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༧ଌϞσϧΛߏங͠ɼΑΓ݈ؤͳΤΞίϯԻͷҹ৅ධ

Ձࢦඪͷߏஙɼ͓Αͼҹ৅ͱؔ࿈ͷ͋Δ೴׆ಈͷந
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ಛ௃ྔΛநग़͢ΔͨΊɼNon-negativeݩ࣍ Tensor Fac-
torization (NTF)[9] ͍ͯ༺ख๏Λ͜Ε·Ͱ͍ͨͮجʹ
͖ͨɽ·ͨɼҹ৅ͷ༧ଌʹد༩͢Δಛ௃ྔΛநग़͢Δ

ͨΊɼDiscriminant Non-negative Tensor Factorization
(DNTF)Λ༻͍ͯɼNTFʹΑΔಛ௃ྔநग़ʹܹࢗରʹ
ର͢Δ༏ྼͷ൑அΛऔΓೖΕͨ [7]ɽ͔͠͠ͳ͕Βɼ͜

ΕΒͷಛ௃ྔΛ༻͍ͯɼྋ͠͞ɼ޷·͠͞ʹؔ͢ΔҰ

ରൺֱ൑அΛࢣڭσʔλͱֶͯ͠शͨ͠ҹ৅༧ଌϞ

σϧ [6]ͷ༧ଌਫ਼౓͸ 60%ఔ౓ʹ͗ͣ͢ɼݱঢ়Ͱ͸͜
ΕΒͷ೴׆ಈࢦඪʹΑΔҹ৅ධՁ͸࣮ݱతͰ͸ͳ͍

ͱݴΘ͟ΔΛ͑ͳ͍ɽ

NTFͰ͸ݩͷςϯιϧΛۙͨ͠ࣅϞσϧͱͷࠩޡ
ͷ࠷খԽ͕ߦͳΘΕΔɽ·ͨ DNTFͰ͸ɼநग़͞Ε
Δಛ௃ྔ͕Ϋϥεຖʹ෼཭͞ΕΔΑ͏ͳϖφϧςΟΛ

NTFͷؔࠩޡ਺ʹ෇Ճͨ͠ଛࣦؔ਺͕࠷খԽ͞ΕΔɽ
͜ͷΑ͏ʹ NTFʹͮ͘جख๏Ͱ͸ɼ͋Δఔ౓Ϟσϧ
ͱͷ͕ࠩޡখ͘͞ͳΔΑ͏ʹجఈ΍ಛ௃ྔ͕நग़͞

∗Brain cortical feature extraction using Multilinear Discriminant Analysis for estimating subjective auditory impres-
sions. by YANO, Hajime (Kobe Univ./AIST), TAKIGUCHI, Tetsuya, ARIKI, Yasuo (Kobe Univ.), KAMIYA, Masaru
(DENSO Corp.), NAKAGAWA, Seiji (Chiba Univ./AIST).
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ͷ֎ଆͰ؍ଌ͞ΕΔ೴೾΍೴࣓քʹ͸ 10 Hzपลͷ
཯ಈ͕ଟؚ͘·ΕɼͦΕΑΓ͍ߴप೾਺ͷ੒෼ͷύ
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ຊߘͰ͸ɼҹ৅༧ଌϞσϧͷ༧ଌਫ਼౓্޲ͷͨΊͷ

ಛ௃ྔநग़ख๏ͱͯ͠ɼMultilinear Discriminant Anal-
ysis (MDA) [10] Λ༻͍ͨಛ௃ྔநग़ΛࢼΈͨɽMDA
͸Ϋϥεϥϕϧ͕෇༩͞Εͨςϯιϧ͔ΒͳΔσʔ

