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Areality and Genealogy in Linguistic Typology:  

A Graphical Modeling Approach to Pacific Rim 

Yohei ONO 
(St. Luke’s International University) 

Supplementary Materials 
 
1. Why we need to transform original data into chi statistic 
This Section will explain why we need to transform our original data into chi statistic from the 
viewpoints of linguistic typology. Since WALS contains numerous “missing values” that cannot be 
imputed by present value on corresponding feature, there are some biases in each language how many 
values the language contains and also there are some biases in each value in how many languages the 
value is included, which will lead us to revising “intuitive” measure between languages or values. In 
this Section, our objective is to understand the nature of biases in our original data and why chi 
statistic can revise these biases statistically, taking tentative data as examples.  

Table 1 is a tentative example of data, where row names correspond to language name and 
column names correspond to value name, respectively. In Table 1, one intuitive similarity measure 
can be as follows: we count agreement of the corresponding values as 1 or disagreement of the 
corresponding values as 0 in pairs of languages or values. However, the intuitive similarity measure 
needs to be revised regarding some biases in the similarity data, which corresponds to the first 
requirement, “correction on frequencies” in our paper.  
    “Correction on frequencies” is originated from following biases. Since the numbers of values 
are not equal but biased in each language, some languages containing relatively larger numbers of 
values tend to be more similar to other languages and those languages are likely to be more similar 
to each other. Also, since the numbers of languages are not equal but biased in each value, some 
values included in relatively larger numbers of languages tend to be more similar to other values and 
those values are likely to be more similar to each other. Furthermore, some languages containing 
more “popular” values tend to be more similar to other languages and those languages are likely to 
be more similar to each other.  

For example, Table 1 shows tentative example of data between languages and values, Table 2 
shows calculated similarity between languages, and Table 3 shows calculated similarity between 
values. In Table 1, A language contains the largest number of values in all languages (i.e., 8 values), 
which resulting in A language more similar to other languages in Table 2. Furthermore, I language 
contains smaller numbers of values (i.e., 4 values) but they are more “popular” value (i.e. V1, V4, 
V7), which resulting in I language more similar to other languages.  

Furthermore, Table 1 illustrated that V1 value is included in the largest number of languages 
(i.e., 8 languages), which resulting in V1 value more similar to other values in Table 3. Furthermore, 



Y. Ono/ Areality and Genealogy in Linguistic Typology 

 2 

V5 value is included in smaller numbers of languages (i.e., 3 languages) but they contain relatively 
larger number of values (i.e. A, E, and G languages), which resulting in V5 value more similar to 
other values. 
 
Table 1. Example of data. Row names correspond to language name, respectively. Colum names correspond to value 

name, respectively. Presence of value is coded as 1 and absence as 0. SUM corresponds to the total number of 

present values in each row or column, respectively.  

 
 
 
 
 
 
 
 
 

Table 2. Similarity between languages obtained from Table 1. 

 
 

Table 3. Similarity between values obtained from Table 1. 

 
 

Thus, we need to revise our proposed data for removing these biases in order to capture the 
similarity between languages or values more accurately. As explained below, chi statistic is one 
promising solution to “correction on frequencies.” 
    Let us introduce some mathematical notations in Table 1. 
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𝑁!" is the number in 𝑖-th row and 𝑗-th column;  
𝑁!∙ is the sum of the number in 𝑖-th row, and 𝑁!∙ = ∑ 𝑁!"$%

"&$  in our case;  
𝑁∙" is the sum of the number in 𝑗-th column, and 𝑁∙" = ∑ 𝑁!"$%

!&$  in our case;  
𝑁 is the total sum of number, and 𝑁 = ∑ 𝑁!∙$%

!&$ = ∑ 𝑁∙"$%
"&$  in our case;  

𝑃!" is the relative frequency in 𝑖-th row and 𝑗-column, and 𝑃!" = 𝑁!" 𝑁⁄ ; 
𝑃!∙ is the relative frequency in 𝑖-th row, and 𝑃!∙ = 𝑁!∙ 𝑁⁄ ;  
𝑃∙" is the relative frequency in 𝑗-th column, and 𝑃∙" = 𝑁∙" 𝑁⁄ ;  
𝑖 = 1, 2, … ,10 and 𝑗 = 1, 2, … ,10 in our case.  
    For example, 𝑁$$ = 1, 𝑁$' = 1, 𝑁'$ = 1,𝑁(∙ = 4,𝑁∙( = 3,𝑁 = 40, 𝑃$$ = 𝑁$$ 𝑁⁄ = 1 40⁄ =
0.025, 𝑃$' = 𝑁$' 𝑁⁄ = 1 40⁄ = 0.025, 𝑃'$ = 𝑁'$ 𝑁⁄ = 0 40⁄ = 0, 𝑃(∙ = 𝑁(∙ 𝑁⁄ = 4 40⁄ = 0.1,
𝑎𝑛𝑑	𝑃∙( = 𝑁∙( 𝑁⁄ = 3 40⁄ = 0.075 in Table 1.  
    Chi statistic is defined as 𝜒!" = 7𝑁!" − 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙": ;𝑁!∙ ∙ 𝑁∙"<  in 𝑖-th row and 𝑗-th column of 
Table 1, corresponding to each cell in Table 7.  
    We will try to understand why we need to transform our original data into chi statistic in the 
context of linguistic typology in following explanations. First, let us consider the meaning of 
numerator in chi statistic, 7𝑁!" − 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙":.  

For example, 𝑁$$ = 1 (i.e., the number in the first row and the first column) and 𝑁') = 1 (i.e., 
the number in the fourth row and the third column) are the same value but biased in Table 1 because 
A language contains the largest number of values (i.e., 8 values) in all languages and V1 value is 
included in the largest number of languages (i.e., 8 languages) in the case of 𝑁$$ = 1 but D language 
contains the smallest number of values in all languages (i.e., 2 values) and V3 value is included in 
relatively smaller number of languages (i.e., 3 languages) in the case of 𝑁') = 1. In other words, the 
value of 1 can occur much more likely in 𝑁$$ than in 𝑁'). Thus, the main objective of numerator 
in chi statistic is to revise the bias of occurring the data in Table 1.  

In Table 4, we transformed Table 1 into the numerators in chi statistic, 7𝑁!" − 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙":. For 
example, the numerator of 𝜒$$ (i.e., chi statistic in the first row and the first column) is calculated 
as 𝑁$$ − 𝑁 ∙ 𝑃$∙ ∙ 𝑃∙$ = 1 − 40 ∙ (𝑁$∙ 𝑁⁄ ) ∙ (𝑁∙$ 𝑁⁄ ) = 1 − 40 ∙ (8 40⁄ ) ∙ (8 40⁄ ) = 1 − 1.6 = −0.6, 
and the numerator of 𝜒') (i.e., chi statistic in in the fourth row and the third column) is calculated 
as 𝑁') − 𝑁 ∙ 𝑃'∙ ∙ 𝑃∙) = 1 − 40 ∙ (𝑁'∙ 𝑁⁄ ) ∙ (𝑁∙) 𝑁⁄ ) = 1 − 40 ∙ (2 40⁄ ) ∙ (3 40⁄ ) = 1 − 0.15 =
0.85.  

