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]  

 
 
1.5  

}  
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} 2 3

] [} } R ] R
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R  
3 4 5 ]

] 1 3
}  

3 ― (1999)
] R ]

2

]

]

(1999) [ ] R

2 [

Neighbor-Net
 

4 ] ]

Tsunoda, Ueda and Itoh (1995a) ]

Tsunoda et al. (1995a) 129 19 87
(  1991; Tsunoda, Ueda & Itoh, 1995b) ]

] 1990 ]

R [ R

]

[ (1995)
] ] ]

R

(1995)R
]

R Tsunoda et al. (1995b) Tsunoda 
et al. (1995a) β]

] Tsunoda et al. (1995a) R

[ >

]  
5 ± ―

(1960) ] (1960) 30
31 13 6 ±

} ± R

± ―  
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] ] (1960) Asai(1974) Lee and 
Hasegawa(2013) R

} (1960)
R ] (1960)

] >

] ] ]

6
Neighbor-Net 

(Huson & Bryant 2006) ±

]  
6 2
} 6.1 1.4

6.2 ±

} [ 6.3
[

 
 
( ) 

3 5 (2015a) (2015b)
] ] } 4 Whitman and Ono (2017, to 

appear) R ]

]  
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2   

3 1  
 
2.1 : 

] (
) ] ]

] ]

(Everitt, Landau, Leese & Stahl, 
2011) } ]

R ]  
[ R ( ) [

( ) R ]

R }

( )
R [ {0, 1} 2 (

) ] .
] ] ]

R ]

R }]

 
( )

] R ]

> (Hayashi, 1952; , 1993)  
>

}

R ] ] R

R [ R

 
> }

]

] R 1 ]

> ] R] ]

[  

                                            
1 

> >
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] 3
]

] ]

] R

R β  
] >

} ]

R  
 
2.2  

8

R

 
R R

R

( )

R R dendrogram
[ ( , 2011, p.237) ] ] R

R

R R

( , 2011, p.245) k
(k-means) ( [k] ] )

]

}  
[  

2.2.1  
2

 
2.2.1.1

! ! !!" ! = 1,2,…! ! = 1,2,…! ! !
(Euclidean distance)  !!" [  

 

!!" = !!" − !!" !
!

!!!
 

} ! ! (Manhattan distance) !!"
[  
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!!" = !!" − !!"
!

!!!
 

} ! ! (Correlation distance) !!"
[  

!!" = 1− !!" − !!• !!" − !!•!
!!!

!!" − !!•!
!!!

! !!" − !!•!
!!!

!
 

 

] !!• = !
! !!"!

!!!  , !!• = !
! !!"!

!!!  
 

!!"
! = {!!"}R  

2.2.1.2  
( , 2009)  

1. ] n R ]

] R K K=n  
2. ] [

K K-1 ] K>1
3. K=1  

3. ] ]

2.  
 

(
) R

(Sørensen, 1948)
(Lee & Wilcox, 2014; Székely & Rizzo, 2005; Ward, 1963)

R Lance-Williams family (Lance & 
Williams, 1967; , 2009)  

A B A
B ]  

A B A
B ]  

A R A B R

] A’ ]  
A B A

B ]  
A B A B



 
 

 
14 

]  
Everitt, Landau, Leese & 

Stahl(2011]R ]  
R] ]

R ]

Ward(1963)
R (Lee & Wilcox, 2014; Székely & Rizzo, 2005)

Lance-Williams 
family R [

 
] ( )  

2.2.2  
k-means (MacQueen, 1967; Steinhaus, 1957)

k-medoids (Kaufman & Rousseeuw, 1987) k-modes (Huang, 1997)
R  

] ] ] k-means k- )
[  

1. k  
2. k [  
3. k } ] k

 
4. [ ] (k R

[ ) 
5. R } 3-4  

 
]

[ (k ) R

R

] ] ] k
] Rousseeuw (1987) (Silhouette)

]

(2009) [

R

] ] R

[ R
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2.2.3  
2.2.1

2.2.2
R [

R R

]

R

R

] ]

R R

] R

R

] R

 
]

 
]

R

R R

R  
} ]

} R R

[ R ( )R
R  

3 5 R

] 3
R }

]

± 5 ±

R } ± ] R

 
] 4 ] MCA

R

 
 
2.2.4  

R R
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(2006, p199)
3 R  

 
1) (

) 
2) [ ([} }

) 
3) ]  
 

1) ] 2
Cophen Spearman

Kendall Goodman-Kruskal R

Milligan(1981)R ] 2)
] (admissibility) k

R [

] Fisher and Van Ness(1971) Chen and Van Ness(1996)
Mirkin(1996) R ] (2006)

2) ]

[ 3) ]

] Rand Rand
R [

] R

R [

(2011)
R [ (2011)

( )  
 
2.3  
2.3.1 :  

> (Hayashi’s Quantification Method >, QM>

R )(Hayashi, 1952) (
)  

>

] [ Fisher 1940
(Optimal Scaling) Benzécri 1973 (Multiple 

Correspondence Analysis, MCA )
(Nishisato, 2006) (Dual Scaling) Gifi 1990

(Homogeneity Analysis) R R

( , 2010)  
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>

]

]

> ( , 2010)
Pearson[1901] [ Hotelling[1933] [

 
> R [ 3

( [Contingency Table]) 4
± ] 5 ±

( , 1987) ( , 1993)2

>

± [ R

> 3
Benzécri(1973)

3 Correspondence Analysis(CA)
R 4 5 ± Multiple 
Correspondence Analysis(MCA) R  

> ± ] ±

2 ( )
] ( )

R

] [ 2
R

]  
>

} R [ R ]

]

[ >

} ] R R

R  
> Hayashi(1952)R

(1993)R ]

(2014) R > (CA)
R [

> (QM>) ± R

] R corresp ]  

                                            
2 5 (1993)

R >  
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2.3.2 Correspondence Analysis:  
> ] ]

CA(Correspondence Analysis) ]

 (Greenacre & Blasius, 2006, pp.12-14)
CA

(1994) [  
M n p

] M !!" , ! =

 1,… ,!  ! =  1,… ,! R M  P !!"
(!!" = !!" ! ,! M ) P

!!∙ (= !!∙ !) !∙! (= !∙! !) ] !!  !!

[ P S !!" (!!" = !!" − !! !! !! !!)
S  

! = !!!! ! ! − !!! !!!! ! 
R  

]  ! =
!!
⋮
!!

, ! =
!!
⋮
!!

,  

!!!! ! =
! !! … !
⋮ ⋱ ⋮
! ⋯ ! !!

 , !!!! ! =
! !! … !
⋮ ⋱ ⋮
! ⋯ ! !!

 

S !!" M R

β ] R

± S (
[) R  

[ S ]  

! = !"!! 
!  !

!!! = !!! = !R [ !  
! [

!! S
 

]  
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! ≃ !!!!!!! 
]  

  ! ! ]

] ]  
CA [

[ R  
 

[ (principal coordinates of rows): ! = !!!! !U! 

[ (standard coordinates of rows): ! = !!!! !U 

[ (principal coordinates of columns): ! = !!!! !V! 

[ (standard coordinates of columns):! = !!!! !V 

 
[ F G R

} (2.4 )  
! 2 R >

] ]  
 
2.4  

>

} ]

R } R ( )R
R R ( )R ]

 
> ]

] ]

>

MCA
Neighbor-Net >

Lebart(1994) (2001) Wen and Chien(2011)
[ R 1.3
} }

] >

[

]
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R R R ×±

R

 
> >

}

] R ] ]

R 80 90 }

R } (
) R

( , 2010)  
> ( R } )
0 1

] ]

R  
(1993: 86) ]  

 
“ 0, !(!) !(!) 1 ] !(!)

1 2
”( , 1993: 86) 

 
n } !!"

2
2.3 CA [

2.3.2 !  
 

!!" = !! !!" − !!"
!!

!!!  , !!=!!! !!!!!!
!!! . 

 !! CA k   
( . !!" k [ ] i

n m }

n R p [

n-1 ) 
!! > ]

[  
m } !!"
 

 

!!" = !!!
!!! !!" − !!"  , !! = !!! !!!!!!

