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Introduction

This note describes two computetr programs which are available for x

factor analysis u51ng the General Electric Time-Sharing  Computer System.

mponents of a correlation matrlx, the

——e :Q

One program obtains the principal co

4

;other makes an orthogonal transform

2.

using a varimax algorithm. The

ation of the principal components

&
&
primary purpose of this paper is to facilitate

use of the programs for theoretical interpretations and mathematical . 4

detail the reader should refer to the books listed in the bibliography

section. With regard to computational aspects, some familiarity with the 8

Time~Sharing Computer System is assumed.

The factor analy81s package consists of two completely separate

programs named PCA (Principal gomponenté Aralysis) and VARR (Varimax Ro-

tation). In most applications the ana1y51s would proceed according to the

fbllowing sequence: 1l. Run PCA, 2. Visually inspect the output of PCA
= . :

Run VARR. Either

and choose the principal components to be rotated, 3.

o b ,
A PR 2 D Y e
RN R

program, however, may be used alone if desired.

trix which summarizes

e
principal component

The basic input to PCA is the correlation ma

ST N
(*f;:afv - xf“‘"” i ‘v: .t;\

the original data. The terminal output includes the

vectors, listed in order of the variance accounted for, and the latent

roots of the correlation matrix. Some additional output is optionally R

available. PCA also writes the principal component vectors (referred to

nent matrix) in a permanent file named

SR O e SR R N A N
G SR R RS AR PR R AR SR
A o ‘ B A R S S e T R

| i
S it

collectively as the principal: compo

PC (Principal gpmponents) where they may be used later by the program

S s e .
Sl S35 e S

VARR.
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The terminal output includes the rotated £

variance

i

F
¢

Principal Components Analysis ' , )

output.

The basic input to VARR is a set. of principal component vectors.

actor matrix, the percent of

which is accounted for by each vector and some additional optional

—tr P
g4

&
T

- last principal component.

There are a number of possible procedures for obtaining the

principal components of a correlation matrix. The particular algorithm -

v

.

followed by PCA is one which Hofstl/ calls the Basic Structure Sucéessivé

Factor Method With Residual Matrices. The method is a step-wise procedure

which solves for one principal component factor at a time. The effect

of a given factor is removed from the correlation matrix leaving a residual

matrix from which the next factor is then obtainad. PCA continues to

‘extract factors from the residual matrices until a latent root less than

one is obtained; the factor -associated with that root then becomes the

The procedure is iterative with respect to the solution for each

principal component. That is, the solution begins'with an initial

approximation vector and proceeds through successive iterations with

Because

each cycle yielding a better approximation to tﬁe_correct factor.

© 1/ P. Horst, Factor Analysis of Data Matrices, (New York: Holt, Rinehart

and Winston, 1965, pp. 156-167).
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7 the procedure is iterative, information must be supplied to the program

.
W

to control termination. The detailed requirements are discussed in the

A o .
AP VML

> i)
¥ N

section on input and output. .
s factors which are

s

.
"1

I An exact basic structure soluticn yield x
3 . v

The iterative method of PCA gives

ki

mutually orthogonal to one another.

gy

factors which are approximately orthogonal if enough iteratioms are

Ao liay
WS

carried out. : ' .
y PCA tends to account

f.‘x“’('x‘c 2 Lisivs

The first principal component obtained b

. :
for the maximum variance which can be accounted for by a single factor.

If enough iterations are carried out, each successive factor accounts

T 3 ARG TR LA LS

for the maximum variance not previously accounted for.

Other properties of the solution and an outline of the procedure

are given by Horstzj. The purely computaﬁional parts of the program are

almost identical to those provided by Horsti . The dimension and input/

3 ' output statements have, of course, been changed to conform to Time-Sharing

: FORTRAN. A listing of the program may be found in Appendix A.
) : e

‘ - . .
: o Varimax Rotation

Varimax is .the name given to ome analytical procedure for making

formation.of principal component factors. As. a con-

S

an orthogonal trans
r of large and small loadings

e O

sequence of the varimax rotation the numbe

oA

bid., pp. 157-167.
bid., Appendix, p.607.
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A

d the number of 1ntermed1ate loadings tend to be

A

tend to be maximized an

i . minimiged. In the foregoing semse the final factor matr1x is regarded

.

