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A novel procedure of individual classification using statistaical inference
and determination of individual configuration in a certain proper space.
—A new procedure of cluster analysis and determination
of individual configuration in a proper space—

Yoshiyuki MATSUURA

- In most procedures of cluster analysis, the number of clusters is determined arbitrarily without
any objective criterion for judgement. This is not only one of their strong points but also one of their
weak points. In the new procedure devised in this paper, statistical inference was utilized to judge
whether one individual belongs to a certain cluster or not. For applying statistical inference; testing
statistical hypothesis, the inter-individual distances must be proved to follow to a certain distribution
whose probability density function is known. This is one of the great restrictions for application of
this procedure, but the arbitrary judgement can be prevented. This procedure was originally devised
to lead to the non-hierarchical clustering solution; however, it also can lead to the hierarchical
clustering solution through repeating application of this procedure to the distance matrix whose
elements are the inter-cluster distances. Therefore the definition of distance between individual and
cluster, and inter-cluster distance was discussed in this paper.

Then, a new estimation procedure of inner-product matrix from the distance matrix given was
devised, although this idea was basically similar to that of Young and Housholder (1938).

These ideas were applied to the calssification of twelve college sports teams, and it was shown
that the hierarchical clustering could be derived through applying non-hierarchical clustering
porocedure repeatedly. Then, the configuration of these twelve sports teams was evaluated in a
certain proper two dimensional orthogonal spaces derived from the distance matrix with three
different procedures.

F W@

72 A8 =R, XiXeXgrrr xaD 0AADEE EMES, FEEOE AR OB A < v

N5z sNE, Zhs nEoBEEOEE, %
T RFEEPEEFE RS D LT, n ZOEEEm
(MEN)DrIRAY—ZHETAe2EHEL
TRE A EO—TETH B,

O, JEECEE B S b T HEHEIIZEL O
LORITREN T B, FHLUMEC I HEERE,

ENTWw3, ZOEHEH 6 bTHEER EX
DbOBHVLENTVE, LHL, INETIE
ENT27 T RY =Dz B & i BB, FEE
PHEDHEHED A DB TR BRI EED B
B, Llkds->T, 2h5OMEHEDTERED &
MR FEEOSMERZEZZOB—RTH D,



— 160 —

Distribution-free® & 2 T2 F|H T 2 Fix, =
DFHEDIGEOEE % 51T 523, HEHHHEs
W, RENEELZH WSS 285 W ENEE
T3, 7, BENHEEBCE> TEEL2ED
BrERBROHHAEERERS Y, WEROEEE
LTEHED L WIFE L H 2,

L»L, DEEEDDHZ 7 T AY —~DFiEHR
FEOHIWT I, MR EFIATE % L HEH &
DEBERICR D ENL B, Lhb, HL0OBEE,
B, 2723 FEERUES b & b T HEEHE XA
MEHETH 2, COFEFE»S D7 T RF I
B o n 2 HEHEOESHE L 2 > T,
EFNEFBLCEEOFRROHIE R T T O EE
SR EDBIIEL2THA D,

PEDZ Ede, BEKEMERKTHLEDL
71 BEIEO2WTE, BoRmXicE &bk, 22

y BB CIRFEELME R AWIEETOVT,
ﬁ#mﬁﬁ%ﬁﬁkﬁkhwf%ﬁﬁéﬁ&%ﬁ
ErrZerEBE L,

1 IEECUESEHE O HIR

B —RCERTH bEND Z NS
W, TRbb, 2= Yy RO, E4DE 21—
70w FIERE, E¥a—2 ) v FEEE, < nNT
EAPUEERE, HxBHEwsNEM, e DR
Do E D LTk,

72T, EHOMEE2Y-TBD, »OMEES
PRI H - T BHEHE L LT, EHE
OEDOEZE S5t zOE,

| Xl_lel (1)