Notably, the correction term is defined as 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙"  in the numerator of chi statistic, 
corresponding to the “expected” or “average” number in 𝑖 -th row and 𝑗 -th column. Thus, the 
numerator of chi statistic (i.e., 𝑁!" − 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙" ) can revise the bias in the data by subtracting 
“expected” or “average” number from original one in each combination of row and column, where 
the “expected” or “average” number will reflect the biases by heterogeneous total numbers in row 
and column explained above. For example, the numerator of 𝜒$$ is negative value (i.e., −0.6) and 
the numerator of 𝜒') is positive value (i.e., 0.85).  

The former suggested the similarity between the first row and the first column is weak by 
negative value because 𝑁$$ = 1 can be strongly affected by the total number of the first row and the 
first column (i.e., 𝑁$∙ = 8	and 𝑁∙$ = 8). Furthermore, the latter suggested the similarity between the 
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fourth row and the third column is strong by positive value because 𝑁') = 1 can be weakly affected 
by the total number of the first row and the first column (i.e., 𝑁'∙ = 2	and 𝑁∙) = 3).  

Thus, the numerator in chi statistic, 7𝑁!" − 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙":  can be considered as satisfying 
“correction on frequencies” in our paper. However, further revisions are needed in the numerator in 
chi statistic as explained in Table 5.  
  

Table 4. The numerators on chi statistic from Table 1. 

 
 
    Let us introduce some mathematical notations in Table 5. 
𝑁*

!" is the number in 𝑖-th row and 𝑗-th column;  
𝑁*

!∙ is the sum of the number in 𝑖-th row, and 𝑁*
!∙ = ∑ 𝑁*

!"
$%
"&$  in our case;  

𝑁*
∙" is the sum of the number in 𝑗-th column, and 𝑁*

∙" = ∑ 𝑁*
!"

$%
!&$  in our case;  

𝑁* is the total sum of number, and 𝑁* = ∑ 𝑁*
!∙

$%
!&$ = ∑ 𝑁*

∙"
$%
"&$  in our case;  

𝑃*!" is the relative frequency in 𝑖-th row and 𝑗-column, and 𝑃*!" = 𝑁*
!" 𝑁*⁄ ; 

𝑃*!∙ is the relative frequency in 𝑖-th row, and 𝑃*!∙ = 𝑁*
!∙ 𝑁*⁄ ;  

𝑃*∙" is the relative frequency in 𝑗-th column, and 𝑃*∙" = 𝑁*
∙" 𝑁*⁄ ;  

𝑖 = 1, 2, … ,10 and 𝑗 = 1, 2, … ,10 in our case.  
For example,𝑁*

$$ = 1, 𝑁*
$' = 0, 𝑁*

'$ = 0,𝑁*
(∙ = 2,𝑁*

∙( = 1,𝑁* = 20, 𝑃*$$ = 𝑁*
$$ 𝑁*⁄ =

1 20⁄ = 0.05, 𝑃*$' = 𝑁*
$' 𝑁*⁄ = 0 20⁄ = 0, 𝑃*'$ = 𝑁*

'$ 𝑁*⁄ = 0 20⁄ = 0, 𝑃*(∙ = 𝑁*
(∙ 𝑁*⁄ =

2 20⁄ = 0.1, 𝑎𝑛𝑑	𝑃*∙( = 𝑁*
∙( 𝑁*⁄ = 1 20⁄ = 0.05 in Table 5. Also, Table 6 is the numerator in chi 

statistic calculated from Table 6 (i.e., 𝜒*!" = 𝑁*
!" − 𝑁* ∙ 𝑃*!∙ ∙ 𝑃*∙").  

Let us focus on the numbers in the first row and the third column in Table 4 and Table 6, 
respectively. The numerator in chi statistic is calculated in Table 4 as 𝜒$) = 𝑁$) − 𝑁 ∙ 𝑃$∙ ∙ 𝑃∙) = 1 −
40 ∙ (𝑁$∙ 𝑁⁄ ) ∙ (𝑁∙) 𝑁⁄ ) = 1 − 40 ∙ (8 40⁄ ) ∙ (3 40⁄ ) = 1 − 0.6 = 0.4 , and in Table 5 as 𝜒*$) =
𝑁*

$) − 𝑁* ∙ 𝑃*$∙ ∙ 𝑃*∙) = 1 − 20 ∙ (𝑁*
$∙ 𝑁*⁄ ) ∙ (𝑁*

∙) 𝑁*⁄ ) = 1 − 20 ∙ (4 20⁄ ) ∙ (3 20⁄ ) = 1 − 0.6 =
0.4. Thus, the numerators in chi statistic are the same on the first row and the third column in Table 
4 and Table 6, suggesting that these revised similarities are the same degree of association between 
the first row and the third column in Table 4 and Table 6.  

However, 𝑃*$∙ = 𝑁*
$∙ 𝑁*⁄ = 4 20⁄ = 0.2  and 𝑃*∙) = 𝑁*

∙) 𝑁*⁄ = 3 20⁄ = 0.15  in Table 6, 
whereas 𝑃$∙ = 𝑁$∙ 𝑁⁄ = 8 40⁄ = 0.2  and 𝑃∙) = 𝑁∙) 𝑁⁄ = 3 40⁄ = 0.075  in Table 4. Thus, the 
numerator in chi statistic is more affected by the total number of the third column in Table 6 than in 
Table 4, which will require us further reconsidering the numerator in chi statistic.  



 5 

Table 5. Example of data. Row names correspond to language name, respectively. Colum names correspond to value 

name, respectively. Presence of value is coded as 1 and absence as 0. SUM corresponds to the total number of 

present values in each row or column, respectively. 

 
 

Table 6. The numerators on chi statistic from Table 5. 

 
 

Chi statistic will enable us to correct the biases in the numerator in chi statistic, dividing the 
numerator of chi statistic by square root of product for the total number of the corresponding row and 
column. Thus, chi statistic is defined in Table 1 as 𝜒!" = 7𝑁!" − 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙": ;𝑁!∙ ∙ 𝑁∙"<  and in Table 

5 as 𝜒*!" = 7𝑁*
!" − 𝑁* ∙ 𝑃*!∙ ∙ 𝑃*∙": ;𝑁*

!∙ ∙ 𝑁*
∙"<   

 
Table 7. Chi statistics obtained from Table 1. 
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Table 8. Chi statistics obtained from Table 5. 

 
 
 
 
 
 
 
 
 

For example, chi statistic is calculated as 𝜒$) = (𝑁$) − 𝑁 ∙ 𝑃$∙ ∙ 𝑃∙)) ;𝑁$∙ ∙ 𝑁∙)⁄ =
(0.4) √8 ∙ 3⁄ = 0.4 √24⁄ = 0.082 in Table 7 and 𝜒*$) = (𝑁*

$) − 𝑁* ∙ 𝑃*$∙ ∙ 𝑃*∙)) ;𝑁*
$∙ ∙ 𝑁*

∙)⁄ =
(0.4) √4 ∙ 3⁄ = 0.4 √12⁄ = 0.115 in Table 8. In other words, chi statistic is larger in the first row 
and the third column on Table 8 than in Table 7, suggesting that the degree of association between 
the first row and the third column is stronger in Table 8 than in Table 7.  

Thus, chi statistic is one useful measure satisfying “correction on frequencies” in this paper.  
 