3 as a simple structure. .
of the varimax computational o

.
LN

There are several possible var1at10ns

APy N TN

[ 4

i
2 %,

procedure. ' The one used in VARR is referred to by Horstﬁj as the

Successive Factor Varimax Solution. The new factor vectors are obtained

or which

B

in a step-wise fashion. The first factor tends to be that one f

o ‘t.‘
YA S B S A S a2y
f ¢

the variance of the squared loadings is maximized. Subsequent factors

e
fesiete i

al and, subject to this constraint, tend to come

z are mutually orthogon

¥ out in the order of the variance of their squared loadings.

; " The procedure followed in VARR is the.so~called normal varimax

in that each row of the principal'eomponents matrix is divided by the

The final varlmax rotated matrix is

corresponding communality.

et
5.

thus normalized. It should be noted, however, that the Success1ve Factor

oes not give the same answer as the varimax method

5/

"wsen’

- o origlnally suggested by Kaiser

ch vector is obtained by an jterative procedure ¢

Varimax Solution d

i Xatpey
TR

0 R

T As in PCA, ea

PR R

and information must be supplied to the program to control truncation.

Sz}

o2
MRE LV

&

f _ Details will be found in the input/output section.
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Ibid., pp. 423-428
m for Varim

3 " 5/ H.F.Kaiser, “Computer Progra
’ : Educational and Psychological Measurement, Vol. .19, No.

2 _ op. 413-420.
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ax Rotation in Factor Analysis,'
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Restrictions .

onents analxsié will accept up to fifty variables

Vo

AT L8 ok LA A bd o
AR ARSI 3 R

The principal comp

0302,

in the correlation matrix and will coﬁpute up to thi

‘ i

£ Extraction of principal components is automatically stopped, however,

rty principal components.

——— K

AR

e
ER-Ant

: after appearance of the first latent root less than one. '

The varimax analysis will accept up to ten principal components

with up to fifty variables;

TSN FRRN P TR

Input and Output

PCA Program

b = e
i feanratoiig

ot riy
4

&
FAR e

Part of the input to PCA is via a data file named RMAT (R Matrix)

and part is entered on-line during execution of the program.

2 210 L
Sk sl D4

Prior to running PCA, the upper triangle'of a correlation matrix

is entered in -RMAT in Time-Sharing FORTRAN Standard input format. The

Cotiad e
W e R gy ek

Only the sequence

T,

contents of a sémple RMAT file are shown in Appendix B.

a with respect to line numbers

FETvlr X
SRS

of values is important; the arrangement of dat

e is optional. -
ke ) ) ’ . .
: - After the correlation matrix has been entered in RMAT, PCA is

O ready to RUN. During execution of PCA a request for five more items of

information will appeaf on the teletypewriter in the following form:




'} ) 6

N INMATS TRESS P, LT

= ? . : ' o

g . - - .
}Ei i The user must then enter five numerical'values_from the key- . .,
f | :toard, ~The symbols have the following meanings.-. ' &

i N . The ordér of the correlation matrix entered

z in RMAT.

é INMAT A programming variable which con;rols the output.

% IfaINMAT=1, the correlation matrix is printed

é ' as part of the output] if INMAT=0, prinéing of

# _ -

é. the correlation maFréx is suppresseé.

.é ' ‘ IRES A programming variabié which controls the output.

' If TRES=1 (and INMAT=1), each residual matrix

%_ is printed out; if IRES=b, tﬁe residual matrices

%; - .are not pringed; If IRES has a value of one then

%E : _"., so must INMAf. -

: P : . A stabiiizatioq 1imit on the number.of iterations .

g; performéd to extract any given.principai component.

%T i After each iterative cycle a "peasure of improve-

i meﬁt"gl is computed and compared to the value of P.

3

g' 6/ For a details fegarding the ;measure of improvement" see the

- listing of PCA in Appendix A or Horst, op.cit. , .