Svt+
\fnl n,

t=

X, —X
z= | ;.2 :.zl : (2)
21422

n,
BEThHDb, (NEEBEE (nitn,— 2) Ot-3(2)
RIERSAN (0,1) D T ebhroTnd,
Lieaso T, EEMOEREE1), QOkEETH
bL> 258, FRCBNEESAEFHEALT
73RS —SENTREC BB TH S D,

2 FiEHEERED E IR

W, nEAOEEEX, X X, v XT3
ZOREFRHEOIEMELE (BEEE) %, BEAEN
OERERWT, MEZQR I YR, 175
BHELLHOR,

0t tyg oo tin
gy O tgg oo ton

T=jtats 0 tan (3)
tar thy ths oo o

LT3, 22T, BAENRBELCATHS LR
ET D, EBCRINZATHSTH S, ZDORE
X, TOFEERTOST AT IEBARETEMC L
%,

%, n{EOEED—ELHB I HD Y 7 XF —iZ,
DXDBEFBIREL, [ BHZ SAF -0
BRKEERO®ETET S, Thbb,

1BH 925 —; (x}, xi, xi, - , Xk,
2BBI7 A — . (%%, x}, x§, e ,» X)),

3§E7§xy‘—: (X?, ng x%s """ » ng),

| BB SRS — (x,, X5, X&, e y Xb0)s
tl?7X7-k,2m@®@%@%Eiﬁ%
L, n~2n, ndl@fl%@)“ﬁ)ﬁ@ﬁ%ibfk%
f,l%ﬁ77Xﬁ~«®@¢%E§ﬁﬁT%ﬁ
BeEZD,

Z Dn, DFBRTEE DA%

X5, Xby Kby e ; Xl
Edh, (xji=1, 2, 3, o , o) DIERED
EExi e | ZEHZ 925 —FBEON,Z OEE L D
PR %

. tﬁ(’ ték, tslln """" s tr (4)
L5, Ihbths =1, 2, 3-ny,
k=1, 2, 3, weeees nO@nLnok’-@t@{[Ebi, @Z‘Kﬁ

PEY I KTHBHIIE, EHESHE N (0,1

SEBENCHED ZLidbdr o T a9,
th DFEE N & TN,
-, 1 T
tk*H_:E ,k—]., 2’ 3! """ No (5)
‘(\‘%50 Ob)‘(‘\i fli:k:'la 29 3, """ noo)%
IMERTEE T2, TRbB,
ti=min (t{; k=1, 2, 3, - n,) (6)

TH2, th’N (0, 1) D Z eh 5, THEN
(0, n%) S T RASICEAND

* 1, thoN(0, 1), 3thoN(0, 1), ThHa b

b, THEE, Shth~N (0, 2)=N (0, )



LizhioT,
fie

ZREFEHE T 2RORER, 2%

= 1= 01 = ym |5 (7)

n;

3B, 2,<1.96(a=0.05), 2,<2.58(a=
0.0 THNIE, Ti=0 L HEEIaN B, Licho
T, xp% | BB SRS — BT % LHkiT 5%
ZEDHEB, L, ZOBETZ21.96, Xid
2.58TH2EEE, BUDEOHRE 21T,

[ ZBH 2 7 Ay —FiBOEEMHER O ME#E2HR
PFEHINZ 0 THLBDENYV T IRY —2tE
BT 5 EWwIRIZEENTHZH, EBIiEx);
i=1, 2, 3, = n, WHEEOEIEET
5, Zho D%,

(tfzytf:-x,tl[m """ ’ t(p—t)p) (8)
LF B, L, p=2BDlregz, z o)
L, WTEzol (xl, xb xb, e , Xbi) EXm
(SRATPOEE) & OB (th tin tin
------ , thm) OFHETE E QDFIGEL L DEDE
BHEERET 5, 20HE, NOHE LR, 43
ERAN (0, rey) RS 2 EnERC
D A2,
g, -t &