ληοτΛΫϥε͝ͱʹ෼཭ͤ͞ΔΑ͏ͳม׵Λֶ

श͠ɼϞσϧͱͷࠩޡͷ࠷খԽ͸ߦΘΕͳ͍ɽൺֱ൑

அΛΫϥεʹରԠͤͯ͞MDAΛ༻͍Δ͜ͱͰɼֶश
σʔλ͔Βҹ৅ͷ༧ଌʹ༗༻ͳಛ௃ͷநग़͕ظ଴Ͱ

͖Δɽ೴࣓ք͔Βͨ͠ࢉܭप೾਺ಛ௃ྔͷςϯιϧ

ʹMDAɼNTFɼDNTFΛͦΕͧΕద༻ͯ͠நग़ͨ͠
ಛ௃ྔ͔Βɼҹ৅༧ଌϞσϧΛߏங͠ɼͦͷ༧ଌਫ਼౓

͔ΒMDAʹΑΔಛ௃ྔநग़ͷ༗ޮੑΛͨ͠ূݕɽ

2 ೴࣓քσʔλ

2.1 Իܹࢗ

৐༻ं಺ͷӡసऀͷண࠲ҐஔʢϔουϨετ෇ۙʣͰ

༧ଌූ߸ԽʢLinearܗɼઢʹجଌ͞ΕͨΤΞίϯԻΛܭ
Predictive Coding: LPCʣʹΑͬͯεϖΫτϧแབྷΛ
நग़͢Δ͜ͱͰϞσϧԽ͞ΕͨΤΞίϯԻ [11]Λ༻͍

มಈؒ࣌੒ͨ͠ɽ͜ͷϞσϧԻʹର͠ɼ࡞ԻΛܹࢗͯ

ͱͯ͠ਖ਼ݭ೾ʹΑΔৼ෯มௐΛ͠ࢪɼมௐप೾਺Λม

Խͤͯ͞ 7छྨͷܹࢗԻʢ0ʢมௐͳ͠ʣɼ0.2ɼ0.4ɼ
0.6ɼ0.8ɼ1.6ɼ3.2 HzʣΛ࡞੒ͨ͠ɽͳ͓ɼܹࢗԻͷ
͸ؒ࣌ଓ࣋ 5 sɼมௐ౓͸ Իѹ͸ܹࢗఆ͠ɼݻʹ0.15
ඃऀݧຖʹɼมௐप೾਺ 0 Hzʢมௐͳ͠ʣͷܹࢗԻ
ʠ͕͸͖ͬΓͱฉ͑͜ɼͳ͓͔ͭͪΐ͏Ͳྑ͍ͱ͡ײ

Δʡେ͖͞ʹઃఆͨ͠ɽ
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2.2 ଌํ๏ܭ

ՃͷಉҙΛಘͨௌ݈֮ৗऀࢀݧ࣮ 8໊ʢஉੑ 6໊ɼ
ঁੑ 2໊ɼ21–24ࡀʣΛඃऀݧͱ͠ɼܹࢗԻௌऔ࣌ͷ
೴࣓քΛܭଌͨ͠ɽ೴࣓քܭଌʹઌཱͬͯɼඃ͝ऀݧ

ͱʹ 7ͭͷܹࢗԻʹର͢Δྋ͠͞ɼ͓Αͼ޷·͠͞
ͷई౓஋ΛҰରൺֱ๏ʹΑͬͯௐࠪ͠ɼ֤ҹ৅ͷई౓

஋͕࠷େɼ࠷খͱͳΔܹࢗԻΛؚΉܭ 4ͭͷܹࢗԻ
Λબ୒ͨ͠ɽඃऀݧʹ 4ͭͷܹࢗͷ͏ͪ 2ͭͣͭΛ
࿈ଓతʹఄࣔ͠ɼྋ͠͞ɼ޷·͠͞ͷ֤ج४ʹ͓͚Δ

༏ྼΛධՁͤͨ͞ɽͳ͓ɼܹࢗԻ͸ૠೖܕΠϠϗϯʹ

Αͬͯඃऀݧͷ྆ࣖʹఄࣔ͞Εͨɽ

೴࣓քܭଌ͸࣓ؾγʔϧυϧʔϜ಺Ͱ 122chશ಄
,ଌγεςϜʢNeuromag-122TMܭ೴࣓քܕ Neuromag
Ltd.ʣΛ༻͍ͯߦΘΕͨɽશ 122chͰܭଌ͞Εͨ೴࣓
ք৴߸͸௨աଳҬ͕ 0.03–100 HzͷΞφϩάόϯυύ
εϑΟϧλΛ௨աͨ͠ޙɼ400 HzͰαϯϓϦϯά͞
Εͨɽ

2.3 σʔλͷલॲཧ

શ 122νϟωϧͰܭଌ͞Εͨ raw data͔Βɼ֤ࢗ
ܹఄࣔΛ 0 msͱͯ͠ɼ500–5000 msͷ۠ؒΛΤϙο
Ϋͱͯ͠੾Γग़ͨ͠ɽ·ͨɼෆྑνϟωϧͱ൑அ͞Ε

