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On a Method of Quantifying N-Way Frequency Tables (2)
Jun-ichi Kyogoku

I. We may show the original data for a n-way frequency table with a N xS matrix B,
all elements of which are either zero or unity. N is the number of sample individuals and S is
the number of all categories summed up through # items. Then SxS matrix B'B has » sets

of marginal frequencies as its (block) diagonal elements and also (’;) two way contingency
tables as its off diagonal block elements. We may take matrix B’B as a sum of two matrices.
If we write the (block) diagonal matrix made up by # sets of marginal frequencies as F and
the residual matrix made up by (g) contingency tables as 4, then BPB=F+ A.

‘

The quantification problem is to choose an “ optimum " scores x (Sx1 column vector) to
be allotted to S categories in order to maximize a specified criterion number. The quantifica-
tion theory Type III, developed by Dr. C. Hayashi originally for two way contingency tables,
specifies the following operation;

,_ Xx'B'Bx x’'Ax + x'Fx

= = —> Imax,
P x'Fx x'Fx

The method of quantifying n-way frequency tables, introduced by J. Kyogoku [1], takes up
the following operation;
x’'Ax

Y= =D Fx

—> max,

So, clearly,

g DAHT

n ’

and the maxima of both % and A are given by the same solution vector x simultaneously.
Thus, both operations of quantification are equivalent.
II. We may represent # items by » vectors of length unity,and let all cosines of (’g) angles

between any two vectors be equal to A. Let the content of simplex P joining the origin and »
end points be Vp, the content of simplex Q joining # end points be Vj, and the height of P from
the origin to the base Q be 4, then

por o L=DA+ B =)t w72p2(1 — pf)"7t
P (n 1)2 T - {(n—1)1)2 "’
V 2 n(l — )\)ﬂ-l _ nn(l — PB)”'I

T -DIP T - -1) P’

2= mVP’:pa: (n— 1A+

I/Q2 .- ~ N c -

Clearly Vg is the monotonic decreasing function of p?, and of A. But, Vp behaves differently.
Vp has its maximal value at p=0, and at p?=1/n#. Since the basic idea of quantification
approach has the minimization of Vp as its goal, we had better set the practical lower limit of A
at zero, the implication of which is that the practical lower limit of p? is to be 1/z. (Incidentally,
1/% is also the practical lower limit in the component analysis.)
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