!!! . 
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R Core Team(2014)
corresp (Venable & Ripley, 2002)

!!"
!!" >

 
 
2.5 :  
2.5.1 Neighbor-Net  

3 4 5 ] Neighbor-Net
] (2015b) ] MCA_Neighbor-Net
MCA_Neighbor-Net >  >

] Neighbor-Net
MCA_Neighbor-Net

3 4
5 R [

5.6 [  
Neighbor-Net ( NN )

[ Bryant & Moulton, 2003)

R

R ]

] NN R

] R NN  
NN ]

NN R overlap ]

]

]

] ] NN
2 R  

NN (1) (2)
(3) [ (4)

R (1)(2)(3) Bryant, Moulton and 
Spillner(2007) Huson and Bryant(2006) [ } (4)

Huson(1998) Wetzel(1995) [  
1 Neighbor-Net(NN)  
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1. Neighbor-Net(NN)  

 
NN 1 ( ) ]

9 A B R} } C
D R} } 2 R} }

R : A C R} } B D
R} } 2 R} }

R ] ] A D R} } B C R} } 2
R} } R

} a [R } a ] b [R [ [ {

R

R  
NN } (1) 1 a

] 9 ]

(2) (1) 9 ( 1 : )
[ ( 1 b )

R

R [

R  
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2.5.2  Box-Cox  

R

Box-Cox (Box & Cox, 1964) ] ]

3 [  
Box-Cox X ] Y
] R d R

 

! =
!! − 1
! ! ≠ 0

log!     ! → 0  
  

 
Box-Cox R ]

Osborne(2010)R ] d=0.5 =0.0 0.0

R

[  
 
 
 
 
 
  



 
 

 
24 

 
 
 



 
 

 
25 

3    

       	 : 54 1 

 
3.1 : 

― (1999)
] (2015a) (1999)

54 21 ] >

] 2 4
]

] R (1999) ]

4 R R

(1999)R > [  
] ]

(1976) [ [ 8 ( )
(Kroeber & Chrétien, 

1937; Kroeber & Chrétien, 1939)
(Chrétien, 1943) (Asai, 1974) R ]

] ]

[ ]

1999 >  
] ] [ R (1999) >

> 2 5 [ 2
] ]

R ]

] 2 ]

]

]

(1999) [ R

[ (1999) ] R

2 }

1999 4
] ]

1999
]

                                            
1 29 8 (pp.296-313) (2015a) ]
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]  
[ ] [

Neighbor-Net } ]

R ] ]

} ( ) ]

(18) (23) (39) ]

R

R ] ]

Neighbor-Net ]

 
3.9

3.6 } ] }  
 
3.2  

54
(970?~1014?)R [

] ] R

[ [ R [  
54 3 R

( , 1951) 
1 ( 33)  

: ( 34) ( 41)  
: ( 42) ( 54)  

R ] ] } R

[ • (2010)  

R ] ]}

R−

} ] R

] }} ]  
P ( [ ) 
Q R  
R ]  
S  

[  
2010,pp.18-19	

S( ) ] 45 54 }

R
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R R ] (1951)
(1984) ]

— ( , 1957)
— ( , 1958)

R

11 10 44
R

] (1997)
] Tsuchiyama 

and Murakami(2013)
]

]

]  
P( ) ] R

] ] 1922 [

]  

... } R

[} } R R

] R

}}  
, 1926, pp209-210  

( , 1939) ( , 1940)
( , 1954) 33

17 16
16 17 R ] [

[ R [  
( , 1954) ]

] ]

17 R ] 16 R [

[ ( , 1954)
17

16 R [ 11
4

]  
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]

]

R

R

]

[

R ] }

[R

( • , 2010, pp.215-216) 

R ]

�

� �
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1: ] ( , 1954, p10 ) 
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��

3.3 - (1999):  
3.3.1 (1999)  

3.2 P. ]

― R • (1999) 2 •
(1999) 21 3

54 • (1999)
i j !!" ] i !!"

!!"  
• (1999) 54 ] A

B 2 C
D ]  

A  : 1 5 7 8 9 10 11 12 13 14 17 18 19 20  
                 21 32 33 
B  : 2 3 4 6 15 16 22 23 24 25 26 27 28 29  
                 30 31 
C  : 34 35 36 37 38 39 40 41 
C  : 42 43 44 
D  : 45 46 47 48 49 50 51 52 53 54 

• (1999) 54 21
] > ] 2 4

]  
1. A B }

R [  
2. C ( ) D ( ) R }

 
3. A C (

) R B D ( ) R

 
4. A D ( ) R

                                            
2 • (1999) ( , 1985) ]

54 ]

37 6 ]

R

] • (1999) ―  
3 ]

[ } }] }{] 21
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A →C
( )→ B →D ( )
[  

4 R [

(1954) ]  
3.3.2 (1999)  
] ] (1999)  

R

{A},{B},{C},{D} 4 R  
4 21 Z ] 4

]  

 
1: 21 Z ]{A},{B},{C},{D} 4
]  

] ] Z ]

] R

{A},{B},{C},{D} ] ] ]

{A},{B},{C},{D} 4 ( leave-out-one cross 
validation[LOOCV] ) R 54% } 4

] 2 3 ] 4R 75%
88% ] R {A},{B,C,D}

                                            
4 2 R 7 3 R 6 13 R  
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} ]

]  
] R ]

]  
[ • (1999) > ]

A B C D } ]

] 2 } ] ]

> >

] 5

R

(Greenacre & Blasius, 2006) 
R } • 2010
R R ] ]

(2010) 2
2 } 3 R [ 5 }

6 R 2 }

5 } ] (1999) 2
} ] 2 } 40 5

} 65  
 

                                            
5 ] R(2014) ]

> corresp dist stats ] corresp
MCA R MCA >  
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�
2: • (1999) ] > ] ] . 

2 } 6 R

5 }  
�

� } > 2 }
6 ] 3
B R  

5 } 65%
( ) ]

4 A B C D R R [   

                                            
6 2.4 ] [

[  
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�

3: > 2 } (
) . 

B R} } R 2 A,C,D R ]  
 

�
4: > } (
) . ] R ]  
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� ] • (1999) 4

{A},{B},{C},{D}
R R R {A},{B},{C},{D} ±

> 2 5
] {A},{B},{C},{D}

R

} }

}

R

(1999)R 4
7

R ]
8  

  (1999)
{A}?{C}?{B}?{D}

± >

R ] R  
3.3.3  

(1999)
} (1999)

 
 

“ }

R } (
)R ]

] ” 
( , 1999, pp774-775) 

 
[ ― Jin and 

Murakami (1993) Ⅲ R

R Ⅲ

                                            
7 28 29 ] R ]

 
8 4 13 14  
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R R (1999)
R  

 
3.4  

• (1999) • (1999) A
→C ( )→ B

→D ( )
R

] ]

R  
] 2 3

1 R R

] 3.3.3
 

3.5  
3.5.1 2  

3.3 2

 
} ] • (1999) (54  × 21

) }} ]

]

(Hocking, 2013) Box-Cox (Box & Cox, 1964; Osborne, 
2010) ]  

R ]

R

R ]

} R Box-Cox
] 54

R R ]

R R  
• (1999) ! ! !!" ] 9

! !!" !!" 10 !!"
(1) !!"( Raw data ) (2)!!"

                                            
9 2 2.3  
10 •

(1999)
] R  
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] (3)!!" ] ]

BIC ] (1)!!" (3)!!"
] ] 3

[   
2 ] ]

> (QM>) ]

R 3.9.1
]

] QM> 2( 4) 6( 5)
] 40 65 80

3 ] ]

] 3.9.1  
3.5.2  

2 ]

R ]

} 2 ]

2 ] 4
] 11  

3.5.3  
] 2 (

) ] Raw data QM>

QM> 4 ] QM
> ] ] ] QM>

3.9
Raw data 1 QM> 4 2 QM
> 5 ) [ QM> QM>

] 3
] 8 ] [
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3.5.4 :  

4 ]

] ]  
A

A ] R A

                                            
11 ] R [1999] 4 ] (

, 2011) [  
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] B C D ]

R A ] A
R R ] R R

	 A B C D
]  

] ( , 2011) R [

] }

(2011)  
 
3.6  
} QM> 54

] 3 1 4
5 } 2 (

[ [ ) 3 2 5 5
} 2 3.5

Raw data QM>

QM> 4  
4 ( 8 ) 4

] R 4 13

{A},{B},{C},{D} 4 ] {A,C},{B,D}
2 } 2 ] 2 ] 14 

4 ] 4 ]

] 2 ]

 
] ] ] R

R ]

] ( )R
3.9  

• (1999) (54 ×21 ) ]

]

R 5
R 6

R 7

                                            
12 

 
13 } ] R

 
14 R {A,C},{B,D}
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R 8  
5 8 ]  2

R (11) (16)  
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付録図番号 前処理
用いた次元