2. Why we need to develop chi statistics into multidimensional vectors 
In previous section, we attempted to intuitively understand chi statistic in the context of “correction 
on frequencies” in this paper. As explained in Section 5.1, “correspondence analysis (Benzécri et coll. 
1973) is a statistical tool that will decompose chi statistics into multidimensional vectors of both 
languages and values where each chi statistic is represented as inner product between the vector of 
the corresponding language and that of the corresponding value.” The main objective of this section 
is to intuitively understand why we need to develop chi statistics into multidimensional vectors and 
how correspondence analysis will work in practice. Note that interested reader should refer to 
Kimiyama (2011) in Japanese literature. 
    In previous section, “correction on frequencies” required us transforming our original data (e.g., 
Table 1) into chi statistics (e.g., Table 7), whose numerator (i.e., 𝑁!" − 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙") consists of the 
original number in 𝑖-th row and 𝑗-th column (i.e., 𝑁!") and the “expected” or “average” number in 
𝑖 -th row and 𝑗 -th column (i.e., 𝑁 ∙ 𝑃!∙ ∙ 𝑃∙" ). Notably, “correction on frequencies” resulted in 
subtracting the “expected” or “average” number from the original number, which led the original data 
to some degree of association between row and column by revising the effect of heterogeneous total 
numbers in row and column with the term of −𝑁 ∙ 𝑃!∙ ∙ 𝑃∙" and ;𝑁!∙ ∙ 𝑁∙" in chi statistic.  
    However, our main objective is to capture the characteristics of language or value from the chi 
statistics, and the characteristics of language or value is considered as “multidimensional” 
dispositions in linguistic typology. Since the degree of association between row and column 
corresponds to the meaning of the chi statistic, correspondence analysis attempts to assign numbers 
to each row and column, where the product of the assigned number is expected to approximate the 
corresponding chi statistic in each combination of row and column.  
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Table 9. Assigned numbers by correspondence analysis applied to Table 7.  

 
 
 
 
 
 
 
 
 
 

Table 10. Products of assigned numbers by correspondence analysis applied to Table 7. 

 

 
    Table 9 is an intuitive image on assigned numbers to each row and column in Table 7, where the 
number of A1 is assigned to A, the number of B1 is assigned to B and the same analysis can apply to 
D1-J1, and the number of V1_1 is assigned to V1, the number of V2_1 is assigned to V2, and the 
same analysis can apply to V3_1-V10_1. In practice, correspondence analysis will also calculate L1 
and approximate Table 7 as shown in Table 10. For example, 𝜒$$ (i.e., the number in the first row 
and the first column) is approximated by L1 * A1 * V1_1, 𝜒$( (i.e., the number in the first row and 
the second column) is approximated by L1 * A1 * V2_1, and the same analysis can apply to each 
combination of row and column.  
    Correspondence analysis will attempt to calculate these quantities (i.e., A1-J1, V1_1-V10_1, and 
L1) in order to minimize sum of differences between the numbers of Table 7 and Table 10, applying 
the algorithm of singular value decomposition (abbreviated as SVD hereafter) to Table 7.  
    Table 11 is the results on assigned numbers and their products by SVD applied to Table 7. In this 
table, A1 corresponds to -0.022, B1 to -0.474, and the same analysis can apply to other numbers. Also, 
V1_1 corresponds to 0.048, V2_1 to -0.478, and the same analysis can apply to other numbers. 
Furthermore, L1 is calculated as 0.628 in Table 11.  
    Thus, Table 11 illustrated that the number in Table 11 is not the same in Table 7, which 
demonstrated that chi statistics in Table 7 do not capture in either languages or values by just one 
series of numbers. Note that a series of numbers is called sometimes as “vector” in mathematics.  
     
 

V1_1 V2_1 V3_1 V4_1 V5_1 V6_1 V7_1 V8_1 V9_1 V10_1
V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

A1 A L1*A1*V1_1 L1*A1*V2_1 L1*A1*V3_1 L1*A1*V4_1 L1*A1*V5_1 L1*A1*V6_1 L1*A1*V7_1 L1*A1*V8_1 L1*A1*V9_1 L1*A1*V10_1
B1 B L1*B1*V1_1 L1*B1*V2_1 L1*B1*V3_1 L1*B1*V4_1 L1*B1*V5_1 L1*B1*V6_1 L1*B1*V7_1 L1*B1*V8_1 L1*B1*V9_1 L1*B1*V10_1
C1 C L1*C1*V1_1 L1*C1*V2_1 L1*C1*V3_1 L1*C1*V4_1 L1*C1*V5_1 L1*C1*V6_1 L1*C1*V7_1 L1*C1*V8_1 L1*C1*V9_1 L1*C1*V10_1
D1 D L1*D1*V1_1 L1*D1*V2_1 L1*D1*V3_1 L1*D1*V4_1 L1*D1*V5_1 L1*D1*V6_1 L1*D1*V7_1 L1*D1*V8_1 L1*D1*V9_1 L1*D1*V10_1
E1 E L1*E1*V1_1 L1*E1*V2_1 L1*E1*V3_1 L1*E1*V4_1 L1*E1*V5_1 L1*E1*V6_1 L1*E1*V7_1 L1*E1*V8_1 L1*E1*V9_1 L1*E1*V10_1
F1 F L1*F1*V1_1 L1*F1*V2_1 L1*F1*V3_1 L1*F1*V4_1 L1*F1*V5_1 L1*F1*V6_1 L1*F1*V7_1 L1*F1*V8_1 L1*F1*V9_1 L1*F1*V10_1
G1 G L1*G1*V1_1 L1*G1*V2_1 L1*G1*V3_1 L1*G1*V4_1 L1*G1*V5_1 L1*G1*V6_1 L1*G1*V7_1 L1*G1*V8_1 L1*G1*V9_1 L1*G1*V10_1
H1 H L1*H1*V1_1 L1*H1*V2_1 L1*H1*V3_1 L1*H1*V4_1 L1*H1*V5_1 L1*H1*V6_1 L1*H1*V7_1 L1*H1*V8_1 L1*H1*V9_1 L1*H1*V10_1
I1 I L1*I1*V1_1 L1*I1*V2_1 L1*I1*V3_1 L1*I1*V4_1 L1*I1*V5_1 L1*I1*V6_1 L1*I1*V7_1 L1*I1*V8_1 L1*I1*V9_1 L1*I1*V10_1
J1 J L1*J1*V1_1 L1*J1*V2_1 L1*J1*V3_1 L1*J1*V4_1 L1*J1*V5_1 L1*J1*V6_1 L1*J1*V7_1 L1*J1*V8_1 L1*J1*V9_1 L1*J1*V10_1
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Table 11. Calculated numbers and their product by correspondence analysis applied to Table 7.  

Note that these numbers are rounded in fourth decimal in following tables.  

 
 

In other words, we calculated two vectors in this procedure; one corresponds to the languages 
(i.e., the assigned numbers on row), the other to the values (i.e., the assigned numbers on column). 

Since our calculated vectors described only part of chi statistic in Table 7, we will apply singular 
value decomposition to the “residuals”, that is, the data obtained by subtracting Table 11 from Table 
7 in each combination of row and column as shown in Table 12.  
 
