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FACTOR ANALYSIS OF THE DATA
' '-'THURSTONE1S'CENTROED METHOD



Factor Analysis of the Test Data

The shortcomings of the commonly used single score 
tests have been revealed by-the statistical procedure 
known as 'Factor Analysis'. This procedure was first 
developed and ..applied to mental ability tests by Spearman 
and his co-workers in England. Thurstone has done some 
pioneering work in this field in United States.

Following the work of Spearman and Thurstone, many 
other investigators have used factor analysis to study the 
nature of human abilities. Some of these studies have been 
used merely to gain a greater understanding of the 
organisation and components of such abilities. Others have 
been used as the foundation for the construction of 
multi-factor tests. Psychologists have contributed much to 
the understanding of tests and human behaviour.

Factor analysis techniques are now widely applied to 
varied kinds of instruments such as tests of motor skills, 
intelligence tests, special aptitude tests and personality 
inventories. Factor analysis has also been applied in such 
varying fields as physical measurement, political science, 
finance and medicine. The method is essentially a 
statistical tool.
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General Mature of Factor Analysis

In the continuing effort of science to establish 
theoretical systems which will accounts for observed phenomena, 
identification and measurement of basic variables are of 
paramount importance. Almost every field of science has set up 
a number of classificatory categories which can be described 
and measured. Factor analysis starts with a set of observations 
obtained from a given sample by means of such a priori measures. 
It is a method of analysing this set of observations from 
their inter-correlations to determine whether the variations 
represented can be accounted for adequately by a number of 
basic categories smaller than that with which the investigation 
was started.

Factor analysis as applied to human behaviour is somewhat 
analogous to quantitative analysis in chemistry where a compound 
is analysed to discover the nature and amounts of its basic 
elements.

Factor analysis provides a mathematical model which can be 
used to describe certain areas of nature.

11 In factor analysis “ according to B.Fruchter^ “ a series

of test scores or other measures are inter-correlated to
determine the number of dimensions the test space occupies and
to identify these dimensions in terms of traits or other general 
concepts."

xFruchter.B.Introduction to Factor Analysis.(New JerseysD.Van 
Nostrand Company,Inc., 1954,p. 2
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Again in tlie words of Holzinger and Harman " Factor 

analysis is a branch of statistical theory concerned with the 
resolution of a set of descriptive variables in terms of a 
smaller number of categories or factors. This resolution is 
accomplished by the analysis of the inter-correlations of the 
variables.11

Thurstone's Centroid Method of Factoring

Since Spearman proposed his criterion of the tetrad 
difference, a number of procedures for factor analysis have 
been proposed. All of these start with a correlation matrix.
In the present test, the 'Centroid Method1 of Thurstone is 
followed.

The Thurstone's theoryand methods have been developed 
on the basis of matrix algebra.

The term 'Centroid* as used in factor analysis is closely 
allied with its mechanical concept. In mechanics, the centroid 
is a point in a mass where the centre of gravity is located.
In factor analysis, the centroid of the end points of the test 
factors might be considered the location of the centre of 
gravity of equal weights at the points. A centroid is then a 
eehtre of gravity. Statistically regarded, it is a mean.

Although the method does not give a mathematically unique, 
least squares solution, as does the Principal axes method, it is 
based on summations and is computationally less laborious.

^■Holzinger,K.J. and Harman,H.H. .Factor Analysis. (Chicago^ 
University of Chicago Press,1941),p.3®



184
The purpose of factoring a correlation is to account for 

the inter-correlations with fewer factors than there are tests. 
Thus factoring should be done so as to minimise the residuals 
after each factor has been determined. The main centroid axis 
is regarded as an approximation to the major principal axis 
of the factor configuration. The main centroid axis is so placed 
that it has zero projections on all the-remaining cooordinate 
axes. This fact leads to the theorem that " the sum of the 
coefficients in the correlation matrix is equal to the square 
of the sum of the first centroid factor loadings, permitting 
factoring through simple summational procedure after appropriate 
reflections. By 'reflection1 it is meant that each test factor 
retains its same length but it extends in the opposite 
direction. The general policy is to reflect one test vector 
at a time and note the results, then reflect a second one and 
so on.

