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Development of a procedure of cluster analysis using statistical
significance test of similarity; correlation

Yoshiyuki Matsuura

This study attempted to develop a new procedure of cluster analysis with the intercorrelation
matrix given. For determining whether any given individual belongs to a certain cluster, the signifi-
cance test of correlation was utilized. The two individuals whose correlation was the largest and
significant constituted one cluster, and other individuals which could belong to this cluster were
searched with following procedures; (1), searching the individual whose mean correlation with the
individuals determined already to belong to a certain cluster was the largest in the rest of individuals
and significant statistically, and (2), testing non-significance of the difference between the mean
intercorrelation among the individuals belonged to this cluster and the mean correlation computed at
the step (1).

This clustering procedure was extended to the hierarchical clustering through defining the
correlation between any two clusters with the mean correlation between the individuals belonging to
one cluster and the ones to another cluster. Then, taking the order of determination for the individual
to belong to a given cluster into consideration, hierarchical clustering could be accomplished. Lastly,
the example was shown by the (31x31) correlation matrix computed with 31 motor ability variables.
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Table 2. Clusters and their elements
produced by new procedure; 31
motor ability items

Cluster No. of items item
Cluster 1 3 12 14 13
Cluster 2 5 6 8 9 7 5
Cluster 3 2 22 23
Cluster 4 4 2 3 1 4
Cluster 5 5 19 20 21 11 10
Cluster 6 2 26 27
Cluster 7 4 15 16 18 17
Cluster 8 2 30 31
Cluster 9 2 28 29
Cluster 10 2 24 25
Note; Item corresponds to the item shown in

the left column of table 1.
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Table 3. Comparison in the clusters and their elements between three
different procedures
cluster C-procedure F-procedure B-procedure
C1* 12, 14, 13 12, 13, 14 12, 13, 14
Cc2* 6, 8 9, 7, 5|8, 9 5, 6, 7, 8, 9
C3* 22, 23 22, 23 22, 23
C4* 2, 3, 1, 4 1, 2, 3, 4,10, 11} 1, 2, 3, 4
C5 19, 20, 21, 11, 10 19, 20, 21
C6* 26, 27 26, 27 26, 27
cr* 15, 16, 18, 17 15, 16, 17, 18
C8* 30, 31 30, 31 30, 31
C9* 28, 29 28, 29 28, 29
Cl0* |24, 25 24, 25 24, 25
C11 10, 11
Ci12 18
C13 5
Cl4 21
C15 16
C16 19,
C17 6
C18 15
C19 17
C20 20
total 10 clusters 17 clusters 11 Clusters
Note; These numbers correspond to the item shown in the the left column

of table 1.

C-procedure stands for Cluster analysis procedure developed in
this paper, F-prodecure for Factor analytic procedure; principal
factor solution and Normal Varimax rotation, and B-procedure

for classification procedure with B-coefficient.

% stands for the clusters commonly produced in three procedures.
+ stands for the clusters commonly produced in C-procedure and

B-procedure.
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Table 4. Inter-cluster correlation matrix for clustering of
stage 2.
Cl C2 C3 C4 C5 C6 C7 C8 C9 cCu
Cl |1
C2 | .38
C3 | .423 .237 1
C4 | 502 .254 .238 1
C5 | .400 .423 .302 .294 1
C6 | .400 .242 .113 .310 .233 1
C7 |.334 .262 .170 .341 .238 .196 1
C8 | .244 .135 .143 .174 .079 .047 .082 1
C9 |.140 .075 .202 .058 .064 .100 .063 .092 1
C10 | .239 .261 .095 .258 .226 .100 .310 .145 .105 1

Table 5. Clusters and their elements produced by new

procedure at the 2nd stage; 10 clusters

Cluster No. of items Cluster #
Cluster 1 7 Cl C4 C6 C5 C2 C7 C3
Cluster 2 1 Cc8
Cluster 3 1 C9
Cluster 4 1 C10

Note ; Cluster# ; Ci corresponds to the cluster# shown in the left

column of table 3.