(累積寄与率）
距離

ｸﾗｽﾀﾘﾝｸﾞ
手法

A,B,C,Dの
一致度[%]

(A,C)と(B,D)の
一致度[%]

条件1 3章付録図11 Raw data 21 Euclid W 46.15(24/52) 75.93(41/54)
21 Manhattan W 49.02(25/51) 85.19(46/54)
21 Euclid D 32.69(17/52) 63.46(33/52)
21 Manhattan D 38.46(20/52) 64.71(33/51)

条件4 3章付録図13 QMⅢ 2(40.0%) Euclid W 48.15(26/54) 79.63(43/54)
2(40.0%) Manhattan W 44.44(24/54) 75.93(41/54)
2(40.0%) Euclid D 40.00(18/45) 55.56(25/45)
2(40.0%) Manhattan D 39.22(20/51) 58.33(24/48)

3章付録図14 5(65.9%) Euclid W 51.28(20/39) 62.00(31/50)
5(65.9%) Manhattan W 35.42(17/48) 61.11(33/54)
5(65.9%) Euclid D 44.68(21/47) 70.21(33/47)
5(65.9%) Manhattan D 38.46(20/52) 60.87(28/46)

3章付録図15 20 Euclid W 53.19(25/47) 58.33(28/48)
20 Manhattan W 33.33(16/48) 50.00(25/50)
20 Euclid D 39.22(20/51) 54.90(28/51)
20 Manhattan D 44.23(23/52) 69.57(32/46)

条件2 図5(3章付録図10) 平方根変換 21 Euclid W 52.94(27/51) 92.31(48/52)
図6 21 Manhattan W 56.86(29/51) 90.38(47/52)
図7 21 Euclid D 47.06(24/51) 75.00(30/40)
図8 21 Manhattan D 60.00(27/45) 72.73(32/44)

条件5 3章付録図16 平方根変換 2(38.7%) Euclid W 47.06(24/51) 74.07(40/54)
+QMⅢ 2(38.7%) Manhattan W 43.14(22/51) 76.92(40/52)

2(38.7%) Euclid D 42.00(21/50) 76.47(39/51)
2(38.7%) Manhattan D 31.91(15/47) 58.14(25/43)

3章付録図17
5(68.8%) Euclid W 43.14(22/51) 53.85(28/52)
5(68.8%) Manhattan W 45.45(20/44) 55.77(29/51)
5(68.8%) Euclid D 49.02(25/51) 72.55(37/51)
5(68.8%) Manhattan D 44.23(23/52) 68.63(35/51)

3章付録図18 20 Euclid W 53.19(25/47) 63.83(30/47)
20 Manhattan W 45.10(23/51) 68.63(35/51)
20 Euclid D 52.27(23/44) 54.90(28/51)
20 Manhattan D 39.22(20/51) 64.71(33/51)

表4: 各手法でのクラスタリングの一致度の一覧表.附録の図10から図18参照。

平方根変換+QMⅢは平方根変換を先にRawデータに適用し、変換した値にQMⅢを適用したことを示す。またクラスタリング
手法のWはWard法、Dは最長距離法を示す。一致度の()の中は、分母が一致度の計算の際に考慮した帖の数、分子が実

際に一致した数を意味する。
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5: ] ] ( )
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6: ] ] ( )
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7: ] ] ( )
. B D R } A C R }  

 

8: ] ] ( )

. A CR } B DR }  

 

• (1999) ] ]

( ) ] 5 ]

A C R B D R }

B (23) D (48) R

A (18) C (39) R ]  
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} ]

6 ] A C R

B D R } B (23) (28)
D (48) R A (18) C (39)

R ]  
]

7 ] B D R

A C R } B (4)
(15) (22) (23) (27)  (28) D (45) (48)
(52) (53) (54) R A (8) C

(39) R ]  
]

8 ] A C R

B D R }

B (4) (15) (22) (28) D
(45) (48) (50) (51) (52) (53) (54) R

C (39) R ]  

R 5 6 7 8 54
} ] A,C B,D ( 4 ) 5
92.31 6 90.38 7 75.00 8 72.34

A,C B,D
] (1999) A?C?B?D

] 4 A,B,C,D A,C
B,D [ ] R

A,C B,D [

 
 

3.7  
4 5 6 A, C ,{B, D} ]

R ( 5 92.31% 6 90.38 ] )
R ]

R A D R

{A,C}R B,D R 17
] 16 R ( , 1954)

 
] • (1999) [ A→C→B→D

{A,C},{B,D} R 5
6 5 A C ]
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B D ]

{A},{B},{C},{D} 5 52.94% 6
56.86%  
[ 4 A,B,C,D

60.00 ] R P ]

5 6 (
)R A,C → B,D

R A C B D
A C B D R

]R  
} 2 • (2010) ] P(

) ] ] R S( ) ]

5 R S( ) ]

R ]

{A,C} {B,D}
R R ]

R ]

(2002)
R Ⅲ R

R Ⅲ R ] R

R (  2002, p56).  
[ 5 (18) (23) (39) (48) 4 R

[ 6 (18) (23) (28) (39) (48) 5 R

] R R

} [

β

(18) (23) (39)
R 3.9.2

 

3.8
• (1999)

] ] [ [

] ] • (1999)
> ]

R

• (1999) A→C→B→D
] R Box-Cox ]

]

A,C → B,D ] R A C B D
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] R ] ]  
Box-Cox ] BIC 21

[ ] R

R

R [

R Box-Cox d 0( ) 0.5( ) [}

} d R  
} ]

] R

DNA (Zwiener, Frisch & Binder, 2014)
{

R R

R R
15

R  
] ] R

] R ]

R R

] ]} ( )
]  

} ] R

R

R [ ]

R R [

R

R R

R 724 ] R 20196

]
!"#$%
!"# ≃ 5 R

(1999)
[ R R

] R ]

] [ (1999) 26
21 R

 
                                            
15 

, ] R X ] R

Y (X/Y)
R ]  



 
 

 
46 

 
3.9  

R 2

] ] [ Neighbor-Net
} ]

]  
3.9.1 :  
} Raw data( 1)

( 2) Z ( 3) QM> 4	 QM>

5	 	 6	
	 7	 	 8	 8

3.6 QM> ] ]

] QM>

] ] ]

]

] } 2
] 2 ]

4 ]  
QM>

54
] 3 1 4 5 }

2 ( [

[ ) 3 2 5 5 }

3 3 6 4 }

2 3 4 7 6 }

2 3 5 8 3 }

2  
[ QM> 3.3 2(
4) 3 2 6( 5) 7( 6) 8( 7)

9( 8) ] 40
65 80 3 ]  

8 ( 19 ) 4
] R 5

A,B,C,D 4 ] {A,C},{B,D} 2
} 2 ] 2 ] ( 1,2,4,5 4
)

] ( 10 27 )
4 [1999] 4 ]
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5 [ R } 28 29
]  

8 ]  
1 R 2

[

1 3
R

[ 6 8 } 1 3 ]

1 3 6 8 2
R (1999)

 
4 5 > R (1999)

( >

R ] Z QM>

) 
] 5 R  

2
1 4 2 5 QM>

] R

R

( ) ] ] ]

QM> ]

R R } 6 2
7 3 8 QM>

R

R }

(1999)
} Raw ]

] R  

6 1 8 Raw
Raw Z ]

}

R R }

1 4 QM> Raw
}

2 R  
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付録図番号 前処理
用いた次元

(累積寄与率）
距離

ｸﾗｽﾀﾘﾝｸﾞ
手法

A,B,C,Dの
一致度[%]

(A,C)と(B,D)の
一致度[%]

分類の再検討を必要とする帖

条件1 3章付録図11 Raw data 21 Euclid W 46.15(24/52) 75.93(41/54)
21 Manhattan W 49.02(25/51) 85.19(46/54) 18, 23, 28, 39
21 Euclid D 32.69(17/52) 63.46(33/52)
21 Manhattan D 38.46(20/52) 64.71(33/51)

条件3 3章付録図12 Z変換 21 Euclid W 46.30(25/54) 85.19(46/54) 18,23,39
21 Manhattan W 50.98(26/51) 68.52(37/54)
21 Euclid D 48.00(24/50) 84.62(44/52)
21 Manhattan D 43.75(21/48) 54.90(28/51)

条件4 3章付録図13 QMⅢ 2(40.0%) Euclid W 48.15(26/54) 79.63(43/54) 23, 48, 49
2(40.0%) Manhattan W 44.44(24/54) 75.93(41/54)
2(40.0%) Euclid D 40.00(18/45) 55.56(25/45)
2(40.0%) Manhattan D 39.22(20/51) 58.33(24/48)