The extraction of each factor loading reduces the residuals 
in the correlation matrix. The factoring process is ordinarily 
stopped when the standard deviation of the residuals is less 
than the standard error of a zero correlation.
Analysis

As stated earlier, Thurstonds Centroid Method is applied 
to the present test data for the extraction factors.

The details of the steps with regard to the process of
2factoring suggested by Benjamin Fruchter is followed by the

•^Thurstone,L.L.Multiple Factor Analysis. {Chicago:University 
of Chicago Press,1947),p.152.

2Fruchter,Beniamin.Introduction to Factor Analysis.(New Jersey: 
D.Van Nostrand Company,Inc.,1954),pp.59-85.
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investigator.

The coefficients of inter-correlationsbetween the seven 
.sub-tests of the test battery are calculated using the product 
moment method taking the whole sample N = 2000. The correlation 
coefficients of the inter-correlations between the sub-tests 
are given in the correlation matrix in Table 46.
Table :46s Correlation Matrix

No. Test 1 2 3 4 5 6 7

1. Numerical ability - 0.47 0.38 0.37 0.16 0.23 0.32
2. Spatial ability 0.47 - 0.55 0.43 0.27 0.23 0.15
3. Reasoning ability 0.38 0.55 - ■ 0.66 0.26 0.25 0.11
4. Ability to inter

relate 0.37 0.43 0.66 - 0.30 0.30 0.27
5. Mechanical ability 0.16 0.27 0.26 0.30 - 0.34 0.30
6. Ability to relate 

cause and effect
0.23 0.23 0.25 0.30 0.34 - 0.11

7. Ability to infer 
from an experi
mental data

0.32 0.15 0.11 0.27 0.30 0.11 mm

----------- - - - - - - — — — - — - — — — — — — mm mm mm mm

The correlation matrix and computations for the first 
centroid loadings are given in Table 47 on the next page.
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The values shown in the correlation matrix given in 
Table 47 are obtained by adding the estimate of the 
communality of each variable to the column total of the 
variable that is

The residual correlation matrices Tables 48 to 52 indicate 
the 1Q values, which are nothing but the algebraic sums of the

while the 2.^
column totals inclusive of the residual diagonal values

values shown in the Tables are exclusive of 
the residual diagonal values.
Criteria for Sufficient Factors

There are no exact criteria for stopping extraction of 
factors. A number of empirical criteria however, have been 
developed but in the.present study Humphrey's rule"*" is 

applied. This criterion taTces into account N, the size of the 
sample and is dependent on the loadings of only 2 variables 
( which should be sufficient to establish a factor ) rather 
that on the entire matrix. As per the rule ;

i) The product of the two highest loadings in a column 
of the Centroid factor matrix is to be calculated.
In the present test the highest loadings in the Fifth 

residual correlation matrix (Table 53) are 0.1756 and 0.1858. 
The product is given by

0.1756 x 0.1858 = 0.03262

^Fruchter, B. Introduction to Factor Analysis. (New Jerseys 
D.Van Nostrand Company, Inc., 1954), p.79-80.



ii) The standard erro.r of a correlation coefficient of 
zero for the type of correlation and size of the 
sample being used, is to be found out. It is 1//N 
for the Pearson Product Moment r in the present test:

1
s/S —..- * 0.0224/2000

(iii) If the product found in step (ij (i.e. 0.03262) 
above does not exceed twmce the standard error 
found in step (ii) (i.e. 0.0448 = 2 x 0.0224), the 
factor is probably not significant.

Here the product of the two highest loadings is less 
than twice the standard error of a correlation coefficient 
of 0 and hence the factor concerned is not significant. As 
such the further extraction of factors is stopped at the 
fifth residual correlation matrix Table 52 and the analysis 
revealed the presence of five factors in the test.

Benjamin Fruchter'*' gives the following formula to find 

out the maximum number:, of factors which can be uniquely 
determined by ’n' variables.

_ 2n ■+ 1 - </Qn - 1 
2

2 x 7 * 1 - y8x7-1

where n = the No.of variables 
and r = the No.of factors 

present

= 3.792
= 4

1Ibid., pp.68-69.
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Thurstone1s Centroid Method of factor analysis in the 

present test revealed the presence of 5 factors { the details 
of the loadings of the factors arrived at are given in 
Table 53. ) While the application of the formula given by 
Benjamin Fruchter showed the presence of four factors only.
A further discussion of the factors obtained is given at the 
proper place in the next chapter.