; "
% )

1 }




- = e vﬁh%r‘“fi = - poy [ e— N Y o TR A T LTI T TR TR T AR e Sl - L
E . ]
e
<§ ; !
' 7 :
3 When the"measure” is less than the value of P, ) E
2 T . the iterative procedure is truncated. The user g
4 ' y may enter a positive value if he chooses or by _ 3
(‘ LA - :f;. 3
k. f? entering a zero the program automatically sets P % 3
7 = . . n' ! 3
: : _ : P
3 equal to .00001, a value which will probably be L
é satisfactory for most purposes. 3
E ‘LI An absolute limit on the number of iteratioms f
A performed to extract any given principal component. 3
f The user may enter a positive integer if he E
? chooses or by entering a zero the program L
3 will automatiéally set LI equal to 30. E
3 .
i; After entering the required data the prlntout at the teletypewriter
; might then appear as follows (user supplled information is underllned) 3
- ' ' 3
1 e e e s e e s m ey e e e n o -2
. = v No I'NM!:{T:‘I'RES: P,L1I= A
: ST 2 9515150650 af
S e i S e o e e : ‘ ’;i
K
The output of PCA is as follows: é
CORRELATION MATRIX.(optional) The lower triangle of the input correlation %
matrix. 4
h :
t . . ) ° J'.‘\:
'PRINCIPAL COMPONENT i. The i~ principal component written as a row 4
vector. The loading on the first variable appears first and so on. %
- —— - !.___, . - R S, ”4“.,____:'_‘, ,’:




Ao

+

A AN G b

SR Ty,
b

i,
LRSSt

. LATENT ROOTS. The latent root associated with each principal -

RESIDUAL MATRIX i. (Optional) The residual matrix after the ith prin-
cipal component has been extracted. .Written in lower triangular form.
NUMBER OF ITERATIONS. The number of iterations required to extract

each principal component. Written in the order of extraction.

component. Written in order of extraction.

' CUMULATIVE PERCENT OF VARIANCE ACCOUNTED FOR BY COMPONENTS. The

cumulative percent of total data variance which is accounted by the

first i components.

See Appendix C for a sample output.

. 2.~ " PC Data File

The principal components extracted by PCA are stored in a

)
.

file called PC for later use as inpuf to VARR. The components are
stored in Time-Sharing FORTRAN standara format in the order in which

they were extracted, i.ei, the first compoment extracted is first

" in the file and soon. Contents of a sample PC file may be found' in

Appendix C.

Prior to running PCA, a dummy PC file must be set up large
enough to contain the principal components which afe output from PCA.

The Time-Sharing Library contains items of six different sizes which

SO
PRV

S s 3 g 4
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: may be used to set up the dummy £ile.™ . _ .
g A set of principal components.may also be entered directly
; into PC rather than as output from PCA. . ' :

= i
&

. 1

&t

: ¢ .. VARR Program ‘ . x
; _ Part of the input (viz., the prinéipal'components) to VARR

/it

is from the file PC and part is entered on-line during execution of

LR R,

% the program.
% : A set of principal components must be available in PC prior
j. to running VARR. Procedures pertaining to PC have already been
E ~ discussed. .
ﬁz During execution of VARR a request for six more items of information
4 will appear on the teletypewriter in the following form:
i : . :
1 . MsN> INMAT, ITRANS, PsNL= '
: - ?.- ' BT . . . 'z;
: . oo - ) e
9
: ] General Electric Company, Time-Sharing FORTRAN Reference Manual,
4 (General Electric Company, October 1966, pp. 65-66).
: ' : - -

b

R A S S O RN S ST AN Y, 0 1
.
)
-

N L o -—?—A ‘ -~
L]
i !
| ;
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The user must then enter six numerical values from the key-
board. The syﬁbois have the following meanings:
M The number of pr&ncipal components to be
rotated. The first M bxincipal components
in PC will be rotated. |
N " The number of variables represented in each
principal ;omponent. |
INMAT A programming variable which controls the
outpﬁt. 1f INMAT=1, the M principal components
are‘printed out; if INMAT=0, printing is
suppressed. oo -
°  ITRANS A programming variable which controls
the output. If ITRAN5=1, the final trans-
) : ' formation matrix is printed out;.if ITRANS=0,
printing is suppressed.
: P:- .._ ‘A stabilization limit oﬁ the number of iterations
performed to obtain any given rotated vector. ‘
After each iterative cyclé a "measure of
1mprovemeﬁf"'§/ is bomputed and compared to.

the value of P. When the "measure" is less

than the value of P, the iterative procedure

_§/ For details regardirg the "measure of improvement" see the listing of
VARR in Appendix D or Horst, O .cit.