3章付録図14 5(65.9%) Euclid W 51.28(20/39) 62.00(31/50)
5(65.9%) Manhattan W 35.42(17/48) 61.11(33/54)
5(65.9%) Euclid D 44.68(21/47) 70.21(33/47)
5(65.9%) Manhattan D 38.46(20/52) 60.87(28/46)

3章付録図15 20 Euclid W 53.19(25/47) 58.33(28/48)
20 Manhattan W 33.33(16/48) 50.00(25/50)
20 Euclid D 39.22(20/51) 54.90(28/51)
20 Manhattan D 44.23(23/52) 69.57(32/46)

条件2 図5(3章付録図10) 平方根変換 21 Euclid W 52.94(27/51) 92.31(48/52) 18, 23, 39
図6 21 Manhattan W 56.86(29/51) 90.38(47/52) 無し
図7 21 Euclid D 47.06(24/51) 75.00(30/40)
図8 21 Manhattan D 60.00(27/45) 72.73(32/44)

条件5 3章付録図16 平方根変換 2(38.7%) Euclid W 47.06(24/51) 74.07(40/54)
+QMⅢ 2(38.7%) Manhattan W 43.14(22/51) 76.92(40/52)

2(38.7%) Euclid D 42.00(21/50) 76.47(39/51)
2(38.7%) Manhattan D 31.91(15/47) 58.14(25/43)

3章付録図17
5(68.8%) Euclid W 43.14(22/51) 53.85(28/52)
5(68.8%) Manhattan W 45.45(20/44) 55.77(29/51)
5(68.8%) Euclid D 49.02(25/51) 72.55(37/51)
5(68.8%) Manhattan D 44.23(23/52) 68.63(35/51)

3章付録図18 20 Euclid W 53.19(25/47) 63.83(30/47)
20 Manhattan W 45.10(23/51) 68.63(35/51)
20 Euclid D 52.27(23/44) 54.90(28/51)
20 Manhattan D 39.22(20/51) 64.71(33/51)

条件6 3章付録図19 PCA(VCov) 2 (48.3%) Euclid W 51.85(28/54) 79.63(43/54) 18, 23, 28, 48

2 (48.3%) Manhattan W 42.59(23/54) 75.93(41/54)
2 (48.3%) Euclid D 50.00(26/52) 61.11(33/54)
2 (48.3%) Manhattan D 46.15(24/52) 73.08(38/52)

3章付録図20 4 (70.6%) Euclid W 50.00(26/52) 81.48(44/54) 18, 23, 24, 28
4 (70.6%) Manhattan W 48.89(22/45) 75.93(41/54)
4 (70.6%) Euclid D 46.94(23/49) 69.23(36/52)
4 (70.6%) Manhattan D 44.44(24/54) 81.40(35/43)

3章付録図21 6 (81.1%) Euclid W 50.00(26/52) 75.93(41/54)
6 (81.1%) Manhattan W 50.00(26/52) 64.81(35/54)
6 (81.1%) Euclid D 48.00(24/50) 57.69(30/52)
6 (81.1%) Manhattan D 33.33(17/51) 51.92(27/52)

条件7 3章付録図22 平方根変換+ 2 (42.1%) Euclid W 55.77(29/52) 68.52(37/54)
PCA(VCov) 2 (42.1%) Manhattan W 47.06(24/51) 68.52(37/54)

2 (42.1%) Euclid D 52.94(27/51) 56.86(29/51)
2 (42.1%) Manhattan D 42.86(21/49) 58.82(30/51)

3章付録図23 6 (72.5%) Euclid W 56.25(27/48) 78.85(41/52) 18, 23, 24, 28, 35, 40
6 (72.5%) Manhattan W 52.94(27/51) 86.27(44/51) 18, 23, 39
6 (72.5%) Euclid D 39.58(19/48) 56.86(29/51)
6 (72.5%) Manhattan D 59.09(26/44) 52.27(23/44)

3章付録図24 8 (80.8%) Euclid W 45.10(23/51) 80.77(42/52) 18, 23
8 (80.8%) Manhattan W 52.94(27/51) 79.63(43/54) 無し
8 (80.8%) Euclid D 47.06(24/51) 64.71(33/51)
8 (80.8%) Manhattan D 42.86(21/49) 66.67(34/51)

条件8 3章付録図25 PCA(R) 3 (43.2%) Euclid W 51.92(27/52) 83.33(45/54) 39
3 (43.2%) Manhattan W 50.00(26/52) 81.48(44/54) 18,39
3 (43.2%) Euclid D 50.98(26/51) 80.56(29/36)
3 (43.2%) Manhattan D 54.90(28/51) 82.05(32/39)

3章付録図26 8 (73.8%) Euclid W 46.00(23/50) 85.19(46/54) 18,23,39
8 (73.8%) Manhattan W 48.98(24/49) 79.63(43/54) 18, 39
8 (73.8%) Euclid D 56.52(26/46) 58.82(30/51)
8 (73.8%) Manhattan D 45.83(22/48) 70.59(36/51)

3章付録図27 10 (81.5%) Euclid W 51.92(27/52) 85.53(45/52) 8, 18, 23
10 (81.5%) Manhattan W 56.86(29/51) 75.93(41/54)
10 (81.5%) Euclid D 36.54(19/52) 57.78(26/45)
10 (81.5%) Manhattan D 59.46(22/37) 68.09(32/47)

平方根変換+QMⅢは平方根変換を先にRawデータに適用し、変換した値にQMⅢを適用したことを示す。またクラスタリング手法のWはWard法、Dは最長距
離法を示す。一致度の()の中は、分母が一致度の計算の際に考慮した帖の数、分子が実際に一致した数を意味する。

表5: 各手法でのクラスタリングの一致度の一覧表.
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3.9.2 Neighbor-Net:  
( )

] ] 5 ] R

[

] [ R ]

] [ ( ] )
] ]

( )
R  

Neighbor-Net (Huson & Bryant, 2006)
] ]  
Neighbor-Net ]

] ]

] R

R [ 9
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9: (1999)

] 3 }

] Neighbor-Net ]  
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9 (1999) ]

3 } ]

Neighbor-Net ] ]

{A,C} [ {B,D} ]

{B,D} [ {A,C} ]

] Neighbor-Net 
9 9 ]

] 9 : 23 24 28 29
31 48 {B,D}

6 ] : 39
R ]  

5 R 16 Neighbor-Net
] ] 8 :1 ( ) 18 :12 ( ) 23

:11 ( ) 24 :2 ( ) 28 :4 ( ) 35 :1 ( ) 39 :8
( ) 40 :1 ( ) 48 :2 ( ) 49 :1 ( )

1) (18) {A} ]

R {B,D} ]

R 2) (23) {B} ]

R {A,C} ]

R 3) (39) {C} ]

R {B,D} ]

R {B,D}
R (1966) [

3 R
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1:  

(1999) ] ] (Box-Cox
2 ) Box-Cox

[ X R Y R  

! =
!! − 1
!  ! ≠ 0

log! ! → 0
 

d ] d?0 ( } ! = log!)

] d=0.5( } ! = !!!
! � ]

! = ! ] ] ) R

] R R • (1999)
]  

(2005, pp.53-54)
R R

} R

R  
3 1 • (1999)  

�

3 1: • (1999)  

���� � � � �

0.0145223 0.0000032 0.0002232 0.1239665 
0.0117019 0.0000154 0.0013140 0.3350919 

0.0116281 0.0000085 0.0007302 0.2505890 

0.0098042 0.0000069 0.0007006 0.2673210 

0.0096402 0.0000067 0.0006989 0.2692625 

0.0091697 0.0000074 0.0008028 0.2958800 

0.0083970 0.0000039 0.0004603 0.2341199 

0.0078275 0.0000123 0.0015688 0.4476903 

0.0075489 0.0000035 0.0004616 0.2472695 

0.0036193 0.0000025 0.0006966 0.4387062 

0.0040273 0.0000024 0.0005859 0.3814197 

0.0032710 0.0000036 0.0011002 0.5799591 

0.0025044 0.0000009 0.0003491 0.3733650 

0.0018256 0.0000009 0.0004797 0.5125997 

0.0017003 0.0000005 0.0002892 0.4124435 

0.0017326 0.0000004 0.0002550 0.3836249 



 
 

 
53 

0.0012774 0.0000003 0.0002681 0.4581634 

0.0012763 0.0000005 0.0003602 0.5312360 

0.0013328 0.0000009 0.0006929 0.7210261 

0.0010765 0.0000007 0.0006874 0.7990600 

0.0005415 0.0000001 0.0002391 0.6644674 

�

� 3 1 2 ]

] R ]

]  
54 i j 21

!!" i k
!!" ]  

 

!!" = !!" − !!"
!