2 1
N(O’ n,(n,— 1)+H;)

=N (0, ) (©)

’ n[(nt_ 1

WHRED 2 &% %,

Z i,
o= [T —td |
0 /[ n~+1
n,(n,— 1) 10
LT i,
20<1.96X132.58 i)

RAT OB, Ve iR EN R LSS, 2
®@D,MMZ§E77xy—h%ET%tH%

bhﬁjo
* 2$ th-)N(Oy 1)9

2

)

2
n,(n,— 1)

_Z—t-’HN(O, (

n,(n,— 1)
n,

2 2
j.z;’;nt(nlf 1 )tJLk—’N( 0, nl(n{*' 1 ))

i<k

—161—

T 5,
LT,
(1, LB EETERY,

@) |- | BERTE,
D2E&EDOTNLRHEINZHEIE, x0%
MDD IAF—DERELT, 7T7RXAF—%
HEBRL,

(Xll, le’ ...... s Xé“ Xr’n)
24T, [ BHIZIAY—ET3, B, (xi,
X3, Xgy ttere s X'no) D OXpE RV EKIZ DN
T, INETOFRREEERL, (1), QD2 %KD
WERNEEINBZET, 7R —BROERS
BB,

PLED 2 D0OHEHER FH 0D L LT, {EkD
7 A —FBOFMT EEEL, T XTOEMRME
HEDEBCODWTITAIE, FEHBNS 725 —
BEARHE 2, BENY 7 A5 —BRicEET
3.0z, 7925 —HAEMOIER (t0fE) %2E
HELTBI,

G2ODI IR —RUEBEI IR —DER%
WDEDY T2,

Cp N Kpis Xpzy 00 sy Xpips

Cq s Xqiy Xgzy Ut s Xquqy
Cok Co & DEEHE (t—DME) ZC, DT NTDEREL
CiDTARTDEROEBOTHEE T 5,
Thbb,

=T 733 02

1]

INoDr IRy —tHER ORI

T.= I : 03

tms tme tms
Tz eNb. ZOHBETIIE, FROQER
LT, DEoFResBERRSE, F2ERE
D77 A —SHBEHEN D,
8T, EoEZ A DV, 757 X5—
B OEEROERE, BEEOR/NOERD S H
LT, BRI, o IBRDI BT, 77 A5 —
EDEBEOR/ND b DEMEZTOL L) FET
BB, Lido>T, 75 A5 —FREHOIER %
EZRInE, HEEEBH 55 —MMTOB/ETH
R 7 S Ay —) v 2 IBET 3 ESHER S,



— 162 —

Eoiz, H2RME, FEIRM, - DYIAY—
BIROBRE LEED 7 5 A5 —EHE L L TOHNF
DIEM 2ZERTIE, EROBBHN I 9 A8 -5
MOHR LA ERICEEL> 2, LoL, T
TWik_7z 7 7 A —FBOYWER P HEH T3
By, BB TLI OO SR 7 —C@&T 3L
BESZW, LhrL, Zhide osiiiET,
o l(BEHOERO IR THEETHIBE
i, BREBETHL1 D207 7R — @A LR,
EEEWRLTWE, Lo T, ZORKERET,
75 Ay —FrBH BRI, FERE
DN BAEKE) & 7 5 A — R %% 2 hid,
BRI 1207 9 28—z T OEELFE
ETBEICRY, FrrusZsa (BARR) 4
JaHECRb, LI, ZOFEIF, KFEIZE-
TEERIETREV, @ik s, RAER, #
RDIFAT—DIZBIFB TR —H, 75
A Y —~ERORKPEDRBFM T 2 HH
STRENIZBDTHDILSTH S,

