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HETEROGENEOUS CORRELATIONS 
AND ESTIMATES OF REQUIRED SAMPLE SIZE 

IN FACTOR ANALYSIS 

Andrew R. Baggaley 
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ABSTRACT 

Factor matrices with various patterns of loadings were constructed to study 
the effect of heterogeneous correlations on estimates of the minimal number of 
subjects in factor analysis. The tabled values of appropriate ratios of number of 
subjects to number of variables presented in a previous article were shown to 
furnish rather accurate estimates over the range of factorial patterns studied. 

INTRODUCTION 

Using Bartlett's test of the hypothesis that the population correlation matrix 
is an identity matrix, Baggaley (1982) derived a formula for the minimal value of 
the ratio of number of subjects to number of variables in factor analysis for the .05 
level of significance. He presented a table in which these values of Nip had been 
calculated for various values of the number of variables and a quantity called Q, 
which was defined as (the negative natural logarithm of the determinant of the 
correlation matrix) divided by the number of variables. This logarithmic function 
is involved in Bartlett's formula. By examining seven correlation matrices based 
on real data, he had concluded that the average absolute off-diagonal correlation 
(which could hopefully be estimated by an investigator from his knowledge of the 
domain of inquiry) would furnish a good approximation of Q. 

Reddon and Jackson (1984) ingeniously tested this approximation by com
puting the exact value of the determinant of equi-correlation matrices, using the 
same correlations that Baggaley had used; the calculations are relatively simple 
when there is a constant correlation value. They proceeded to compute corre
sponding values of Nip from their own values-of Q; Nip varies inversely with Q. 
When one compares the tabled values of Nip computed by Baggaley with those 
by Reddon and Jackson, one finds that for high levels of intercorrelation Redd on 
and Jackson's Qs tend to exceed Baggaley's Qs, especially for highp, but that for 
low levels ofintercorrelation Reddon and Jackson's Qs are lower, especially with 
low p. For example, with 20 variables and an average correlation of .10, Reddon 
and Jackson obtained a Q value of .05 (instead of .10). In this case, whereas 
Baggaley advises a minimal N I p of 6.00, Redd on and Jackson suggest a c~toff of 
12.35. 

Since the average intercorrelation among personality and attitude items is 
usually closer to .10 than it is to .50 (the highest value used in the two tables), if 
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Reddon and Jackson's hypothesized situation were representative, some of 
Baggaley's values would involve rather serious underestimates of N Ip with such 
variables. The critical question is, do correlation matrices.with a given average 
level of intercorrelation give values of Q when the correlations vary about this 
value (heterogeneous correlations) similar to those with a constant correlation 
throughout the matrix. The practical difficulty in answering this question 
involves the fact that many patterns of rs will produce the same average r. 
Nevertheless I tried various patterns of correlation to study their effect on Q. To 
generate the correlation matrices and their determinants, I used PROC MATRIX 
of the SAS computer "package." For example, for factor matrix A (see Table 1) the 
statements were 

Matrix A 
.6 .0 
.6 .0 
.6 .0 
.6 .0 
.6 .0 
.6 .0 
.0 .6 
.0 .6 
.0 .6 
.0 .6 
.0 .6 
. 0 .6 • 

r = .1636 
Q = .2003 

Matrix D 
.6 .4 

.6 .0 

.6 .4 

.6 .0 

.6 .4 

.6 .0 

.4 .6 

.0 .6 

.4 .6 

.0 .6 

.4 .6 

.0 .6 

r = .3091 
Q = .3178 

RA=A*A'-DIAG (A*A')+l(12) and DA=DET(RA). 

Table 1 

CONSTRUCTED FACTOR MATRICES AND 
THEIR VALUES OF r AND Q 

Matrix B 
.6 .0 
.6 .0 
.4 .0 
.4 .0 

.2 .0 

.2 .0 

.0 .6 

.0 .6 

.a .4 

.0 .4 

.0 .2 

.0 .2 

r = .0103 
Q = .0619 

Matrix E 
.6 -.2 
.6 .0 

-.6 .2 
-.6 .0 
-.6 -.2 
.6 .2 

-.2 .6 
.0 .6 
.2 -.6 
.0 -.6 

-.2 -.6 
.2 .6 

r = .2194 
Q = .2282 
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Matrix C 
.6 .2 
.6 .0 
.6 .2 
.6 .0 
.6 .2 
.6 .0 
.2 .6 
.0 .6 
.2 .6 
.0 .6 
.2 .6 
.0 .6 

r = .2321 
Q = .2267 

Matrix F 
.4 -.4 
.4 .0 

-.4 .4 
-.4 .0 
-.4 -.4 

.4 .4 
-.4 .4 
.0 .4 

.4 -.4 

.0 -.4 
-.4 -.4 

.4 .4 

r = .1406 
Q=.1181 



HETEROGENEOUS CORRELATIONS 

Along with each factor matrix is given the average absolute correlation (r) and 
the calculated value of Q. Matrices B and F represent low levels of average 
correlation, while Matrices C and D involve relatively high levels; the other two 
matrices are intermediate. Matrices E and F contain some negative loadings, but 
the other four involve all positive loadings. Matrices A and B give factors with 
"nonoverlapping" loadings, whereas the other four represent more complex 
factors. Thus these six factor matrices are rather varied in nature. The largest 
absolute discrepancy between rand Q is .0367, while the smallest is .0060. Notice 
that there are as many overestimates of Q as underestimates. Thus it seems that 
the estimates of the minimal value of N i p for statistical significance given in 
Baggaley's (1982) Table 1 are rather accurate when r· is used to estimate Q. 

These calculations are based only on matrices involving 12 variables and two 
factors. I did try a few matrices with three and four factors, of various patterns, 
and the approximations were not as close. However, I claim that a researcher who 
uses the cutoffs in the table ofmy previous article would be fairly well protected 
from obtaining chance results from a factor analysis. 
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