!"

!!!
      !, ! = 1⋯ 54  

{!!"}R ] ] 3.5 ]

!!"  
54 21

]

] R

R

 
] } [ ] R

mclust [

densityMclust ] ] ± (Bayesian 
Information Criterion)(Schwarz, 1978) 16 [

BIC R [ R }] 17  
 

!"# =  −2 ∙ + ∙ log ±

 

                                            
16 BIC  
17 R mclust BIC R BIC
R R mclust

[ [ mclust BIC [ R

] R mclust BIC R  
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] ]

BIC
BIC R ]}

(1989) 3
2

BIC 18 3 2 R

]

BIC ] 19  
 
3 2: ]

BIC  

���� ��
� ���� �	��� ���� ����� ����

���}~� ���}�� ���}�� 
�~�}�� �~�}�� �~�}�� 

���}~� ���}�� ���}�� 
���}�� ���}�~ ���}�� 
���}�� ���}�� ���}�� 

���}�� ���}�� ���}~� 
��~}�� ���}~� ��~}�� 
���}�� ���}�� ���}�� 

���}�� ���}�� ���}�� 
�~�}�� ��~}�� ��~}�� 
�~�}�� ���}�� ���}�� 

�~�}�� ���}�� �~�}�� 
��~}�� ���}�� ���}�� 
��~}~~ ��~}�~ ���}�� 

���}�� ��~}�� ���}�� 
���}�� ���}�� ���}�� 
���}�� �~�}�~ ���}�� 

�~�}�� �~�}�� �~�}�� 
���}�~ ��~}�� ���}~~ 
���}�� �~�}�� ���}�� 

���}~� ���}�� ���}�� 

�

                                            
18 Burnham and Anderson(2002) ]  
19 !!" 10 ] densityMclust ] BIC

] ] !!"R j
] BIC ]

]  
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3 2 21 12 R

] 21 13 R

] 21 11 R ]

] ] BIC BIC
[ R 3 2

BIC R  
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2: :  
]
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3 1: Raw data > ] 5 }

2 ( [
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3 2:Raw data ] > ]

5 } 2 (
[ [ ) 
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3 3:Raw data ] 4
} 2 ]  
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3 4:Raw data ]

] 6 } 2 ]
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3 5: Raw data ] 3 }

2 ]  
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3 6:Raw data ] > ]

5 5
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3 7:Raw data ]

5 6
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3 8:Raw data ]

] 5 7
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3 9: Raw data ]

5 8  
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3: :  
  ] (1999)

] ]

(3 4 )R 10 ]

] 11
(1999)
] 10 27 4 5

[ [ 28 29
R } 3.5.4

[  
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3 10: 3 5 Raw data ]

]

 

[ 0.15 1,2,3,4,5,6
 

w w �w �w �w �w �w �w

�w �w �w ��w ~w �w ~w

�w �w ~w �w �w �w �~w

�w ~w �w �w ~w ~w �w

�w ~w ~w �w ~w �w �w

 
A(3): B(6): C(2): D(5)=12/23: 10/16: 1/4: 4/8, ] 27/51=52.94 
 
[ [ 6.5 1  
w w �{�w �{�{�w

�{�w ��w �w

�{�w �w ��w

 
(A,C)(2,3): (B,D)(4,5,6)=25/27: 23/25, ] 48/52=92.31 
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3 11:Raw data ]

 
 

[ 0.03 1,2,3,4,5
 

w w �w �w �w �w �w

�w �w ��w �w �w �w

�w �w �w �w �w �w

�w �w �~w ~w ~w ~w

�w ~w �w ~w �w �w

 
A(1): B(5): C(2): D(4)=3/5: 6/8: 10/30: 5/9, ] 24/52=46.15 
 
[ [ 0.05  
w w �{�w �{�{�w

�{�w ��w �w

�{�w �~w ��w

 
(A,C)(1,2): (B,D)(3,4,5)= 25/35: 16/19, ] 41/54=75.93 
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3 12:Raw data Z ]

]  
 

[ 15 1,2,3,4
 

w w �w �w �w �w

�w �w �w �w �~w

�w ��w �w ~w �w

�w �w ~w �w �w

�w �w ~w ~w �w

 
A(3): B(1): C(4): D(2)=3/4: 14/28: 8/20: 0/2, ] 25/54=46.30 
 
[ [ 18  
w w �w �{�{�w

�{�w �w ��w

�{�w ��w �w

 
(A,C)(2,3,4): (B,D)(1)= 23/26: 23/28, ] 46/54=85.19 
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3 13: Raw data > ] 2 } ]

]

 

[ 4 1,2,3,4
 

w w �w �w �w �w

�w �w �w �w �w

�w ��w �w ~w �w

�w ~w �w �w �w

�w �w �w ~w �w

 
 A(4):B(1):C(2):D(3)= 7/13: 12/17: 7/20: 0/4, ] 26/54=48.15 
 
[ [ 6.5  
w w �w �{�{�w

�{�w �w ��w

�{�w ��w �~w

 
 (A,C)(2,3,4): (B,D)(1)= 27/37: 16/17, ] 43/54=79.63 
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3 14: Raw data > ] 5 } ]

]

 

[ 2 1,2,3,4,5,6,7,8

 
A(3): B(5): C(8): D(7)= 4/5: 4/8: 9/20: 3/6, ] 20/39=51.28 

[ [

w w �{�{�{�w �{�{�w

�{�w �w ��w

�{�w ��w ��w

 
(A,C)(6,7,8): (B,D)(2,3,4,5)=17/28: 14/22, ] 31/50=62.00 

w w �w �w �w �w �w �w �w �w

�w �w ~w �w �w �w �w �w �w

�w ~w �w �w �w �w �w �w �w

�w �w ~w ~w ~w ~w ~w �w �w

�w ~w ~w ~w �w �w ~w �w �w
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3 15: Raw data > ] 20 }

] ]

[ 2.2 1,2,3,4,5,6,7
 

w w �w �w �w �w �w �w �w

�w �w �w �w ~w ~w �w ~w

�w ~w �w �w �w �w ~w �w

�w �w ~w �w ~w �w ~w �w

�w ~w ~w �w ~w ~w ~w �w

 
A(6): B(5): C(3): D(7)= 8/8: 7/8: 3/13: 7/18, ] 25/47=53.19 
 
[ [ 3.2 1,2

 
w w �w �{�{�{�w

�{�w �w ��w

�{�w �w �~w

 
(A,C)(3): (B,D)(4,5,6,7)= 8/13: 20/35, ] 28/48=58.33 
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3 16: Raw data ] > ] 2
} ] ]

 
 

[ 1.5 1,2,3,4,5,6
 

w w �w �w �w �w �w �w

�w ~w �w �w �w �w �w

�w �w ��w �w ~w ~w �w

�w ~w ~w ~w �w �w �w

�w ~w �w ~w �w �w �w

 
A(6): B(2): C(5): D(4)=7/16: 11/19: 5/11: 1/5, ] 24/51=47.06 

[ [ 6.5  
w w �{�w �{�{�{�w

�{�w �w ��w

�{�w ��w �~w

 
(A,C)(3,4,5,6): (B,D)(1,2)=24/34: 16/20, ] 40/54=74.07 
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3 17: Raw data ] > ] 5
} ] ]

 

[ 2.5 1,2,3,4,5,6

w w �w �w �w �w �w �w

�w �w ~w �w �w ~w �w

�w �w �w �w �w �w �w

�w ~w ~w �w �w ~w �w

�w ~w �w �w �w ~w �w

 
A(4): B(2): C(6): D(3)= 9/23: 7/8: 3/8: 3/12, ] 22/51=43.14 
 
[ [ 4.2 1

 
w w �{�{�w �{�w

�{�w ��w �w

�{�w ��w �w

 
(A,C)(5,6): (B,D)(2,3,4)= 6/9: 22/43, ] 28/52=53.85 
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3 18: Raw data ] > ] 20
} ] ]

 
 