3 TV

1), n{EOEEHEEOERETIZ(1), 2)k & off
HEZFIBLTRD B,

2), ZOHEETIIOBEROTCRADMEERHL,
ThEt e T 3 H, t;<1.96(a=0.05)X i
2.58(a=0.01) 2439 5, e SN 5,
XEXET TAY —BERT L HWT 5, Th
PR SNV, xEx,AUMMOTRTOME
BEDOERDBNLD T 5 AY —HRKT B LHWL,
75 A —DEEFEEEIET 3,

3), X Ex;N7 IR —2ERT B LEBS
BEE, TO/5RAF— BT AMOERLE
RT 5,

X, X8, ZRHLSOER L OO FIHE
2, =1, =287,

fi=1 ¥ o T=1, 2, 3eeen, T,
Np=
BRD B,
4, trir=1, 2, 3, o n, r¥i, jOR/NMEZ
K3,
th=min(t,;r=1, 2, 3, n, r+i, j)

5),z= vy | T4 | <1.96(a=0.05) Xi32.58(a=
0.0 THNIE, xpld 7 AT —IZHET B LY
MT%O_@M%wFéntﬁMn,m+1gb
THDAT v TR B,

6), 5)BEE S NI,
_VIn,(n— 1) | -4 |
I+ 1T

— 2 n.
I— __
T n(n—1),5 lq2 tea
pFq

;79 A—BEREE MO ERORSE
2RD, 2<1.96(a=0.05)Xi22.58(«=0.01) T
biE, xnld 7 S AY—LFET % LYY 3,
LT, n=n+1:L7T, DixbE3,

7, 6)7T, 2<1.96(a=0.05) Xix2.58(a=0.05)
MNERIZ L WIEERIR, T075X5—kET2H
ROBEREIED S,
8), BolEEOEM 212 L v, 2132 &
DRTHBHEETIE, FLWROZ IR~
RicB2, ¥2bb, 75 AF—~DFEL, K
PPREIN T WEEHEEROEHEDO &/ OE
e RHT,
R LQWE%haourt zo= |t | <1.96(a=
0.05), Xix2.58(a=0.01) &ML, BRI TIEZ
ne 2@k 1007 5 AY — 2T 5 ¥
T 5 BRI Tz T IR, B o BRIk 2 e h Bl &
D2 IFAY—%BRT S HMT 2,
10), ZZms, PITd X3,
1D, )BT, Bo (B2 LD/, D
ED1ThHBIIZIK, ZOEo 1 DDAk 1
DDIITAY—RERT B YT S, v
12), 2), 9, RUIDIZBWT, 75AF Vv
DFEFEHE > TN =T 2RI HBEG T, BE
2HIT 5,
13), BB 7 A 5 =S 2 EITT 2 BE I,
DX, BERETESNT2 A Y —DHERE
B2 aTET OWIRX TRD, BEEETIITI2RKD 5,
14), HU2) DD ¥ T, HEREET,
UEO7V) R AE270—F ¥ — NTRLE
LOEMEINTRELTH B,
4 ERHEEROERERS 2 > BOEED
B DT
3OT7NT) R LTS TEEIZBE O »
FHRMLDCHET B LIIHRs 2, SEEINT
B HAENCHED 2ENHEENE, 7T7RF—
DERTI2MBESHEIIRZTHAI, £D
fe®, BEEETHI» S, SEEOBEYZRTOER
B IEEERET AEETRT %,
n ZOE®EDS B, EED IEEEC, C, C



L, MRTEREMICB T 2EEE2 22 h,
Cis (A, a, ag, s 3m)
G (@i, ap, ag, = s Am)
Ces (A awz, gy oo y Am) &L,