ͨνϟωϧͷ৴߸͸༻͍ͣɼઈର஋͕ 3000 fT/cmΛ
௒͑ͨ৴߸͕͍ͣΕ͔ͷνϟωϧʹؚ·ΕΔΤϙοΫ

΋औΓআ͍ͨɽ͞Βʹ࣍਺ 2ͷ IIRϑΟϧλΛ༻͍ͯ
ΘΕΔࢥ༝དྷͱݯి 60 Hzͷ੒෼Λআͨ͠ڈɽ

3 Multilinear Discriminant Analysis Λ༻
͍ͨಛ௃ྔநग़

3.1 Multilinear Discriminant Analysis

N ͷݸ n֊ͷςϯιϧͰද͞ΕΔαϯϓϧ͔Βͳ

ΔσʔληοτΛ {Xi ∈ Rm1×···×mn}1≤i≤N ͱද͢ɽ

·ͨɼ͜ͷσʔληοτ͸ (n+1)֊ͷςϯιϧͰ΋

ද͞ΕΔɽ͜ͷΑ͏ͳςϯιϧͰද͞ΕΔσʔλΛ

ϕΫτϧԽͯ͠௚઀ಛ௃ྔͱͯ͠༻͍Δͱɼ๲େͳ

ͷढ͍ͷ໰୊͕ੜ͡Δɽ·ͨɼϕΫݩ࣍਺ͱͳΓݩ࣍

τϧԽͨ͠ςϯιϧΛ Principal Component Analysis
(PCA)΍Linear Discriminant Analysis (LDA)ͱ͍ͬͨ
ϕΫτϧʹݮ࡟ݩ࣍ͮ͘جख๏ʹΑͬͯ௿ݩ࣍ͷಛ