Table 12. Assigned numbers by correspondence analysis applied to the “residuals” between Table 7 and Table 11.  

 
 
 
 
 
 
 
 
 

Table 13. Products of assigned numbers by correspondence analysis applied to Table 13. 

 
 
    Table 13 is an intuitive image on assigned numbers to each row and column in Table 12, where 
the number of A2 is assigned to A, the number of B2 is assigned to B and the same analysis can apply 
to D2-J2, and the number of V1_2 is assigned to V1, the number of V2_2 is assigned to V2, and the 
same analysis can apply to V3_2-V10_2. Also, correspondence analysis will calculate L2 and 
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approximate Table 12 as shown in Table 13. For example, the residual is approximated by L2 * A2 * 
V1_2 in the first row and the first column, the residual is approximated by L2 * A2 * V2_2 in the 
first row and the second column, and the same analysis can apply to each combination of row and 
column. 
 

Table 14. Calculated numbers and their product by correspondence analysis applied to Table 12.  

 
 

Table 14 is the results on assigned numbers and their products by SVD applied to Table 12. In 
this table, A2 corresponds to -0.344, B2 to -0.095, and the same analysis can apply to other numbers. 
Also, V1_2 corresponds to 0.296, V2_2 to -0.395, and the same analysis can apply to other numbers. 
Furthermore, L2 is calculated as 0.595 in Table 14. 

Since our calculated vectors described only part of chi statistic in Table 12, we will repeat 
singular value decomposition to the “residuals”, that is, the data obtained by subtracting Table 14 
from Table 14 in each combination of row and column.  

Thus, these iterative procedures will calculate each vector on the corresponding language or 
value that can be considered as illustrating their multidimensional dispositions. For example, A 
language is described as the vector consisting of (-0.022, -0.344, …), in which the number in the first 
dimension is calculated as -0.022 in Table 11 and that in in the second dimension as -0.344 etc. Also, 
V1 value is described as the vector consisting of (0.048, 0.296, …), in which the number in the first 
dimension is calculated as 0.048 in Table 11 and that in in the second dimension as 0.296 etc. 
Therefore, the same analysis will work on each vector of language or value.  

Thus, we can obtain the vectors as the multidimensional disposition of each language or value 
by applying correspondence analysis as explained above. In practice, the vectors are weighted by 
singular value in each dimension (e.g., L1 in Table 11 and L2 in Table 14) and some additional 
quantities. Note that interested reader can refer to Greenacre (2017) in this topic.  
 
3. Why we cannot apply correlation coefficient to original binary data in WALS 
In Section 5.2, we have introduced “profile view” and discussed that “profile view” is not based on 
Euclidean or Manhattan distance but based on correlation coefficient, which resulted in correlation 
coefficient playing significant role in our paper. However, some reader may pose a question why we 
cannot apply correlation coefficient to our original data, which is the main focus in this section.  
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    Therefore, the main objective of this section is to illustrate intuitively why we cannot apply 
correlation coefficient to original data in WALS. Let us introduce some mathematical notations.  
𝐷+: our data of D language in Table 1;  
𝐹+: our data of F language in Table 1;  
𝐷+DDD: mean of 𝐷+, 𝐷+DDD = (∑ 𝐷+$%

+&$ ) 10⁄ ;  
𝐹+E : mean of 𝐹+, 𝐹+E = (∑ 𝐹+$%

+&$ ) 10⁄ ;  
𝑠 = 1, 2, … ,10 in our case.  

Thus, 𝐷+ = (0, 0, 1, 0, 0, 0, 1, 0, 0, 0) , 𝐹+ = (1, 1, 0, 0, 0, 0, 1, 0, 0, 0) , 𝐷+DDD = (∑ 𝐷+$%
+&$ ) 10⁄ =

2 10⁄ = 0.2, and 𝐹+E = (∑ 𝐹+$%
+&$ ) 10⁄ = 3 10⁄ = 0.3 in Table 1.   

Correlation coefficient between 𝐷+ and 𝐹+ is defined as 𝑟,!-!:  

𝑟,!-! =
∑ {(𝐷+ − 𝐷+DDD) ∙ (𝐹+ − 𝐹+E)}$%
+&$

;∑ (𝐷+ − 𝐷+DDD)($%
+&$ ∙ ∑ (𝐹+ − 𝐹+E)($%

+&$
 

    In our case, 𝑟,!-! is calculated as follows:  
∑ {(𝐷! − 𝐷!&&&) ∙ (𝐹! − 𝐹!*)}"#
!$"   

= {(0 − 0.2) ∙ (1 − 0.3)} + {(0 − 0.2) ∙ (1 − 0.3)} + {(1 − 0.2) ∙ (0 − 0.3)}  

+{(0 − 0.2) ∙ (0 − 0.3)} + {(0 − 0.2) ∙ (0 − 0.3)} + {(0 − 0.2) ∙ (0 − 0.3)} + {(1 − 0.2) ∙ (1 − 0.3)}  

+{(0 − 0.2) ∙ (0 − 0.3)} + {(0 − 0.2) ∙ (0 − 0.3)} + {(0 − 0.2) ∙ (0 − 0.3)}  

= −0.14 + (−0.14) + (−0.24) + 0.06 + 0.06 + 0.06 + 0.56 + 0.06 + 0.06 + 0.06 = 0.4  

∑ (𝐷! − 𝐷!&&&)%"#
!$"   

= (0 − 0.2)% + (0 − 0.2)% + (1 − 0.2)% + (0 − 0.2)% + (0 − 0.2)%  

+(0 − 0.2)% + (1 − 0.2)% + (0 − 0.2)% + (0 − 0.2)% + (0 − 0.2)% = 1.6  

∑ (𝐹! − 𝐹!*)%"#
!$"   

= (1 − 0.3)% + (1 − 0.3)% + (0 − 0.3)% + (0 − 0.3)% + (0 − 0.3)%  

+(0 − 0.3)% + (1 − 0.3)% + (0 − 0.3)% + (0 − 0.3)% + (0 − 0.3)% = 2.1  

𝑟,!-! =
∑ {(𝐷+ − 𝐷+DDD) ∙ (𝐹+ − 𝐹+E)}$%
+&$

;∑ (𝐷+ − 𝐷+DDD)($%
+&$ ∙ ∑ (𝐹+ − 𝐹+E)($%

+&$
=

0.4
√1.6 ∙ 2.1

= 0.218 

    Correlation coefficient aims to measure the degree of association between data (i.e., D language 
and F language in our case). However, the numerator of correlation coefficient (i.e., 
∑ {(𝐷+ − 𝐷+DDD) ∙ (𝐹+ − 𝐹+E)}$%
+&$ ) is severely biased by the means of each data in the case that the data is 

binary or qualitative.  
    The bias in the numerator of correlation coefficient is illustrated in Figure 1, where the horizontal 
axis corresponds to data in 𝐷+ (i.e.., 0 or 1) and the vertical axis to data in 𝐹+ (i.e.., 0 or 1). For 
example, (𝐷+, 𝐹+) is (𝐷$, 𝐹$) = (0, 1) if 𝑠 = 1, (𝐷+, 𝐹+) is (𝐷(, 𝐹() = (0, 1) if 𝑠 = 2, (𝐷+, 𝐹+) 
is (𝐷), 𝐹)) = (1, 0) if 𝑠 = 3 etc. Thus, the numerator of correlation coefficient (i.e., ∑ {(𝐷+ −$%