IS0 IEEEEROERE 2, tw tik T 5,
oDl TH B, tiy b e 2—7
Uy FOEREE{RET I,

= 3 (ap—ap)? (14
p=1

= 3 (aip— )’ 1
p=1

t%k:pgl (ajp—akp)z (e

EHobahd, 22T, GERAZBE TIIZ,
CiDERRIE

Cii (0, 0, 0, 0)
£ %, D,

2 S 2 2 S 4z
= % al, th= 2 af,
p=1 p=1

m

th= 2 (ap—amw)?
p=1

ERBICE D, Lo T,

m 1 m
th= 2 al,+ 2 ai,—2 32 apa
p=1 p=1
Lo,

2 apaw = %(ﬁs +tf —th)
p=1

LD, MIRTLERZERMIC BT 5C ECuDEEED
B, $2DB, N7 bACECEDARKIRE
th+th—th)TEHEZONIZ It Bbhr b, L
T,

—163—

Vik :%(t%j —th—th) a7
i k=1, 2, 3, = , N, §y, k#i

Vi1 Vig Vig o0 Vin

Vot Voo Vs to0eee v ) .
V= :21: z:z 23 . 2n = (v, §» kD)

Va1 Vnz Vné """ Van

B (n— 1)ROMFATHCH D, 522, v ldC; £ Cy
ORBTHE 55, Vidn—1)Z0O~2 L
EDOABITYICH B,

L7e3>T, ap:j=1, 2, 3 n, p=1,
2, 3. m%xER T 2759 %
A, A am
| an Ay, e Azm
A= | ay ag o asm | = (au, j¥1)
Ang Ang v Anm

LT AADEFRR

g"la?p ) ]:k ’ J:#l
m e
Dzzlaipakp: 19
Ela,pakp j*k;j, k+i
o
THD, L1dto T, AA BVITFICE L v, LT
2oT, VOREE.2KE 2DIHIZFIRT,

Lz Az Ay A a9
m=(n—1)
EL, INSENARER LT 5175%
A
. Az
E= 2 &0
"

EL, Ajii=1, 2, 3, e miZ ST 5 EH
N7~ ERE T 2170 %
bu b bzs """ bim

B= b.al.ba.z PBE Psm = (by, j#i) €1

bn: brz bag e bam
& BH, ,
A=BE-* *3(22)



— 164 —

THEzoN %,

Lo, CREEELTG Bhom—1)20
EAROMRITTZEMIC BT 2 EIENRE SN S, Z
DBE, FEOEVFENEOTHY, Lidio
T, n@YOENEONIEIZRE, LL, &
no OIEMEIIEEROFTHE, BEiECE>T
KHERETH 2 EH» 5, BEGOHIHAE L »
bokud, CREAL LEEEOEEALTH
E, Ajsi=1, 2, 3, o nOFEHE b o il
ETAAENREILBVLNEY, £z, RAZEA
25 BEEOBRLIZEEL T, WETHIVEZRD,
0, kEFZ, ‘

V=g St E2t) — (3t 1)
2

ThoblLT, BIE, —BROUBERIESNZY,
i, MIRKEBWT, i1, 2, 3, < n% B
DEIHEKLENS

Va= g (thFth—th), =1, 2, 3, wn
Thh,
1 n n
nviy :7 (,7 ]t?,+i:21 tik_nt(';k)

THb, Lieiso7T,

1 1 n 1 n
ij:7(;i:21 t21j+Fi:21 tzlk_t?k) @4

NEIND, ADFEHE D > THE T 55K,
nEOEEE, BE~R7 5 —DOHEZ2EDENLS
BREHENDLE L 223, MOXNEHW2E5E81
—EOEEE, BE~N7 Y -0OHETT I,

19, €312 Young, G £ Housholder, A.S.(1938)?
WEoTRESNI-HDTHY, YIFEETLS
bDTH5,

4 HEEHERD HMEADER

12ORFEFFESER ; 1. BEEHE GE, B,
2. NATwhbeR—N, 3. NbI VY, 4.,
FZA, 5. fl#E, 6. vuk—, 7. Kk, 8.
NV FR=N, 9. 538, 10. Bk, 11. 5 7

B, 12. Nv—«R—0, OB 1. BE,

% 3, C=BEB'= (BE? (BE?)' =44’