௃ྔநग़Λ͜͏ߦͱ͕͑ߟΒΕΔ͕ɼݩͷςϯιϧ͕

ΒΕΔɽ͑ߟ଄͸ࣦΘΕͯ͠·͏ͱߏతͳݩ࣍ଟͭ࣋

Multilinear Discriminant Analysis (MDA)͸ LDAΛ
ςϯιϧʹର֦ͯ͠ுͨ͠ख๏Ͱ͋Γɼ֤αϯϓϧ͕

Ϋϥε͝ͱʹ཭ΕΔΑ͏ʹςϯιϧͷ෦෼ۭؒΛֶ

श͢Δ [10]ɽMDAͰ΋ LDAͱಉ༷ʹɼมޙ׵ͷαϯ
ϓϧͷ෼཭౓͕࠷େɼ͢ͳΘͪɼΫϥεؒมಈ͕େ͖

͘ɼΫϥε಺มಈ͕খ͘͞ͳΔΑ͏ͳม׵ΛٻΊΔɽ

͜ͷ࠷େԽ໰୊͸࣍ͷࣜͰද͞ΕΔɽ

max
Uk|nk=1

∑
cNc∥Xc×1U1· · ·×nUn−X×1U1· · ·×nUn∥2∑
i∥Xi×1U1· · ·×nUn−Xci×1U1· · ·×nUn∥2

(1)
͜͜ͰɼXc͸Ϋϥε cʹଐ͢Δαϯϓϧͷฏۉͷς

ϯιϧɼX ͸શαϯϓϧͷฏۉςϯιϧɼNc͸Ϋϥ

ε cʹଐ͢Δαϯϓϧ਺ɼci͸ i൪໨ͷαϯϓϧͷΫ

ϥεͰ͋Δɽ·ͨɼUk ∈ Rmk×m′
k , k = 1, . . . , n͸ߦ

ྻͰ͋Δɽ×k ͸ kϞʔυੵͱݺ͹ΕɼY = X ×k U

͸࣍ͷΑ͏ʹఆٛ͞ΕΔɽ

Yi1,...,ik−1,ik+1,...,in =
mk∑

i=1

Xi1,...,ik−1,i,ik+1,...,inUi,j

(2)
kϞʔυੵ͸ςϯιϧΛ k൪໨ͷํ޲ͷϕΫτϧͷू

߹ͱ࣌ͨ͑ߟʹɼͦͷू߹ͷ֤ϕΫτϧʹྻߦʹΑ

Δઢܗม׵Λֻ͚Δ͜ͱΛද͠ɼࣜ (1)Ͱ͸ɼn֊ͷ

ςϯιϧͷ͢΂ͯͷํ޲ʹ 1ճͣͭجఈྻߦ Uk ʹ

ΑΔઢܗม׵Λ͍ͯ͠ࢪΔ͜ͱʹͳΔɽ

MDAͰ͸ࣜ (1)ͷ࠷େԽ໰୊ͷղͱͳΔ nݸͷม

,ఈU1جͷ׵ . . . ,UnΛٻΊΔ͕ɼ෼཭౓͸͢΂ͯͷ

ࠔΊΔ͜ͱ͸ٻͰɼดͨ͡ղΛܗఈʹؔͯ͠ඇઢج

೉Ͱ͋ΔɽͦͷͨΊɼ1ͭͷجఈྻߦʹؔ͢Δ࠷େԽ
Λॱ൪ʹऩଋ͢Δ·Ͱ܁Γฦ͠ɼ͢΂ͯͷجఈྻߦ

ΛٻΊΔɽجఈ Uk ͷ 1ճͷߋ৽͸࣍ͷΑ͏ʹ͏ߦɽ

U∗
k = argmax

U k

Tr(UT
kS

(k)
b Uk)

Tr(UT
kS

(k)
w Uk)

(3)

͜͜Ͱɼ

S(k)
b =

∏
o ̸=k mo∑

j=1

∑

c=1

Nc(X
c,k
j −X

k
j )(X

c,k
j −X

k
j )

T (4)

S(k)
w =

∏
o ̸=k mo∑

j=1

∑

c=1

(Xi,k
j −X

ci,k
j )(Xi,k

j −X
ci,k
j )T

(5)

Ͱ͋ΓɼX
c,k
j ɼX

k
jɼXi,k

j ͸ͦΕͧΕɼςϯιϧXcɼ

XɼXiͷ k൪໨ͷํ޲ͷఴߦ͕ࣈͷఴࣈͱͳΔΑ͏

ฒͼସ͑ͨͱ͖ͷʹྻߦʹ j ൪໨ͷྻϕΫτϧΛද

͢ɽࣜ (3)ͷ࠷େԽ͸ LDAͷΞϧΰϦζϜΛ༻͍ͯ
ղ͘͜ͱ͕Ͱ͖Δɽ

ͳ͓ɼجఈ Uk ʹ͍ͭͯɼݩͷςϯιϧͷ k ൪໨

ͷํ޲ͷαΠζ mk ΑΓগͳ͍਺ͷجఈ͕ม׵ʹ༻

͍ΒΕΔ͜ͱͰɼೖྗ͞ΕͨςϯιϧΑΓ΋খ͍͞

αΠζͷςϯιϧʹม͞׵ΕΔͨΊɼMDAʹΑͬͯ
ͱ͕Ͱ͖Δɽ͜͏ߦΛݮ࡟ݩ࣍

3.2 ൺֱ൑அͷಋೖ

MDAΛ༻͍ͯɼ೴࣓ք͔ΒಘΒΕͨಛ௃ྔͷςϯ
ιϧ͔Βɼܹࢗରʹର͢ΔҰରൺֱ൑அΛྀͨ͠ߟ
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ಛ௃ྔநग़Λͨͬߦɽ·ͣɼൺֱ൑அΛ 2ͭͷΫϥε
ʹରԠͤ͞ΔͨΊɼൺֱ͢Δ 2ͭͷͪ͏ܹࢗɼઌʹఄ
ࣔ͞ΕܹͨࢗΛબΜͩ৔߹ͱɼޙʹఄࣔ͞Εܹͨࢗ

ΛબΜͩ৔߹ͰͦΕͧΕҟͳΔΫϥεϥϕϧΛ෇༩

ͨ͠ɽ࣍ʹɼܹࢗରʹରԠ͢Δ 2ͭͷಛ௃ྔςϯι
ϧͷมޙ׵ͷ͕ࠩɼൺֱ൑அʹରԠ͢ΔΫϥε͝ͱ

ʹ෼཭͞ΕΔΑ͏ʹجఈU1, . . . ,UnΛٻΊͨɽܹࢗ

ର (A,B)ʹରԠ͢Δಛ௃ྔςϯιϧΛ XAɼXB ͱ

͢Δͱɼมޙ׵ͷࠩ͸࣍ͷࣜͰද͞ΕΔɽ

XA ×1 U1 · · ·×n Un −XB ×1 U1 · · ·×n Un

= (XA −XB)×1 U1 · · ·×n Un (6)