) — bl
- - —— u~::._<______———-—1"'~w*—--;«~~~~-—,— RS
;‘ t . ‘ 1
% is truncated. The user may enter a pqs;tive
E value if he chooses or by entering a zero
i the program automatlcally sets P equal to 0001 a
E % value which will probably be satisfactory for —_
é £ most purposes. &
;? | NL' An absolute limit on the number of iterations |
é‘ : : performed to rotate ény given principal |
; | | o component. The user may enter a positive integer
é‘ ] if he chooses or by entering a zero the program
g | will automatically set NL equal to 40.
; : ' After entering the required data the ﬁrintout at the teletypewriter
mighg then appear as follows (user:;upplied jnformation is underlingd):
| : _ _ :
3,: - -
: o : M:N:I\!WAL:ITPA\!Z):P:NL— i
= N .2 4:9:1:1: 29 -
i- . The output of VARR is as follows: :
; E .. ., " PRINCIPAL COMPONENT MATRIX. (optlonal) Tﬁe M_principal compoﬁents
é' selected for rotatiom. Each component is in column vector form.
.
. -




S¥ag

[A)

12

- NUMBER OF ITERATIONS. The number of jterations required to obtain

each rotated factor. Written in order of their transformation.

PERCENT VARIANCE ACCOUNTED FOR BY EACH FACTOR. The percent variance

sccounted for by each factor with respect to only the variance
&
i

accounted That is, the sum of

ior by the M principal components.
these percentagés add to 100% neglecting round-off error.

FINAL TRANSFORMATION MATRIX. (Optional) The matrix which transforms

" the principal components matrix to the varimax rotated factor matrix.

Written as a series of column vectors.
VARIMAX ROTATED FACTOR MATRIX. The new factors written as column

vectors in the order of their tranmsformation.

‘s
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4 . . APPENDIX A
4 Listing of PCA Program )
o i
3 . 189 .)Il E’.\'bIO\l .\(1973):9(5.1): J(SQ)::(V(BU):"V(?} J):Prz\(3u)
’_ 11y SFILE RMATHL?P .
: 129 Ph.li\!'f"t\!:_l'\uﬁ\l:I?ES: PoLI="

130 INPUT':'.\!:I\H":I\!:Ir-’.:_‘.“:P:L' " ‘..’ : ,
- ‘146 IFCPY 55555 S : )
P (159 5 P=.@duul o - R
3 . 160 6 IFCLI) 75758 S

3 2176 7 LIE30 ’ i
4 - 186 3. M= S CNECN+1)) /2 : "
3 LN 195 READCT)Y (RCINH>I=1,M) | T
3 296 £=0. T T
1 218 DO 5¢2 L=1,3Y L o
3 220 IFCINMAT) 1i&518 - A VR
3 . 236 IFCL-1) 30,8559 - L ST L TR
A . 240 80 PRINTL"CORRELATION NATKIK" SR
s 256 GO TO 10 '
3 266 9 IFCIRES) 18,10 .
276 PRINT®"RISIDJAL MATRIX", .

. 2865 PRINT,L-1

.. 298 10 LK=L' ~ Ce T g
L - 3606 DO 122 I=1,N L Lo -
3 " . 31% DO tul J=1,1 R Lo
s 320 IJ=I+((J-1)#(2-))/2

P 330 161 YCJI=RII)

: 346 IFCINKAT) 1425162 L L oo
358 IFCL-1) 1628,10629 ' SR o
360 IFCIRZS) 162,162 ) ' L oL
376. 16206 PRINT>$(U(J)5J=1,1) S
3 . 380 162 CONTINUE S '
.. . 7 .395 DO 138 I=1,N :

