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Abstract

The purpose of factor analysis is to identify
the dimensions or factors by which a variety of
phenomena within a domain are related. Factorial
methods were originally developed for the purpose
of identifying the principal dimensions or categories
of mentality; but the methods are general, so that
they have been found useful for other psychological
problems and in other sciences as well. Factor analysis
is not restricted by assumptions regarding the nature
of the factors, whether they be physiological or social,
elemental or complex, correlated or uncorrelated.

Thus, three programs have been written which
factor analyze a set of measurements in order that
the underlying factors which relate the measurements
may be identified. These programs are based upon work
done by Professor Edward E. Cureton at the University
of Tennessee.
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agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
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disclosed, or represents that its use would not infringe privately
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process, or service by trade name, trademark, manufacturer, or
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recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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LEGAL NOTICE

This report was prepared os an account of Government sponsored work. Neither the United States,

nor the Commissien, nor any person acting on behalf of the Commissien:

A. Mokes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may net infringe
privotely owned rights; or

B. Assumes any liobilities with respect to the use of, or for domages resulting from the use of
any information, apparatus, method, or process disclosed in this report,

As used in the above, “"person acting on behalf of the Commission' includes any employee or

controctor of the Commission, or employee of such contracter, to the extent that such employee

or contractor of the Commission, or employee of such contractor prepares, disseminates, or
provides access to, any information pursuont to his employment or controct with the Commission,

ot his employment with such contractor.
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When a particular range of phenomena is to be investigated by
means of individual differences, one can proceed in two ways. One dan
invent a hypothesis regarding the processes that underlie the individual

differences, and then set up .a laboratory experiment to test the hypothesis:

If no promising hypothesis.is. available, one can represent the domain as

.adequately as possible in terms of a set of measurements or numerical

indices and proceed with a factorial experiment. The factor analysis
might reveal an‘underlying order which would be of great assistance in
formulating scientific concept.s. covering the particular domain. Thus,
three computer programs have been written which factor analyze such a

set of measurements or indices in order that the underlying factors which
relate the measurements may be identified.

Let us consider such a set of measurements to be arranged in a

score matrix, S (n by N), where element $i,5 would be the score of individual
j on test i. Then the observation equation which is the starting point for

multiple factor theory would be:

N ' q N
n P R ' .
Sl,J L n a’l,k, X q » pk,J (l)
s A X P

Score Matrix

Il

Factor Matrix X  Population Matrix



where N is the number of individuals .taking n tests. This equétion
expresses the assumption that the scores, Si,j’ may be accounted for in
terms of a smaller number of factors,'q, than the number of tests, n.
The psychological interpretation of equation (1) is that a subject's
performance on a test is determined in part by the apilities that are
called for by the test and in part by the degrees to which the subject

possesses these abilities. Thus, the factor matrix, A (n by q), describes

the abilities which are called for by each test while the population

matrix, P (g by N), describes the degree to which the subject possesses
each of these. abilities. Therefore, the purpose of these three computer
programs is to find the q abilities by calculating. A, .and then rotate A

'

to obtain.a simple structure matrix, S, which will give meaning to these

abilities.
Actually the factor matrix given in equation (1) is made up of . 4

two types of factors: common factors.and specific.factors. The common

factors. represent.abilities .that are involved in two or more tests of a
battery. The specific factors represent\an ability which is involved in
only a single test of a battery. Thus, for every test there is a specific
factor which has a factor loading only on.that particular test. Since
we are not interested in these specific factors, they are removed from
the factor matrix and we,wili no longer consider them as parf of the
factor matrix, A.

The problem of finding and identifying these .q factors, which

may be correlated, is broken into two parts: the initial.factoriﬁg

problem and the rotational problem. The initial factoring problem involves

the calculation of the orthogonal factor matrix, A (n by q), whose factors



are uncorrelated. This is done in the first computer program, FACTOR

ANALYSIS I. The rotational problem then involves an orthogonal rotation

followed by an oblique rotation of this factor matrix, A, to obtain the

desired simple struéture matrix, S, as shown by equation (2). The factors

of S are now correlated.

q q q
2
n i,m n al’k N4 a tk,m (2)

S A ' T
Oblique Simple Structure Matrix = Orthogonal Faétor'Matrix X Transformation
Matrix
The rotational problem is solved by the last two computer programs,
FACTOR. ANATYSIS IT and FACTOR ANALYSIS III.
The descriptions which follow in this report are only intended
to give the user an idea of what each program does, and they do not

represent a rigorous description of multiple factor analysis.



GENERAL DESCRIPTION OF THE FACTORIAL METHODS USED

Factor Analysis I”

The purpose of this program is to compute a reduced principal

axis factor matrix, A (n by q), from the reduced correlation matrix, R (n by n),

using the principal axis method.”? Other methods such as the centroid method
have been used to calculate factor matrices, but this method seems to be

the best for the majority of cases. The reduced correlation matrix, R,

is composed of the intercorrelations of the score matrix with the unit

diagonal replaced by the communalities of the factor matrix, A. The

equation which relates the reduced factor matrix with the reduced correlation

matrix is:

R=A. A + A (3)

Thus, the initial factoring problem consists of factoring R in such a .
manner as to find the number of factors, q, of A, to find the elements of
A, and to minimize A.

Since the factor matrix communalities, hi:
a
S (4)
k=1 7

2
are not known at the outset, we insert communality estimates, h.l , infn

the diagonal of R and proceed to calculate an approximation, A,, to the

12
factor matrix, A. By using the communalities of A, as better estimates,
we are then able to repeat the procedure and calculate a better approximation,
A5, to the factor matrix, A. This iterative procedure is repeated until

the communalities stabilize, thus indicating that we have calculated A.

The communalities converge more rapidly for large values of n.
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It has been shown by Hotelling* that the elements, aj x, of

the factor matrix, A, are the elements of the eigenvectors of R associated

with the q largest positive eigenvalues, each eigenvector being so scaled
that the sum of squares of its elements is equal to the associated eigen-

value. In factor analysis this procedure is termed the principal axis

method, becauée the scaled eigenvectors are the principal axes of ellipsoids
of equal density in an n-space geometrical representation of the score
matrix.

In actual practice, the determinatibn of the number of significant
factors, q, is something of an art. Usually this can be found by examining
the eigen#alues. Thus for one set of actual data (N = 92; n = L42) the

eigenvalues were as follows:

Table 1. Eigenvalues and Eigenvalue Differences for a Sample Case

Factor No. 1 2 | 3 L 5 6 7 8 9 10 11

Eigenvalue 13.01 5.00 2.60 1.68 1.43 1.30 .97 .82 .70 .68 .61

Difference 8.01 2.40 .92 .25 .13 .33 .15 .l2 .02 .07

The eigenvalue differences decrease progressively to factor 6, there is

a larger drop from.6 to 7, and the later differences are all sméll, so

we conclude that there are six significant factors. The eigenvalue for
the last salient factor is usually somewhere between 1.5 and .5. In
addition to examining the eigenvalues, the Bargmannl modification of
Barlett's test for the number of significant factors® has been included

in the program to help determine q. The relative magnitudes of the factor

loadings, aj ks may also be of help in determining q.



When the initial factoring procedure is finished, we have a
final unrotated factor matrix, A (n by q), and good reason.to suppose
that the (q + 1)-th factor is either statistically insignificant or
unreliable.

This first computer program has been divided info three sections
as can be seen from the FORTRAN listing in Appendix B. The first section
computes the correlation matrix from a raw score matrix if the correlation
matrix has not been previously calculated. The second sectidn computes
‘the principal axis tactor matrix with an excess of factors. The third
section uses a Bargmann test to help the user in determining the number

of significant factors in the factor matrix.



Factor Analysis  II

The main purpose of this program is to compute a rotated varimax -

matrix, V (h by q), by means of an orthégonal normal varimax rotation of -~

the principal axis factor matrix, A (n by q).6 In addition,'the program

also preforms several elementary oblique simple structure rotations of

the principal axis factor matrix, using the varimax transformation matrix, '

T (q by q), as an initial trial transformation matrix; The methdd used

in preforming the simple structure rotations is an adaptation of the method
" described by Thurstone.®
It is helpful to think of the principal axis factor matrix, A,
in terms of a geometrical model. If we let each factor of A represent

one arbitrary reference vector in a g dimensional common-factor space,

then each of the n tests represents a vector in this space with.q components
or coordinates.- For an exemplary factor matrix with two factors and eight

tests the'géometrical model Would look like:

Factor matrix A II
No. I IT ‘f‘
_— g 8
1. .70 .30 T f .
2. .90 .00 ‘
3. Lo .60 1 N6 //1’—
. .60 .30 .
5. .50 .00 _ /
6. .00 .60 8y, 200 // :/,’ "
7. .30 .80 '
8. .00 .80 = el > I
’eaz,l=.1+0<)|

Fig. 1. Geometfrical Representation of the Two-dimensional?FaqtoﬁnMatrix;NA.

where I and II represent the two orthogonal reference vectdré; afid ‘the

components of “gach of the eight test vectors are ‘the Ffactor loadings,

/’




aj ks in the factor matrix, A. Note that the scalar product of test

vector i with test vector j is the intercorrelation, r between the

1,37
two tests. Thus the length of each test vector is hj, the square root
of its communality.

Since the factor matrix is represented with an arbitrary reference

frame we now wish to rotate this frame into a p?eferred or simplifying
position. This orthogonal rotation of A is called the normal varimax
rotation. The new rotated varimaxvmatrix, V (n by q), is related to

the unrotated factor matrix, A (n by q), by the linear transformation

matrix, T (q by q), as shown below:

v —_— A X T

Rotated Varimax Matrix =— Unrotated Factor Matrix X Transformation Matrix

The varimax criteron for preforming this orthogonal rotation requires that

d ' n " o i ] 9 9
z {n 15 (o) (‘iE-l(aE,k,/hT)V} (6)

i
k=1

be a maximum, where a x is the factor loading for the ith test on the
J .

kth factor and h is the communality for the ith test. The varimax

rotation, in addition to simplifying the representation of the test
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vectors, also gives us an initial trial transformation matrix, T, which
is needed in simple structure rotations of the. factor matrix.

This second computer program, like. the first, has been divided
into three sections. The first section computes the rotated varimax
matrix from the factor matrix as described previously. The second section

consists of a single oblique simple structure rotation of the principal

..axis factor matrix using the varimax transformation matrix as a trial

transformationlmatrix. This section requires that the variables to be
used in the rotation along with their respective weight; be specified.
These quantities are specified by subjective decisions madé withih the
computer.' The third section consists of five simple structure rotationé
using the most recently calculated trapsformation matrix as a trial matrix.
The computer again makes subjective decisions in determining the variables
to be used in each rotation, although no weights are used in this section.
Although these subjective decisions made by the computer are‘no@ optimal;
they may yield satisfactory results in some cases. In most céses the
user ﬁill need to augment these results by using the third program. The
discussion bf simple structure rotation is given in the last part of this

report.
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Factor Analysis III

The purpose of this program is to compute an oblique simple

structure maﬁrix, S (n by q), and a simple structure transformation matrix,

T (q by q), by means of an oblique simple structure rotation of the

principal axis factor matrix, A (n by q). As was stated previously, the
method is an adaptation of the method described by Thurstone.® When the
correct fit has been obtained, this simple structure matrix, S, will
identify and give meaning to our q factors which we set out to find.

Our obligue simple structure matrix, S, is related to the orthogonal

 factor matrix, A, by..the transformation matrix, T, as shown previously

in equation (2). The factors of S will now be correlated (obligue)
wherebs the factors of A were uncorrelated (orthogonal).

In order'tq understand the simple structure process, let us
again consider the orthogonal.factor matrix, A, in terms of its geometrical
model in the common-factor space. If we let A consist of three factors
and eleven tests, our geometrical model would look like:

EII 4

Factor matrix A

T II III
1. .20 .20 .90 II

2. .70 .10 .60

3, .20 .80 kLo

‘4. .30 .80 .30
i5. .40 .70 .20
6. .20 .60 .30
7. .80 .ho .10
'8, 10 .20 .80
{9. .10 .30 .90
10. .60 .10 .60

11. .70 .20 .70

Fig. 2. Geometrical Representation of the Three-dimensional Factor Matrix, A.
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where I, II, III rgpresent the three orthogonal reference vectors. The
components of the eleven test vectors along each.referénce vector are
just their respective factor loadings, ai,k’ on that factor. Three-
dimensional factor matrices can be represented as shown in Figure 2,
but it has been found more convenient to represent them on the surface

. of a-sphere as shown below:

ITI

Fig. >. Spherical Representation of the lhree-dimensional Factor Matrix, A.

where the intersection of each test vector with the surface is shown by

a dot (with a circle around it) on the surface. Acutally it is.necessary
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to extend the test vectors to unit length for study on a sphere of unit
radius. Thus the factor matrix, A, is normalized by dividing each row

by h., the square root of its communality.

i
We are now .ready to preform the simple structure rotation

geometrically. Instead of using the orthogonal reference frame I, II,

III which was obtained by solving the initial factoring problem, we now
draw a new reterence frame as shown by the solid lines B, C, D in figure 3.
These so0lid lines should form the boundary of a spherical triangle such
that most of the test vectors terminate in the sides of the triangle.

By visualizing a transparent sphere, we should be able to see three

bounding hyperplanes. which intersect the sphere at the lines B, C, D
and then most of the test wectors will lie in or near one of the three

hyperplanes. The new reference vectors R are the normals

I’ RII’ RIII
to the three bounding hyperplanes and the primary factors P

P

I’ “11° PIII

are determined by the intersections of the three hyperplanes. Each

primary.axis represents an "ideal test" which would measure one pure
factor. If the new reference vectors were orthogonal, they would coincide

with the primary vectors. This technique of fitting a new oblique reference

frame to subsets of the test vector termini such that the subsets lie in

or near one of the bounding hyperplanes .is called oblique simple structure

rotation. It is a matter of empirical observation that in large classes
of data, the hyperplanes make acute angles with one another, and the
reference vectors obtuse angles. If the structure is not acute, it is
sometimes difficult to tell whether convergence is toward a bounding
hyperplane or toward a hyperplane which cuts across the common-factor

space and is therefore not a true factor.
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Just as the components of the test vectors .along I, II, III
made up the factor loadings of the orthogonal factor matrix, A, the
1’ RII’ RIII.make up the factor

loadings of the oblique factor matrix, S. The coordinates of the new

components of the test vectors along R

1’ RII’ RIII on the old reference frame I, II, TIT

make up the transformation matrix, T, which transforms A into S. The

reference frame R

scalar product of the column vectors of T give the cosines of the angles
between the new reference vectors.
In order to (1) find the g bounding hyperplanes, (2) fit them

to the subsets of test vectors, and (3) arrive at the transformation

.matrix, T, it is necessary that three quantities be specified. The first

quantity is a trial set of reference vectors, T, which approximate the

final reference vectors, R This trial transformation matrix

I’ RII’ RIII“
will initially come from Factor. Analysis II. The second gquantity to be

specified will be g sets. of remaining test vectors which lie in or near

the hyperplane associated with each of the q factors. For a.given factor,
the remaining test vectors .will have near zero factor loadings because
they will be almost perpendicular to the new reference vector for that
factor. ‘The third quantity which may or.may not be specified is a set
of wéights for each set of the remaining test vectors. These weights
tend to move the hyperplane towards the respective test vectors. Higher
weights will have a greater effect in moving the hyperplanes.

- In actual practice it takes several rotations to determine which

direction to go for the best fit and finally produce.a satisfactory factor

matrix, S, in which the factor loadings of the remaining test vectors

are near zero (+.10). This is why the.second program attempts to determine
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the three quantities previously mentioned and use them in calculating
. several preliminary simple structure fits. Perhaps these preliminary
fits will give the user a better idea of which direction'to go. If the
.user is unfamiliar with simple structure rotation he will probably be

unable to use this third program.
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Appendix A

INPUT PREPARATION, SAMPLE PROBLEM, AND OUTFUT

General - These three computer programs have been written so that they
may be used with the FORTRAN 63 compiler written at the Oak Ridge National
Laboratory for the IBM 360 computer or with any standard FORTRAN IV compiler
which assumes either a four character word (IBM 360) or a six character
word (IBM T70LO, 7090).

When using these programs with a six character word machine,
the user should find all comment statements in the input/output subroutines
which have a "dollar sign" in column 6. The "c¢" in column 1 and the
"dollar sign" in column 6 should then be removed from these cards. The
new cards should then replace the card which occurs just before them in
the source program. Only those cards associated with DATA statements,
FORMAT. statements, or other character information will be invelved.

The user should realize that the numerical results given in
this report were computed with.an .IBM 360 computer and will not agree
exactly with those computed on a six character word machine due to the
difference in word size.

The first card of output punched from each of the three programs
will be a title card of asterisks and other Hollerith characters. This

title card Should be removed before the cards are later used as input.