͕ͨͬͯ͠ɼ2ͭͷಛ௃ྔςϯιϧͷࠩXA −XB ʹ

2ΫϥεͷMDAΛద༻͢Δ͜ͱʹΑͬͯɼൺֱ൑அ
Λྀ͠ߟͳ͕ΒɼݩͷςϯιϧΑΓ΋খ͍͞αΠζͷ

ςϯιϧͱͯ͠ɼ௿ݩ࣍ಛ௃ྔΛಘΔ͜ͱ͕Ͱ͖Δɽ

4 ධՁ࣮ݧ

4.1 Ϟσϧͷߏங

MDAΛ༻͍ͯநग़ͨ͠ಛ௃ྔΛ༻͍ͯɼඃऀݧຖ
ʹΤΞίϯԻͷྋ͓͠͞Αͼ޷·͠͞ͷҹ৅༧ଌϞ

σϧΛߏங͠ɼͦͷ༧ଌਫ਼౓ͷධՁΛͨͬߦɽ

·ͣɼ೴࣓քͷ raw data͔Β੾Γग़͞ΕͨΤϙοΫ
͔Βɼνϟωϧ͝ͱʹ୹ؒ࣌ϑʔϦΤม׵Λ༻͍ͯ࣌

ؒʵप೾਺෼ੳΛޙͨͬߦɼৼ෯੒෼ͷΈΛऔΓग़͠

ͨɽΤΞίϯԻ͸Ի੠ͳͲʹൺ΂ͯɼൺֱతఆৗతͰ

มԽ͸গͳؒ࣌ಈಛ௃ͷ׆௕͍ͨΊɼ೴͕ؒ࣌ࣔఄ

͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼ୹ؒ࣌ϑʔϦΤม׵ͷ֤ϑ

ϨʔϜΛ 1αϯϓϧͱͯ͠ѻ͍ɼϞσϧͷֶशσʔ
λ਺Λ૿Ճͤͨ͞ɽ୹ؒ࣌ϑʔϦΤม׵͸௕͕͞ 500
msͷϋϛϯά૭Λ༻͍ͯɼ250 ms͝ͱʹͨ͠ࢉܭɽ
·ͨɼ͢΂ͯͷप೾਺Ϗϯͷ͏ͪ 4–100 HzʹରԠ͢
Δप೾਺ϏϯͷΈΛ༻͍ͨɽ

୹ؒ࣌ϑʔϦΤม׵Λ༻͍ͯநग़͞Εͨप೾਺ಛ௃

ྔ͸प೾਺ɼνϟωϧɼߦࢼͷํ޲Λͭ࣋ 3֊ͷςϯ
ιϧͱͳΔɽ͜ͷςϯιϧʹ n = 2ͷ৔߹ͷMDAΛ
ద༻͠ɼप೾਺ํ޲ͱνϟωϧํ޲ͷجఈU1,U2Λ

ಘͨɽجఈʹΑΔม׵ʹΑͬͯݩͷςϯιϧͷप೾਺

ͱνϟωϧํ޲ͷαΠζ͕খ͘͞ͳͬͨ 3֊ͷςϯι
ϧΛɼ͝ߦࢼͱʹ੾ͬͯಘΒΕΔεϥΠεʢm′

1×m′
2

ͷྻߦʣΛϕΫτϧԽ͠ɼಛ௃ྔͱͨ͠ɽͳ͓ɼप

೾਺جఈͱνϟωϧجఈͷ਺͸ಉ͡ʹ͠ɼجఈ਺͸

5ɼ7ɼ10ͱͨͨ͠Ίɼಛ௃ྔͷݩ࣍਺͸ͦΕͧΕ 25ɼ
49ɼ100ͱͳͬͨɽ
͜Ε·Ͱ༻͍͖ͯͨNTF͓ΑͼɼDNTFʹΑΔಛ௃
ྔͱMDAʹΑΔಛ௃ྔΛൺֱ͢ΔͨΊɼप೾਺ಛ௃
ྔͷςϯιϧʹର͠ɼNTFɼDNTFΛద༻ͯ͠MDA
ʹΑΔಛ௃ྔͱಉ͡ݩ࣍਺ͷಛ௃ྔΛநग़ͨ͠ɽͳ