+&$

𝐷+DDD) ∙ (𝐹+ − 𝐹+E)}) is equal to the area of rectangular A if (𝐷+, 𝐹+) = (0, 1), the area of rectangular B if 
(𝐷+, 𝐹+) = (1, 1), the area of rectangular C if (𝐷+, 𝐹+) = (1, 0), and the area of rectangular D if 
(𝐷+, 𝐹+) = (0, 0). Thus, the sign of the numerator of correlation coefficient (i.e., ∑ {(𝐷+ − 𝐷+DDD) ∙$%

+&$

(𝐹+ − 𝐹+E)}) is plus if (𝐷+, 𝐹+) = (1, 1) or (𝐷+, 𝐹+) = (0, 0) (i.e., rectangular B or rectangular D), 
and minus if (𝐷+, 𝐹+) = (0, 1) or (𝐷+, 𝐹+) = (1, 0) (i.e., rectangular A or rectangular C).  
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Figure 1. Intuitive image on the bias in correlation coefficient 

 
Notably, the total area of rectangular A and rectangular C is calculated as |(0 − 0.2) ∙

(1 − 0.3)| + |(1 − 0.2) ∙ (0 − 0.3)| = 0.14 + 0.24 = 0.38, and the total area of rectangular B and 
rectangular D is calculated as |(1 − 0.2) ∙ (1 − 0.3)| + |(0 − 0.2) ∙ (0 − 0.3)| = 0.56 + 0.06 =
0.62. Therefore, the numerator of correlation coefficient (i.e., ∑ {(𝐷+ − 𝐷+DDD) ∙ (𝐹+ − 𝐹+E)}$%

+&$ ) is biased 
as positive value since the total area of rectangular B and rectangular D is larger than that of 
rectangular A and rectangular C; the sign of the numerator of correlation coefficient is plus in the 
former and minus in the latter. 

Again, the correlation coefficient aims to measure the degree of association between data (i.e., 
D language and F language in our case). However, 𝐷+DDD and 𝐹+E  in Figure 1 will determine only these 
areas (i.e., the numerator of correlation coefficient) but also the ratio of the areas with plus sign to 
that with minus sign, which resulted in the numerator of correlation coefficient biased by 𝐷+DDD and 𝐹+E  
irrelevant to the degree of association between data.  

Thus, we cannot apply correlation coefficient to original data in WALS. Since the singular values 
calculated in previous section (e.g., L1 in Table 11 and L2 in Table 12) are mathematically guaranteed 
as positive, the obtained vectors are in Euclidean space, which allows us to apply correlation 
coefficient as meaningful quantities from the viewpoint of statistics.  
 
4. Explanations about multiple linear regression models 
In Section 5.3, we have introduced “language as variable” and built multiple linear regression model 
in the case of Figure1 on the main body that will play significant role in order to select the appropriate 
dimensions obtained from the coordinates by correspondence analysis:  
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;𝜔.𝑥$. = 𝛽%$ + 𝛽($;𝜔.𝑥(. + 𝛽)$;𝜔.𝑥). + 𝛽'$;𝜔.𝑥'. + 𝜀$.  
;𝜔.𝑥(. = 𝛽%( + 𝛽$(;𝜔.𝑥$. + 𝛽)(;𝜔.𝑥). + 𝛽'(;𝜔.𝑥'. + 𝜀(.  
;𝜔.𝑥). = 𝛽%) + 𝛽$);𝜔.𝑥$. + 𝛽();𝜔.𝑥(. + 𝛽');𝜔.𝑥'. + 𝜀).  
;𝜔.𝑥'. = 𝛽%' + 𝛽$';𝜔.𝑥$. + 𝛽(';𝜔.𝑥(. + 𝛽)';𝜔.𝑥). + 𝜀'.  
𝑚 = 1, 2, … , 𝑛 − 1 , and 𝑖 = 1  (Ainu), 𝑖 = 2	 (Chukchi), 𝑖 = 3  (Khalkha), 𝑖 = 4  (Navajo) in 
Figure1 on the main body. 

However, some reader may pose a question what the multiple linear regression model will 
calculate in the context of linguistics, which is the main focus in this section. 

Therefore, the main objective of this section is to illustrate intuitively the multiple linear 
regression model. Let us start remembering the visual image on “vectors” that have been already 
introduced and calculated by correspondence analysis in Section 2 on these supplementary materials.  

 
Figure 2. Image on relationships among two-dimensional vectors.  

 
    Figure 2 is an image on relationships among two-dimensional vectors. In general, the vector is 
a series of numbers and represented as 𝑉$RRR⃗ , 𝑉(RRR⃗ , and 𝑉)RRR⃗  in Figure 2.  

    For example, 𝑉$RRR⃗ = 7$%:, 𝑉(RRR⃗ = 7%$:, and 𝑉)RRR⃗ = 7((:, where the first number of these vector (i.e., 1, 

0, and 2) corresponds to the value in horizontal direction in Figure 2, and the second number of the 
vector (i.e., 0, 1, and 2) corresponds to its value in vertical direction in Figure 2.  

    In Figure 2, 𝑉)RRR⃗ = 2𝑉$RRR⃗ + 2𝑉(RRR⃗ , that is 7((: = 2 ∙ 7$%: + 2 ∙ 7
%
$: . In this case, 𝑉)RRR⃗  is totally 

calculated by the combination of 𝑉$RRR⃗  and 𝑉(RRR⃗ . In this case, we are supposed to define that 𝑉)RRR⃗  is totally 
explained by 𝑉$RRR⃗  and 𝑉(RRR⃗ , which is the fundamental viewpoint in our multiple linear regression model. 
In other words, 𝑉$RRR⃗ , 𝑉(RRR⃗ , and 𝑉)RRR⃗   corresponds to the vector of different language in WALS that was 
calculated by correspondence analysis in in Section 2 on these supplementary materials, respectively. 
For example, if 𝑉)RRR⃗ = 𝛼𝑉$RRR⃗ + 𝛽𝑉(RRR⃗  holds and 𝛼 and 𝛽 are real number respectively, then multiple 
linear regression model will consider that 𝑉)RRR⃗  is totally explained by 𝑉$RRR⃗  and 𝑉(RRR⃗ : the language of 𝑉)RRR⃗  
is totally explained by the language of 𝑉$RRR⃗  and the language of 𝑉(RRR⃗ .  
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    Furthermore, 𝑉(RRR⃗ = 7%$: does not contain any information of 𝑉$RRR⃗ = 7$%: because the first number 

in 𝑉(RRR⃗  (i.e., 0 in 7%$:) cannot vary in 𝛾𝑉(RRR⃗  by any real number of 𝛾, and the second number in 𝑉$RRR⃗  

(i.e., 0 in 7$%:) cannot vary in 𝜂𝑉$RRR⃗  by any real number of 𝜂.  

More precisely, we can say that 𝑉$RRR⃗  cannot explain 𝑉(RRR⃗  or 𝑉(RRR⃗  cannot explain 𝑉$RRR⃗  because 𝑉$RRR⃗  
and 𝑉(RRR⃗  are in “right angle”.  
 

 
Figure 3. Image on relationships among three-dimensional vectors.  

