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On the Problem for the Application of a Factor Analysis
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Summary

According to order of size-rank in central places, central functions are higher in
level. It is generally understood that a hierarchical structure is controlled by order
of central functions. Many articles have concerned with the classification of central
functions in order to analyze a hierarchical structure in central place system, but
those methods have been obscure and nonscientific.

Perhaps the work of Berry and Burnum is the first article classified central func-
tions by a scientific method ; a factor analysis. The method of a factor analysis that
they used is the direct factor analysis, but we cannot use this method, because it is
a special kind of a factor analytic solution and its computer program is not present
in their paper.

So another factor analytic solutions which we have used are the least squared
simplex binary data matrix solution and the direct varimax factoring solution.

Unfortunatly, we have failed to solve the central function-binary data matrix by
those solutions, especially by the least squared simplex binary data matrix solution.
Therefore it is the purpose of this paper to point out why the least squared simplex
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binary data solution could not be applied to the central function-binary data matrix,

The central function-binary data matrix is the data matrix in which each element
is either 1 or 0, of which the rows are central places, the columns are central func-
tions (variables),

In a binary data matrix, the fact that correlations among variables are influenced
by the dispersion of item preference and difficulty has been known. We must remove
this phenomenon which is due to variation in item. preference and difficulty from a
binary data matrix, In general, some of mathematical solutions have been used to
remove this phenomenon, Those solutions are based on the notion of the simplex
which Guitman developed. The general approach is to apply a least squared trans-
formation to this binary data mairix, From here we proceed to find a residual
matrix, and then a residual correlation matrix. This residual correlation matrix is
freed from the effects of variation in item preference and difficulty. This solution is
called the least squared simplex binary data matrix solution and it must satisfy the
restriction that the row sums or the column sums of a simplex binary matrix will be
the same as for a binary data matrix.

This restriction is due to the unsuccess of the analysis in the ceniral function-
binary data matrix. In this matrix, the column sums of some variables are equal.

But, when the column sums of a binary data matrix may be equal, it is impos-
sible to apply this solution to a binary data matrix. In this case another procedure for
determining the column sums of a simplex binary matrix is to use the equation,
which is indicated by pi—pi1=C, P is elements of m times a column vector of the
column sums in a simplex binary matrix, m is the number of variables,

By this equation, we determined the column sums of the simplex binary matrix
in the central function-binary data matrix, then proceeded to find the residual
correlation matrix of this matrix, However, the residual correlation matrix had some
negative communalities which led us into more difficulty and we could not apply the
direct varimax factoring solution to this residual correlation matrix,

We consider that the cause of negative communarities must be the column sums
of the central function-binary data matrix, Because, though p; in this equation is
equally spaced, pr in the central function-binary data matrix is not equally spaced.

At last, because of the great deviation of the column sums of the central func-
tion-binary data matrix, it is impossible to apply the least squared simplex binary
data matrix solution to this central function-binary data matrix,
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M BO-RY YT U0 7 2L 3 — T TSRO A Y s —F—T 0 S 5 4
FACOM 270-20/30 FORTRAN LIST

Z CORRELATJON OF RESIDUAL MATRIX [N BINARY DATA
COMMON BB (60+60) +VMIEDY sP(61)4DIENY «S(E0) «SRAININSINPLL Lo Jsl
DRUM DIMENSION DXC1BU+60)+DRL(60+60)
SEG ENTRY BCOV NP LLCOVAMATRAWFMATRAVEFCURR W INP vOUTP
CALL INP{1)

CALL OUTP(1)
CALL BCOV(NsNS)
CALL OUTP(2)
10 CALL DP(NP)
CALL OUTP(3)
P(NP+1)=0,0
FHS=NS
DO 193 L=1l.NP
LL=FNS#P(L+1)+1,1
LU=FNS#P(L)+0,1
CALL OUTP(4)
DO 153 J=1.N
CALL BLCOV(LL.LUJsL)
153 CONTINUE
CALL OUTP(6)
CALL HMATRXC(N+NP)
CALL OQUTPp(T)
CALL FMATRX
CALL, OUTP ()
CALL INP(2)
0l 166 1=14N
CALL INP(3)
DO 165 J=1N
165 BB (L) myM(Y)=BA(l+J)
166 DCII=L.N/SART(RBC(I1))
CALL QUTP(9)
CALL EECORR(N)
CALL wuTP(10)

CALL INP(4)
CALL 0UTP(l)
GO TO 10
STOP

END

SURROUTINE ACOV(NsNS)