2. hKE, 3. ¥HH, 4. BE, 5. EEY,
6. fEE, 7. 54HE, 8. RABMEKRENE,
9. {KEIE, 10. 28 KERHE, 1. 100mE, 12.
V7 P R=NVEOI2ZEEHDEIE 2T, &EBE
DIERMI0ZEZ 5 & 5 B2 EL, &
EBGIZ, 2ERR 77—V U EOTYE, E
REEZHAWT, AEE2FEELL, ZORELE
NI BHIEZ RO dDERE Lz,

i BEHEFHHO kBHEROFHEExW T
3, 1k EEOEHEEOEDL S ITRD T,

i @@J%ﬂ y X Xipgttttr Xim

JEEIER § X Xypreeee Xim

dijpe=xu—x k=1, 2, 3, = m

3, =1

m d
== 3 d.
B m S e

S?j:ﬁz (duk_au)z
| dy | zvﬁlau\ )

ty= (—% S,
m

tild Xue, Xp 3 Z N ZF NI TIERARICHES &
RETE 26, BHEM— 1) Dt9mciEd, K
D 5 NIty X X SR 2 B BEESOBBETH
D, HOXEBIERLLINTVWEEDLS, Lo
RBIZHED EEZ T,

zzc, ERIEEVT, B n-EEETINIX
Table ILOFED Th 5, Z DITFIOBERIIZEET
HTOEEER2RTIOMETH 5,

COBEBITHCARFEHEEEAL LHR,
Table 2IZR&ENT W5, TeamiDWMDES DIE
FiR&7 72 A5~ BT 2 Ll s n B F &
—BLTWw5b, Lza->T, cluster LIZDWTH
2k, ¥F, 6. Hyb—, 8. AV FR—LD
F— LAELENGL 75 A Y —2ERL, 20
TIARY =, NAT Y rR=VDBETET 5 L ¥
s, DWW, NV—R—LVHBFET S & Hk
SNIERERT, TLT, 7I7AY— 2 FELE
e, 7925 -3 R3AELEE, 75 A5 —
LIRANRIVIYETZA, 79AF— 51Kk
LS5 72E—k, ME, REBSEAWLEEIEER
LB EDDISAY—HEI NS Lz A
726

DWT, ZD5DO07 5 A —FHEMOEEE
WORZHWTEHELL DM Table3TH 3,21
W, BUREEREA LR, Table 40@ED




Table 1 Distance matrix between 12 college sports teams
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teamy

1

2 2.64

3 3.46 0.83

4 4.51 2.06 1.40

5 2.39 1.18 1.71 2.91

6 2.71 0.47 0.90 1.90 1.23

7 0.87 3.42 4.24 5.29 2.96 3.47

8 2.87  0.51 0.78 1.96 0.99  0.44 3.59

9 2.01 1.81 2.41 3.36 1.04 1.72 2.43 1.68

10 0.66 2.44 3.24 4.20 2.12 2.43 1.15 2.59 1.53

11 0.76 1.97 2.79 3.78 1.94 2.01 1.59 2.23 1.67 0.72

12 2.83 1.01 1.28 2.33 0.80 0.83  3.47 0.62 1.49 2.53 2.25

Note; team # : 1. Track & field, 2. Basketball, 3. Badmington, 4. Tennis,
5. Kendo, 6. Soccer, 7. Swimming, 8. Handball,
9. Kyudo, 10. Baseball, 11. Rugby, 12. Volleyball.
Table 2 Clusters of 12 teams at the 1st stage Table 4 Clusters identified at the 2nd stage
of clustering of clustering

Cluster No. of teams Team # Cluster No. of clusters Clusterf %
Cluster 1 4 6 8 2 12 1 2 2 5
Cluster 2 2 110 2 2 1 3
Cluster 3 2 5 9 3 L 4
Cluster 4 2 3 4 Note; Cluster # % corresponds to the cluster #
Cluster 5 2 7 11 produced at the 1st stage of clustering

Note; Team # corresponds to the number of team #
shown in table 1.