 
   Let us consider more complicated example in Figure 3. 𝐿$RRRR⃗ , 𝐿(RRRR⃗ , and 𝐿)RRRR⃗   are assumed to be the 
vectors of the corresponding language in WALS that was calculated by correspondence analysis in in 
Section 2. In this case, 𝐿)RRRR⃗ = 𝛼𝐿$RRRR⃗ + 𝛽𝐿(RRRR⃗  does not hold in any real numbers of 𝛼 and 𝛽, and 𝐿)RRRR⃗  is 
not totally explained by 𝐿$RRRR⃗  and 𝐿(RRRR⃗ . Our alternative is to decompose 𝐿)RRRR⃗  into two parts: one that is 
totally explained by 𝐿$RRRR⃗  and 𝐿(RRRR⃗ , and the other that cannot explained by either 𝐿$RRRR⃗  or 𝐿(RRRR⃗  at all. 
Therefore, we will calculate 𝛽$𝐿$RRRR⃗ + 𝛽(𝐿(RRRR⃗  as 𝛽$𝐿$RRRR⃗ + 𝛽(𝐿(RRRR⃗  and 𝐿)RRRR⃗ − 𝛽$𝐿$RRRR⃗ + 𝛽(𝐿(RRRR⃗  are in right 
angle as explained in Figure 2 in our supplementary materials. Furthermore, the additional restriction 
requires us minimizing the length of 𝐿)RRRR⃗ − 𝛽$𝐿$RRRR⃗ + 𝛽(𝐿(RRRR⃗ , the departure from 𝐿)RRRR⃗  to 𝛽$𝐿$RRRR⃗ + 𝛽(𝐿(RRRR⃗  
corresponding to the information in 𝐿)RRRR⃗  not explained by 𝛽$𝐿$RRRR⃗ + 𝛽(𝐿(RRRR⃗ .  
   Thus, we can calculate 𝛽$	𝑎𝑛𝑑	𝛽(	in 𝛽$𝐿$RRRR⃗ + 𝛽(𝐿(RRRR⃗  and decompose 𝐿)RRRR⃗  into two parts. Again, 
one is totally explained by 𝐿$RRRR⃗  and 𝐿(RRRR⃗ , and the other cannot by explained by either 𝐿$RRRR⃗  or 𝐿(RRRR⃗  at all.  
   Let us return to our multiple linear regression model:  
;𝜔.𝑥$. = 𝛽%$ + 𝛽($;𝜔.𝑥(. + 𝛽)$;𝜔.𝑥). + 𝛽'$;𝜔.𝑥'. + 𝜀$.  
;𝜔.𝑥(. = 𝛽%( + 𝛽$(;𝜔.𝑥$. + 𝛽)(;𝜔.𝑥). + 𝛽'(;𝜔.𝑥'. + 𝜀(.  
;𝜔.𝑥). = 𝛽%) + 𝛽$);𝜔.𝑥$. + 𝛽();𝜔.𝑥(. + 𝛽');𝜔.𝑥'. + 𝜀).  
;𝜔.𝑥'. = 𝛽%' + 𝛽$';𝜔.𝑥$. + 𝛽(';𝜔.𝑥(. + 𝛽)';𝜔.𝑥). + 𝜀'.  
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   In the first equation, ;𝜔.𝑥$. = 𝛽%$ + 𝛽($;𝜔.𝑥(. + 𝛽)$;𝜔.𝑥). + 𝛽'$;𝜔.𝑥'. + 𝜀$. , 
;𝜔.𝑥$. corresponds to the 𝑚-dimensional vector of the first language (e.g., Ainu in Figure 1 on 
the main body), ;𝜔.𝑥(. to the 𝑚-dimensional vector of the second language (e.g., Chukchi in 
Figure 1 on the main body), ;𝜔.𝑥).  to the 𝑚-dimensional vector of the third language (e.g., 
Khalkha in Figure 1 on the main body), ;𝜔.𝑥'.  to the 𝑚 -dimensional vector of the fourth 
language (e.g., Navajo in Figure 1 on the main body), and these 𝑚-dimensional vectors are calculated 
by correspondence analysis. In this case, 𝜀$. corresponds to the 𝑚-dimensional vector that cannot 
explained by ;𝜔.𝑥$., ;𝜔.𝑥(., ;𝜔.𝑥)., and ;𝜔.𝑥'., and 𝜀$. and 𝛽%$ + 𝛽($;𝜔.𝑥(. +
𝛽)$;𝜔.𝑥). + 𝛽'$;𝜔.𝑥'. are in right angle as shown in the example of Figure 3 here. The same 
analysis can apply to other equation in multiple linear regression model.  
   Thus, the	 𝑚-dimensional vectors of 𝜀$., 𝜀(., 𝜀)., 𝜀'. are the information of the concerned 
language cannot be explained by the other languages as explained in Section 5.3 on the main body.  
   Notably, in Section 5.3, we proposed to measure correlation coefficient among the	 𝑚 -
dimensional vectors of 𝜀$., 𝜀(., 𝜀)., 𝜀'. as the similarity between two languages not explained 
by the other languages, which can be considered as the similarity between languages not explained 
by linguistic typology on the other languages but explained by other factors than linguistic typology 
between the two languages (e.g., geographical factor) as explained in Section 5.3.  
   Since linguists often explain one language by other languages and state “one language is similar 
to the group of other languages” (e.g., linguists say “English is the Indo-European language family 
or similar to languages in Indo-European language family”), this viewpoint in our multiple linear 
regression model can be considered as some way of thinking that areal linguists will capture the areal 
information or relationships in languages or historical linguistics will reconstruct the genealogical 
information or relationships in languages, I have adopted multiple linear regression model in this 
article. Thus, further investigations are promising whether the viewpoint can adequately capture areal 
and genealogical information in linguistic typology, and whether there is an alternative to improve 
the viewpoint in multiple linear regression appropriate in the context of linguistic typology. 
 
5. Results 
The detail results omitted in the main body of this paper are in Figures 4-15, and Tables 15-20.  
 
6. WALS data 
The World Atlas of Language Structures Online (abbreviate as WALS hereafter) is a linguistic 
database constructed by a team of 55 linguists (most of them leading authorities in the relevant 
subfield), organized around various linguistic parameters (referred to in WALS as features). WALS 
contains 144 chapters, each consisting of a text and a main map. Each of the 144 chapters shows the 
distribution of a particular linguistic feature, reflected in the chapter’s title. In several cases, a single 
chapter includes more than one map. Most WALS features correspond straightforwardly to chapters, 
but some chapters describe multiple features. 

Oxford University Press published the first version of WALS as a book with an accompanying 
CD-ROM in 2005. The first online version was published in April 2008. Both are superseded by the 
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current online version, released in April 2011. WALS is a joint effort of the Max Planck Institute for 
Evolutionary Anthropology and the Max Planck Digital Library (For a detailed explanation, see 
http://wals.info/). The list of languages and features is available at wals.info/languoid 
(http://wals.info/languoid) and the list of features at wals.info/feature (see http://wals.info/feature). 
WALS provides data on 2,676 languages and 192 linguistic features constructed by domain: 
phonology, word order, lexicon, word order, nominal categories, etc. Utilizing statistical analysis 
explained in Sections 2 and 5 requires transforming the original categorical data into binary data. The 
total number of values associated with the 192 features gives some 1200 categories (feature values). 
We reduced the number of these categories to 489 to eliminate those categories for which there were 
less than 10 applicable languages. Our sample of 201 languages was chosen based on the 
recommended WALS 200 language sample (http://wals.info/languoid/samples/200), which is 
balanced by genetic affiliation and region. Note that we have removed the Muong language 
containing too much NA in WALS from our data. 