͓ɼશͯͷಛ௃ྔʹରͯ͠ɼ֤ݩ࣍ͷεέʔϧΛଗ͑

ΔͨΊඪ४ԽΛͨͬߦɽ

ҹ৅༧ଌϞσϧ͸͜Ε·Ͱͱಉ༷ͷϞσϧ [6]Λ༻

͍ͨɽ͜ͷҹ৅༧ଌϞσϧ͸ɼܹࢗରʹରԠ͢Δೖ

ྗಛ௃ྔରͷࠩΛɼൺֱ൑அʹରԠ͢Δ 2ͭͷΫϥ
εʹ෼ྨ͢ΔΑ͏ʹ Support Vector Machineͷ࿮૊Έ
Λ༻ֶ͍ͯश͞ΕΔ [12]ɽΧʔωϧؔ਺ʹΨ΢γΞϯ

ΧʔωϧΛબ୒͠ɼඇઢܗͳϞσϧΛߏஙͨ͠ɽ

4.2 ධՁํ๏

Ϟσϧͷ༧ଌਫ਼౓ͷධՁ͸ɼςετσʔλ͔ΒҰ

ରൺֱ൑அΛ༧ଌ͠ɼ೴࣓քܭଌ࣮ࡍ࣮͍͓ͯʹݧʹ

ग़͢Δ͜ࢉ࿥͞Εͨൺֱ൑அͱൺ΂ͯɼਖ਼ղ཰Λه

ͱͰͨͬߦɽ۩ମతʹ͸ɼֶशͨ͠ϞσϧΛ༻͍ͯς

ετσʔλͷಛ௃ྔ͔Βҹ৅ͷई౓஋Λ༧ଌͨ͠ޙɼ

ରʹରԠ͢Δܹࢗ 2ͭͷ༧ଌई౓஋ͷࠩΛ͠ࢉܭɼͦ
ͷූ߸͔ΒҰରൺֱ൑அΛ༧ଌͨ͠ɽ1ճͷܹࢗରͷ
ఄࣔʹରͯ͠ɼ୹ؒ࣌ϑʔϦΤม׵ͷϑϨʔϜ਺ͩ

͚ൺֱ൑அ͕ಘΒΕΔͨΊɼશϑϨʔϜͰଟ਺ܾΛ

ͱΓɼͦͷܹࢗରʹର͢Δൺֱ൑அͱͨ͠ɽͳ͓ɼϞ

σϧͷύϥϝʔλ͸ 5෼ׂͷަࠩূݕͰܾఆͨ͠ɽ

4.3 ݁Ռɾ࡯ߟ

NTFɼDNTFɼMDAʹΑΔಛ௃ྔΛ༻͍ͯߏங͠
ͨҹ৅༧ଌϞσϧʹΑͬͯ༧ଌͨ͠ྋ͠͞ɼ޷·͠͞

ʹؔ͢Δ 8ਓͷඃऀݧͷҰରൺֱ൑அͷฏۉਖ਼ղ཰
Λ Fig. 1ɼ2ʹͦΕͧΕࣔ͢ɽ
ྋ͠͞ͷධՁͰ͸ɼ͍ͣΕͷݩ࣍਺Ͱ΋ NTFΛ༻

͍ͨ৔߹͕࠷΋ฏۉਖ਼ղ཰͕͘ߴɼMDAΛ༻͍ͨ৔
߹ͷฏۉਖ਼ղ཰͕࠷΋௿͘ͳͬͨɽ޷·͠͞ͷධՁʹ

͓͍ͯ΋ɼ͢΂ͯͷݩ࣍਺Ͱ NTFΛ༻͍ͨ৔߹͕࠷
΋ฏۉਖ਼ղ཰͕͕͔ͨͬߴɼMDAΛ༻͍ͨ࣌ͷਖ਼ղ
཰΋ NTFͱಉఔ౓ͷฏۉਖ਼ղ཰ͱͳͬͨɽͦͷҰํ
ͰɼDNTFΛ༻͍ͨ৔߹ͷਖ਼ղ཰͕Ͳͷݩ࣍਺Ͱ΋࠷
΋௿͘ͳ͕ͬͨɼDNTFͷύϥϝʔλ͸ྋ͠͞ͷධՁ
ͱಉ༷ͷύϥϝʔλΛ༻͍͓ͯΓɼύϥϝʔλௐ੔ʹ