[ 2.0 1,2,3,4,5,6,7,8
 

w w �w �w �w �w �w �w �w �w

�w �w ~w ~w �w ~w �w ~w ��w

�w ~w �w �w ~w ~w �w �w �w

�w ~w ~w ~w �w �w ~w �w �w

�w ~w ~w ~w ~w �w �w �w �w

 
A(8): B(6): C(5): D(7)= 12/28: 9/11: 3/4: 1/4, ] 25/47=53.19 
 
[ [ 3 1,2,3,4

 
w w �{�w �{�w

�{�w �w ��w

�{�w ��w ��w

 
(A,C)(7,8): (B,D)(5,6)= 19/32: 11/15, ] 30/47=63.83 
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3 19: Raw data (PCA) ( )] 2
} ]

 
 

[ 0.04 1,2,3,4
 

w w �w �w �w �w

�w �w �w �w �w

�w �w �w �w �w

�w �w �w ~w �w

�w �w ~w �w �w

 
 A(2):B(3):C(1):D(4)= 8/12: 8/14: 8/17: 4/11, ] 28/54=51.85 
 
[ [ 0.07  
w w �{�w �{�w

�{�w ��w �w

�{�w �w �~w

 
 (A,C)(1,2): (B,D)(3,4)= 23/29: 20/25, ] 43/54=79.63 
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3 20: Raw data (PCA) ( )] 4
} ]

 

[ 0.03 1,2,3,4,5
 

w w �w �w �w �w �w

�w �w �w �w �w ~w

�w �w �w �w �w �w

�w �w �~w ~w ~w ~w

�w ~w �w ~w �w �w

 
 A(1):B(5):C(2):D(4)= 6/10: 7/11: 10/24: 3/7, ] 26/52=50.00 
 
[ [ 0.06  
w w �{�w �{�{�w

�{�w ��w �w

�{�w �w ��w

 
 (A,C)(1,2): (B,D)(3,4,5)= 26/34: 18/20, ] 44/54=81.48 
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3 21: Raw data (PCA) ( )]
6 } ]

 
 

[ 0.03 1,2,3,4,5
 

w w �w �w �w �w �w

�w �w �w �w �w ~w

�w �w �w �w �w �w

�w �w �~w ~w ~w ~w

�w ~w �w ~w �w �w

 
A(1): B(5): C(2): D(4)=8/12: 5/7: 10/25: 3/8, ] 26/52=50.00 
 
[ [ 0.06  
w w �{�w �{�{�w

�{�w ��w �w

�{�w ��w ��w

 
(A,C)(1,2): (B,D)(3,4,5)= 26/37: 15/17, ] 41/54=75.93 
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3 22: Raw data ] (PCA)
( )] 2 }

]  

[ 0.18 1,2,3,4,5
 

w w �w �w �w �w �w

�w ~w �w �w �w �w

�w �w �w �w �w ~w

�w ~w ~w ~w �w �w

�w �w ~w ~w �w �w

 
A(2): B(1): C(5): D(4)=6/11: 9/10: 5/14: 9/17, ] 29/52=55.77 
 
[ [ 0.35
w w �{�w �{�{�w

�{�w �w ��w

�{�w ��w ��w

 
(A,C)(3,4,5): (B,D)(1,2)= 22/33: 15/21, ] 37/54=68.52 
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3 23: Raw data ] (PCA)
( )] 6 }

]  
 

[ 0.15 1,2,3,4,5,6,7
 

w w �w �w �w �w �w �w �w

�w �w �w �w �w �w ~w ~w

�w �w ~w �w �w �w �w �w

�w ~w �w �w �w �w ~w ~w

�w ~w ~w �w ~w �w ~w �w

 
A(4): B(7): C(3): D(5)= 8/12: 6/7: 7/17: 6/12, ] 27/48=56.25 
 
[ [ 0.3 1

 
w w �{�{�w �{�{�{�w

�{�w ��w �w

�{�w �w ��w

 
(A,C)(2,3,4): (B,D)(5,6,7)= 24/32: 17/20, ] 41/52=78.85
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3 24: Raw data ] (PCA)
( )] 8 }

]  
 

[ 0.15 1,2,3,4,5,6,7
 

w w �w �w �w �w �w �w

�w �w �w ��w �w ~w �w

�w �w ~w �w �w �w �w

�w ~w �w �w �w ~w ~w

�w ~w ~w �w �w ~w �w

 
A(3): B(6): C(2): D(4)= 11/27: 7/11: 1/4: 4/9, ] 23/51=45.10 
 
[ [ 0.25 1

 
w w �{�{w �{�{�w

�{�w ��w �w

�{�w �w ��w

 
(A,C)(2,3): (B,D)(4,5,6)= 24/31: 18/21, ] 42/52=80.77 
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3 25: Raw data (PCA) ( )] 3
} ]

[ 12.5 1,2,3,4,5
 

w w �w �w �w �w �w

�w �w ~w �w �w ��w

�w �w �w �w �w �w

�w �w ~w �w ~w �w

�w �w �w ~w ~w �w

 
A(5): B(2): C(3): D(1)=11/23: 7/10: 3/8: 6/11, ] 27/52=51.92 
 
[ [ 25  
w w �{�w �{�{�w

�{�w �w ��w

�{�w ��w �w

 
(A,C)(3,4,5): (B,D)(1,2)= 26/33: 19/21, ] 45/54=83.33 
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3 26: Raw data (PCA) ( )] 8
} ]

 

[ 10 1,2,3,4,5,6

w w �w �w �w �w �w �w

�w �w �w �w �w �w �~w

�w �w �w �w �w ~w �w

�w �w ~w ~w ~w �w �w

�w �w ~w �w ~w ~w ~w

 
A(6): B(1): C(5): D(3)=10/18: 7/16: 1/4: 5/12, ] 23/50=46.00 
 
[ [ 20  
w w �{�{�w �{�{�w

�{�w �w ��w

�{�w ��w �w

 
(A,C)(4,5,6): (B,D)(1,2,3)= 22/24: 24/30, ] 46/54=85.19 
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3 27: Raw data (PCA) ( )] 10

} ]

 
 

[ 15 1,2,3,4,5
 

w w �w �w �w �w �w

�w �w �w �w ��w �w

�w �w �w �w ~w �w

�w ~w �w ~w �w �w

�w �w �w ~w ~w ~w

 
A(4): B(2): C(5): D(1)=6/13: 8/17: 11/16: 2/6, ] 27/52=51.92 
 
[ [ 20 3  
w w �{�w �{�w

�{�w �w ��w

�{�w ��w �w

 
(A,C)(4,5): (B,D)(1,2)= 21/22: 24/30, ] 45/52=85.53 
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3 28: Raw data ]

]  

{ ]
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3 29: Rw data ]

 

{ ]

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 
 

 
86 

 
 



 
 

 
87 

4   

        

 
4.1 : 

]

Tsunoda ,Ueda and Itoh(1995a)
Tsunoda et al. (1995a) 129 19 87

( 1991; Tsunoda, Ueda & Itoh, 1995b)
] ] 1990

] R [ R

]
1 [ (1995)

] ] ]

R 129( )8
87( ) ] R 19

R 1 [

(0.0 0.4, 0.6, 1.0)R ( 4 )R
R

(1995)R ]

R

Tsunoda et al.(1995b) ( )
Tsunoda et al.(1995a) β]

 
] 3 R (4.6 ) Tsunoda 

et al. (1995a) (Adpositionless)
(Postpositional)
R Tsunoda et al. (1995b)

] 1 3 2
(Adpositionless) (Postpositional)

(Prepositional) 3 ] R [

] R

] ] R

R ] R ]

R

] 2 R R

                                            
1 Cysouw(2005) reversed approach ]  
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( ] ) [ ]

R Whitman and Ono 
(2017, to appear) R  

2 ] (4.7 ) } R Tsunoda et al. (1995b)

WALS (The World Atlas of Language Structure) Online (Dyer & 
Haspelmath, 2013) ] ] (Adpositionless)

[ WALS (Postpositional) [

R R Tsunoda et al. (1995a)R
(Adpositionless)

(Postpositional)
R [ Tsunoda et al. 