Factor Analysis I

Input - The input variables read by FACTOR ANALYSIS I are described in
Table A.1. The sequence in which these variables are read and the format

by which they are read is given in Table A.2.
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Table A.1 Factor Analysis I Input Variable Description

Input Variable . Description

1. TITLE Alphanumeric title identification
2. NVAR Number of variables
3. ©NOBS Number of observations
4. NOEXT Number of factors to be extracted from the correlation
matrix : . :
5. IMTX Input FORMAT statement under. which raw score matrix is
read
6. FMTR . Input FORMAT.sfatement under which correlation matrix
is read ‘ ‘
7. SCORE "Raw score matrix
8. R Correlation matrix
9. FMTC Input FORMAT statement under which communalities are
. read
10. NFCOMM Number of factors in factor matrix (from which communalities
are calculated)
11. CcoMM Communalities of factor matrix
12. FMAT Factor matrix
13. 1 to read in a raw score matrix (NOBS x NVAR) - read by rows
ss1 )
2 to read in a correlation matrix (NVAR x NVAR) - read by
upper diagonal rows
14, 1 to read no communalities but use computed SMC values
instead
852 2 to read communalities themselves - FMTC read and used
3 to read a factor matrix from which communalities are’

computed
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Table A.2 Factor Analysis I Input Variable Sequence and Format

Input Variables Card Format
1. TITLE - FORMAT(13A6,A2)
2. 881,882 - FORMAT(212)
%, NVAR,NOBS,NOEXT - FORMAT(3Ik4)

h., PMTX (If $$1=1) or FMTR (If §§1=2) FORMAT (18AN)

FMIX or FMIR

5. SCORE (It $81=1) or R (Lt ss1=2)

6. FMIC (If SS2=2) or NFCOMM (If 8S2=3) FORMAT (18A4) or FORMAT(IL

FMTC or FORMAT(8X,6F12.8)

7. COMM (If 882=2) or FMAT (If $S2=3)

Output - The output variables printed by FACTOR ANALYSIS I are described
in Table A.3. The sequence in which these variables are printed is given
in Table A.L4. The printing of some of the variables is controlled by the

two sense switch variables, SS1 and SS2, as indicated in Table A.L.




Table A.3
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Factor Analysis I Output Variable Description

Qutput Variable

Description

\n

-3

10...

11.
12.
15.
1h.

15.

16.
17.

18,

TITLE
NVAR
NOBS
AVG

SIGMA

DETR
suc
TRACE
EIGVAL
EVDIFF
EVSUM
PERCT
CHISQ

DEV

FMAT

NOSIG

coMmM

Alphanumeric title identification

. Number of variables

Number of observations

Mean for each variable

Standard deviation for each variable
Correlation matrix

Determinant of correlation matrix

Squared multiple correlations

Sum of diagonal elements of correlation matrix
Eigenvalues of correlation matrix

Difference between consecutive eigenvalues

.Sum of eigenvalues

Perceﬁtage of TRACE factored by each successive factor
Chi squared values

Deviations (used.in Bargmann test for significant
factors)

 Factor matrix (will also be punched out for later use)

Number of significant factors computed from Bargmann
test

Factor matrix communalities using. significant factors
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Table A.4 Factor Analysis I Output Variable Sequence and Sense Switch Control

Sequence Output Variable Sense Switch Control]
1. TITLE
2. NVAR,NOBS
3. AVG,SIGMA If SS1 =1
. R
5. DETR
6. SMC If 8S2 =1
7. URACK )
8. - EIGVAL,EVDIFF,EVSUM, PERCT
9. CHISQ, DEV

10. FMAT

11. NOSIG,COMM

Sample Problem - A sample problem has been used which is hased upon a setf

" of nine tests given to 504 individuals. These tests were designed to

measure intelligence factors. The input to Factor Analysis I is given:in

Table A.5. The correlation matrix had been previously computed so we

skipped the fi;st section of the program and read in the correlation matrix.
Since we had no communality estimates, computed squared multiple correlations
were used for the éstimates. The output. from Factor Analysis I is given on pages
22 - 32; | We are unable to determine the exact number of factors from the

eigenvalues although we can see that there will be three or four factors.
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The Bargmann test indicates that there are four factors since the first
deviation value below 1.96 (95% confidence level) occurs on the fourth
factor. But, upon examining the factor matrix we see that there are no
factor loadings above .270 in the fourth factor so we conclude that there
. .are. really only three .significant factors.

. In order to . obtain a more.accurate factor matrix and to'stabilize
the communalities, we will rerun this first. program with communality
estimates computed from three significant factors of the previous factor
- matrix. The,neﬁ factor matrix (with an excess of factors) from this
second run is given on page 32. It will be used as input to Factor

Analysis II.

Table A.5 Factor Analysis I Input Data for Sample Problem

Card No. 12345678... . Column No.
1. - FACTOR ANALYSIS I - CALCULATION OF SMC FACTOR MATRIX -
R. C. DURFEE - TEST CASE
2. 21
3. 950k 5
L. (F2.0,8F5.3)
5. 1. .511 .498 .s5h2'.509 LhkS 372 .33% 081
6. 1. .473 .736 k62 .ho6 L35 3707 L1k
7. 1. .50k .462 .118 .372 .330 .354
8. 1. .654% 764 439 .4L9 455
Q. 1. .ALs JLos W7 LLo6
10.. 1. .376 .376 .458
11. 1. .686 .589
12. 1. .535
13. 1.




22

KA ERBBCLE SRR AR I AN E R SR G UAAG S RS ARR R AXRG AR REB X EA R F RPN AT ARG AP ER AR S SR ALD G A S AR RR G
RGO R E R TR G LA RS ER AL E R E RS E AR RO A RN IRE S XN RSO E R BN LSO R ARG XKD SO BT E PR S e dede gy

FACTUR ANALYSIS [ - CALCULATION OF $MC FACTOR MATRIX - B, C. OURFEE - TCST. CASE

AR e R L e T Tt
R e s T A T T T I LR LI LI ITITTuY



223

N(te..CF. VARLABLES..5=. . 9. .. ..
NO. OF OBSERVATIONS = 504
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CHRRELATION MATRIX (UPPER D]AG. BY ROWS)

RUW K . . . G 1IMNS R VP

1 2 3 4 s 6 7 8 .

1 ol - Lo GUBULUUL - Us S UYYYYS. . 0.48799987. UaS42000410 (1. 80800994 ...0 46409900 0537199908 __ 0.83299489% U, JRNOSG34

2 3 4 5 6 7 8 9
2 1. 00000000  0.4729959%  0.7358599%  0.46197995 0. 42600000 0.436499994 0,36999995 0,41395997
3 “ 5 : 6 7 8 9 . . -
3 1 1.000000U0  0.50399995 0.46199995 U.41799998 0,37199998 0.32999993 0.35399997_ . . _. e
o 5 3 7 8 9
4 1 1.00000000 0.65299998 0.76400000 0.43899995 0.44899994 045499998 o o
5 . P -1 e B - S -
s 1 1.00000000 0.58499998  0.40699997  0.51700000 0.40599996 . e
6 7 8 9 ; T
6 1 1.C0000000 0.37599999 0.37599999 0.45799994 )
7 8 .9 . - .
7 e - 1.000U000Y-— 0, 68599999 - 058899999 - o\ oo _— ——
8 9 T T
8 1 1.00000000 0.53499997 ) ’
9 ..
9 1 1.0004G0000 R
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0.732264668E-02

H

DETERAINANT UF REFL. CURR. MATRIX

VAK . PIVOT ELEMENTS

0.10000000E 01

0.73847902E 00-

0w 68T3685TE 00 oo o cime oo e e
Ge4069BBOBE 00 »
0.52196521E 00

0.33950942E 00

(:.73169041E 0O

0.49552576E 00

L o~NT VDN~

Ca5850BTS3TE. U0« e e v e el e
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VAR. SQUARED MULT. CORR.

1 0.41435224
2 0.63503993
3 0.36317712
4 C.B028E440
5 0.526861715
6 0.67626745
7 — 0.56406623 .. ... .
8 0.5201938T
9 0:.44912457
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TRACF = 5.92499524

FACTGR chOEMVALUE . FTGENYALUE OIFF. - FIGERVALUE SUM PERCENT VARTARCE ITERATIOUNS

1 Geaflas2oY : L 4 nTL432569 T T5.46722412 5
o Je7121228 )
2 V5006005 ) . hW.211%5921 4 88.97203064 ... .. 9 .
: ' . 0437582254 :
3 ‘ Ceul733151 5.59592953 96.13385010 7
o Oelo?35673 .

4 . Ce250568078 ‘ $.95290647 - 100.47100830 5

' T UL l6666302 : ’

5 . 0.095315767 6.04322433 101.99536L33 . .. . .. 8
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1

e632
e 732
«607
«d88
«731
« 160
e 675

2 - 3.

<152 .163
-1l45%5 L4183
« 313 « 130
«318 .000

L) 1 S" T e 163

-.495  .036

eH42 —.460 —.046

fo325 -0088

%4

—. 2689
e lbd
-.223
« 250

.45
-.011
« 304
«037

FACTOR
5

-.049
<060
. €98

-.112

~e (46,
«070

- 040

-.152
175
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MATRIX



FACTOR

29

CHISQ -

451497265625

296.138183%9

162.G376734%5
" 0464752197

23.24096680

DEVIATION .

27.95688466
15.91056633
9.57592583
1.63839436
-1.60838413



FACTOR MATRIX COMM,.

ROW

X ~NOT D WN -

30

BASED ON. 4 SIGNIFICANT FACTORS

COMMUNALTTIES

0.52101928
(76020306
044796360
0.95234269. .. ..
0.61737323
0.80828947
070245718
0462660819
U.521674U3
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FACTOR ANALYSES 1 - CALCULATION OF 3C FACTUR MATRIX - R, C. DURFEE - TEST CASE
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e st e e e em e+ e e o e b e et e e e mmme e e et e e e e



32

_FACTOR MATRIX_ _

el
o!
-

1 2 3 4

|

2626 _=2151  .156_=,249
) 603 =-.084 ,130 -.210
«876 -.303 .009 .204
0726 e 157 -0143 - 162

o761l =4.264 ~.407 L0055

<646 457 -.051 ~-.004

O .M~ O & W N -

631 .306 -.088_ .100 __ . .



33

Factor Analysis II

Input - The input variables read by FACTOR.ANALYSIS II are described in
Table A.6. The sequence in which these variables are read.and the format

by which they are read is.given in Table A.7.

Table A.6 FacﬁorNAnalysis IT Input.Variable Description

Input Variable . Description
1. TITLE , Alphanumeric title identification
2. NVAR . Number of variables
3. NOFACT Number of factors in the unrotated factor matrix
4. FMAT Unrotated factor matrix (from Factor Analysis I)

Table A.7 Factor. Analysis II Input Variable Sequence and Format

Sequence Input Variable FORMAT Statement Used
1. TITLE FORMAT (13A6,A2)
2. ' NVAR, NOFACT FORMAT (2TL )

3. FMAT - A FORMAT (8X,6F12.8)

Output - The output variables printed by FACTOR ANALYSIS II are described
in Table A.8. The sequence in which these variables are printed is given

in Table A.9.
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Table A.8 Factor Analysis II Output Variable Description

OQutput Variable

Description

10.

11.

12.

TITLE

KROW

FCOMM
VCUMM

KTCOL

KVCOL

NOROT -

VARMAT

VTRAN

NOSTRT }
NOSTOP -
N

SSTRAN

Alphanumeric title identification

Indicator of rows reflected in the unrotated factor
matrix

Communalitices of the unrotated factor matrix
Uommunalities of the rotated varimax matrix
Indicator of columns reflected in the rotated varimax
matrix due to a negative first row transformation
element

Indicator of columns reflected in the rotated varimax
matrix due to a negative column sum in the varimax

matrix

Number of rotations for each iteration of the varimax
rotation

Rotated varimex matrix (outputted in numerical order
by loadings)

Varimax transformation matrix

Specification of variable numbers to be used in next
simple structure rotation

Rotated simple structure matrix

Simple structure transformation matrix (will also be
punched out for later use)
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Table A.9 Factor1Ana1ysis IT Output Variable Sequence

Sequence -Qutput Variable
1. TITLE
2. KROW;FCOMM,VCOMM
3. KTCOL, KVbOL |
L, NéROT
5. VARMAT
6. VIRAN
7. NOSTRT ,NOSTOP
| 8. | SSORD |
9. : SSTRAN

Sample Probleﬁ.- Using thé results4fr6m-fhe.sample problém in Faétor
Analysis I we can prepare the input data to Factor Analysis IT given in
Table A.10. The second factor matrix which was computed and punched
' out in'Factor Analysis I is used as input té thié program. Only the
first three significant factors were kept, and the remaining cards were
discarded.

The output from Factor Analysis II is given on pages 37-U45.
By exaﬁining the'varimax t'actor loadiﬁgs we can begin to see which tests‘
make up each of the factors. Variables 1, 2, 3, 4 have fairly high
' loadings on the.first factor; variables 7, 8, 9 have'high loadings on
the second factor; and variables 4, 5, 6 have high loadings on the fhird

factor. By looking at the questions which correspond to each of these



variables, we can identify each of the three factors. The first factor

seems to be verbal ability; the second factor seems to be spatial per-
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ception; and the third factor seems tb be numerical reasoning. Note

that the fourth variable contributes to both verbal ability and numerical
reasoning. Those factor loadings which do not contribute significantly

to a given factor approach zero in the simple structure rotations which

follow the varimax rotation.

Note that the sequence numbers rather than

the variable numbers .are used to specify the variables used on each

successive simple structure rotation.

Table A.10 Factor Analysis II Input Data for Sample Problem

Card No. .123h5678... Column No.
1. FACTOR ANALYSIS ITI - CALCULATION OF VARIMAX AND SIMPLE
STRUCTURE MATRIX - RCD

2. 9 '3

3, 1 0.62642980 0.72937912- 0.603077h1 0.876130L46
0.72580057 0.76098335

L, U.6821hshy  L.BLSYBLUY 0.63L12596

5. 2 -0.15120381 -0.14663714 -0.08351427 -0.30267036
-0.15737027 -0.26391876 :

6. 0.5046831L 0.45681L05 0.30555046

7. 3 0.15558910 0.4068894Lk 0,13039237 0.00908275
-0.14286011 -0.40691626

8.

0.03166087 -0.

05113751 -0.08781397
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FACTOR ANALYSIS 11 - CALCULATIDN OF VARIMAX ANQ SIMPLE STRUCTURE MATRIX - RCD
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FACTuR MaTiiX FACTIF MATRIX VARTMAX MATRIX

Rubw - REFLFCT 4N COMMUNALITIES COMMUNALITIES
1 L Ne43G484T8 D.43948448
2 1 n.T1905524 0.71905476
4 L DLARTETRY2 0.38767874
4 t D.45929626 0.85929549
: 1 0.5T196069 257196045
6 i 0.81432945 0.81432903
7 1 £,72184604 C.72184545
8 1 $.62858933 0.62858880
9 1 C.49938965 ('.49938941

VARTMAX MATRIX COLUMN REFLECTION

o NEGATIVE NEGATIVE L
coL. TRANS. ELEMENT COLUMN SUM
o 1 1
2 1 1
a3 -1 1 .

“ITR. ~ PER ITERATION

HWN —
D= wnN

Figure A.2 (continued)

NUMBER (if ROTATIONS



W N -

TFACTOR -

HO~NO WS

WD N TR~ N

w

«T3T°

052
e 48
e 4?2
.4'-)1

274

.205
«217
«1939

L

L6146

“0354

$705

oW g2

~

t

1

ORDEREN, VAT THAX

~

L7197
.743
. 260
.258
.24l
. 239

.2!)

e
L

-~ @

Ui o= 10 ON

. 812(’?)

S A

.573
280
« 2738
« 194
<183
«135

TRANSFURMATIUN

2

L

¢ 825

TeCT4

«H56
-.441
-.705

FOR NEXT ROTATION
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CMATRIX

MATRIX

_ SEQUENGCE NO.S REMAINING



«6N1
« 341
« 305
«235
+ B9
« 075
000
-.00
=.122

O XN W e

=W 0 XN

SPECIAL SIMPLF

«659
« 517
4la
. 0683
064
<017
<002
-, 004
=,0952

.719
$447
XN
. 169
cla7
.138
. 039
.002
=.038

Ko IRV R (I e N

®x

=~

TRANSFURMATI UGN

...SEQUENCE NO.S REMAINING
FOR NEXT ROTATION

- 9

4 - 9

4o

STRUCTURE

MATRIX

MATRIX




. ROwW_

D
L

—_— 3

R BRCARNSEE Ol

1]

L hTG
e 30k
o340
e 303
S AR
V3G
—e}2¢2
~ei337
- 07Y

T U FACTOR T T

1

2

W

SIMPLE

S AW D e~

N

SEQUFNGE NO.S REMAINING.
FOR NEXT ROTATION

[
%

W

4

N~y 8 W

STRUCTURE

553
« 369
« 340
+« 092
<85
«371
-.303
- BT

—0108

L1

SOTATED

MATREX

CMATRIX

(ITR.=1)
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SIMPLE  STRUCTURE  ROTATED MATRIX. (ITR.=2)

SEC. 1 ) 3
1 2 W607 7 054 A J651
2 1 355 8 610 5 367
3 4 s 341 g 455 4 ¢« 346
4 3,303 03 L0589 L0933
s 5 L1105 % L0853 L JOR?
é 7 .29 I -.C0Y 3 U699
7 9 -.022 2 =006 8 -.002
B 8 - 038 6 - U006 7T -.086
‘g’ 6 =.977 4 =.067 2 =.112

TRANSFORMAT IUN MATRIX
LRow 1 2 3 _
1 .259 256 2240 i
2 -.350 .958 -.44]
- 2 £9uC  —.128 | -.865 . . .
L _ SENUENCE N(.S_REMAINING _
~ FACTOR FOR NEXT ROTATION
1 Ho- 9
2 4 - 9
3 4 - 9
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STMPLE TSTRUCTURE  ROTATED MATRIX  (ITR.=3)

SEQ. 1 2 !

.1:5]1
< 367
« 193 -
032
e 369
- 032
-.086
-.112

2 Wnf7 T 654
1 .355 ALD
4 341 9 L465
CR R L0584
5 L 115 VR
7 .029 -.005
9 -.022 - 006
8 -.038 . 6 -.006
6 = CT7 -.067

Kolits

OO~ D LN e
o
SN S

NN DW= O DT

 TRANSFORMATION MATRIX

ROW . 1 2 3. e

L .259 . .256 - .240

2 © =«380 +958 - =-.441
T .800 -.128 | =.865

R ... .. SEQUENCE NO.S REMAINING _ - ; .
_FACTOR : FOR NEXT ROTATION

[¥¢)
N
!
No)
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.