Αͬͯਖ਼ղ཰্͕͕ΔՄೳੑ͕͋Δͱ͑ߟΒΕΔɽ

DNTFͱMDA͸ֶशσʔλͷαϯϓϧ͕Ϋϥεؒ
Ͱ཭ΕΔΑ͏ʹجఈΛֶश͢ΔͨΊɼ͜ΕΒͷख๏

͸աֶश͕͜ىΓ΍͍͢ͱ͑ߟΒΕΔɽࠓճͷྋ͠

͞ͷධՁʹ͓͍ͯɼMDAΛ༻͍ͨ৔߹ͷਖ਼ղ཰ͷ௿
Լ͸աֶश͕ͨͨͬ͜ىΊͩͱ͑ߟΒΕΔɽ

ఈU1جͷ޲ɼMDAʹΑͬͯಘΒΕͨप೾਺ํʹ࣍

ͱνϟωϧํ޲ͷجఈU2ͷྫΛ Fig. 3ʹࣔ͢ɽ͜ͷ
Ͱɼҹ৅༧ଌ࣌ఈ͕ಘΒΕͨͷ͸ྋ͠͞ͷධՁͷج

Ϟσϧͷਖ਼ղ཰͸ 70%Ͱ͋ͬͨɽ֤جఈϕΫτϧͷ
ઈର஋͕େ͖͍ཁૉ͕ͦͷجఈͷม׵ʹΑͬͯऔΓ

ग़͞ΕΔप೾਺੒෼·ͨ͸νϟωϧͱ͑ߟΔ͜ͱ͕

Ͱ͖ΔɽFig. 3ΑΓɼ͍ߴप೾਺ͷ੒෼͕औΓग़͞Ε
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Fig. 1 Mean prediction accuracies of paired-
comparative judgment on coolness. Each error bar
indicates standard deviation.
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Fig. 2 Mean prediction accuracies of paired-
comparative judgment on preference. Each error
bar indicates standard deviation.

Δجఈ͕ଟ͍͜ͱ͕Θ͔Δɽ·ͨνϟωϧجఈͰ͸ɼ

ۙ઀ͨ͠νϟωϧͰ͍ߴઈର஋Λ͓ࣔͯ͠Γɼہॴత

ͳྖҬͷಛ௃ΛऔΓग़͢جఈʹͳ͍ͬͯΔ͜ͱ͕Θ

͔Δɽ·ͨɼ͜ΕΒͷप೾਺੒෼΍ྖҬ͕ྋ͠͞ͷҹ

৅ͱؔ࿈͕͋ΔՄೳੑ͕͑ߟΒΕΔɽ

5 ·ͱΊ

ΤΞίϯԻධՁͷͨΊͷҹ৅༧ଌϞσϧͷ༧ଌਫ਼

౓Λվળ͢ΔͨΊɼMDA Λ༻͍ͯҹ৅ͷ༧ଌʹ༗
༻ͳಛ௃ྔͷநग़ΛࢼΈͨɽྋ͠͞ͷධՁͰ͸ NTFɼ
DNTFΛ༻͍ͨ৔߹ʹൺ΂ͯҰରൺֱ൑அͷਖ਼ղ཰͕
௿͘ɼ޷·͠͞ͷධՁͰ͸ NTFͱಉఔ౓ͷਖ਼ղ཰Ͱ
͋ͬͨɽҰํͰɼMDAͰಘΒΕΔجఈʹΑͬͯɼҹ
৅ͱؔ࿈ͷ͋Δൺֱతύϫʔͷখ͍͞೴׆ಈͷ଎͍

཯ಈ੒෼ΛऔΓग़ͤΔՄೳੑ͕ࣔ͞Εͨɽҹ৅༧ଌ

Ϟσϧͷਫ਼౓্޲ͷͨΊʹ͸ɼMDAͷجఈ΍ҹ৅༧
ଌϞσϧͷաֶशΛ๷͙ඞཁ͕͋Γɼྫ͑͹ਖ਼ଇԽ߲

ͷಋೖ͕͑ߟΒΕΔɽ

Fig. 3 An example of basis matrices U1 (top) and U2

(bottom) obtained by MDA.
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