(1995b) R

] ± R

R R

Ethnologue(Lewis, Gray & Charles, 
2013) ]  

Tsunoda et al. (1995b)
Tsunoda et al. (1995a) R

[ ] ] 1990 {

] [ ]

Tsunoda et al. (1995a) ―

] (
Statistical Typology ) [ R }  

 
4.2  

R 1800
Friedrich von Schlegel Wilhelm von Humboldt [

] R ]

] ± ]

± ±

( ± 1997, , 2006: 
27) 20 Ferdinand de Saussure Leonard Bloomfield

R ]

] R Joseph Greenberg
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Greenberg R

R R

] [ X R Y }

( ± 1997, , 2006: 30)
( ]

Y X ]

) R ] Greenberg 
(Greenberg, 1966) R

Greenberg (1966)
] 30

] R Dryer (1989) Hawkins (1983)R
R R [  

]

(Statistical Typology)R ] ] ]

R

(Maslova, 2000)
R ] Bickel (2008)R ]

Tsunoda et al.(1995a)  
 
4.3 Tsunoda, Ueda and Itoh (1995a):  

Tsunoda et al.(1995a) 129 19 87
(  1991; Tsunoda, Ueda & Itoh, 1995b) ]

] 1 129 2 19
3 19 87 [

4 ] Tsunoda et al. (1995b)
} 4 129 ]  
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2. 19 ( ). (1991)
 

��}w w tMw 28bw Zbw

�w �{w� ´ �w ��� Sw ���w

�w �`´�X`w Ìw ¢w

�w -5=´�`w Ìw Ì{w ¢w

�w .Q`´�`w Ìw Ìw

�w /`´�`w Ìw Ìw

�w )#`´�`w Ìw Ìw

�w q�T´�`w Ìw ¢w

�w �5�`´3g�`w Ìw ¢{wÌw
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��w �`´�`w � ¹»�w ?¦w

��w �`´)#`w Ìw Ì{w ¢w

��w K�·�w 07w G°w

��w

�YK�0³· �{w� ·�

Xw G°w 5¼w
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日本語 英語

1 S, OとV

X1_1 SOV ○

X1_2 SVO ○

X1_3 OSV

X1_4 VSO

X1_5 OVS

X1_6 VOS

2 名詞と側置詞

X2_1 後置詞 (＋) ○

X2_2 前置詞 (−) ○

X2_3 無側置詞

X2_4 その他

3 所有格と名詞

X3_1 所有格-名詞 (＋) ○ ○

X3_2 名詞-所有格 (−) ○

X3_3 名詞を挟む

X3_4 その他

4 指示詞と名詞

X4_1 指示詞-名詞 (＋) ○ ○

X4_2 名詞-指示詞 (−)

X4_3 名詞を挟む

X4_4 無し

X4_5 その他

5 数詞と名詞

X5_1 数詞-名詞 (＋) ○ ○

X5_2 名詞-数詞 (−)

X5_3 名詞を挟む

6 形容詞と名詞

X6_1 形容詞-名詞 (＋) ○ ○

X6_2 名詞-形容詞 (−)

X6_3 名詞を挟む

X6_4 その他

7 関係節と名詞

X7_1 関係節-名詞 (＋) ○

X7_2 名詞-関係節 (−) ○

X7_3 その他

8 固有名詞と普通名詞

X8_1 固有名詞-普通名詞 (＋) ○ ○

X8_2 普通名詞-固有名詞 (−) ○

9 比較の表現

X9_1 A-B-比較級 (＋) ○

X9_2 A-比較級-B (−） ○

X9_3 無し

X9_4 その他

10 本動詞と助動詞

X10_1 本動詞-助動詞 (＋) ○

X10_2 助動詞-本動詞 (−) ○

X10_3 無し

11 副詞と動詞

X11_1 Vより前 ○ ○

X11_2 Vより後 ○

X11_3 文頭 ○

X11_4 文末 ○

X11_5 その他 ○

表3.19の語順に関する変数の87カテゴリーの内容. Tsunoda, Ueda and Itoh (1995b)より作成

右側の2列は日本語と英語がどのカテゴリーに該当するかを例示している。

語順 変数（語順のカテゴリー）
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4. ] Tsunoda et al. (1995b)  
Language X1_1 X1_2 X1_3 X1_4 X1_5 X1_6   ⋯ X5_1 X5_2 X5_3 

X1.Japanese 1 0 0 0 0 0 ⋯ 1 0 0 
X2.Korean 0.7 0 0.3 0 0 0 ⋯ 1 0 0 
X3.Mongolian 0.7 0 0.3 0 0 0 ⋯ 1 0 0 
X4.Evenki 1 0 0 0 0 0 ⋯ 1 0 0 
X5.Turkish 1 0 0 0 0 0 ⋯ 1 0 0 
X6.Mari 1 0 0 0 0 0 ⋯ 1 0 0 
X7.Hungarian 0 1 0 0 0 0 ⋯ 1 0 0 
X8.Finnish 0 1 0 0 0 0 ⋯ 1 0 0 
X9.Abkhaz 1 0 0 0 0 0 ⋯ 0.6 0.4 0 
X10.Adyghe 1 0 0 0 0 0 ⋯ 0 1 0 
X11.Kabardian 0.6 0 0.4 0 0 0 ⋯ 0 1 0 
X12.Avar 1 0 0 0 0 0 ⋯ 1 0 0 
X13.Georgian 0.6 0.4 0 0 0 0 ⋯ 1 0 0 
X14.Russian 0 1 0 0 0 0 ⋯ 1 0 0 
X15.Polish 0 1 0 0 0 0 ⋯ 1 0 0 
X16.Czech 0 1 0 0 0 0 ⋯ 1 0 0 
X17.Bulgarian 0 1 0 0 0 0 ⋯ 1 0 0 
X18.Serbo-Croatian 0 1 0 0 0 0 ⋯ 1 0 0 
X19.Swedish 0 0.7 0 0 0.3 0 ⋯ 1 0 0 
X20.Norwegian 0 0.7 0 0 0.3 0 ⋯ 1 0 0 

⋮  ⋮     ⋮      ⋮      ⋮    ⋮       ⋮       ⋮       ⋮      ⋮ 
X60.Ilokano 0 0 0 1 0 0 ⋯ 0 0 0 
X61.Kapampangan 0 0 0 0.6 0 0.4 ⋯ 1 0 0 
X62.Bikol 0 0 0 0.6 0 0.4 ⋯ 0.6 0.4 0 

X60.Ilokano X5_1, X5_2, X5_3 R 0 R

 
 

4.1 1990 ]

R [ R

] Tsunoda et al. (1995a)
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} Tsunoda et al. (1995b) ]

R

( ) ] 2 1
R

2 R (Prepositional)
( (Postpositional) (Adpositionless) )

Tsunoda et al. (1995a) }

] (Adpositionless) R (Postpositional)

R ]  
 

4.4  
Tsunoda et al. (1995a) 4.3 129( )887( )

] R 19 R 1
[ (0.0 0.4, 0.6, 

1.0)R ±

Tsunoda et al. (1995a) 19 R ] ]

] R 2 R  
1 Tsunoda et al. (1995a)

] ] (
) R ]

R }]  
2 Tsunoda et al. (1995b)
R Tsunoda et al. 

(1995a) [ (1995)R
] R

(MCA) R  
Tsunoda et al. (1995b) ] MCA
Tsunoda et al. (1995a)
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4.5  
Tsunoda et al. (1995b) MCA ]

](4.6.1 )
] R

± 2
> (4.6.2 )  

(Ward, 1963)
] 2 ]

R

Székely and Rizzo (2005) Lee 
and Wilcox (2014) Lance-Williams family (Lance & Williams, 1967)

R [  
MCA R(2014) MASS (Venables & Ripley, 

2002) corresp stats
dist hclust  

4.9
2 Neighbor-Net

MCA_Neighbor-Net ] ]  
 
4.6  
4.6.1  
} 1 MCA ]  
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1. MCA  
 

1 MCA
} ( )

} 3 } ] [ R

(6 )} ] MCA
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2-(a) MCA 129 1 2  
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3-(a). MCA 129 1 2 X1
SOV OVS OSV OV ] 1 ]

SVO VSO VOS VO 2 ] [

]  
 

3-(a)(b) 4-(a)(b) 5-(a)(b) ] X1 X2 X3
] ]

3-(a)(b) X1 ] SOV OVS OSV
OV 1 ] } ] SVO VSO VOS

VO ] 2 ] } 4-(a)(b) X2
] 1 ] 2

3 4 ] 5-(a)(b) X3
] - 1 ] -

2 3 4 ]  
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5-(a). MCA 129 1 2 X3
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5-(b). MCA 129 1 3 X3
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6-(a) MCA 87 1 2  
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6-(b) MCA 87 1 3   
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6-(c) 6-(a) R ] (X1_1, X1_2, X2_1, X2_2, X3_1, 

X3_2, X4_1, X4_2, X5_1, X5_2, X6_1, X6_2)  
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6-(d) 6-(b) R ] (X1_1, X1_2, X2_1, X2_2, X3_1, 