DX NN D WA —

ROW

" FACTOR

1

<607
«355
«341
«303
«115
«029
-.022
—.3d
"'0377

PN WO o~

SIMPLE

2

« 554
« 610
e 465
« {158
.053
-.005
-+ 306
-. 006
-« 367

N~NXDWe—LCpno

TRANSF

2

.256
.958
128

STRUCTURE

«651
« 367
«336
«093
« 082
<069
-.002
-.086
-.112

ORMATION

3.

240
"01041

_SEQUENCE NU.S REMAINING
FOR NEXT

ROTATION

ROTATED  MATRIX

MATREX ~

(ITRo=4)

— Bie ——



X TD N W~ DN

.L,‘}H
«lC
0393
172
«031

L0035

-. 004
-.031

45

SIMPLE  STRUCTURE ROTATED

654
PRCE RS
o405
« 0538
» G573
-, U5
-. 006
_0006
=4 067

"TRANSFURMATION

rS N O e L

I

S

651
e 367
« 336
(393
<082
.69
-.002
-.086
-e112

MATRIX

MATRIX (ITR.=5)
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Factor Analysis III

Input - The .input variables read by FACTOR ANALYSIS III are described

in Table A.1l.

The sequence in which these variables are read and the

i .
format by which they are read is given in Table A.12.

Table A.11 PFactor Analysis III Input Variable Description

Tnput Variable

Description

L. TITLE
2. NVAR
3. NOFACT
4. FMAT
5. SSTRAN

6. REMAIN CARD

DELETE CARD

WEIGHT CARD

FINISH CARD

Alphanumeric fitle identification

Number of variables

Number of factors in the unrotated factor matrix
Unrotated factor matrix (from Factor Analysis I)
Most recently calculated transformation matrix

Specification card indicating the variables remaining
in the hyperplane for the rotation of that hyperplane

Specification card indicating the variables deleted
from the hyperplane for the rotation of that. hyperplane

Specification card indicating row weights for those
variables remaining in the hyperplane

Specification card indicating end of data
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Table A.12 Factor Analysis. III Input Variable Sequence and Format

Sequence Input Variable: FORMAT Statement Used

1. TITLE FORMAT (13A6,A2)

2. NVAR, NOFACT FORMAT (2T k)

3. FMAT FORMAT (8X,6F12.8)

L, 'SSTRAN B FORMAT (31X,F19.8)

5. . REMAIN CARD FORMAT (See FORTRAN Listing)
DELETE CARD (See FORTRAN Listing)
'WEIGHT CARD | (See FORTRAN Listing)
iFINISH CARD | . | (Seé'FORTRAN.Listing)

For a given factor .a REMAIN CARD or a DELETE CARD may be used,
but not both. See the FORTRAN listing in Appendix B (pp. 81-82) for a
further explanation of the REMAIN, DELETE, WEIGHT, and FINISH CARD

variables. A description of the input card format is.also given there.

Qutput - The output variables printed by FACTOR .ANALYSIS III are described
in Table A.13. The sequence in which these variables are printed is given

in Table A.1k.

Table A.13 Factor Analysis III Output Variable Description

[Output Variable ' Description
1. TITLE Alphanumeric title identification
SSMAT Rotated simple structure matrix (outputted in numerical

order by loadings) .

|3. SSTRAN Simple structure transformation matrix (will also be
punched out for later use)

L. COSMAT Matrix of cosines of angles between reference vectors
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Table A.14 Factor Analysis III Output Variable Sequence

Sequence Output Variable
1. TITLE
2. SSMAT
3. SSTRAN
L, COSMAT

Sample Problem - Using the results from the sample problem in Factor
Analysis I and Factor Analysis II we can prepare the input data to
Factor Analysis III given in Table A.15. We again used the factor
matrix computed and punched out in Factor. Analysis I. The transformation
matrix computed and punched out during the special simple structure
rotation in Factor Analysis IT is used as our initial trial matrix.

The remalning variables were 5, 6, 7, 8, 9 for the first factor; 1, 2,

3, 4, 5, 6 for the second factor; and 1, 2, 3, 7, 8, 9 for the third
factor. Instead of using REMAIN CARDS, we could have used DELETE CARDS

and specified deleted variables 1, 2, 3, 4 for the first factor; 7, 8, 9

for the second factor; and 4, 5, 6 for the third factor. In order to

torce some of the loadings of the remaining variables towards zero, we

used weights as shown by the WEIGHT CARDS.

The output from Factor Analysis IIT is given on pageé 51-52.
We see that a very nice fit has been obtained, with the three factors
previously mentioned now being quite evident. The first factor is a
verbal ability factor; the second is a spatial perception facto£; and

the third is a numerical reasoning factor.
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As a matter of interest, wé also repeated .the whqle fagtor
analysis using four factors instead of three. This was done becaﬁse
Factor Analyéis I suggested that there might pbssibly be fourrfactdrs,
But, we found in Factor Analysis II that the last twé factors convergea

to the same factor, thus yielding a three factor result.
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Table A.15 Factor Analysis III Input Data for. Sample Problem

Card No. 12345678... Column No.
1. FACTOR ANALYSIS III - CALCULATION OF SIMPLE STRUCTURE MATRIX -
R. C. DURFEE
R
1 0.626L42980 0.72937912 0.60307741 0.876130L6
' . 0.72580057 0.76098335 .
U 0.682743L9  0.64598L05 0.63112396
5. 2 -0.15120381 -0.1L6637Lh -0.08351427 -0.30267036
o 5041573702540, 26391876 .
0.50468314 0.45681405 0.30555046
3 0.15558910 0.h10688944 0.13039237 0.00908275
T =0.14286011 -0.L40691626
0.03166087 -0.05113751 -0.08781397
1 1 0.37549055
10. 1 2 0.27023143
11 1 p 0.34779316
12. 2 1 " =0.51528352
13. 2 2 0.95063615
14, 2 3 -0.49506676
15. 3 1 0.77038342
16. 3 2 -0.15253228
17. 3 3 -0.79621.029
18. REMAIN 1 5 ***%x 56 79 8
19. WEIGHT 1 3 *%%* 5 3.0 6 2.5 8 2.0
20. REMAIN 2 6 **%¥% 5 3 61 2 4
21. REMAIN 3 6 **%% 1 398 2 7
22, WEIGHT 3 L4 *%%% 2 2.0 9 1.7 7 1.5 11.5
2%, FINISH
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FALTUR ANALYSIS TIT ~ CALCULATIEN OF SIMPLF STRUCTURE MATRIX - R; C. DURFEEL
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e e e oSIMPLE | STRUCTURE  ROTATED  MATRIX e e o .
TTTsEQ. 1 2 3 o T T T e
T ],. o '2 . ..S.G 2 ‘ -7‘ ' HH4 b o 664 ) ) ) ) T T
2 W33 B WA10 0 5 0382 e - — —
3 ,'f 03.'54 q o‘f(}h ‘0‘ .362
e 4 3 e 299 3 L0058 1 <102 _ o L _ o
5 5 « 109 5 .0953 9 «CG1
I -3 7 <025 1 -.005 3 045 - ~ . . L. e
7 9 -,027 & -.006 8 -,009
B B =043 2 -.006 2 -.084 e R -
9 6 =, 084 4 =,086T T —092
T T T T T T U TRANSFORMATION  MATRIX T - -
ROW SN S A SO I R,
1 L2252 256 257 . oo e i s e
2 ~+349 «958 -o477 ' T
3 ..s903 Te129  z.841 — — —
e e . GOSINE__ MATRIX e e e e e
T T T e ey S e e o e e s e e e e
1 1.00¢  -.386  -.528 T T B T
2. . ___-e386_ 1,000  _=-.283 - _
3 -.528 -«283 1.0GC0
e e = e — - _ - - - — e e
e e . F_l't} A.a (Coa*\."nucel)-.‘ e e e N - e e e
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Appendix B

FORTRAN LIST OF THE CODES

,Factor‘Analysis I Computer Program
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I FACTOR ANALYSIS I
c THIS PROGRAM COMPUTES AN UNROTATED FACTOR MATRIX
C SPONSOR - DR. CURETON
c PROGRAMMFR ~ RICHARD C. DURFEE
C THIS PROGRAM CONSISTS OF THREE SECTIONS
C 1. CORRELATIUN MATRIX FROM RAW SCORE MATRIX
C 2. HORST PRINCIPAL AXIS FACTOR MATRIX FROM CORRELATION MATRIX
c 3. BARGMANN TIFST FOR NUMBER OF SIGNIFICANT FACTORS
c NV AR = NUMRBRER OF VARIABLES
c NOBS = NUMBER (OF OBSERVATIONS
- C SCORE = RAW SCORE MATRIX
o AVG = MEAN FOR EACH VARTABLE
C SIGMA = STANDARD DEVIATION FOR EACH VARIABRLE
c R = CORRELATION MATRIX
C RINV = INVFRSF NF THE CORRELATINON MATRIY
c DETR = DETERMINANT OF THE CORRELATION MATRIX
¢ PIVAOT = PIVOT FLEMENTS USED IN INVERSION OF CORRELATION MATRIX
c SMC = SQUARED MULTIPLE CORRELATIONS
_C  _ TRACE = SUM OF DIAGONAL ELEMENTS OF THE CORRELATION MATRIX i
c CUMM = CUMMUNALITIES
€ NOEXT = NUMBER OF FACTORS TO RE EXTRACTED FROM THE CORR&LATION MATRIX
c EIGVAL = EIGENVALUES
__C_ FMAT = FACTOR MATRIX = MATRIX OF EIGENVECTORS
o NOFACT = NUMBER OF FACTORS IN THE FACTOR MATRIX
€ EVSUM = SUM OF EIGENVALUES _
c EVDIFF = DIFFERENCE OF CONSECUTIVE EIGENVALUES
_C PERCT = PERCENTAGE OF TRACE FACTORED BY EACH SUCCESSIVE FACTOR
c DF = DEGREES UF FREEDOM )
¢ "CHISO = CHI SQUARED o o o
c DEV = DEVIATION: T
_.Cc_ NFCOMM = NUMBER OF FACTORS USED IN CALCULATING COMMUNALITY ESTIMATES _
c NOSIG = NUMBER OF SIGNIFICANT FACTORS
C TITLE = ALPHANUMERIC TITLE IDENTIFICATION
c LOGICAL TAPE UNIT L1 IS USED FOR STORING R AND RINV -
C THE SENSE SWITCH DEFINITIONS ARE o
(C % 23 o £ ade 2l ¥ e 3 o 3k gk o
C _SS1 = 1 TO COMPUTE A CORRELATION MATRIX FROM AN INPUTTED RAW SCORE MATRIX
c SS1 = 2 TO USE AN INPUTTFD CORRELATION MATRIX (PREVIOUSLY CALCULATED) '~
C EY/ S Y. W58 ¥
c $82 = 1 TU COMPUTE ESTIMATED COMMUNALITIES FROM SMC VALUES FOR R DIAGONAL
c $$S2 = 2 TO USE INPUTTED COMMUNALITY ESTIMATES ON DIAGONAL 0OF R
[ 2 122 -3 -5 .53 23233

. DIMENSIUN R(100,100),RINV(100,100),FMAT(100,21),AVG(100),
1SIGMA(TI00)4SMC(100),COMM(100),EIGVAL(21),EVSUM(21),EVDIFF{21),
2PERCT(21)yNUITR(21)4CHISQU21)4DEVI21)yTITLE(14),KR{100),S5(1001,
3AVEC(100),BVEC(10N),¥(21,21),PIVOT(100)

EQUIVALENCE (R,RINV)

INTEGER $514852

DOUBLE PRECISION TITLE

150 t1l=1

REWEIND L1
C*e#xx%xREGIN INPUT

CALL INFAL(TITLE,SS1,SS2,NVARNOBS,NUEXT yRyAVG,COMM,NFCOMM)
C 1F A RAW SCORE MATRIX IS INPUTTED, R [S THE CRUOSS=PRODUCT MATRIX AND
o AVG IS THE SUM OF ORSERVATIONS FOR FACH VARIABLE (AT THIS POINT)
Cx¥x&%END INPUT ‘ a
[ 222 32 s e e e L E 2 R Y R 2 R L R L R Ly
Ce%xx«BEGIN SECTION 1 ~ CURRELATION MATRIX FROM RAW SCORE MATRIX
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ST1ZE=NOBS | , ' , L

IF(SS1l .EQ. 2) GO TU &
1 DO 2 I=1,NVAR .
AVG{T)Y=AVG(1)/S1ZE
2 SIGMA(T)=S OQT((R(I'I)-SIZE*AVG(I)*AVG(I))/(SIZE 1.00)

DO 3 I=1,NVAR
DO 3 J=1,NVAR
3 RETyJ)=(R(ToJ)=STZEXAVGIT)AVG(I) ) /((STZE-1.Q)*SIGMA{ [V *SIGMA(J))
Cxx&x%END SECTION 1 - CORRELATION MATRIX FROM RAW SCURE MATRIX
2T TS RS s Ry I e R R R i R S L gk kX *t*#******#*#
C##%«#BEGIN SECTION 2 - PRINCIPAL AXIS FACTOR MATRIX FROM CORRELATION MATRIX _ _
C##xx#BEGIN REFLECTION UF CORRELATION MATRIX
4 NO 5 [=1,NVAR
KR(I)=1
5  R(I,1)=0.
6 IMIN=0
SMIN=0. _ : : : L
DO 9 I=1,NVAR
S(1)=0.
DO 7 J=1,NVAR
T SUI)=S{IN+R(I,J) : ' L
IF(S(I) .GE. SMIN) GO TO 9 :

.8 SMIN=S(I) - _ e
IMIN=1 _ . 4
9.  CONTINUE - | : o N

IF(IMIN .EQ. O) GO TO 12 ‘ A .
10 . KROIMIN)=-KR(IMIN) . . . L.
DO 11 I=1,NVAR ’ .
e RUIMINgI)=-R(IMIN,T) ' L 2 e
11 R{I,IMIN)=-R{I,IMIN) S : . :

.._..60 10 _6 .

12 DO 121 I=1,NVAR
121  R{I,I)=1.0

C#xs%xEND REFLECTION OF CORRELATION MATRIX
__ C#s##4BEGIN INVERSION OF CORRELATION MATRIX
WRITE(LL) ((R(T,J),J=1,NVAR),I=1,NVAR)
DETR=1.0 ‘
DO 16 K=1,NVAR
COM=RINV(K,K)
IF(ABS(COM) LT, 1.E-35) COM=],E-]10
PIVOT(K)=COM
NETR=DETR*COM
CRINV(KyK)=1,
DO 13 J=1,NVAR
13 RINV(K,J)=RINVIK,J)/COM
DO 16 I=1,NVAR
IF(I .EQ. K) GO TO 16
14  COM=RINVII;K)
RINV(I,K)=0.
DO 15 J=1,NVAR
15 RINV(I,J)=RINVII,J)-COMERINVIK,J)
16 CONTINUE
WRITE(LT) ((RINVII,J),J=1,NVAR),1=14NVAR)
REWIND L1
CesxxxEND INVERSION OF CORKELATIGN MATRIX
CxexxxBEGIN CALCULATION OF SMC VALUES
DO 17 I=1:NVAR
17 SMCUI)=1.0-(1.0/RINV(I,1))
Ceskx«END CALCULATION OF SMC VALUES
Cx##¥xxBEGIN READ IN OF CURRELATION MATRIX FROM LOGICAL TAPE L1
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READI(LLY ((R(T4J)4J=[4NVAR),I=1,NVAR)
DO 18 [=1,NVAR
DO 18 J=1,NVAR
18 R{Jy 1) =R{T,d)
C¥#x&*xEND READ IN OF CORRELATION MATRIX FROM LOGICAL TAPE L1
Cx#k=#BEGIN CALCULATION OF ESTIMATED COMMUNALITIES FROM SMC VALUES
IF(SS2 EQ. 2) GO TO 27
SUMSMC=0.
SUMR=0.,
DO 24 I=1,NVAR
SUMSMC =SUMSMC +SMC{ )
R(I,[)=0.
RMAX=0,
DO 23 J=1,NVAR
IF(RMAX GE. ABS(R(I,J))) GO TO 23
RMAX=ABS(RULyJ 1))
23 . CONTINUE
24 SUMR=SUMR+RMAX
CONS=SUMR/SUMSMC
25 DO 26 1=1,NVAR
26 COMM(I)=SMC(I)*CONS
Coxxx*END CALCULATION OF ESTIMATED COMMUNALITIES FROM SMC VALUES.
 CHxx%%BEGIN CALCULATION OF TRACE
27 TRACE=0,
DO 28 I=1,NVAR"
28 TRACE=TRACE+COMM(1I)
_C*3=x#END CALCULATION OF TRACE
TCx%%%&BEGIN CALCULAYION OF EIGENVALUES AND CORRESPONDING FACTOR MATRIX
CALL SUBFM(NVAR,NOEXT,COMM,R,EIGVALEVDIFF,EVSUM,PERCT,NOITR, FMAT)
‘Co*x¢%END CALCULATION OF EIGENVALUES AND CORRESPONDING FACTOR MATRIX
Cx*x%«END SECTION 2 - PRINCIPAL AXIS FACTOR MATRIX FROM CORRELATION MATRIX
(C % e ol 2 e e 2 o o o 3 oo e kol e s e e e ke **#*******#t***##*#**#*#****#*##*#***#t#*##*##t#**#t#@
___C*sx%%xBEGIN SECTION 3 - BARGMANN TEST FOR NUMBER OF SIGNIFICANT FACTORS
READ(LL) ((RINV(I,J),J=1,NVAR),I=1,NVAR) T
___ REWIND 1
DO 29 T=1,NVAR - .
DO 29 J=I,NVAR
29 RINV(JyI)=RINV{I,J)
NOFACT=NOEXT
DO 32 ICOL=1,NOFACT
D0 30 I=1,NVAR
BVEC({I)1=0.
DO 30 J=1,NVAR
30 BVEC(I)=BVEC(I)+RINVII 4J)*FMAT(J,ICOL)
DO 31 IROW=1,NOFACT
Y{IROW, ICOL)=0.
DO 31 L=1.NVAR
31 Y{IROW, ICOL)= Y([RUW'ICOL)+FMAT(L'IROH)*BVEC(L)
32 CUNT INUF
DO 33 I=1,NJIFACT
DO 33 J=1,NOFACT
Y(1,J)==Y(1,J)
33 TF(] EQe J) Y(I,J)=1. 0+Y(I.J)
AVEC(1)=Y{1,1)
DO 37 K=1,NUFACT
IF(K .EQ. 1) GO TO 34
AVECIK)=AVEC(K-1)*Y(K,K)
34 JSET=K+1
IF(JSET .GT. NOFACT) GO TO 37
DO 35 J=JSET,NOFACT
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36

38

o7

BVEC({J)=Y(KyJ)/Y(K,K)

DO 36 1=J4SET,NOFACT

DO 36 J=1,NOFACT
Y(Lad)=Y(14J)-Y(K,I)%BVEC(S)
CONTINUE

VARNUG=NVAR

 H=SIZE-(2.C*VARNU~11.0)/6.0

DF=VARNO*¥(VARNG-1.0}/2.0
[FIDETR .EQ. O.) DETR=1.E-10C
TLOGR=ALOG(ABS(DETR})

- ROOT=SQRT(2.0%DF-1.0}

DEVTOL=1.960 .
DEVTOL IS THE CONFTDENCE LEVEL USED IN CHOOSING THE SIGNIFICANT FACTORS

DO 38-1=1,NVAR

COMM(T1=0. A . o
NOSIG=0 »

DO 40 K=1,NOFACT

FK=K

GK=0.