We call the database consisting of 489 values and 201 languages except Muong as “Data 1” used 
in Whitman and Ono (2017), those removing all word-order parameters (81A-97A, 90A-90G and 
143A-144Y) from Data 1 as “Data 2”, those removing parameters (81A-86A, 88A-90A, 90A-90G, 
94A, 95A, 143A-144Y), which Whitman and Ono (2017) identified as the main component, as “Data 
3”, with the parameters on adjective and negation (87A[Order of Adjective and Noun], 143A[Order 
of Negative Morpheme and Verb], 143E[Preverbal Negative Morphemes], 143F[Postverbal Negative 
Morphemes], 143G[Minor morphological means], 144B[Position of negative words relative to 
beginning and end of clause and with respect to adjacency to verb], 144V[Verb-initial with Preverbal 
Negative], 144X[Verb-initial with Clause-Final Negative]) that Dryer (1992) indicated, retained. 
Note that we excluded parameters related to the Order of Objects and Nouns (e.g., 144S) because 
such parameters are redundant and strongly correlated. We avoid biasing the result of clustering, 
removing those parameters. Data 2 contains 391 values and 201 languages, and Data 3 has 429 values 
and 201 languages. Data 1, Data 2, and Data 3 are the same data used in Whitman and Ono (2015) 
and Ono and Whitman (2016). 

Furthermore, Data 4 is comprised of 203 languages in WALS data updated (Dryer and 
Haspelmath 2013b) that have revised Bunuba to Malakmalak and added Burarra and Sedang to Data 
1-3, removing those categories for which there were less than 10 applicable languages and all word-
order except Adjective and Negation as Data 3. Thus, Data 4 consists of 439 values and 203 languages. 

Table 17, Table 18, Table 19, and Table 20 correspond to features and values in Data 1, Data 2, 
Data 3, and Data 4, respectively. The details explanations can refer to Dryer and Haspelmath (2013a) 
about Data 1, Data 2 and Data 3, and to Dryer and Haspelmath (2013b) about Data 4.   
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Table 15. The results of Rand Index in each clustering and data condition.  
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Table 16. The results by Partitioning Around Method (PAM) 

 
(Continue) 
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(Continue) 



Y. Ono/ Areality and Genealogy in Linguistic Typology 

 20 

 
C1: From 1st to 12st dimension and from 146st to 202nd dimensions; C2: all dimensions (from 1st to 202nd dimension); 

C3: From 1st to 12st dimension; C4: From 1st to 145st dimension; C5: From 146st to 202nd dimension; C6: From 13st 

to 202nd dimension.  
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Figure 4: The classification results in C1 (i.e., from 1st to 12th dimension and from the 146th to 202nd dimensions).  

Blue circle: cluster 1; cyan circle: cluster 2; white circle: cluster 3; triangle: cluster 4; plus: cluster 5; star: cluster 6; rectangle: cluster 7 in C1 in Table 16.  
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Figure 5: The classification results in C2 (i.e., from 1st to 202nd dimensions).  

Blue circle: cluster 1; cyan circle: cluster 2; white circle: cluster 3; triangle: cluster 6; plus: cluster 5; star: cluster 4; rectangle: cluster 7 in C 2 in Table 16. 
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Figure 6: The classification results in C3 (i.e., from the 1st to the 12st dimension).  

Blue circle: cluster 1; cyan circle: cluster 2; white circle: cluster 3; triangle: cluster 4; plus: cluster 5; star: cluster 6; rectangle: cluster 7 in C3 in Table 16. 
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Figure 7: The classification results in C4 (i.e., from the 1st to the 145st dimension).  

Blue circle: cluster 1; cyan circle: cluster 2; white circle: cluster 3; triangle: cluster 4; plus: cluster 5; star: cluster 6; rectangle: cluster 7 in C4 in Table 16. 
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Figure 8: The classification results in C5 (i.e., from the 146st to the 202nd dimension).  

Blue circle: cluster 1; cyan circle: cluster 6; white circle: cluster 3; triangle: cluster 4; plus: cluster 5; star: cluster 6; rectangle: cluster 7 in C5 in Table 16. 
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Figure 9: The classification results in C6 (i.e., from the 13st to the 202nd dimension).  

Blue circle: cluster 1; cyan circle: cluster 2; white circle: cluster 3; triangle: cluster 4; plus: cluster 5; star: cluster 6; rectangle: cluster 7 in C6 in Table 16. 
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Figure 10: The hierarchical clustering result in C1 utilizing Ward method (Ward 1963).  

Right: The upper part of the clustering result; Left: The lower part of clustering result. 

0 5 10 15

Ungarinjin
Malakmalak
Maranungku
Wardaman
Wambaya
Burarra

Nunggubuyu
Mangarrayi

Tiwi
Arapesh (Mountain)

Maung
Yimas

Lavukaleve
Alamblak

Martuthunira
Kayardild

Ngiyambaa
Gooniyandi

Imonda
Yidiny

Pitjantjatjara
Suena

Epena Pedee
Kewa
Warao

Ika
Pirahã

Hixkaryana
Barasano

Usan
Daga
Yagua

Cayuvava
Yuchi

Apurinã
Paumarí

Dani (Lower Grand Valley)
Asmat

Urubú-Kaapor
Sanuma

Canela-Krahô
Sentani
Kobon
Hamtai
Ekari

Mapudungun
Krongo
Yaqui
Paiwan
Nivkh
Ainu
Kiowa
Karok

Maricopa
Koasati
Awa Pit
Oneida
Acoma
Wichita

Cree (Plains)
Slave

Lakhota
Wichí

Guaraní
Otomí (Mezquital)

Jakaltek
Navajo
Makah
Haida

Tsimshian (Coast)
Ngiti

Squamish
Nez Perce
Kutenai
Tlingit

Coos (Hanis)
Yurok

Huitoto (Minica)
Carib
Maba
Iraqw
Una

Nahuatl (Tetelcingo)
Abipón
Mundari

Ket
Marind
Abkhaz
Tunica

Passamaquoddy-Maliseet
Zoque (Copainalá)

Miwok (Southern Sierra)
Comanche
Cahuilla

Yup'ik (Central)
Greenlandic (West)

Chukchi
Aymara (Central)

Hausa
Berber (Middle Atlas)

Hebrew (Modern)
Arabic (Egyptian)

Oromo (Harar)
Beja
Rama
Amele

Nubian (Dongolese)
Kanuri

Kunama
Fur
Zulu

Luvale
Swahili
Kongo

Diola-Fogny
Nkore-Kiga

Supyire
Grebo
Sango
Bribri
Bawm
Trumai

Qawasqar
Selknam

Shipibo-Konibo
Araona
Ladakhi
Garo

Pomo (Southeastern)
Lepcha
Igbo

Koyraboro Senni
Kera

Bambara
Meithei

Burmese
Korean

Japanese
Khoekhoe
Hungarian

Armenian (Eastern)
Nenets
Basque
Hindi

Georgian
Persian

Yukaghir (Kolyma)
Evenki
Brahui
Khalkha
Kannada
Turkish

Quechua (Imbabura)
Ingush
Hunzib
Lezgian

Lak
Burushaski
Spanish
Russian

Greek (Modern)
Latvian
German
French
English
Finnish
Irish
Wari'