X3_2, X4_1, X4_2, X5_1, X5_2, X6_1, X6_2) (X2_3)  
 

2-(a)(b) 4-(a)(b) 6-(a)(b)(c)(d) 2 R

2-(a)(b) 4-(a)(b) 129
3 ] 3

6(d) (X2_1) X2_3( )
X2_2( ) ] R

Tsunoda et al. (1995a) R

R

MCA 3 ± ]

R  
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R ] (X1_1, X1_2, X2_1, X2_2, X3_1, X3_2, X4_1, 
X4_2, X5_1, X5_2, X6_1, X6_2)  
 

 
X1_1[SOV]=(-1.75, 0.13, -0.45)        X1_2[SVO]=(1.32, -0.83, 0.05) 
X2_1[ ]=(-1.70, -0.52, 0.33)      X2_2[ ]=(1.51, -0.11, 0.85) 
X3_1[ - ]=(-0.76, -0.22, -0.37) X3_2[ - ]=(1.27, 0.11, 0.48) 
X4_1[ - ]=(-0.32, -0.86, -0.59) X4_2[ - ]=(0.57, 1.81, 0.97) 
X5_1[ - ]=(0.24, -0.60, -0.41)   X5_2[ - ]=(-0.82, 1.64, 0.97) 
X6_1[ - ]=(-0.00, -1.06, -0.53) X6_2[ - ]=(-0.04, 1.25, 0.58) 
 

6-(c)(d) (X1_2, X2_2, X3_2, X4_2, 
X5_2, X6_2) (X1_1, X2_1, X3_1, X4_1, X5_1, X6_1)

R [ (X1_2, X2_2, X3_2/ 
X1_1, X2_1, X3_1) (X4_1, X5_1, X6_1/ X4_2, X5_2, X6_2)

] ] (X1_2, X2_2, X3_2/ X1_1, X2_1, X3_1)
(X3_2, X3_1) R

] ] WALS ]

(Whitman & Ono, 2017, to appear) [

R R

 
4.6.2  

MCA 2
> >

] 1 6 }

] 6 } 36.61% [

> Tsunoda et al. (1995a)
Tsunoda et al. (1995b) ] ]  

4.6.2.1 129  
MCA 6 }

] ] 7-(a)(b)
MCA 6 }
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] 8-(a)(b) Tsunoda et al. (1995b)
]

9-(a)(b) Tsunoda et al. (1995b)
] 10-(a)(b)

7 10 (a)(b)
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7-(a). MCA 6 }

] ] ( 1) 
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7-(b). MCA 6 }

] ] ( 2) 
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8-(a). MCA 6 }

] ] ( 1) 
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8-(b). MCA 6 }

] ] ( 2) 
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9-(a).

] ] ( 1) 
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9-(b). 

] ] ( 2) 
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10-(a). 
] ] ( 1) 
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10-(b). 

] ] ( 2) 
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7-(a)(b) 8-(a)(b) 9-(a)(b) 10-(a)(b) 129

MCA 2 2
4.6.1 ] ( ) 2

] 282 ](2
] )

7-(a)(b) ]  
 

   vs.     

X1_1 [SOV]  vs.  X1_2 [SVO] 91.51% 

X2_1 [ ] and 

X2_3 [ ] 
vs. X2-2 [ ] 96.36% 

X3_1 [ - ]  vs. X3_2 [ - ] 87.10% 

X4_1 [ - ]  vs. X4_2 [ - ] 64.80% 

X5_1 [ - ]  vs.  X5_2 [ - ] 45.24% 

X6_1 [ - ]  vs.  X6_2[ - ] 52.34% 

 
8 2 ] 7-(a)(b)

R MCA R

]  
Tsunoda et al. (1995a) X2[ ]R

] 2 ] ]

X2 X1[S, O V] X3[ ] {

2 Tsunoda et al. (1995a)
R ]

R  
4.6.2.2 87  

MCA 6 }

] ] 11
MCA 6 }

] 12 Tsunoda et al. (1995b)
]
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13 Tsunoda et al. (1995b)
] 14

] X1_1, X1_2, X2_1, X2_2, X2_3, X3_1, X3_2, X4_1, X4_2, 
X5_1, X5_2, X6_1, X6_2 ” ”  
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11. MCA 6 }
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12. MCA 6 }
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13. ]

]  
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14. ]

]  
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11 13 ] 4 R [

1) X1_1, X2_1, X3_1
[ - ]( ) 2) X1_2, X2_2, X3_2

[ - ](
) 3)X4_1, X5_1, X6_1 X3_1

4) X4_2, X5_2, X6_2 X3_2
( ] 14

X3_1 X4_1, X5_1, X6_1 R ]

R )  
] ] R 11 13

R [ 11 12
X1_2, X2_2, X3_2 X4_1, X5_1, 

X6_1 R ] [ 13
X1_1, X2_1, X3_1 X4_2, X5_2, X6_2 R

]  
R MCA 6-(c)(d)

1)
2)X3[ ] ]

[  
Tsunoda et al. (1995a) R

11 14
] X2_3[ ]

]

R

R  
 
4.7  
4.7.1 :  

3 Tsunoda et al. (1995a)
R

MCA >
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3 ]

] R Tsunoda et al. (1995a) X2[
]R ]

R X2 ]

R ] X1[S, O V] X3[
]R WALS Albu (2006)

 1) X3[ ]
2) X3[ ]

R [

X3[ ]R ]

Whitman and Ono (2017, to appear) [

R

R ] ] MCA
] Tsunoda et al. (1995b)
WALS MCA ] Whitman and Ono 

(2017, to appear)R
R ] ]

 
4.7.2 :  

Tsunoda et al. (1995a) Whitman and Ono (2017, 
to appear) R R

 
Tsunoda et al. (1995b) R

R Tsunoda et 
al. (1995a) R Tsunoda et al. (1995b)

[ 19 Avar, Burmese, Alyawarra, 
Aymara, Quechua (Imambura, Huallaga), Walapai, and Luiseño 8

WALS [ WALS Tsunoda 
et al. (1995b) [ Blackfoot
Kiowa 2 Tsunoda et al. (1995b)

[ WALS NA R
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R ] R R

MCA 3
] ] [

R  
Tsunoda et al. (1995b)
R 129 (

) 
 

129  
 

  
(1) : 6 ( ),  (20) : 1, 

(2) ± : 3,  (21) : 1,  

(3) : 3,  (22) : 2, 

(4) : 3,  (23) : 1, 

(5) : 1,  (24) × : 1,  

(6) : 1,  (25) : 5,  

(7) : 24,  (26) : 11,  

(8) • : 4,  (27) • : 2,  

(9) • : 3,  (28) • : 8,  

(10) : 2,  (29) ± • × : 1,  

(11) • : 4, (30) : 3,  

(12) • ± :2,  (31) : 2,  

(13) • : 2,  (32) : 1, 

(14) : 12,  (33) : 2,  

(15) • : 2,  (34) : 2, 

(16) : 1,  (35) : 2,  

(17) : 1, (36) • : 1,  

(18) : 2,  (37) • : 1.  

(19) • : 2,  
 

 
Ethnologue (Lewis, Gray & Charles, 2013) R

30.2% 14.9 32.4%
4 18.5% ] ] ] Tsunoda et al. 
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(1995b) 4.2%] } ]

20.2% Tsunoda et al. (1995a)
R

]

R

Whitman and Ono (2017, to appear) WALS MCA ]

]  
 
4.8  

MCA Statistical Typology ] ]

2 R

R ] MCA ]

R  
MCA

]

R (MCA
R [ ) ] ]

( ) R

 
MCA ]

R

R β[  
 
4.9 Neighbor-Net MCA_Neighbor-Net   

Tsunoda et al. (1995b) ] Neighbor-Net
2

15 Tsunoda et al. (1995b) ] MCA
] ] Neighbor-Net ] (

MCA 6 ] ) 16 Tsunoda et al. (1995b)
]
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] Neighbor-Net ] 15 16 X1
] 17 18 X2 ] 19 20 X3
] ]  
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15. Tsunoda et al. (1995b) ] MCA_Neighbor-Net ]
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16. Tsunoda et al. (1995b) ] Neighbor-Net ]
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17. Tsunoda et al. (1995b) ] MCA_Neighbor-Net ]
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18. Tsunoda et al. (1995b) ] Neighbor-Net ]
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19. Tsunoda et al. (1995b) ] Neighbor-Net ]

X3 ] Blackfoot R
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20. Tsunoda et al. (1995b) ] Neighbor-Net ]
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