BK=H-FK .

DO 39 I=1,NVAR o

T COMMUT)=COMMU T )4+FMAT(T,K ) #%2
_COMM1=1.0-COMM( ) _ o e

"IF(COMM1 .EQ. 0.) COMMl=1.0E-10
GK=GK+ALOG(ABS(COMM1)}

40

L IF(AVEC{K) +EQe Oo) AVECIK)=1.0£-10

AVEC(K)=ABS(AVEC(K))

“CHISQ(K)=BK*(GK-ALOG(AVEC(K))-TLOGR)
DEV(K)=SQRT(ABS(2.*CHISQ(K)))-ROOT

IF((DEV(K) .LT. DEVTOL) .AND. (NOSIG «EQ. 0)) NUSIG=K

CONTINUE - S

C*#x%%BEGIN COMMUNALITY CALCULATION FROM SIGNIFICANT FACTORS®
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Cx#x#*xEND COMMUNALITY CALCULATION FROM SIGNIFICANT FACTORS
C*xx¥%END SECTION 3 - BARGMANN TEST FOR NUMBER 0OF SIGNIFICANTY FACTORS

_IF(NFCOMM .NE. 0) NOSIG=NFCOMM o . o
DO 41 I=1,NVAR ' :

COMM(T1)=0,

PO 41 J=1,NDSIG

COMM(T)=COMM( T)+FMAT(1,J)%%2

"c###*#***t*t*4##¢*tt**t*#************#****t#**a*****:*****#***#**********t*t**#*

C**x%%xBEGIN OUTPUT

42

43
44

READ(L1) ((RUI4J)eJ=I4NVAR),I=1,NVAR)
DD 42 1=1,NVAR

DO 42 J=1,NVAR

R(Jyl,=R(IyJ)

DO 44 [=1,NVAR

IF(KRIT) EQ. (+1)) GO TO 44

DO 43 J=1,NVAR

R{lyJ)==R(I,J)

RidgI)==R{Js1)

CONTINUE

CALL CUTFAI(TITLE,SS14SS2yNVARNUBSyNOFACTyNOSIG+AVG,SIGMA,KR 4R,
1DETR, PIVOT,SMC, TRACE, EIGVALHZEVDIFF,EVSUM, PERCT,NOTI TR, CHISQ,DEV:
2FMAT, COMM)

CxexxxEND DUTPUT

60 TO 150
FND



SUBRDUTINE SUBFM(NVAR yNOEXT,COMMyR,ETIGVAL,EVDIFF,EVSUM,PERCT,

INOI TR, FMAT)

THIS SUBROUTINE CALCULATES THE EIGENVALUFS AND FACTOR MATRIX FROM THE
CORRELATIGON MATRIX GIVEN

DIMENSTON COMM(100),R(100,1CG0),EIGVAL{21),EVDIFF{21),EVSUM(21),
1PERCT(21)4,NOITR{21L),FMAT(100, ?1),AVEC(100).BVFC(100)

SUMCOM=0.

DO 1 I=1,NVAR

SUMCOM=SUMCOM+COMMI(T)

VARNO=NVAR

EPSLON=.0001

EPSLON IS THE TOLERANCE USED IN CUOMPARING CONSECUTIVE EIGENVALUES
DN 16 L=1,NOEXT

NOITR(L)=0

RMAX =0

IMAX=0,

DO 5 I=1,NVAR

R(Iy1)=0.

SUMR=0.

DO 2 J=1,NVAR
SUMR=SUMR+ABS{R(I,4))
'SUMR=SUMR/ (2.0%VARNO~-1.0)
IFICUOMM(TI) .GE. SUMR) GO TO 3
R{TI,I})=SUMR

GO TO 4

R(I,1)= COMM(T)

IF(RMAX .GE. R(IL,I))} GO TO 5
RMAX=R({I,41)

IMAK=T

CONTINUE

_EIG=SQRT{RMAX)

DO 6 I=1,NVAR

CAVEC(I)=R{I,IMAX)/EIG
CLAST=CIG
NUITRIL)I=NOTITR(L)+1
SUMAB=0.

DO 9 [=1,NVAR
BVEC(I)=0.

DO 8 J=19yNVAR
BVEC{I)=BVEC(I)+R(1, J)*AVEC(J)
SUMAB= SyMA5+BVEL(l)#AVEC(I)
SUMAB=ABS (SUMAB)
EIG=SQRT(SUMAB)

DO 10 I=1,NVAR
AVECG(I)-BVEG(I}/EIG
IF(ABS(EIG-ELAST) .GT, EPSLON) GO TO 7
EIGVAL(L)=EIG

IF(L .6T. 1) GO TO 11
EVSUM(L)=EIG

EVDIFF(L)=0.

GO YO 12

EVSUM(L )=EVSUM(L-1)+EIGVALI(L)
EVDIFF(L)=FIGVAL(L-1)-ETIGVALI{L)
PERCT{(L)=(EVSUM{L)/SUMCOM)*100.
DO 13 I=1,NVAR
FMAT(1,L)=AVEC(I)

IF(L .EQe NOEXT) GO TO 16

DU 15 1=1,NVAR



14
15
16

DO 14 J=1,NVAR
ROI,J)I=R(1,J)-AVE
COMMUT)=R(I,1) -
CUNT INUE

RETURN

- END

C{I)*AVEC(J)

59
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E INFAI(T[TLE'SSI,SSZ,NVAR'NOBS,NUEXT,R,AVC,CUMM,NFCDMM)

SUBROUT IN
C THIS SUBROUTINE READS AND SUPPLIES ALL INPUT REQUIRED IN FACTOR ANALYSIS I
C. SPONSOR — DR. CURETON o o
C PROGRAMMER - RICHARD Ce. DURFEE :
C TITLE = ALPHANUMERIC TITLE IDENTIFICATION
C NVAR = NUMBER OF VARIABLES
c NOBS = NUMBER NF NDBSERVATIONS , ) o
C NGEXT = NUMBER OF FACTORS T0 BE EXTRACTED FROM THE CURRELATION MATRIX
c FMTX = INPUT FORMAT STATEMENT UNDER WHICH RAW SCORE MATRIX IS READ
c SCORF = RAW SCMHRE MATRIX
c FMTR = INPUT FORMAY STATEMENT UNDER WHICH CORRELATION MATRIX IS READ.
c R = CORRELATION MATRIX
Ke FMTC = INPUT FORMAT STATEMENT UNDER WHICH COMMUNALITIES ARE READ
c COMM = COMMUNALITIES .
. C NFCOMM = NO. OF FACTURS IN FACTOR MATRIX (FROM WHICH COMM ARE COMPUTED)
C EMAT = FACTOR MATRIX FROM WHICH COMMUNALITIES ARE COMPUTED
C THE SENSE SWITCH DEFINITIONS ARE B
(o 22 3 23232 35323 34
€. ___SS1 = 1 TO READ IN A RAW SCORE MATRIX(NOBS,NVAR) - READ BY ROWS
c SS1 = 2 TO READ IN A CORRELATION MATRIX{NVAR,NVAR) - UPPER DIAGONAL BY ROW
[of **#**##** ) L . e
c S$S2 =71 TO READ NO COMMUNALITIES BUT USE COMPUTED SMC VALUES TNSTEAD
_ €. ..S52 = 2 TO READ COMMUNALITVIES THEMSELVES - FMTC FORMAT READ AND USED ALSO
c $S2 = 3 TO READ A FACTOR MATRIX FROM WHICH COMMUNALITIES ARE COMPUTED R
___._-C**‘.‘.***\******** T
o INPUT CONSISTS OF
c
C VARITABLES FORMAY -
[of .
c l. TITLE - FORMAT(13AGyA2)
N 2. $S1,552 o . = FORMAT(212) -
I 3. NVAR,NOBS,NOEXT - FORMAT(314)
[ 4. FMTX (IF S$S1=1) OR FMTR (IF $S1=2) - FORMAT(18A4)
C Y. SFNRF {IF SS1=1) OR R {IF 551=2) = FMTX OR FMTR
C 6. FMTC (IF S$SS2=2) OR NFCGMM (IF S$S2=3) - FURMAT(18A4) OR (14)
c 7. COMM (IF S$$2=2) OR FMAT (IF $S2=3) -~ FMTC OR FORMAT(105)
C .
DIMENSTION TITLE{14),FMTX(18),SCORE(100),FMTR(18),R(100,100), o T
i LFMTC(12),COMM(100),FMAT(100),AVG(100)
INTFGFR SS15552
) DOUBLE PRECISION TITLE
READ 100, (TITLELTI},I=1,14)
100 FORMAT(13A64A2)
READ 101.551,5§82 ) -
101 FORMAT(212)
READ 102y NVARyNUBS yNUEXT
102 FORMAT(314)
IF(SS] +EQa 1) READ 103,(FMTX(I),1=1,18)
o $TF(SS1 JEQ. 1) READ 103,(FMTX(I),1=1,12)
IF(S5S] .EQ. 2) READ 103,(FMTR(I),1=1,18)
C $IF(SS] +EQs 2) RCAD 1034 (FMTR(TI),I=1,12)
103 FORMAT(18A4) -
C103 $FORMAT(12A6)

IF(SS1 EQ. 2) GO TO 3

DO 1 I=1,
AVG{1)=0.
DO 1 Jd=1,
R(IpJ"—'O.

NVAR

NVAR
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DU 2 L=1,NUBS

READ FMTX, (SCORE{I},1I=1,NVAR)
D3 2 I=1,NVAR

AVG{ I)=AVG(I)+SCORE(T)

DO 2 J=1,NVAR
RUT4J)=R(TI,J)+SCORE(T)*SCORE(J)
GO TO 6

DO 4 I=1,NVAR

READ FMTR,(R(1,J)eJ=1,NVAR)
DO 5 I=14,NVAR

NG 5 J=I1,NVAR

R{Jy II=R(I4J)

NFCOMM=0

[F(SS2 .EQ. 1) GO TO 10

IF(SS2 .ED. 2) READ 103,(FMTC(I),1=1,18)
$1F(SS2 .EQ. 2) READ 103,(FMTC(I),1=1,412)

IF(SS2 .EQ. 3) READ 104,NFCOMM
FORMAT( 14)

IF(SS2 .EQe 2) READ FMTC,{COMM(I),I=1,NVAR)

[IF(SS2 .EQ. 3) GO TO 7
GO 1O 10 .

582=2 .

DO 8 I=1,NVAR_
COMM(T)=0.

. DO 9 L=1,NFCOMM

READ 1054 LDUM) (FMAT(I),1=1,NVAR)

FORMAT (2X313,3X,6F12.8/(8X,6F12.8))

DO 9 I=1,NVAR A
CCOMM{T)=COMM( 1) +FMAT( ] )%%2
RETURN

.END
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SUBRQUTINE QUTFAL(TITLE,SS1+SS2yNVARNCGBS,NUFACTNOSIG,AVG,SIGMA,
1KR 4R, DETR, PIVGT ,SMC, TRACE, EIGVALyEVDIFF,EVSUM,PERCT NOITR,CHISQ,
2DEV, FMAT,COMM) , _

THIS SUBROUTINE PRINTS AND PUNCHES THE QUTPUT FROM FACTOR ANALYSIS 1

DIMENSION R(100,100),FMAT(1CC,21),AVG(100),SIGMA{1G0),SMC(100},
1COMM(100),EIGVAL(21) 4, EVSUM(21),EVDIFF(21),PERCT(21),NOITR(21),
2CHISQ(21),DEV(21) s TITLE(14) ,KR(LGO) 4AST(60},10UT(3,21),TSIGN(21),
APTVOT(100) ‘

INTEGER $51,S52

DOUBLFE PRECTSION TITLE,AST

c $00UBLE PRECISION TITLE
) DATA AST/60%6HERx kx4 /

DATA PLUS, TMINUS/2H «y2H-./
PRINT 100y (ASTUI) ¢I=1444) o (TITLELT) +I=1414),(AST(I), 151 ,44)
100 FORMAT(LHL/LIHT/1H2,2(21A6,A5/1X)/26X+113A6482//71X,2(21A6,A5/1X))
: PRINT 101,NVAR,NUBS
101 FORMAT(1HL1,21X,19HNO. OF VARIABLES = ,13/22X,22HND. UF OBSERVATION
1S = ,14//) oo

 _IF(SS1 .EQ. 1) PRINT 102,(1,AVG(I),SIGMA(T),I=1,NVAR)

102 FORMAT(16Xy8HVAR . Ny 6Xy4HMEAN, BX, 9HSTO. DEV.//(19X,13,F16.8,

1F15.8)) . ,

"~ PRINT 103 ~

103 FORMAT(1H1,40X,40HCORRELATION MATRIX (UPPER DIAG. BY ROWS)//1X,

T T 13HROW 33X s 1HK 47Xy THCOLUMNS/ )

_IF(ISS1l .EQ. 1) JAND. (SS2 <EQ. 1)) PUNCH 104,(AST(I),I=1,8)
77104 FORMAT(3A6,A2,40HCORRELATION MATRIX (UPPER DIAG. BY ROWS),3A6,A2)

DO 3 I=1,NVAR

R{I,I1)=1.0 :

_IF{{(NVAR-I)-9) .GE. 0) GO TO 1 : &

o]

T10=NVAR
......60 TO0 2
1 110=1+9
2 PRINT 1059(KK=T,T10)
105 FORMAT(//6X%X,10112)
A PRINT 1064I,KRUI)(R{I,4)3J=T,NVAR)
106 FORMAT(/1X,13,14,2X,10F12.8/(10X,10F12.8})
 IF((SSl .EQ. 1) .AND. {SS2 +EQ. 1)) PUNCH 107,1,(R(I,J)yJ=1,NVAR)
107 FORMAT(2X,I13,3X,6F12.8/(8X,6F12.8}) ’
3 CONTINUE
PRINT 10B,DETR,(I1,PIVOT(I),I=1,NVAR)
108 FORMAT(1H1,20X,36HDETERMINANT OF REFL. CORR. MATRIX = ,E17.9////
11X926X34HVAR &, 7TX, 1 SHPIVOT ELEMENTS//(1X,129,£23.81)) o T
N IF(SS2 .EQ. 1) PRINT 109,(I,SMC{I)},I=1,NVAR) )
109 FORMAT(1HL,26X,4HVAR.,5Xs19HSOUARED MULT. CORR.//(1X,129,F20.8))
PRINT 110, TRACE '
110 FORMAT(1Hl,24X, IHTRACE =,Fi9.8)
PRINT 111
111 FORMAT(//5X,6HFACTORy5X, IOHE IGENVALUE 5Xy 16HEIGENVALUE DIFF,.,5X,
114HEIGENVALUE SUM, 3X, l6HPERCENT VARTANCE5X,10HITERATIONS/ /)
DO 5 I=1,NUFACT
IF(T .EQs 1) GO TO 4
PRINT 112,FVDIFF(I)
112 FORMAT(27X,F15.8)

4 PRINT 113, 1,5IGVALLT)EVSUM(T)PERCTUII)ZNOITR(T)
113 FORMAT(LX4194F17.8,17X42F19.8,114)
5 CONTINUE

PRINT 114, (K,CHISQ(K)DEV(K),K=1,NOFACT)
114 FOPMAT(1HL,19Xs6HFACTOR,, 7X4SHCHISO 10X, 9HDEVIATION//(1X,119,F18.8,
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1F16.8)) _ 4 g .

PRINT 115,(L,L=1,NOFACT) ' :
115 FORMAT(1HL,28X,14HFACTOR MATRIX/1X,3HROW/3X,9(5Xs11)412(4X,12))

PRINT 120 :

PUNCH 1164 (AST(I)y[=1,12)
116 FORMAT(546,A3,14HFACTOR MATRIX,5A6,A3)

DO 6 J=1,NUFACT
6 PUNCH 117¢Jy (FMAT(I4d )y 1=1,NVAR)
117 FORMAT(2X,13,3X,6F12.8/18X,6F12.8))

PO 9 [=1,NVAR

PO 9 J=1,NOFACT

IF(EMAT(1,J)) 7,9,8

T FMAT{I,J)=FMAT(I,J)-.0005
GO TO 9

8 FMAT(I,J)=FMAT(I,J)+.0005
9 CONT INUE

DO 13 I=1,NVAR ‘ , ) R
. DO 12 J=1,NOFACT ' : .
IF(FMAT(I,J) .GF. 0.) GO TO 10
FTSIGN(J)I=TMINUS
e, GO TO 1M e . C e -
10 TSIGN(J)=PLUS
11 ABSFT=ABS(FMAT(I,J))
I0UT(1,J)=ABSFT*10.
I0UT(2,J)=ABSFT*100.-FLOAT(I0UT{1,J4))%10,. o
I0UT(3, J)—AHSFT*]OOO.-FLUAT(lOUT(lyJ))*lOO.*FLOAT(IOUT(Z'J))*IO.