COMMON RBB(60.60) VM(602

DRUM DIMENSION DX(180460)

DIMENSION X](180)+X.JC(1R0D

FNSaNS

DO 142 1=1.N

DRUM READ DX(Lv1) s (Xi(K)sK=1NS)

DO 142 J=1sN

DRUM HEAD DX(1sJ)« (XJC(K) 1yK=1sNS)

BB (T D) e=VM( 1) #VM (D) /FNS

DO 142 KK=1,4NS

BBCT«J)=BB(ts0)+X]1 (KK) #XJ(KK)
142 CONTINUE

RETURN

END

SUBROUTINE DP(NP)
COMMON BRC60160) VMU +P (A1) D(60)
NP1=NpP=1
DO 144 ]=1.NP1
144 DA =PI)=P(1+1)
D (NP) =P (NP)
RETURN
END

SURROUT INE BLCOV(LL+LusJsL)

COMMON BLCAOV60) «VM(EU) 1P {61)1DC(60) +5CH0) +SOININSIHP
DIMENSTON X[(180)

DRUM DIMENSTUN DX(1R0.60)

DRUM READ DX(14J)+ (X1 (JJY+JJ=14NS)
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169
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Mg (Bix)

BL(J+L)=0.0
BLCJsLY==yM () *D (LY
DO 154 KsLL.LU
BLIJL)Y=BL(SSL) +XE(K)
CONT INUE

RETURN

END

SUBROUTINE HMATRX (NP

COMMON H(60+60) sWM(A0)XP(61):D(60)
DRUM DIMENSION DX (180+60)+DRL(60+60)
DIMENSION BI1(60).BJ(&0)

DO 162 I=1«N

DRUM READ DBL(14]1)+(B81C(KK) KK=14N)
DO 162 J=1sN

H(I+J)=0,0

DRUM READ DBLC14vJYs (BJ(KK) yKK=1N)
DO 162 K=1«NP

HOLa ) =H Y+ J) +BT (K #B J(K) /D(K)
RETURN

END

SURROUTINE FMATRX
COMMON F (60+60) +VM(60) +P(61)+D(60) +5(60) +S@+N NS NP
DRUM DIMENSION DX(180:60)+DBL(K0+60)

DIMENSION X1(180)

FNS=NS

NP1=FNS#P (1) +0.1

DO 1626 J=1,N

S(J)==VM(JI#P (1)

DRUM READ DX(1+J)+(XI(K)1K=14NS)

DO 1626 [=1.NP),

SC(N=S(I+X1(1)

CONTINUE

S@=1.0/SGRT(1.0=P (1))

DO 1629 J=1:N

S(J)=S(J)y#sq

DO 1632 J=1.N

DO 1632 J=1.N

FCLed)=F (14X /FNS+SCII*S (D) /FNS

RETURN

END

SUBRQUTINE EECORR(N)

COMMON RE(60460).VM(60)+P(61) 4D (60)
DO 169 I=1.N

DO 169 J=1.N
RECI«JY=DC1)#RECI +J)#D ()

RETURN

END

SUBROUTINE INP(KK)

COMMON BB CA060) s VMIB0) P {EL1) «D(60) +5{H0) +SRNINSIKPLL LU
LDRUM DIMENSION DX(150,60)+DBL(60+60)

DIMENSTON XI1(180)

GO TO (Le243+42KK

CONT INUE

READ (4 49303)N NS NP

DO 10 I=1.N

vM{1}=0.0

P(1)=0.0

b(I)=0.0

S(I>=0.0

DO 10 Jul.N

BA(1:J)=0,0

CONTINUE
READ(4+905) (PCI) s 1=14NP)
READ (4+905) (VM(1) 4 J=14N)
DO 11 I=1.N

READ (4+4904) (X[ (J) «J=1.NS)
DRUM WRITE DXCL41) 2 CALCJ) s Jm1aNS)
CONT INUE
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RETURN

CONTINUE

DO 12 J=1.N

READ (4 +906) (VMC(1) s [=14N)

DRUM WRITE DBL(14J)s (VM(1)sle]N)
RETURN

CONTINUE

DRUM READ DBLC1411%+(yM(K) 1K=}1N)
RETURN

COMTINUE

READ(4+903INNS NP
READ(4+905) (P (1) 2i=1NP)
READ(44505) (VM{1) e 1=1.N)

RETURN

FORMAT(314)