Table 3 Distance matrix among clusters
identified at the first stage of
clustering

Clustertt

1

2 2.63

3 1.36 2.01

4 1.51 3.85 2.60

5 2.80 0.87 2.525 4.02

Note; Cluster# coresponds to the cluster produced at
the 1st stage of clustering

Table 5 Distance matrix among the clusters
produced at the 2nd stage of
clustering

Cluster#

1
2 2.42
3 3.94 2.05

Note; Cluster# corresponds to the cluster# identified
at the 2nd stage of clustering

Table 6 Clusters identified at the 3rd stage
of clustering
Cluster# No. of cluster Cluster# %
1 1 2
2 1 3
3 1

Note; Cluster # *

corresponds to the cluster #

produced at the 2nd stage of clustering
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Team#; 1. Track & field, 2. Basketball,
3. Badmington, 4. Tennis,
5. Kendo, 6 . Soccer,
7 . Swimming, 8 . Handball,
9 . Kyudo, 10. Baseball,
11. Rugby, 12. Volleyball,
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Table 7 Inner-produc tmatrix estimated with procedure I .

Individual
1 7.39 .31 —=1.91 —4.68 9.35 —.35 3.14 6.44 5.44 .01
2 .31 .22 17 =21 .29 07 —.05 .08 19 —.06
3 -1.91 .17 .82 1.24 —.3 —2.55 .2 —1.03 —=1.9 -—-1.46 —.07
4 —4.68 —.21 1.24 3.63 —1.68 —6.18 —.01 —2.35 —4.05 —3.3 —.57
5 1.58 .16 —.3 —1.68 2.42 .36 1.7 1.47 .9 .79
6 9.35 .29 —2.55 —6.18 12.08 —.32 4.57 8.34 6.8 .36
7 —.35 .07 2 —.01 —.32 .19 16 —.31 —.36 .25
8 3.14 —.05 —1.03 —2.35 —1.7 4.57 .16 2.96 3.27 2.12 .72
9 6.44 .08 —1.9 —4.05 8.3 —.31 3.27 5.94 4.74 .1
10 5.44 .19 —1.46 -3.3 6.8 —.36 2.12 4.74 4.07 —.16
11 .01 —.06 —.07 —.57 .36 .25 .72 .1 —.16 .69

ij:% (t%j""t%k_ﬁk) , i=6 fixed



Table 8 Inner-product matrix estimated with procedure 1I.
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Individual
1 6.22 1.28 —.28 —2.11 1.9 1.06 7.48 .73 2.94 5.5 4.92 .9
2 1.28 3.31 3.93 4.5 2.61 3.19 .55 3.27 1.87 1.26 1.8 2.96
3 —.28 3.93 5.24 6.61 2.81 3.86 —1.63 4.06 1.56 —.05 .81 3.61
4 —2.11 4.5 6.61 9.95 2.38 4.8 —4.3 4.8 1.18 —1.26 —.08 4.06
5 1.9 2.61 2.81 2.38 3.32 2.55 2.03 2.91 2.98 2.01 1.87 3.16
6 1.06 3.19 3.86 4.8 2.55 3.29 .36 3.3 2.02 1.28 1.71 3.12
7 7.48 .65 —1.63 —4.3 2.03 .36 9.51 05 3.66 6.69 5.58 .55
8 .73 3.27 4.06 4.8 2.91 3.3 .05 3.5 2.2 .97 © 1.36 3.38
9 2.94 1.87 1.56 1.18 2.98 2.02 3.66 2.2 3.72 3.28 2.56 2.57
10 5.5 1.26 —.06 —1.26 2.01 1.28 6.69 .97 3.28 5.21 4.44 1.21
11 4.92 1.8 .81 —.08 1.87 1.71 5.58 1.36 2.56 4.44 4.2 1.37
12 .9 2.96 3.61 4.06 3.16 3.12 .55 3.38 2.57 1.21 1.37 3.64

va=g (G 3th g Sthth

Table 9 Inner-product matrix estimated with procedure III.