13 PRINT 118, T,(TSIGN(J), (I0UT(K,J)K=1,3),4=1,NOFACT)
118 FORMAT(1X,13,21(1X,A2,311)) o , _ o
PRINT 119,NOSIG, (I,COMM{I),I=1,NVAR): :
119 FORMAT(1H1,15X,28HFACTOR MATRIX COMM. BASED ON, 13,204 SIGNIFICANT
LFACTORS///28Xy3HROW,8X,13HCOMMUNALITIES//(1X,130,F19.8))

1z . CONTINUE , . e e e e

_ 120 FORMAT(1X) . . , e

RETURN
END U “ . .o . . T T S R . . . e A U U
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C FACTUOR ANALYSIS 11 ]
o THIS PRUGRAM CUMPUTES A VARIMAX MATRIX AND SIMPLE STRUCTURE MATRICES
c serwsna - Dik. CURFTON . .
o ROGRAMMER - QICHARD C. DURFEE
_C_ THIS PROGRAM COMSISTS OF THREF SECTIUNS i o
C 1. VARIMAX (ORTHOGGNAL) RQTATION OF REDUCED FACTOR MATRIX
- C 2. SPECIAL STMPLE STRUCTURE (0OBLIQUE) WEIGHTED ROTATION i i
C OF REDUCED FACTOR MATRIX
__C_ 3. FIVE SIMPLE STRUCTURE (OBLIQUE) ROTATIONS OF REDUCED
C FACTOR MATRIX
€ NVAR = NUMBEK OF VARIAGLES (VARIABLE NUMBER = RUW NUMBER) L
C NUFACT = NUMBER OF FACTORS IN THE REDUCED FACTOR MATRTX
__C __ﬁyAT <,= REDUCED FACTOR MATRIX FROM FACTOR ANALYSIS I e
c FCOM = FACTOR MATRIX COMMUNALITIES
€ VARM AT = UNORDFRED VARIMAX MATRIX o i o
c VCOMM = VARIMAX MATRIX COMMUNALITIES
€ VARDRD = NUMFRICALLY ORDERED VARIMAX MATRIX e
C VIRAN ~ = VARIMAX TRANSFORMATION MATRIX (ROTATED MATRTIX = FMAT * TRAN)
C____SSMAT = UNURDERED SIMPLF STRUCTURE ROUTATED MATRIX o
[d SSORD = NUMERICALLY ORDERED SIMPLE STRUCTURE ROTATED MATRIX ‘
€ SSTRAN = SIMPLE STRUCTURE TRANSFORMATION MATRIX -
C MINDEX = REQRDERED VARIABLE NUMBERS OF THE ORDERED VARTMAX MATRIX
€ INDEX _= REORDERED VARIABLE NUMBERS OF THE ORDERED SIMPLE STRUCTURE MATRIX
C "TTTTANGTOL = ANGLE TOLERANCE = 174 DEGREE = L0043833231 RADTANS
C  _TITLE = ALPHANUMERIC TITLE IDENTIFICATION ) o
C HICUT = HIGH CUTTING POINT (ALL FACTOR LGADINGS .GT. HICUT ARE DELETED)
C BLOCUT = LOW CUTTING POINT (ALL FACTOR LOADINGS .LT. BLOCUT ARE DELETED)
C NOSTRT = VARIABLE NUMBER OF LARGEST LOADING REMAINING IN HYPERPLANE
C _NOSTOP_= VARIABLE NUMBER OF SMALLEST LOADING REMAINING IN HYPERPLANE
c NOIN = TOTAL NUMBER OF ROWS REMAINING IN HYPERPLANE FOR EACH FACTOR
€ INRDWS = ROW NUMBERS OF FACTOR LOADINGS REMAINING IN HYPERPLANE
o WEIGHT = ROW WEIGHTS FOR EACH OF THE INROWS ToTUUTTELOTT
___C_____DMAT = SUBSET OF FACTOR MATRIX ({COMPDSED OF REMAINING INROWS)
C INPUT CONSISTS OF o T
C .
e - SRR IARCES T T T UTRBRMATTC et e et e,
C
c 1. TITLE - FORMAT(13A6,A2) R T T
€ 2. NVAR,NOFACT -~ FORMAT(214)
c 3. FMAT - CFORMAT(1GSYy T T T T e
C .

TDTHMENSTON
1VARORN( 15
2SSTRAN( 14,
ANOROT(50)
4NOTIN(14),1
DOUBLE PR
TECR e RBEGIN INP
150 READ 190,

TT1007 FORMAT(13
L READ 101,
101  FORMAT(?1
o DO 1 L=1,
1 READ 102,

102 FORMAT(2X

Ckukx NI INPUT
% ek 3 ok A e o e e

TCEuRkx%BEGIN SEC

FMATL100,14) FCOMMI100), VARMATT100, 149 VEOMM(IOG) "~ 77 77 777~
0+114),YVTRAN{14,14),SSMAT(100,14}), SSORD(IOO;I‘&)!
14)yTITLF(14’vKKU!~(ICO),KVCUL(I‘O),KTCl]L([‘f),
yH(l’)O’ylNi)FX(lﬂu,l")vHIHCUT(14),NUSTRT(I‘?),NUSTOP(I‘Q,'
NROWS (100, 1‘0)'WFI(}HT(1LO'1’0)'MINDEX(1K0114)

f_r[QIUN T[TLE

urv

(TlTLf‘([),I—lyl‘r)

I\() A2)

NVAR,NGFACT

4)

NOFACT

LDUMy (FMAT{I, L), 1=1,NVAR)

1 [333X,6F12.8/(8BXyAF12.81)

HERFRFAREXLF ***gﬂ#*#***4****¢****$¢*******«*********#***********
TIUN 1 - VARIMAX ROTATION OF REDUCED FACTOR MATRIX =~~~



_ Cxtx&xBEGIN FACTOR MATRIX REFLECTION o i
DO 3 I=1,NVAR
~ O KRUW(T)=1 3 e
IF(FEMAT(I,1) OE. D) G2 TO 3
o KROW(T) == . . e
DO 2 L=1,NUFACT
2 FMAT(I,L)==FMAT(I,L) L L
TTTT 37T CUNTINUE
CHex%&ENU FACTOR MATRIX REFLECTION _ ) L
TCRexa«BEGIN CALCULATIUN OF FACTOR MATRIX COMMUNALITIES
e ... 00O 4.I=}vNV4R e
’ FCOMM(1)=0.
_ DO 4 L=1,NOFACT i e
T A FCOMMI L )=FCOMM( T Y +FMAT (T, L) %2
CHe:%%END CALCULATION OF FACTOR MATRIX COMMUNALITIES S
TR MEESEGIN ORTHOGNINAL ROTATION
ANGTOL=e43833231E-02 e e
DO 5 I=1,NVAR
DO 5 L=l g NOFAC T e e e e e
5 VARMAT(T,L)=FMAT(TI,L)
. VARNU=NVAR - . . i o e e,
NITROT=0 '
DO 7 I=1,NOFACT _ ) e
DO 6 J=1,NOFACT
6 _VIRAN(IL,J)=0.
7 VIRAN(I,i)=1. T T -
... bg 8 I=1,NVAR - e
T HUT)=SQRT(FCOMM(T))
DO 8 L=1,NOFACT L
8 VARMAT(I,L)=VARMAT(I,L)/H(T)
9 NITROT=NITROT+1 ~ e _

NORNT(NITROT) =0
s e ANZQ e i e

NC1=NOFACT-1
D0 20 _J=1yNC1

) DO 19 K=IN,NOFACT T T -
SUM3=0. . .. )
o e e e e e e e e
SUMS=C.
SUMG=0. ) oo T T e T
DD 10 I=lyNVAR
AJ=VARMAT(T,J) ) LT T T Tm s e e
AK=VARMAT(1,K)

Dl??&ﬁAJ¥AJiAK%Ak
PRUDX=2 . kA JEAK o
SUM3=SUM3+(DIFEX+PRUDX)*(DIFFX~PRODX)
SUM&4=SUM4+DITFFX

S SUMHS=SUMS4+PRONX
1C SUMA=S1IIMA+2, PRUODXEDIFFYX

T T CNUM=SUMG -2 . ®SUM4ESUMS /VARNG
DEN=SUM3=({ SUM4+SUM5) *( SUM4=SUMS) ) /VARNO
FRACT=CNUM/DEN )
PHI=.25%(ARSIN(FRACT/SQRT{ 1, +FRACT%%2)))
ANG=ABS{PHI) '
[F{ANS-ANGTOL) 19,11,11

LT ONURGTUNITROT Y =NDRUT(NITRUT ) +1

PCLUS=COSIPHL)
T TPSIN=SIN(PHI)Y T
o [F(DEN) 13,13,12

12 PSIN=ABS(PSIN)



TT13 7T Cl=PCOSH+PSIN

20  IN=IN+1

GU 1O 14

£2=PCOS-PSIN o _ e

PCOS=.707107%C1

PSIN-.707107 f&
14 IF{CNUM) 15,15,16
15  PSIN==PSIN

“16 7 DU 17 I=1,NVAR

AK=VARMAT (1,K)_
AJ=VARMAT (1, 4)
VARMAT({4K)=AJX(~PSIN)+AK*PCOS

T17 7T VARMAT(1,J)=AJ%PCOS+AK*PSIN

DO 18 [=1,NOFACT _

TK=VTRAN({I,K)

TJ=VTRAN(TI,J)

TVTRAN(I,J)=TU#PCOS+TK*PSIN
18  VTRAN(I K)=TJ*(-PSIN)+TK*PCOS

19 CONTINUE

TIF{NGROTINTTROTY JNEJTO) 60 TO 9
DO 21 I=1,NVAR

DO 21 L=1,NOFACT
21 VARMAT(I,L)=VARMAT(I,L)*H(I)

T Ceexa*END ORTHOGONAL ROTATION

Ce#ex*BEGIN VARIMAX REFLECTION ON NEGATIVE FLEMENT IN FIRST ROW OF TRAN. MATRIX
DO 24 L=1,NJFACT - T .
Kyeow(Ly=1_
IF(VTRAN(1,L) .GE. O.) GO TO 24
KTCOL(L)=-1

DO 22 I=1,NVAR
22  VARMAT(I,L)=-VARMAT(I,L)

DO 23 T=1,NOFACT

23 VIRAN(I,L)=~VIRAN(I,L) e
24 CONTINUE

CEmex®END VARIMAX REFLECTION ON NEGATIVE ELEMENT IN FIRST ROW OF TRAN. MATRIX

T Cewxe%BEGIN CALLULATIUN OF VARIMAX MATRIX COMMUNALITIES
DO 241 I=1,NVAR

241 TV COMM( 1) = vCOm%(T»#vaduNT(n,Lti«z"

TVCOMMTI=0.

DO 241 L=1,NOFACT e

_ CwexxxEND CALCULATION OF VARIMAX MATRIX COMMUNALITIES

CrexexBEGIN VARIMAX MATRIX REFLECTION ON NEGATIVE COLUMN SuM™
DO 28 L=1,NCFACT

TTTCERREXEND NUMERICAL ORDERING OF VARTMAX MATRIX

KVCOL(L)‘
COLSUM= v
DO 25 l—l,NVAR
25  COLSUM=CULSUM+VARMAT(T,L)
IF(CULSUM .GE. G.) GO TO 28
KveoL(n
"50”26“1&1}NVAR""
26 VARMAT(1,L)=-VARMAT(I,L)
DG 27 i=1,NOFACT
27 VTRAN(T,L)==-VTRAN(I,L)
28 TCONTINUE
_ CEEXEEND VARIMAX MATRIX REFLECTION ON NEGATIVE CGLUMN SUM
TR ABESTN HUMERTCAL ORDERING OF VARIMAX MATRIX
CALL ORDER(VARMAT ¢NVAR,NGFACT,VARORD,MINDEX)

Cxexx%END SECTIUN 1 - VARIMAX ROTATION OF REDUCED FACTOR MATRTX

B L L L T T T e e e T F R T E TS T T T3



CxexuxxBEGIN SECTION 2 - SPECIAL SIMPLE STRUCTURE WEIGHTED ROTATION OF FMAT

TCEEK*HBEGIN PREPARATION OF STMPLE STRUCTURE TRANSFORMATION MATRIX
D) 31 L=1,NUFACT

T D0 29 1=1,NUFACT
26 SSTRAN(I,LI=VTRAN(I,4L) o i ) e
T SSTRAN(1,L)=.75%SSTRAN(1,L)
SUMsQ=0. e e e i
- T 7 DOT30 I=1,NUFACT '
30 _ SUMSO=SUMSQ+SSTRAN([,L)%%2 e
T SUM=SQRT (SUMSQ
DO 31 I=1,NUFACT o e

31 SSTRAN(I,L)=SSTRAN(I,L)/SUM
CrsxxXEND PRtPARATION OF SIMPLE STRUCTURE TRANSFORMATION MATRIX
TTTC Rk EBEGIN PREPARATION OF SSORD MATRIX AND INDEX MATRIX "
DO 33 L=1,NUFACT.
DO 32 I=1,NVAR
INDEX{IosL)=MINDEX(T41 )
32 SSORDIUT,L)=VARORDI(I,L)
33 HIHCUT (1. )=SS0ORD(1,L)/3.0
C*eex%END PREPARATION OF SSORD MATRIX AND INDEX MATRIX
Cx»xx*xBEGIN DETERMINATION OF NOSTRT AND NOSTOP 3
DD 35 L=1,NOFACT o
_ ___NOSTOP(L)=NVAR .. — e,
DO 34 I=1,NVAR
IF(SSORD(I.L) GV« HIHCUT(L)) GO TO 34
NOSTRT(L)=1 ) .
e GO _TO 35
34 CONTINUE
_NOSTRT(L)=NVAR
35  CONTINUE
C*»#x=END DETERMINATION OF NOSTRT AND NOSTOP
Cx**x=%BEGIN CALCULATION OF NOIN AND INROWS
o HH 46 l-l,'\ll_]_l-_A(l L
TNSTART=NOSTRT(L)
__NSTOP=NOSTOP(L)
NOIN(L)Y=NSTOP-NSTART+1
IKNT=0
DO 36 I[=NSTART,NSTOP ™
e TRNT=TKNT+1
EXA INROWS(TRNTLLY=INDEXL{ I, L) ~ 777 777 777 7T T T T T mam e mm s = e
_ Cx#exxEND CALCULATION OF NOIN AND INROWS
T C*ex%x%BEGIN CALCULATION OF ROW WEIGHTS
DO 37 L=1,NOFACT
..____m_____ﬁﬁsfﬁﬁiri@ﬁgfﬁTi];fm_.w-f_uw“__“A"._,_”.mmn.m”wi.uw_w-mmw_"”__"u_ . -
NSTOP=NOSTOP(L)
DU 37 T=NSTARI,NSTOP ~
_IKNT=INDEX(I,L)
TFISSORD(I4L) wGTe «1) WEIGHT(IKNT,L)=1.
IFCCSSORD(T,L) <LE. o1) JAND. (SSORD(IsL) 4GEs (-~<1))) WEIGHT (IKNT

Lytr=2,

o AFLSSORDIT, L) oLT. (=<1)) WFIGHT(IKNT,L)=3,
37 CUNTINUE T T T T T s s e o
CH#x%END CALCULATION OF ROW WEIGHTS

T T Cw sk x#BEGIN TOBLIQUE ROTATION

CALL RUTATE(FMAT,SSTRAN,NVAR NUFACT s NOINy INROWSyWEIGHT, SSMAT,

LS SORD CTNDEX ) - AL P INRUNS WAL T SSRATY
. Cu»xx%END OBLIQUE ROTATION
C*#e%&END SECTIUN 2 = SPECIAL SIMPLE STRUCTURE WETGHTED ROTATION OF FMAT'
C*##***#**«***v*#-r**##****#4*#**********#*#**##**#**#*#** **#**##***##tt****#*##*

TCReEREXBEGIN OUTPUT - T



_ Cw¥%xxBEGIN DETERMINATION OF NOSTRT AND NUSTOP

CALL GUTFA2(TITLE,FCUMM,VCUMM,KROW,KVCOL yKTCOL NITROT,NORQOT y

IVARORD s MINDEX s VTRAN, NUSTRT ,NOSTOP, SSORD, INDEX, SSTRAN NVAR,NOFACT)

_CxxxxxpEND QUTPUT e
TG % o sk ke kR e de kot ol ok ¥ R kAR AR R R Rt R R R AR R AR K AR K R A R R R K Rk AR Rk

CroksxBEGIN SECTION 3 - FIVE SIMPLE STRUCTURE ROTATINNS OF REDUCED_FACTOR MATRIX

_Cex%EBEGIN PART 1 - JUDGEMENT CALCULATION OF REMAINING ROWS FOR TTR.S 19253

DG 73 1TR=1,5

GO TO (38,33,36,63,64),1TR

C LEAVE IN AT LEAST NOFRACT ROWS
€ LEAVE OUT_ AT LEAST T0OP TWO ROWS e
c LEAVE OUT ALL LOADINGS ABOVE +.50
.38 DO 62 L=14NOFACT ) . e
NVARZ=NVAR=-2
e e NSTART =2 g
NSTOP=NVAR
_C  NU LOWER CUT ALLOWED ON TITR. 1 i