FORMAT(20F3,0)

FORMAT(8£15,5)

FORMAT (BE15,T7)

END

SUBROUTINE OUTP(KKK)
COMMON BB (60+60) «VM{60) +P(61) «D60) +5CH0) +SRNINS NP VLL LU

111+J0sL1

1422
1423

W

1572

801

DRUM DIMENSION DX (180,60)DRL(60160)
DIMENSION XI1(180)

GO TO (1420344+45¢60T+819+10)KKK
CONTINUE

wRITE (64700)

KRITECE6+TO3INsNS NP

WRITE(6+705) (P13 1m1,NP)
WRITE(61706) (VM(]1) +I*11N)
RETURN

CONT INUE

WRITE(6:800)

DO 1422 [=14N

WRITE{6+904)

WRITE (649063 (BRI +J)1J"1N)
CONTINUE

DO 1423 1=1.N
WRITECB+305)CBBC1 vJ) v Jd=1sN)
RETURN

CONTINUE

WRITE(B+811)

WRITEC6+906) (D(J3+1=1,NP)
RETURN .

CONTINUE
WRITEC6+802)LLLUDLLY)

RE TURN

CONT INUE

WRITEC6803IVMCIII «DCLIYBRCILLD)
RETURN

CONTINUE

wRITE{6+806)

DO 1572 I=1.N

WRITE (6+904)

WRITE (64206 (BB(I+J) 1 J=1sNP)
DRUM wRITE PBLCLs 1)+ (BB (I +J) s J=14NP)
CONTINUE

RETUKN

CONTINUE

WRITE(6+908)

DO 801 I=1.N

WRITE (6+904)

WRITEC6+906) (BR(T+J) sy JulsN)
RETURN

CONT INUE

WRITE(6+90725Q

WRITE(6+911)

WRITE(6+906) (S(J)1J21,N)
WRITE(6+913)
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i1l
172
T00

703
705
106
809
904
906
905
811
802
803
806

908
907
911
913
9214
216
910
219

HER: (Bex)

DO 1634 [=1«N

wRITE(6+904)

WRITE(61906) (BBCI+J)+J=L1sN)

RETURN

CONTINUE

WRITE(64914)

DO 16T 1=1.N

WRITE (6+904)

WRITECE6+919) (BB (1 +J) +J=1aN)

WRITE(6+910)(D(])«i=1N)

RETURN

CONT INUE

WRITE(6+916)

DO 171 I=1.N

wRITE(6+904)

WRITEC61919) (BB([+J) «J=1lsN)

DO 172 I=1sN

WRITE(8:905) (BB(I+J)«J=14s1)

RETURN

FORMAT C(1HO + 34HRES [DUAL COVARIANSE OF BINARY DATAS5X»
119HPROGRAM BY HORST P,+5X«16HMODIFIEL RY USUL)
FORMAT (1H1+3X 4 2HN=1+14 45X+ 3HNS= 4 [ 4 . 5X 4 IHNPa 1 [ 4)
FORMAT (C1HO3X+ 2HP=4 /s (8X110F7.4))
FORMAT (1HO + 3X « 1 5HYM=SUM OF COLUM /s (KX +10F7.0))
FORMAT (1H14+3X,35HBB=COVARIANSE MATR[X OF BINARY DATA)
FORMAT (1HQ)

FORMAT (5F15,4)

FORMAT{(8E15,7)
FORMATC1H1+3X+16HD (1) =P {I)=P{]+1)+5X+2HD=)

FORMAT CLHO « 3X ¢ AHLL =« [ 405Xy 3HLU= s [ 445X+ 2HD=+F10,4)
FORHAT(IHD'BXC_'!HVM' WFB.0e5Xu2HD=sF10. 445X 3H0LwF10.4)
FORMAT(1H1+3X+63HBL=COVAR]ANSE MATRIX OF BINARY DATA BETWEEN SIMPL

1EX BINALY DATA)

FORMAT {1H1 13X +10HH= HMATRIX)

FORMAT C1H1 +3X+3HSQAw+F10.4)

FORMAT {1HO +3X+12HS () =5(J) =50

FORMAT (1H1+3X+«10HF = FMATRIX)

FORMAT (1H1+3X+18HRE=RESTDUAL MATRIX)

FORMAT (1H1+3X+30HCORRFELATION OF RESIDUAL MATRIX)
FORMAT (1HQ+ 3X+2HD=+ {5F10.4))

FORMAT(10F8.4)

END



