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ABSTRACT

PRINCIPAL COMPONENTS AND CANONICAL
VARIATES OF SEVERAL SETS OF VARIABLES
Takashi MURAKAMI

Many of psychological correlational studies using questionnaires or tests generally consist of two
steps. In the first step, some composite variates as linear combinations of a single set of variables are
constructed by means of factor analytical procedures. Each composite is interpreted as a realization
of an unobservable psychological construct. In the second step, correlations between composites
from different variable sets are obtained. From these correlations, one wishes to establish the rela-
tionships between several psychological constructs under consideration. However, the factor analy-
tical methods applied to a single variable set produce internally consistent composites, but they do not
account for the relationships of the composites with variables belonging to other variable sets at all.

The situation which we are confronted with is characterized by the bandwidth-fidelity dilemma
in Cronbach’s sense. Factor analysis of a single variable set overemphasizes the fidelity. The canoni-
cal correlation analysis, on the other hand, produces the composites with the highest correlations
between sets, but they are often very unreliable, and are inappropriate measures of constructs. The
canonical method overemphasizes the bandwidth. Because main objective of correlational studies
may be finding interesting relationships between reliable measures, it is desirable to develop proce-
dures through which one can balance the fidelity of the composites with the bandwidth of them.

In this paper two methods which analyze several sets of variables simultaneously are proposed.
They can be considered to be a natural extension of the principal component analysis and the canon-
ical correlation analysis, respectively. Both of them define the first-order composites as linear
combinations of variables of each set, and the second order composites as linear combinations of all
the first order composites. Let Zg be a N by ng row-wise standardized data matrix for k-th set,
then the matrix of first-order composites for k-th set is defined as

Fy = Vi Zk, (1)
and that ofrsecond order composites is defined as
G= ’Ec) Wy Fy, (2)

where Vi and Wy are ng by qg and g by Q weight matrices, respectively. Both methods share the
optimization criterion which is the maximization of tr GG’ / N under the constraint,

Fy Fp /N=1. (3)
An additional constriant differs in two methods. That is,
EW}( Vi Vi Wi =1 “4)

is imposed for the first one, hierarchical principal component analysis, and,
EW}C Wr=1 &)

for the second, generalized canonical correlation analysis. Alternating algorithms for two methods

are formulated.
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It is expected that the property of the first order composites is changed through altering the
number of second order composites. More concretely, the most internally consistent solution can be
obtained when Q is set to be equal to Zq in hierarchical component analysis, which is equal to that
of the separate principal component analysis for each set, and the most highly correlated solution is
given by generalized canonical analysis when Q = max gy. Generally speaking, as Q is set to be large,
correlations between composites of different sets are expected to be increased, and the fidelity of
first order composites is improved as Q is smaller. Therefore, through changing the Q, one can
balance the fidelity and the bandwidth of first order composites.

Application to the real data revealed that the balancing mechanism of these methods works as
was expected.
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