[F(ITR .EQ. 1) GO TO a4

Cxxxx%«BEGIN SUBPART 1 — CALCULATION OF LOWER CUT FOR ITR.S 2,43

ol MAKE "LOWER "CUOT ABOVE "ANY NEGATIVE LOADINGS NUMERTCALLY LARGER THAN
C THE LARGLST POSITIVE LOADING 3
‘ DO 40 I=1,NVAR2Z
J=UNVARS L =1 e _
IF(SSORD(1,L)+SSORD(J,LY) 39,41,41
39 NSTOP=g-1 e
40  CONTINUE R T
C MAKE LOWER CUT FOR LOADINGS BELOW -.20 IF LOADING JUST BELOW CUT IS AT
C LEAST TWICE AS GREAT (NUMERICALLY) AS LOADINGS JUST ABOVE CuUT
41 DO 42 [=3,NSTOP
IF(SSORD{I L) .GT. (-.20)) GO 10 42 .
IF(ABS(SSURD(I,L)-SSORD(I-1, yL)) LT, ABS{SSORD{I-1,L))) GO TO 42
NSTOP=T-1 .
— ... .60 70 43 e e e e
42 " TCONTINUE
L _LEAVE IN NOFACT ROWS
43 IF{UNSTOP-2) .LT. NOFACT) NSTOP=NVAR

_C¥#e2#END SUBPART 1 - CALCULATION OF LOWER CUT FOR 1TR.S 2,3
CTEEFFRECIN SURPART 2 —"CALCUCAT [UN OF PRELTMINARY UPPER™CUT FOR ITR.S 15253

44 DU 4b 1=3,NSTOP o o _ - o
4 “J=NSTOP-(1-3) ST oo T T
€ MAKF UPPER CUT ABOVE THE ZERO LOADING - e
IFISSORD(JsL) .LT. 0.) GO 1D 46
€ LEAVE IN AT LEAST NOFACT ROWS
[FUCNSTOP=J+1) LT NOFACTY 6O YO 46—~ 77 i e oo
.C_ DO NOT MAKE UPPER CUT ABOVE +.50 ' - e e -
IF(SSORD(JyL) «LT. .50) GO TO 45 ) o
o NSTART=J+1
GO TU 47 -
c MAKL FIRST LOADING (IN) AS POSITIVE AS LAST LOADING (IN) IS NEGATIVE _

45

46

GOTTO 4T

IF(SSORD(JsL) LT. ABS(SSURDINSTOP,L))) GU TO 46
NSTART=J

CONTINUE

TCxesa&END SUBPARD 2 - CALCULATION NF PRELIMINARY UPPER CUT FOR ITR.S 1,2,3

Cx¥kx#BEGIN SUBPART 3 - CALCULATION OF FINAL UPPER CUT FOR TTR.S 142,3

T CACCULATE SUM OF SJUARES OF POSITIVE LOADINGS (SSQ+) AND NEGATIVE LUADINGS
S (550-) BRETWEEN LOWER CUT AND PRELIMINARY UPPER CUT

47 SUMPCS 0. i - i TooT o T e e
e . SUMNEG=0 . L e 4 L

DO 49 -NSTART NSTOP



O (P

e IF(SSORD(T4L) oLT. 0.) GO TO 48 } _ - e
SUMPOS=SUMPOS+SSORD (T, L) %%2
GO TO 49 - - - - e e

SUMNEG=SUMNEG+SSURD(T4L)#%x2
CONTINUE

" CALCULATE DIFF ={SSQ+) - (5SQ-)

DIFF=SUMPOS=SUMNEG

"EIND THE LARGEST GAP FOR AIL POSITIVE LOADINGS {(TOP 2 0UT) = GAPMAX ~~~ 77
GAPMAX=0., R
TROWST=3
NGARF=NSTOP-NOFACT+1 . R _ e . .
DO %9 I=3,NOABF
IF{SSORD(I,L) .LT. 0.) GO TO 51 o L o

" GAP=SSORD(1-1,L)-SSORD{I,L)
IF(GAPMAX .GT. GAP) GU TO 50

TTGAPMAX=GAP

TROWST=1]

CONT INUE ~
IF(DIFF_.GT. 0.) GO TO 53

TF SSQ+ LESS THAN SSQ- GO UP NVAR/4 LOADINGS TAND LOOK FOR LARGEST GAP
HIGAP=0.

TROWHI=3
NGUP=NVAR/4
NOST=NSTART-NOUP
TF(NOST .LT. 3} NOST=3

D0 52 1=NOST,NSTART ~~
GAP=SSORD{I-1,L)—-SSORD(I,L)

IF(HIGAP .GT. GAP) GO TO 52
HIGAP=GAP

52

IROWHI=1
CONTINUE

1F SSG+ GREATER THAN S$SG- LOOK FOR LARGEST GAP FROM NVAR/78 TOADINGS BELOW
PRELIMINARY CUT UP TQ NVAR/6 LOADINGS AROVE PRFLIMINARY CUT

53

TTIFC(NSTOP-NOSP+1) .LT. NOFACT) NUSP=NSTOP~-NOFACT+1 ~—~

TTNGST=NSTART-NOUP™

NODN=NVAR/8
_NOSP=NSTART-NQODN

NOUP=NVAR/6

IF(NOST .LT. 3) NOST=3

TTF(SSORDINOSP,L) .GE. 0.) GO TN 56 S T mem i
E=NO S e e o e

I=1-1
[F(]l +GE. 3) GU TO 55

e LA e e e et e = e . e .
G0 10 56 o

TTTTTRETTTTFRUSSORDUI, L) VLTV 0.0 GO TO s4 e oo -

- NfSP=1 o

786 HIGAP=0. o T

[RCWHI=3

meem e 0 L 2 BS T NG SR e e

o GAP=SSORD(TI-14L)-SSORDII,L)

57

e
c

"TF(HTGAP .GT. GAP)Y GO TO 577

HIGAP=GAP

IROWHI =1

CONTINUE , '

[F GAPMAX TS GREATER THAN 2%HIGAP THEN MAKE CUT AT GAPMAX - DTHERWISE ~
MAKE CUT AT HIGAP

IF(GAPMAX .GT. 2.%HIGAP) GO TO S8

NSTART=TROWH1

"GO TO 59 7

s mcres sers cmecamiain ua "



1 S SO U PN

58  NSTART=IRQMWST , , s
c’ MAKE FINAL UPPER CUT DFLUW +.50 _ . ‘
59 IF(SSORDINSTART,L) .LT. .50) 60 TO &1 L
[=NSTART
8¢ 1=1+1
IF(SSORDITI,L) «GFEe o50) 60 TG 60
. . NSTART=1 o _ . S _ N
61 NOSTRT(L)=NSTART _
62 NOSIGP(L)=NSTOP T
GO TO- 70
CH¥x&&END SUBPART 3 ~ CALCULATION OF FINAL UPPER CUT FOR ITR.S 14253 o

CHEa¥%END PART 1| - JUDGEMENT GCALCULATION OF REMAINING ROWS FOR ITR.S 1,2,3

__Ce#xx¥BEGIN PART 2 - CALC. OF REMAINING ROWS USING HICUT,BLOCUT FOR ITR.S 4,5
63 T HICUT=,.15 o ' '

CBLOCUT=-.30

o " GO TO 65 -
.64 HICUT=.10 S
BLOCUT=-.20
65 DO 69 L=y NOFACT e e o e e e e N
DA 66 T1=1,NVAR ’
e YF(SSORDUISLY GTa HICUT) GOH YD 66 — _
NOSTRT(L)=1
- .60 To 67_ _ - - - - e
66 CONTINUE
‘ NOSTRT(L)=NVAR_ ) ) e e . —
BT T NSTARTENOSTRI(DY T T T T T e T ”
oo .DO 68 I=NSTART,NVAR = . e e e
TFUSSORD(I,L) .GT. BLOCUT) GO TO 68
___NOSTOP(L)=I-1 e
GO TO 69
_68  CONTINUE e e e e e e e e e e e e i

TNOSTAP(L)I=NVAR T

.69 _CONTINVE e e e e
Cxex%%END PART 2 - CalLC. OF REMATNING ROWS USING HICUT,BLOCUT FOR TTR.S 4,5
_CxwexsEND OETERMINATION OF NOSTRT AND NOSTOP

Cea%%43EGIN CALCULATION OF NOIN AND INROWS T e
. 10 DO 71 L=1,NOFACT ,
NSTART:NUST'RT(L"')“m ToTmm o T o e - - - T
o NSTOP=NUSTOP (L)
NUTN(L)=NST:iP-NSTART+1 ) T i
e IKNT=0Q . o . e
DO 71 1=NSTART,NSTOP T T
e JKNT=IKNT +1
71 7 T INROWS{ IKNT L L)=ZINDEXTT, L) T mmrmomn ommm oo s o e
_ CHe¥=xEND CALCULATION OF NOIN AND INROWS
TTCxwxx¥BEGIN CALCULATION OF ROW WEIGHTS T i T -
N NO 72 L=1yNOFACTY
NSTART=NUSTRT(L)
NSTOR=NGSTOP(L)
T DO 72 I'=NSTART,,NSTOP )
[KNT=INDEX{I,L)

T2 T WETGHTUIKNT,, D) =1,
_ CE#xExEND CALCULATTION OF ROW WEIGHTS
Craex&BrGIN JBLIOUE ROTATION
CALL ROTATE(FMAT, SSTRAN/NVAR yNOFACT, NOTNy INRUNS, WEIGHT, SSMAT,
TSSORD, THDEXY
_ CHwsxREND UBLIOUE ROTATION
TR ERAEGEGIN QUTPUT
_CALL OUTSEQINDFACT,NOSTRT,NGSTOP)
TCALL DUTMAT(SSORD, INDEX,SSTRAN,NVAR,NOFACT, 36,%6HSIMPLE STRUCTURE



1 ROTATED MATRIX L ITR) '

TTTCxE%EEND OUTPUT
.13 CONTINUE _
Cxae%%END SECTION
C # et e de e Se e oot 3ok 30k
G0 TO 150
_END.

3
%%

2 FIVE STMPLE 'STRUCTURE ROTATIONS OF RFOUCED FACTOR MATRIX
e R P L L L S hd SE SRR L i



- - : S -

. SUBKQUTINE ROTATE(FMAT y SSTRAN NVARyNQFACT ,NOINy INROWS yWEIGHT, —

1SSMAT,SSGRD, INDEX)

C THIS SUBROUTINE PERFORMS AN OBLIQUE ROTATIGN ON THE_FAGTOR MATRIX, FMAT,
c AND) LEAVES THE NUMERICALLY ORDERED ROTATED MATRIX IN SSORD (WEIGHTS USED)
€. DMAT = SUBSET OF FACTOR MATRIX (COMPQSEN QF REMAINING INROWS)
¢ WTRMAT = TRANSPOSE OF (WEIGHT * DMAT)
_C_ EMAT = WTRMAT * DMAT 3 o o
C UMAT = SULUTION TO THE EQUATIUN, EMAT # UMAT = SSTRAN
€ SSTRAN = NORMALIZED UMAT e
C SSMAT = FMAT % SSTRAN
€ SSORD = NUMERTCALLY ORDERED SSMAT
"DIMENSTON FMAT(I00,14)SSTRAN(14,14) /NOIN(14),INROWS(100,14),
 IWEIGHT(100,14),SSMAT(100,14),SSORD{100,14),INDEX{100,14) o
DIMENSTON DMAT(1CG,14),WTRMAT(14,100),EMAT(14,15) ,UMATI14,15)
_CresksSTART ROTATION .
DO 10 L=1,NOFACT
NIN=NOIN(L) e
TTCHREREBEGTN CALCULATTON OF OMAT AND WTRMAT
D0 1_I=1,NIN__ . e _
INROW= INROWS (T,L)
) DO 1 J=1,NGFACT e o e
DMAT{ I3 J)=FMAT(INROW, J)
1 WIRMAT{J, L)=WEIGHT( INROW L) *OMAT(I,J)

T EREEFSEND CALCUUATION OF DMAT AND WTRMAT
Creex*REGIN CALCULATION OF EMAT
DO 2 1=1,NUFACT
DO 2 J=1,NOFACT e

EMAT(Y,J)=0.
DO 2 K=1,NIN

T2 EMAT( T, JY=EMAT( I, JV+WTRMAT (T, K)¥DMAT(K, J)
____Cwexe«%END CALCULATION OF EMAT e

Cxex%%BEGIN CALCULATION OF SOLUTION VECTOR, UMAT
DO 3 I1=1,NOFACY e
TTUMAT (I ,NUFACT+1)=SSTRAN(I L) '
DO 3 J=1,NUFACTY e e e e - )

TUMAT (T, J)EEMATTT, 0D
 NL=NOFACT+1

DO 6 K=1,NUFACT T i - CoT oot T
U K1=K#+1_ L )
DO 4 J=K1,N1 TLorTmommyTm T rm rme e e e
4 UMAT(KyJ)=UMAT{KyJ) /UMAT{K,K)

PO 6 T=1,NOFACT
[F(T .EQ. K) 6O TO 6

e ‘Da_] 8 I—KI,N] ’ ; o ' ’ ’ ST T
s UMAT( Ty J)=UMATL T, J)-UMAT (1K) *UMAT (K, J)
6 CONT INUE

CHsxx$END CALCULATION OF SOLUTIUN VECTOR, UMAT
TE & ERPEGIN MOKMALTIZATION OF UMAT TD GIVE A NEW SSTRAN'
o sumMy2=0. .
Tpd 7 1=1,NOFACT T T - oo T e
T SUMU2=SUMU2+UMAT (I ,NOFACT+1)%%2
SUMUZ2=SQRT(SUMU2)
D0 A 1=1,NOFACT
T8 T USSTRANCI, L) =UMAT( I NUOFACT+1)/5UMUZ
_CEREEEEND NURMALIZATIUN OF UMAT TO GIVE A NEW SSTRAN
TCxsx%x%BEGIN CALCULATION OF SSMAT '
DO 9 [=1,NVAR
TSSMAT(Ll,L)=0.



D39 _J=1,NCFACT
9 SSMATII,L)=SSMAT(I, L) +FMAT (1, J)%SSTRAN(JSL)
__ CEeEExEND CALCULATION OF SSMAT
10 CONTINUE
_CE¥EXXEND ROTATION _ o .. e el
TCERRAFFECIN NUMERTCAL URDERING OF THE SIMPLE STRUCTURE ROTATED MATRIX
. CALL ORDER{SSMAT,NVAR,NOFACT,SSORDy INDEX) o
T CHWAREEND NUMERICAL ORDERING UF THE SIMPLE STRUCTURE RUTATED MATRIX
_ RETURN
"END
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SUBRUOUT INE_ORDER({ARRAY,NVAR, NQFACT ARRORD, [NDEX)

THIS SUBROUTINE ARRANGES THE MATRIX,ARRAY' TN DESCENDING NUMERICAL ORDER

AND LEAVES THE ORDERED MATRIX IN ARRQRD ‘WITH THE ORDERED I[NDICES IN
DIMENSIUN ARPAY(100,14) 4 ARRGRO(100,14) 4 INDEX{100,14) ‘
LOGICAL - SWAP it e e e et = e

"NVAR1=NVAR=-1 T
D0 5 L=1,NOFACT

INDEX

D01 T=1,NVAR
. . INDEX(I4L)=1 e e .
1 ARRORD(T,L)=ARRAY(1,L)
2 SMAP= G FALSE . e e e e
DO 4 T=1,NVART T
IF(ARRORD(I4L)~ ARROBD(I+1 L)) 3.4,4 e ) -
3 STORE=ARRORD(T,L) :
ARRORD(I,L)= ARRORD([+1,L)._ e
ARRORD(1+1,L )=STORE :
ISTORE=INDEX(I,L) . — —
INDEX(T,L)=INDEX{I+1,L)
INDEX{1+1,L)=ISTORE _  _ o R - —
SWAP=.TRUE. -
4 CONTINUE e L
IF(SWAP) GO TO 2
5 CONTINUE
RETURN ™ i - T
——END e e e e e




SURRJUT INE OUTFA2(TITLE,FCOMM,VCOMM,KROW{KVCOL yKTCOLy NI TROT,,NOROT, _
1VARORD,MINDEX,VTRAN,NOSTRT ,NOSTOP, SSORD, IND&x. STRAN, NVAR,NOFACT)
C_ THIS SUBRQUTINE PRINTS AND PURNCHES THE QUTPUT FROM FACTOR_ ANALYSIS I1

DIMENSTIUN TITLE(14),FCOMM(100),VCOMM(100)},KRON{1D0), ,KVCOL(L14),
. AKTCOL(14) o NORDT(SO) 9 VARORD(100,14) yMINDEX(100414),VTIRAN(14414),
o 2NUISTRT(14) yNOSTOP (141 SSORNDI1I00,14), INDEX(100,14)4SSTRAN(14,14),
3AST(60)

DOUBLE PRECISION TITLE,AST
__.C _ 3DOYBLE PRECTISION TITLE

DATA AST/60¥E6HEEx &%/

PRINT 100, (ASTUI)gI=1,44) o (VITLE(I) y1=1,14),(AST(I),1=1,44)

U100 FORMAT(IHL/ZIHT/LH2 2102 1A64,A5/1X)/26Xe13A64,A27/71X+2(21A6,A571X
 PRINT 1014 (I1,KROW(T) yFCUMMUT) 4VCOMM(T),1=1,NVAR) e
101  FORMAT(1H1, 15X, 13HFACTOR MATRIX,5X,13HFACTOR MATRIX,5X, 14HVAR IMAX
IMATRIX/ 7Xy 3HROW TX s LOHREFLECTION, 7X 5 13HCOMMUNAL ITIES, 6X » I3HCOMMUNA
2LITIES//77(110,113,F22.8,F19.8))