Mixtec (Chalcatongo)
Tagalog
Koromfe

Chinantec (Lealao)
Kilivila
Fijian

Chamorro
Murle

Batak (Karo)
Tukang Besi

Maybrat
Taba

Kiribati
Sedang

Paamese
Lango
Ewe

Bagirmi
Vietnamese

Thai
Yoruba

Mandarin
Maori
Khmer

Indonesian
Semelai
Ndyuka
Rapanui
Malagasy
Khmu'

Kayah Li (Eastern)
Khasi

Hmong Njua
Drehu

Ju|'hoan

0 5 10 15

Ungarinjin
Malakmalak
Maranungku
Wardaman
Wambaya
Burarra

Nunggubuyu
Mangarrayi

Tiwi
Arapesh (Mountain)

Maung
Yimas

Lavukaleve
Alamblak

Martuthunira
Kayardild

Ngiyambaa
Gooniyandi

Imonda
Yidiny

Pitjantjatjara
Suena

Epena Pedee
Kewa
Warao

Ika
Pirahã

Hixkaryana
Barasano

Usan
Daga
Yagua

Cayuvava
Yuchi

Apurinã
Paumarí

Dani (Lower Grand Valley)
Asmat

Urubú-Kaapor
Sanuma

Canela-Krahô
Sentani
Kobon
Hamtai
Ekari

Mapudungun
Krongo
Yaqui
Paiwan
Nivkh
Ainu
Kiowa
Karok

Maricopa
Koasati
Awa Pit
Oneida
Acoma
Wichita

Cree (Plains)
Slave

Lakhota
Wichí

Guaraní
Otomí (Mezquital)

Jakaltek
Navajo
Makah
Haida

Tsimshian (Coast)
Ngiti

Squamish
Nez Perce
Kutenai
Tlingit

Coos (Hanis)
Yurok

Huitoto (Minica)
Carib
Maba
Iraqw
Una

Nahuatl (Tetelcingo)
Abipón
Mundari

Ket
Marind
Abkhaz
Tunica

Passamaquoddy-Maliseet
Zoque (Copainalá)

Miwok (Southern Sierra)
Comanche
Cahuilla

Yup'ik (Central)
Greenlandic (West)

Chukchi
Aymara (Central)

Hausa
Berber (Middle Atlas)

Hebrew (Modern)
Arabic (Egyptian)

Oromo (Harar)
Beja
Rama
Amele

Nubian (Dongolese)
Kanuri

Kunama
Fur
Zulu

Luvale
Swahili
Kongo

Diola-Fogny
Nkore-Kiga

Supyire
Grebo
Sango
Bribri
Bawm
Trumai

Qawasqar
Selknam

Shipibo-Konibo
Araona
Ladakhi
Garo

Pomo (Southeastern)
Lepcha
Igbo

Koyraboro Senni
Kera

Bambara
Meithei

Burmese
Korean

Japanese
Khoekhoe
Hungarian

Armenian (Eastern)
Nenets
Basque
Hindi

Georgian
Persian

Yukaghir (Kolyma)
Evenki
Brahui
Khalkha
Kannada
Turkish

Quechua (Imbabura)
Ingush
Hunzib
Lezgian

Lak
Burushaski
Spanish
Russian

Greek (Modern)
Latvian
German
French
English
Finnish
Irish
Wari'

Mixtec (Chalcatongo)
Tagalog
Koromfe

Chinantec (Lealao)
Kilivila
Fijian

Chamorro
Murle

Batak (Karo)
Tukang Besi

Maybrat
Taba

Kiribati
Sedang

Paamese
Lango
Ewe

Bagirmi
Vietnamese

Thai
Yoruba

Mandarin
Maori
Khmer

Indonesian
Semelai
Ndyuka
Rapanui
Malagasy
Khmu'

Kayah Li (Eastern)
Khasi

Hmong Njua
Drehu

Ju|'hoan



Y. Ono/ Areality and Genealogy in Linguistic Typology 

 28 

 
 

 
 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

Figure11: The hierarchical clustering result in C2 utilizing Ward method (Ward 1963).  

Right: The upper part of the clustering result; Left: The lower part of clustering result. 
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Figure12: The hierarchical clustering result in C3 utilizing Ward method (Ward 1963).  

Right: The upper part of the clustering result; Left: The lower part of clustering result. 
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Figure 13: The hierarchical clustering result in C4 utilizing Ward method (Ward 1963).  

Right: The upper part of the clustering result; Left: The lower part of clustering result. 
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Figure 14: The hierarchical clustering result in C5 utilizing Ward method (Ward 1963).  

Right: The upper part of the clustering result; Left: The lower part of clustering result. 
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Figure 15: The hierarchical clustering result in C6 utilizing Ward method (Ward 1963).  

Right: The upper part of the clustering result; Left: The lower part of clustering result. 
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Table 17. Features and 489 values in Data 1.  

 
Note that the detail explanation can refer to Dryer and Haspelmath (2013a). The first symbols (e.g., 1A is “consonant 

inventory” in WALS [Maddieson 2013a]) correspond to the number of the feature in WALS, respectively, and each 

second symbols with underscore after the corresponding first symbol (e.g., _1 in 1A_1) is related to the value of the 

corresponding feature in WALS (e.g., _1 in 1A_1 is the value of “small” in [Maddieson 2013a]).  
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Table 18. Features and 391 values in Data 2. 

 
Note that the detail explanation can refer to Dryer and Haspelmath (2013a). The first symbols (e.g., 1A is “consonant 

inventory” in WALS [Maddieson 2013a]) correspond to the number of the feature in WALS, respectively, and each 

second symbols with underscore after the corresponding first symbol (e.g., _1 in 1A_1) is related to the value of the 

corresponding feature in WALS (e.g., _1 in 1A_1 is the value of “small” in [Maddieson 2013a]). 
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Table 19. Features and 429 values in Data 3.  

 
Note that the detail explanation can refer to Dryer and Haspelmath (2013a). The first symbols (e.g., 1A is “consonant 

inventory” in WALS [Maddieson 2013a]) correspond to the number of the feature in WALS, respectively, and each 

second symbols with underscore after the corresponding first symbol (e.g., _1 in 1A_1) is related to the value of the 

corresponding feature in WALS (e.g., _1 in 1A_1 is the value of “small” in [Maddieson 2013a]). 
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Table 20. Features and 439 values in Data 4.  

 
Note that the detail explanation can refer to Dryer and Haspelmath (2013b). The first symbols (e.g., 1A is “consonant 

inventory” in WALS [Maddieson 2013b]) correspond to the number of the feature in WALS, respectively, and each 

second symbols with underscore after the corresponding first symbol (e.g., _1 in 1A_1) is related to the value of the 

corresponding feature in WALS (e.g., _1 in 1A_1 is the value of “small” in [Maddieson 2013b]). 


