



࿦. ,ޚଌͱ੍ܭ 40, pp.561-567

রҪ৳඙ (2010). RʹΑΔϕΠζ౷ܭ෼ੳே૔ॻళ
Hogg, R. V., McKean, J., & Craig, A. T. (2012). Introduction to mathematical

statistics, Seventh edition, Pearson. (๛ాलथ (؂༁) (2006). ਺ཧ౷ֶܭϋϯ
υϒοΫʢݪஶୈ 6൛ʣே૔ॻళ)

๛ాलथ (2012). ߲໨൓Ԡཧ࿦ʦೖ໳ฤʧ̡ ୈ 2൛ʳே૔ॻళ
౉෦༸ (1999). ϕΠζ౷ֶܭೖ໳෱ଜग़൛
ຊٛ࿠ɾ൧௩੣໵ɾ౻໺༑࿨ࢁ (2013). ౷ܭσʔλͷ֮ࢹԽཱڞग़൛
٢ଜ࠻ (2009). େֶೖࢼηϯλʔʹ͓͚ΔςετσʔλϕʔεʹΑΔ߲໨෼
ੳɹ২໺ਅਉɾӬԬࡾܚ .(ฤڞ) eςεςΟϯά (ୈ 8ষ)ഓ෩ؗ, pp.167-190.

131