__PRINT 1024(LKTCOL(L)KVCOL(L)yL=1,NOFACT)

102 FORMAT(///16Xy 32AVARTMAX MATRIX COLUMN REFLECTTON/718X,RHNEGATIVE,
110Xy BHNEGATIVE /7X s 4HCOL o 94X g 14HTRANS. ELEMENT 96X, 1OHCOLUMN SUM///
2(110,113,118))

PRINT 103,(1,NOROT(I),I=1,NTITROT) o

103 FORMAT(///13X,19HNUMBER OF ROTATIONS/7X,4HITR.y5X,13HPER ITERATION
1/7/7/70110,113)) . L ~

CALL OUTMAT(VARORD,MINDEX, VIRAN, NVAR,NOFACT 24 24HORDERED VARIMAX
1 MATRIX,O)
CALL OUTSEQ(NOFACT,NOSTRT,NOSTOP)
CALL DUTMAT(SSORD, INDEX,SSTRAN,NVAR,NOFACT,36,36HSPECIAL SIMPLE
1STRUCTURE MATRIX ,0)

PUNCH 1045 (AST(I),1=148)4((14JySSTRAN(I4J),yJ= I,NUFACT).I 1,NOFACT)

104 FORMAT(4Ab,32HSPECTIAL  TRANSFORMATION ~ MATRIX, 4A67(122,T19,F19.8))

RETURN
END




B A A, e e e e

... SUBROUTINE_QUTMATIARRAY . INDEX, TRAN,NVAR,NOFACT ,NCHARS,HOLLER, ITR) e -

c THIS SUBRGUTINE PRINTS THE ORDERED ARRAY WITH (NDICES AND THE TRAN. MATRIX
DIMENSION ARRAY(10D,14), INDEX{100,14) ,TRAN(14,14) yHOLLER(1O) s _ . _ .
1DIGITUS5),TSIGN(14), [OUT{3,14)

o DOUBLE PRECISION ITER,DIGIT

¢ SITER AND OIGIT MUST BE DOURLE PRECISION FOR THE IBM 360

DATA PLUS,TMINUS/2H «y2H-o/_

DATA ITER/OH{ITRNO/,DIGIT{1)/6H.=1) /4DIGIT(2)V/6H=2) [/,
__1DIGITU3)/6H.=3)  /yDIGIT(4)/0He=4) [ DIGIT(5)/6H.=5) [ o
C NCHARS MUST BF A MULTIPLY OF 4(1BM 360) OR 6(IBM 7090, 7040)
. NHORDS=NCHARS/ 4 e e e e e e e e -
C $NWORDS=NCHARS/6
_IF(ITR LEQ. Q) PRINT 100,{HOLLER(I),I=1,NWORDS) o
IE{ITR .GT. 0) PRINT 100, (HOLLER(I),I=1,NWORDS),ITER,DIGIT{ITR)
.. 100 FORMAT(1H1,21X,12A4)Y —
C100 $FORMAT(1Hl,21X,12A6)
1 PRINT 1014(L,L=1,NOFACTY o L o
101 FORMAT(//5H SEQ.,1419)
PRINT 102 e e e e
102 FORMAT(1X)
D07 I=14NVAR T — —_ .
DO 6 J=1, NOFACT
ELEM=0. . e o _
IF(ARRAY(T,J)) 2,4,3
2 ELEM=ABS(ARRAY(L v~ 0005
TSIGN(J)=TMINUS
GQ 10 5 e _
3 ELEM=ABS({ARRAY(I,J)+.0005)
4 JSIGN{J)=PLUS S _
5 TOUTL1,J)=ELEM*10.
e TOUT(2,J)=ELEM*100.-FLODAT(IOUT(1,J))*10. o
I0UT(3,J)=FLEM®1000.-FLOAT(IOUT(1,4))%100.~-FLOAT(IOUT(2,J))*10.
6 CONTINUE e
7 PRINT 103, I,(INDEX(I v JY o TSIGN(JI) U I0UT(K,J) ,K=1,3),J=1,NOFACT)
e 1C3  FORMAT(1Xy1342X,14(13,1X,A2,311))_ e e e e e e e e e e e
PRINT 104 T
104 _FORMAT(///22Xy24HTRANSFURMATION ~— MATRIXY
PRINT 105, (L,L=1,NUFACT) ’
__1C5_ _FORMAT(//5H ROW 414l _
PRINT 102 ‘ )
D0 13 I=l,NUFACT S
no 12 J 1,NOFACT CoTT T m e e e e
- —— crm————r - s - EL Erﬂ e - - - - . e e e e e . e e arm oas - —h —— —— - e - — .
IP(TRAN(I.J)) 8,10,9 ’ T e m e
B ELEM=AAS(TRAN(I,J)-.0005)
' TSIGN(J)Y=TMINUS Tt T T
N GU TO 11

9T ELEM=ABSITRAN(I,J)+.3005)
16 TSIGN({J)=PLUS
11 [OUT(1,d)=ELEM®]10,
CIOUT(2,J)=ELEM%100.-FLOAT(IOUT(1,J))*10.
TQUTL 2, J)=ELIMEI000 . ~FLOAT(I0UT({1,3))%100.-FLOAT(IOUT(2,J))%10.
12  CONTINUE
13 PRINT 1UB, I (TSIGN{J )y LIOUTIK,J) 4yK=143),d=14NOFACT)
1C6  FORMAT(I1X,I3,2X,14(4X,A2,311))

¢ A avamanay

T TTTTTTRETURN S T
e END - c - - ‘e o



. SUBROUTINE_OUTSEQ(NOFACT,NOSTRT, NOSTOP) o
C THIS SUBROUTINE PRINTS OUT THE SEQUENCE NUMBERS REMAINING IN HYPERPLANF
_ DIMENSION NGSTRT(14),NOSTOP(14) .
- PRINT 100, (L,NOSTRTIL) ,NOSTAP(L) L=14NOFACT)
100 FORMAT(///16X,23HSEQUENCE NO.S REMAINING/1Xs6HFACTOR,12X, IZHFOR NE
XY QUTATION//(/IX 13,19X,13,2H -,ls)) o
_ RETURN

TEND |




)

Factor Analysis III Computer Program -



C  FACTOR ANALYSIS III
¢ THIS PROGRAM COMPUTES A SINGLE SIMPLE STRUCTURE MATRIX AND A COSINE MATRIX
C_ SPUNSOR - DR. CURETON _ o
C "PROGRAMMER - RICHARD Ce. DURFEE
C THIS PROGRAM CUNSISTS OF TWO SECTIONS

I+« SIMPLE STRUCTURE (OBLIQUE) ROTATIGN OF REDUCED FACTOR MATRIX™
C 2. COSINE MATRIX FROM SIMPLE STRUCTURE TRANSFORMATION MATRIX

C 7 TTNVAR T = NUMBER OF VARTABLES (VARIABLE NUMBER = ROW NUMBER)

€ NOFACT = NUMBER OF FACTORS IN THE REDUCED FACTOR MATRIX
T C FMAT = REDUCED FACTOR MATRIX FROM FACTOR ANALYSIS 1

c SSMAT = UNGRODERED SIMPLE STRUCTURE ROTATED MATRIX N
TTTETTTTUTSS0RDT ETUNUMERICALLY ORNDERED SIMPLE STRUCTURE ROTATFEND MATRTYX

C SSTRAN = SIMPLE STRUCTURE TRANSFORMATION MATRIX FROM FACTOR ANALYSIS II

C INDEX = REORDEREND VARIABLE NUMBERS OF THE ORDERED SYMPLE STRUCTURE MATRIX

C NOIN = TOTAL NUMBER OF ROWS REMAINING IN HYPERPLANE FOR [£AC! TACTOR

C INROWS = ROW NUMBERS OF FACTOR LOADINGS REMAINING IN HYPERPLANE

o WEIGHT = ROW WEIGHTS FOR EACH OF THE INROWS e

c COSMAT = MATRIX OF COSINES OF ANGLES BETWEEN REFERENCE VECTOR -

C TITLE = ALPHANUMERIC TITLE IDENTIFICATION

DIMENSTON FMAT(100,14),SSMAT(100,14),SSORD(100,14),SSTRAN(14,14),
1 INDEX{100414)yNOIN(14), INROWS(100,414) ,WEIGHT(100,14),TITLE(14),
2COSMAT(14,14),0IST(14)
DOUBLE PRECISION TITLE
CHo%**BEGIN INPUT
150 CALL INFA3(TITLE,NVAR,NUFACT,FMAT,SSTRAN,NOIN,INROWS WEIGHT)
T CE®&R&END INOPUT oo oomTT/mrmmmmmm e
C##&x%xRFGIN ORLIQUE ROTATION
CALL ROTATE(FMAT,SSTRAN,NVAR,NOFACT,NOIN, INROWS yWETGHTy SSMAT,
15SORD, INDEX) R
CIXHx%HEND OBLIQUE ROTATION
CH#%¥+BEGIN CALCULATION OF COSINE MATRIX

D0 2 L=1,NOFACT

DIST(L)=0. e .
DO 1 I=1,NOFACT i
1 DIST(L)-DISI{E)*SSTRAN(I.L)**?
2 DIST(LYV=SQRT(DIST{(Y) —~ ~ 7 7 mrrrmmmr e e e e e

DO & L=lyNOFACT
DO 4 1- ‘"NUFACT
o __.SuMLI=O.
DO"3 J=1,NOFACT T T T T T TTT T T T s T e e e e s
3 SUMLI=SUMLT+SSTRAN(J,L)*SSTRAN(J, 1)
COSMATI{ L, T =SUMLIZ{DTSTTUXOIST(I))
oA COSMAT(E,L)=COSMAT(L.I)
CHx¥%END CALCULATION OF COSINE MATRIX
__Cx®e&*BEGIN QUTPUT
TUUCALT GUTFA3(TITLE, SSORND, INDEX ySSTRAN, COSMAT NVAR,NOFACT) ~
CE*xx&END OUTPUT
g
END
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SUBROUTINE INFA3(TITLEJNVAR,NDFACT,FMAT, SSTRAN NOIN INROWS, WEIGHT)
THIS SUBROUTINE READS AND SUPPLIES ALL INPUT NEEDED IN FACTOR ANALYSIS ITI
- SPONSOR — DR. CURETON = .. . U,

PROGRAMMER - RICHARD C. DURFEE

Ol OIo Ojo O

__C _ TITLE = ALPHANUMERIC TITLE IDENTIFICATION e
"NVAR = NUMBER OF VARIABLES {(VARTABLE NUMBER = ROW NUMBER)
. NOFACT = NUMBER OF FACTORS IN THE REDUCED FACTOR MATRIX o
FMAT = REDUCED FACTOR MATRIX FROM FACTOR ANALYSIS I
G SSTRAN = SIMPLE STRUCTURE TRANSFGRMATION MATRIX FROM FACTOR ANALYSIS II
NOIN = TOTAL NUMBER OF ROWS REMAINING. IN HYPERPLANE FOR EACH FACTOR
€ INROWS = ROW NUMBERS OF FACTOR LOADINGS REMAINING IN HYPERPLANE o
WEIGHT = ROW WETGHTS FOR EACH OF THE INROWS
o __INPUT CUNSISTS OF e
__VARIABLES  _ _ FORMAT
1o FITLE - FORMAT(13A6,A2)
2. NVAR,NOFACT - FORMAT (214)
3. FMAT _FORMAT(102)

4, SSTRAN "FORMAT(31X,F19.8)
_ 5. REMAIN CARD - FORMAT(FREE FORMAT EXPLAINED BELOW)
DELETE CARD - FORMAT(FREE FORMAT EXPLAINED BELOW)
WEIGHT CARD - FORMAT(FREE FORMAT EXPLAINED BELOW)
FINTSH CARD - FORMAT(FREE FORMAY EXPLAINED BELOW)

AN EXAMPLE REMATN CARD MIGHT LOOK LIKE ~—~—

——-——REMAIN 3 11 =%%% 1 2 10 7 15 16 18 4 9 20 5

WHERE THE WORD REMAIN IN COLUMNS 1-6 INDICATES THAT THIS CARD CONTAINS
11 VARIABLE NUMBERS (192+1047+15916¢41894,9520,5) WHICH ARE TO REMAIN _

IN THE HYPERPLANE DURING THE ROTATION ON FACTOR 3.
-..AN EXAMPLE DELETE CARD MIGHT LOOK LIKE _

C-—--DELETE _3 9 ###%* 3 6 {1 13 128 14 17 19

nnnpn%nnnnnnnnnnnnnnnndndnnn
i i

__C__ . _WHERE THE WORD DELETE IN COLUMNS 1-6 INDICATES THAT THIS CARD CONTAINS

C "9 VARIABLE NUMBERS (3,6,11,13,12,8414,17,19) WHICH ARE TO BE OFLETED =~~~ 7~

C ____ _FROM THE HYPERPLANE DURING THE ROTATION ON FACTOR 3.

C TAN EXAMPLE WEIGHT CARD MIGHT LOUK LIKE h oo e

C

TC=—==WETIGHT "~ 73 4w’ {7 2.0 7 10 1.5 18573.27778 TR0 T

C

o WHERE THE WORD WEIGHT IN COLUMNS 1-6 INDICATES THAT THIS CARD CONTAINS ™
__C 4 VARIABLE NUMBERS (1,1041545) WHICH ARE TO BE WEIGHTED WITH THEIR

C RESPECTIVE WEIGHTS{2¢0914593e2,4.0) DURING THE ROTATION ON FACTGR 3. h
G AN EXAMPLE FINISH CARD SHUULD LOOK LIKE .

c
___C——==FINISH o N o

¢ R
. WHERE THE WORD FINISH IN COLUMNS 1-6 INDICATES THAT THIS CARD IS

C THE LAST DATA CARD. ’ ' )

C & ke ik e e

c TALL DATA ON THESE FOUR TYPES OF CARDS MAY BE FREF FORM AS LONG AS BUANKS ~
€ . OR ASTERISKS ARE PLACED BETWEEN THE NUMBERS. THE ONLY EXCEPTION INVOLVES

c COLUMNS 1-6 WHICH MUST CONTAIN ONE OF THE FOUR GIVEN WORDS. ALSO THE -
C FACTOR NUMBER MUST OCCUR FIRST FOLLOWED BY THE TOTAL NUMBER OF VARIABLES

c

TO BE READ. THE ASTERISKS ARE NOT MANDATORY BUT MAY BE USED FOR CLARITY.



ANY CHARACTER IN COLUMNS 7-8B0 WHICH IS NOY A DIGIT, DECIMAL POINT,

BLANK DR ASTERISK WILL GIVE UNPREDICTABLE RESULTS. NOTE ALSO THAT WHEN

IF ALL THE DATA FUR A GIVEN FACTOR CANNOT BE PLACED ON ONE CARD THEN

A SINGLE NUMBER SHOULD NOT BE SPLIT BETWEEN TWO CARDS. NOTE IN

PUNCHED.
H R

DIMENSTON TITLE(14),FMAT(10014),SSTRAN(14,14) ,NOIN(14),
_1INROWS!100,14) 4WEIGHT(100y14),IMAGE({BO)KWORD(4),ITEMP{100)

DOUBLE PRECISION TITLE
DATA KWORD/4HREMA,4HDELEs4HWEIG,y4HFINI/

THE

C

c

G ROW WEIGHTS ARE USED THE DECIMAL POINT MUST BE INCLUDED IN THE WEIGHTS.
c

C __ _THE DATA MAY HE CONTINUED IN COLUMNS 1-80 OF THE NEXT CARD. UF COURSE

EXAMPLE ABOVE THAT THE REMAIN CARD AND THE DELETE_ CARD BOTH RESULT IN

c

C -

C THE SAME ROTATION FOR A 20 VARIABLE PROBLEM. THUS IT WOULD BE PREFERABLE
C ~TO USE THE DELETE CARD SINCE FEWER VARIABLE NUMBERS WOULD NEED TO BE =
C
C

C T $DATA KWURD/éHRbMAIN,bHDELETF.6HNEIGHT.bHF[N[SH/
DAT a lMA(‘F_/R’)_* lgH o _/__.,_-__-__.._ o __ L
C $UATA IMAGE/B80%6H /

READ 100, (TITLE(I)sI=1,414)

100 FORMAT(1346,A2)
READ 101,NVAR,NOFACT

101 FORMAT(214)
DO 1 L=1,NOFACT

1 READ 102,LDUM, {FMAT(I,L),I=1,NVAR)
102 FORMAT(2X,13¢43Xe6F12.8/(BX¢6F12.8))

READ 103,((SSTRAN(IyJ)'J=10N5?ACT).I=1.NOFACT)
103 FORMAT(31X,F19.8)

C*vs%%BEGIN REMAIN, DFLETE,WEIGHT,FINTSH CARD INPUT

N2 L=1,NOFACT

NOIN(L)=1
INROWS(1eL)=1

DO 2 1=1,NVAR
2 WEIGHTII,L)=1.