Table 6. Inter-clustercorrelation
matrix for clustering of
stage 3.
c'1 C2 C3 C4
c1 1
Cc2 L1300 1
C'3 .101 092 1
Cc4 .214 .145 105 1
Table 8. Inter-cluster
correlation matrix
for clustering of
state 4.
Cc"1 c”2 Cc”3
c’1 |1
cr2 137 1
c”3 .103 092 1

Table 7. Cluster and its elements produced by new procedure
at the 3rd stage; 4 clusters

Cluster No. of items Cluster #
Cluster 1 2 c1 C4

Cluster 2 1 Cc'2

Cluster 3 1 c3

Note ; Cluster# ; C'i corresponds to the cluster# shown in the left
column of table 5.

Table 9.

Cluster and its elements
produced by new procedure at
the 4th stage; 3 clusters

Cluster

No. of items | Cluster #

Cluster 1 1
Cluster 2 1
Cluster 3 1

c"1
C”2
Cc”3

Note;

Cluster #; C”i, corresponds to
the cluster#f shown in the left
column of table 7.
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Fig. 1 Hierarchical constructs of 31 motor ability

test items--1
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Fig. 2 Hierarchical construct of 31 motor ability
test items with testing procedure of
significance of mean correlation.
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Fig. 3 Hierarchical construct of 31 motor ability
test items without testing procedure of
significance of mean correlation at the last
stage of clustering.
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Appendix; Flow chart for computation of non-hierarchical and hierarchical clustering procedures

developed.
1 Tz Iz Ty coeceeeee Tin
Ta ] Ty Tgg *oeeveees Ton
R— .. . .

Tni Tz Tng g s 1
n ; No.of elements,
r ; correlation
between i-th
and j-th
elements.
Each rest variable
constructs the separate [
cluster.
ro=max | ry; ;i,j=1,2,3,......n,i¥j | \

Other rest variables

Y
r
kIl y N—2
fom ——————— don’t mahe any cluster.
( : ) / 1 — I‘2 A
kl

N; asmple size

Xy and X; don’t
@ no construct one cluster.
yes

X, and X; construct
one cluster jointly
y L=L+1
Ll= and L2=2, ne=1
C (L,L1)=k, C (L,no)=K (L) -
C (L,L2)=1 D @L)=1
D (L)=2, K ();rest variables
Y Y
L .
S = 5D LF%_D ®)
t=1 =l
no




no
1 + ry
Zij= —1n
1 — ruy
3, 7=1,2 3,ceeiieriininns n,i¥Fj
)
| no=D (L) l
— 1 Mo
Zp = > Zip
o ;=]
p=1,2,3,......... n, ' .
p # [Ct,K,k=1,2,3,......... D(t)
t=1,2,3,........ L ]
Zm =max Zp ; p=1,2,3,......... n
p#Ct, k), k=1,2,3,......... D(t),
t=1,2,3,......... L
(
exp(2Zmn) — 1 Tn/ N—2
Tn= to=—""—
exp(2Zn) +1 J 1—1h
1+rij l yes
Zij= In
l*rij no
ij= [CL,K,k=1,2,3,.....n ] Xm does not
14+rn belong to the
Zm= ; in L-th cluster.
- O
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@

2 n,
— o No
Zi=————3 3 Zij; inj= [CLK),k=1,2,3, e n]
No (na“‘ 1) ;<;
(]

Zm — Z
Zo=

2 1

No (no_l) (N— 3) No (N“3)

no Xm does not belong
to the L -th cluster.

yes

Xm belongs to the L-th n=n-+ 1

cluster. C(L,n)=m ‘
D(LY=n
@—» S=3 D) |ee

@ L=L+ 1 D(t) :
n=1 C(t,k),k=1,2,3,.....D(t)
=+ 1 C(L,n )=m t=1,2,3,...... L
DL) =1

ra=max | r;;; i,j=1,2,3,
i j
Lis [C(t,),k=1,2,3,..D(1),

t=1,2,3,...... (L—1)]

Hierarchical

clustering ?




¢

1 + rij

1
Zpq = 5 In

i= [C(p,K),k=1,2,3,..D(p)]
i= [C@,k,k=1,2,3,..D (@]

1Ly

Y

= Ip Iq
Zpq =———2 3 Ziipg
1p +1q hj=1

Ip=D(p), 1q =D(g

y

exp(2Zpg) — 1

Tpg =

exp(2Zpq) + 1

p.q =1,2,3,...L, p¥+q
r=1 for p=q.

!

1 Pip Ty reeeeeees ru

ra 1 Tag  tesereere o
R, =

TLy Tpg Ipg  teeeesees 1

Inter-cluster correlation

matrix.
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