Individual '
1 6.07 1.12 —.44 —2.26 1.75 .91 7.33 .57 2.79 5.34 4.77 .75
2 1.12 3.16 3.77 4.34 2.46 3.04 4 3.12 1.72 1.11 1.65 2.81
3 —.44 3.77 5.09 6.46 2.66 3.7 —1.78 3.91 1.4 —.2 .66 3.46
4 ~2.26 4.34 6.46 9.8 2.23 4.65 —4.46 4.65 1.03 —1.41 —.23 3.91
5 1.75 2.46 2.66 2.23 3.17 2.39 1.88 2.76 2.83 1.85 1.71 3.01
6 .91 3.04 3.7 4.65 2.39 3.14 .21 3.14 1.87 1.13 1.55 2.97
7 7.33 4 —1.78 —4.46 1.88 .21 9.36 —.11 3.51 6.54 5.43 4
8 b7 3.12 3.91 4.65 2.76 3.4 —.11 3.35 2.04 .82 1.2 3.23
9 2.79 1.72 1.4 1.03 2.83 1.87 3.51 2.04 3.57 3.13 2.4 2.42
10 5.34 .11 —.2 —1.41 1.85 1.13 6.54 .82 3.13 5.05 4.29 1.05
11 4.77 1.65 .66 —.23 1.71 1.55 5.43 1.2 2.4 4.29 4.05 1.22°
12 .75 2.81 3.46 3.91 3.01 2.97 4 3.23 2.42 1.05 1.22 3.49

weg ((F38120) - (F33t+4) )

Table 10 The characteristics of two axes determined by three different procedures to evaluate
the inner-product matrix.

Trace of inner- Amount of cont. Total amount of Total degree of
Procedure product matrix of two axes contribution contribution
Al A2
I '39.568 18.967 18.883 37.850 95.66 %
11 30.587 16.264 13.342 29.606 96.79 %
1 32.347 14.981 13.497 28.478 88.04 %

Note; The (j,k) element of the 9 inner-product matrix was estimated with the following formulae;

v,k=—%~(t%,+t?k—t%k) ,. with i=6 fixed in Procedure I,

vi=r (L2t +-L5th—th,) in Procedure 11, and

=g ([ (F2tht536) — (33 2th+t) Jin Procedure 1.
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Table 11 Coordinates of teams in two dimensional space constructed from the

inner-product matrix

Procedure I Procedure 11 Procedure III
Team # Al A2 Al A2 Al A2
1 2.166 1.626 1.641 0.972 1.431 1.705
2 0.066 0.042 0.406 — 0.685 — 0.289 — 0.283
3 — 0.591 — 0.461 — 1.050 — 1.207 — 0.749 — 0.949
4 — 1.011 - 1.504 1.449 — 2.248 — 1.769 — 1.378
5 — 0.188 1.183 0.914 0.259 0.352 — 0.127
6 0.0 0.0 0.489 — 0.690 — 0.375 — 0.287
7 2.486 2.424 1.942 1.785 2.734 1.146
8 - 0.329 0.210 0.820 — 0.509 — 0.343 — 0.493
9 0.299 1.581 0.219 0.876 0.658 0.459
10 1.806 1.594 1.485 0.724 0.296 2.018
11 1.737 1.019 1.225 0.367 0.878 1.248
12 — 0.456 0.607 0.965 — 0.074 — 0.107 — 0.461 |

Note; 1) Al and A2 stand for axis 1 and 2.

Fig.2 Team configuration in 2 dimensional space
constructed from the inner-product matrix
estimated with distance matrix; boy
Procedure I
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Fig.4 Team configuration in 2 dimensional space
constructed from the inner-product matrix
estimated with distance matrix; boy
Procedure III
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