3 READ 1044KTYPE, (TMAGE(T),1=7,80)
104 FORMAT(A4,2X,74A1)

TTC1GC4 $FORMAT(AG,T4AL)
_IPOINT=7
e LT T -
IF(KTYPE .NE. KWORD(I)) GO TO 4

GO TO (5,7,11,13),1
4 CONT INUE

CALL BADONE(KTYPE,IMAGE)
_RETURN
C*#x%%BEGIN REMAIN CARD ANALYSTS ~
CALL GETNO(IPOINT, IMAGE,NFACT,DUMMY)
CALL GETNO(IPOINY,IMAGE,NOITEM,DUMMY)
NOIN(NFACT)=NUTTEM
DO 6 I=1,NOITEM
6 CALL GETNU(TIPOINT, [MAGE, INROWS{I,NFACT),DUMMY)

CH#x 4% END REMAIN CARD ANALYSIS
TCRFx%%BEGIN DELETE CARD ANALYSIS
7 CALL GETNOUIPOINT, IMAGE,NFACT,DUMMY)
CALL GETND(IPOINT y IMAGE ¢NUITEM, DUMMY)
) NOIN(NFACT)=NVAR-NOITEM
TTTTT T DO 8 I=14NDTTEM oo
8 CALL GETNO(IPOINT,[MAGE,[TEMP(I),DUMMY)
[KNT=0
DO 10 I=1,NVAR
DO 9 K=1,NOITEM

G0 10" 3 o e el e e



- . [ _— — . 83 _ — o
9 TECITEMPUIK) LEQ. 1) 6O TQ Y& . L o e - e e
IKNT=IKNT+1
INROWS(IKNT NFACT)=1 U
1o~ CUNTINUE : -
J— 60 TO 3 ‘ F S A, it e
CHwtx4END DELETE CARD ANALYSIS
__ CEwexx3EGIN WEIGHT CARD _ANALYSIS L i
11 CALL GEIND(IPQINT y THAGE,NFACT ,DUMMY)
L CALL GETNO(IPOINT, IMAGE NOITEM,DUMMY) L o
A DO 12 I=1,NOITEM ' :
. CALL GETNQO(IPOINT,IMAGE.NROW,DUMMY) e
12 CALL GETNO(IPOINT, IMAGE, IDUMMYoNE[GHT(NRON,NFACT))
GO TD 3 i wa e e . - . . . - PR —— - - - —— ——s ———
TCoses#END WETGHT CARD ANALYSIS 4
_ CExsxxBEGIN FINISH CARD ANALYSIS . . o
13 RETURN . ' _
Cex&&END FINISH CARD ANALYSIS e
C*#%x%%END REMAIN, DELETEWEIGHT,FINISH CARD INPUT

END e mvni eim s s & mbemedm v e e L e e bW e resTh 4 mA i e averbatas R awma W Vs cO 4% e




o SUBROUTING GETNO(IPUINT, IMAGE,NVALWT) = L
C THIS SUSROUTINE GETS THE NEXT NUMBER FROM THE CARD IMAGE
o CDIMFNSION IMAGF(60),MIGITSI10),NUMBER(10) _ . S
DATA MIGITS/Z40H1 2 3 4 5 6 7 8 9 0 /
C____SDATA MIGITS/60H4) 2 3. 4 5., .6 I AT - TR AR
o %1 0 / .
___ DATA MLANK/4H =/ MECPT/4H. /v MSTER/4HE [/ e
C $SUATA MLANK/BH /+MEGPT/6H. /s MSTER/6H* /
WT=0.
) IF(IPOINT .GT. 80) CALL INCREM({IPOINT,IMAGE) .
1 KHAR=IMAGE(IPOINT) e e L
T UTEC(KHAR T oNE. MLANK) JAND. {KHAR JNE. MSTER)) GU TO 2
.. CALL INCREM(IPOINT,IMAGE) = _ ___ R e
GO TO 1
2 NUMKNT=0D L o o
IPOWER=-1
3 IF((KHAR +EQ. MLANK) .OR. {(KHAR .EQ. MSTER)) GO _YO_9 _ _
TF(KHAR JNE. MECPT) GO 10 S -
IF(IPOWER .EQ. (=1)) GO YO 4 . L .
CALL BADONE(4H2DEC, IMAGE)
GO TG0 11 o e
4 IPOWER=NUMKNT+1
IPOINT=1POINT#+1 e
TF(TPOINT .GT. 80) GO YO 9
. o _KHAR=IMAGE(IPQINT) e
s IF(KHAR .NE. MIGITS(10)) GO TO 6 o e -
NUMKNT=NUMKNT#Y . —
NUMBER( NUMKNT)=0 o
GO TO 8 L _
6 DO 7 1=1,9
IF(KHAR .NE. MIGITS(I)Y GO YO 7 ...
NUMKNT=NUMKNT +1 " Tt e T
e _NUMBER(NUMKNT)=I _ e
GO TO 8 ' cmmmem )
7 __ __CONTINUE o .
- CALU BADONE (4HNONE, IMAGEY 77 7 7777 - - -
—__..6o0 10 11 X -
8 IPOINT=TPOINT+] - - T -
o _IFCIPOINT .GT. 80) GU TO 9
TTTTTTTT TR HAR=TMAGE L TPUINT)) T B T T T
GO 10 3 . ,
5 BT = = e e e s e L
o MULT=1 ; _ o
TTUPENUMKNT +1 o T m———
L DO 10 I=1,NUMKNT
TuP=1UP-1 T -
NVAL=NUMBER( TUP ) %*MULT+NVAL
TTTTI0 T MULT=MULT#10 i . T
_IF{IPOWER .EQ. (-1)) GD TO 11

11

TPROGN=10%%{ NUMKNT—IPOWER+1)
FNVAL=NVAL
WT=FNVAL/PROD
IPOINT=IPOINT+]
TRETURN™

_END




SURROUTINE INCR
THIS SUBROUTINE

_DIMENSTON IMAGE

IFCIPUINT LT,
READ 100, { IMAGE

FORMAT(ROAL)
CIPOINT=D o
IPOINT=IPOINT+1
CRETURN

END

EM(IPDINT, IMAGE) _
INCREMENTS "IPOINT AND READS NEXT: CARD IF NECESSARY
(80)

A0) 60 TO 1 I
(1)51=1,80) ) o e



.1co

SUBRICUTINE BADRONE(KTYPE, IMAGE)

DIMENSTON IMAGE(8Q)

T THIS SURROUTINE PRINTS OUT AN ERROR

TPRINT 104,KTYPE, ( TMAGE(T)Y,1=7,80)

MESSAGE BECAUSE OF A BAD CARD

FORMAT(1H1,77H3ECAUSE UOF _THIS BAD_DATA ON YOUR JINPUT CARD ANY_ FURT L
THUR QUTPUT IS MEANINGLESS/7A4,2X, 74A171H1)

RETURN
END



Cxxxx&START ROTATION

 SUBROUTINE ROTATE{FMAT,SSTRAN,NVAR NOFACT NOIN, INROWSyWEIGHT,_ _
1SSHAT, SSORN, INDEX)
_ THIS SUBROUTINE PERFURMS AN OBLIGUE ROTATION ON THE FACTOR _MATRIX,

FMAT,

AND LEAVES THE NUMERICALLY ORDERED ROTATED MATRIX IN SSORD (WEIGHTS USED)

__DMAT = SUBSET OF FACTOR MATRIX (COMPOSED OF REMAINING INROWS) __
“WTRMAT = TRANSPOSE NF (WEIGHT % DMAT)

EMAT = WTRMAT % DMAT L
UMAT = = SULUTION TGO THE EQUATION, EMAT * UMAT = SSTRAN

_SSTRAN = NORMALTZED UMAT = = __ . e e e e
SSMAT = FMAT & SSTRAN

SSORD = NUMERICALLY ORDERED SSMAT
TDIMENSTUN FMAT(100,14),SSTRAN{14,14),NOIN(14),INROWS(100, STAE
1WEIGHT(100,414),SSMAT(100,14),SSORN(100,+14),INDEX{100, 14)

DIMENSTON UMAr(loo.14).thMAr(14.100),EMAT(i@.lS).UMAr(14 15)

DO 1C L=1,NOFACT
NIN=NOIN(L)

C*3%%*BEGIN CALCULATION OF DMAT AND WTRMAT

DO 1 1=1,NIN - S -

INROW=TNROWS(I,L)
DO 1 J=14NOFACT

1

DMAT (1, J)=FMAT(INROW, J)
WTRMAT(J, I)=WEIGHT ( INROW,L)*DMAT(1,J)

C*3=%x%END CALCULATION OF DMAT AND WTRMAT

Cx%%x¥%BEGIN CALCULATION OF EMAT

DO 2 I=14NOFACY
DO 2 J=1,NOFACT

EMAT(1,J)=0. .
DO 2 K=1,NIN o e me J— —

2

Cxxxux%END CALCULATION OF EMAT

EMAT (T, J)=EMAT (1, JV#WTRMAT (T, K)*DMAT(K, J)

C*x2%%%BEGIN CALCULATION OF SOLUTION VECTOR, UMAT

DO 3 1=1,NUFACT
TUMAT(1,NOFACT+1)=SSTRAN(T,L)
DO 3 J=1,NOFACT

5

6
€ %%

C R %%

Cwax

CE&XFHBEGIN NIIRMALIZATION OF UMAT TO GIVE A NEW SSTRAN ~ 7~ 7

UMAT(T,J)= EMAT(T.4)
_N1=NOFACT+1

00 6 K=1,NOFACT
Kl=X+1 o L B

PO 4 J=KI N
UMAT (K, J)=UMAT (Ks J)/UMATIK,K)

DO 6 I[=1,NJFACT

IF(T LEQ. K) GO TO 6

ND 5 J=KleN]

CUMATUL, J)=UMAT(T, J)=UMATIT,K)*UMAT(K,J)
CONTINUE ’ ’

*AEND CALCULATION OF SOLUTION VECTOR, UMAT

_ SUMU2=0., o

DO 7 1=1,NOFACY T T
SUMUZ=SUMU2 +UMAT{ I 4NOFACT#+1)%%2
SUMU2=SQRT(SUMI2)

.00 8 I=1,NUFACT *
"SSTRAN{T,L)=UMAT{I,NOFACT+1)}/SUMU?2

£XEND NURMALIZATION OF UMAT TO GIVE A NEW SSTRAN

*%3EGIN CALCULATION UF SSMAT
DO 9 T=1,NVAR

SEMATI L, Liz0. ~ = T e e et o s s e e e+ e



88 .

._. bas J=1 4 NOGFACT ) s e e e en = o e e e e
9 SSMAT(I L)=S SMAT( I.L)+FMAT(I J)*SSTRAN(J'L)
o Cxsex%END CALCULATION OF SSMAT . _ . e,
1¢C CONTINUE : ’

e, CEEREREND RUTATION . P
C#¥++«BEGIN NUMERICAL URDERING OF THE SIMPLE STRUCTURE ROTATED MATRIX

CALL ORDER(SSMAT,NVAR yNOFACT,SSORD, INDEX) e
TCEBERXEND NUMERICAL ORDERING OF THE STMPLE STRUCTURE ROTATED MATRIX

. RETURN S e S U
END : :




-

SUBROUTINE UORDER (ARRAY ,NVAR (NUFACY., ARRORD, INDEX) .

THIS SUBRIIUTINE. ARRANGES THE MATRIX,ARRAY, IN DESCtNDING NUMFRICAL ORDFR
AND LEAVES THE DROERED MATRIX IN ARRORD WITH THE QORDERED INDICES IN INDEX .

DIMENSTON ARRAY(100,14),ARRORD(100,14),INDEX(100,14)
CLUGICAL SWAP
NVAR1=NVAR-1
DU 5 L=1,NUFACT o . L
DO 1 T=1,NVAR

INDEX(T,L)=1 . i e

ARRURD( I, L)=ARRAY(I,L)
 SWAP=,FALSE,
DO 4 1=1,NVARI
CIF(ARRORD(I,L)-ARRURDII+1,L)) 344,4 e
" STORE=ARRORD(T,L)
ARRORD(1,L ) =ARRORD(1+1yL)

ARRORD([+1'L) STORE

CISTORE=INDEX(I,L)

INDEX{T,LY=INDEX(T+1,L) "
INDEX(I+1,L)=ISTORE

4

5

SWAP= . TRUE.

_CONTINUE
IF(SWAP) GO TO 2

CONTINUE

RETURN
END




e

C SUBROUTINE UUTFA3B(TITLE,SSORD,INDEXySSTRAN,COSMAT,NVAR, NOFACT)

THIS SUBROUTINE PRINTS AND PUNCHES THE OUTPUT FROM FACTOR ANALYSTS 11
DIMENSTON VITLE(14),SSORDI100,14), INDEX(100,14),SSTRAN( 414}y

"1COSMAT(14,14),AST{60), TSIGN(14),10UT(3,14)

100

1

1ol
T102

103

¢ SDOUBLE PRECISION TITLE

DOUBLE PRECISION TITLE,AST L e

DATA AST/60#OH&ExR&&%/ .

DATA PLUS,TMINUSONE/ 211 «92H=uy2H14/

_PRINT 1002 (AST(I),1=1,44), (TITLECI) jT1=1414),(ASTCE) J0=14064)

TFORMAT(IHL/1THT/1H2 4 2(2186485/1X)/26X413A6,A2//1X,2(21A6,A5/1X))

CALL OUTMAT{SSURD, INDEX, SSTRAN,NVAR,NOFAGCT,36,36HSIMPLE _STRUCTURE
ROTATED MATRTX ,0)

_PRINT 101 e e

FORMAT(///22%,16HCOS INE MATRI X)

PRINT 102, (LL=1,NOFACT)

"FORMAT(//5H ROW 51419

PRINT 103 —

FORMAT(1X)
DO 6 1=1,NUFACT

DA JMS WS M e O IR EOC aeMm PN o e S e e e € i e s

D0 5 J=1,NUFACY
ELEM=0.

1

TFICOSMAT(1,J)) 1,3,2

ELEM=ABS(COSMAT(I1,J)-.0005)

TSTGN(JIVY=TMINUS e -

60 TO 4 e o
TELEM=ABS(COSMAT(T,J1+.000%)

TSIGN(J)-PLUS

IF(ELEM .GE. 1.0) ELEM=,999
I0UT(1,J)=ELEM*10,

[0UT(2,J)=ELEM®100.~FLOAT{TOUT (1,31 1%1677
IDUT(3.J2_ELFM*IOOO.-FLUAT([OUT(I'J))*100.—FLOAT(IDUT(2.J))*10.

5

CONTINUE
JSIGNLIN=0NE L L e

I0UT(1,1)=0C
IoUT(2,1)=0

o
104

TFURMAT(LXy13,2X,14(4X,42,311))

TouT(3 10
PRINT 1041, (TSIGN(J)» (1OUT(Ksd)yK2143),J21,NDFACT)

PUNCH_ 1054 (AST(1)41=1,100,((L,JsSSTRAN(T,J),J=1,NOFACT) 4 1=1,NOFACT

1)

105

FORMAT(4A6, AS,Z?HTRANSFORMATIUN MATRIX4A64A5/1122,19,F19.8))

RCTURN
FND



S R U

SURhUUT[NF UUTHMAT (ARRAY , INDEXy TRAN, NVAR p NOOFACT 4 NCHARS JHOLLER, ETRY. .
C THIS SUBROUTINE PRINTS THE GRDERED ARRAY WITH INDICES AND THE TRAN. MATRIX
DI%INhIDN ARRAY{1UD,14) 4 INDEX(100,14) 3 TRAN(14,414) ,HOLLER(IQ),
1DIGIT(S) TSIONIL4), INUT(3,14)
DUUBLE PRECISION ITER,DIGIT . o L
o HITER AND UIGIT MUST BE DOUBLE PRECISION FOR THE IBM 360
DATA PLUS, TMINUS/2H «y2H-o/ _ o
DATA ITER/AH(ITRNO/,DIGIT(1)/6H.=1) /4DIGIT(2)/6H.=2) [/,
I1DIGIT(3)/6Ha=3) /,DIGIT(4)Y/6H.=4) [/ DIGIT{(5)/6H.=5) [/
C NCHARS MUST BE A MULTIPLY OF 4(IBM 360) OR 6(IBM 7U90,7040)
 NWORDS=NCHARS/4
C SNWORDS=NCHARS/6
 _IF(ITR JEG. N) PRINT 100, (HOLLER(I),I=1,NWORDS) i
[FOITR o6T. 0) PRINT 100, (HOLLER(I )4 I1=1,NWORDSI,ITERDIGIT(ITR)
100  FORMAT{1H1,21X,12A4)

C100 $SFORMAT(1HLI,21X,1246)

b PRINT 101, (LeL=LaNOFACT) e e e e
101 "FORMAT(//5H SEQ.,1419)
PRINT 102

102  FORMAT(IX)
D0 7 ¥=L,NVAR
NO 6 J=1,NOFACT
ELEM=0. L
[FUARRAY(T,J)) 294,3 -
2 ELEM=ABS{ARRAY(I,J)-.000%) B L e

TSIGN(J)I=TMINUS
GO 1O 5

3 ELEM=ABS(ARRAY (T, 1%, 00051

4 TSIGN(J)=PLUS o e . .

5 [OUTT(T, Ji=ECEM®10
10UT(2,J)=ELEM$100.~FLOATIIOUT(144))%10, e
TOUT13, J)=ELEM#1D00.~FLOAT(IOUT(1,J))%100.~FLOAT(TOUT(2,J))*10.

.6 CONTINUE

7 PRINT 103, 14 CINDEX(T, ), TSIGNLI) ,( TOUT(K, IV K=1,37,J=1,NOFACT)

103 FORMATI1X,13,2X,14(13,1X,A2,311)) o - ,
PRINT 104 T e e e e

104 FORMAT(///22X,24HTRANSFORMATION  MATRIX)

PRINT 1C5,(LsL=1,NGFACT)
105 FORMAT(//S5H ROW ,1419)
PRINT 102
DO_13 T=1,NUFACT
RO 12 STV NOERCT T
ELEM=0,
TF(TRANETLLJ))Y 3,10,9
'8 ELEM=ABSITRAN(T,J)=-.0005)
TSION(J)I=TMINUS
GO T 11
ELEM=ARS({TRAN(T,J)+,0U05)
TSIGN(J)I=PLUS
10UT{1,J)=ELEM#*10.
CIOUT(2,J)5ELEMXLO0.-FLOAT(INUT(1,J))%10.
INUT(3,J)=ELEM* IUOO.—FLUAT(IOUT(I,J))*IPO.-FLOAT(IOUT(LyJ))*10
CONT INUE
TPRINT 106y Lo {TSIONI(J) 2y {TOUT(K ) 4K=1,43),J=1,N0OFACT)
6 FORMAT(1X,13,2X,14(4X942,311))
RETURN
END
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