: 409 13 ACId=1. S

41 DO 41 K=1,L1 L . - ,
42¢. DO 23 I=1,N .- ' Jo L

430G 11=I+1 : " ' Lo
445 ULId=B. , - . _

456G DO 24 J=1,1 o S S
466 1J=1+CCJ-1)%(N%2-0))/2 o ' -
470 24 UCII=JCII+RCLIII*ACD) o Lo
436 DO 28 J=l1.N LT :
490 1J=CLI-1)%(N%2-1))/2+J S -
SgY 28 JCI)= JCDI+R(III®AT) T '
S516 S=5. .' T . . “

"52p DO 31 I=1,N

- 53i%i 31 S=S+JCII#ACI)

5 4%

55%

544U
ST

559
594

$=1./38RTF(S)
UO 3"! I 1’:\ ) '
34 ACII=UCId%S |

. 3=0

DO 37 I=1,
37 S=S+ACII %32

P ]
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.
- 6606 £1=F _ A .
610 E=SQRTF(S) - _ e
628 1FC(ABSF(E1/E-1.0)-P) 425 41541 o
635 41 CONTINJE ' e
leap KUCLI=K-1 ] R
71650 GO TO 43 \ ' S
- 60 42 KU(L)=K L -
. 679 43 EV(LI=S B T ,
680 PRINT 1" PRINCIPAL COMPONENT"»
69% PRINT,L . , : o
766 PRINT> 3 (ACI)> I=12N) oo L .
- 716 RRITEZ (2) CACId>I=1,N) LI
798 IF (E-13) 52,4754F - N o
. 734 47 DO 36 1=1.N L L
© - 746 DO 5B J=1,1 7 :
155 1J=I+C€CJ-1)#(N%2=J))/2
. 768 56 RCIJI=RCIJI-ACII*ACD)
776 IF(1.-3)5%2552552
780 562 CONTINUE C
795 52 PRINT+"nNUHBEIR OF I TERATICNS"
§G6 PRINTs t (KV(I1),1=1,LK) :
‘810 PRINTt"LATENT ROOTS"
826 PRINT,sC(EV(I)>I=1,LK) :
g30 PER(1)I=106.FREVIII/N - A
g 46 DO 60 I=2sLK .
Lo 85@,60_PER(I)=PER(I~i)¥1®ﬂ.@$EV(I)/N L
- ge® PRINT#"CUMULATIVE PERCENT VARIANCE ACCOUNTED FOR
_87@ PRINT:?(_PER(I):I?I:LK) - L ’
8¢ STOP A CTo o
99 END o S S -

4
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APPENDIX ‘B

:¢‘ . Sample PCA Problem
1 A . p 9/ | . -
S The sample problem is one given by Horst™ . The correlation ’
; - : mat;ix is: |
1.000 .829 .768  .108  .033 .08 .298 .309 .351
1.000 .775 .115 061 .125 323 .347 .369
 1.000  .272  .205  .238  .296  .271 385 fl;ﬁ
1.000°  .636  .626  .269  .183  .369 |
L | 1.000  .709 138 .09l 254
| o .:; 1000 .90 103 291
| ’ o | - 1.000  .654  .527
11000 | .561 -

. - ) | - o | 1.000 | -
éﬁ. ,. ' A listing of the input as it apﬁears in the data file RMAT is

as'folldws;

. . @ ara B Svememie

i‘ ’_ : .t llﬁ 1r:o829:-768:o168:o533:o198:o298:g3@9:o351:1-::775

f;.. . 120 .115:.Q61;.125;.323;.347;.369;1l®®@:-272;-2@5;.238:

: . _ 136 -296:.271:-385;1.660,.636;.626;.249,.183;.369:1-56&;-7@9 :
L o 140 .138;.@91:.254:1,9@@3.198{.123;.291:1.@00,.554;-527,1.@@@

4 159 +54151.600 »
* 9/ Horst, Ibid., p.122.
l
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APPENDIX C o

o

Lot
G

. , Sample PCA Output

f Printed below is the teletypewfiter output from a principal
) R A

I
A

¥, . . .
+3 components analysis of the problem given in Appendix B. Information
: . v

‘ ?’Eyh:-)@“-.\"”"

_supplied on-line by the user is underlined.

. PCA . 14:93 W1 THU 16705767

- - ) 5 O <
SRRSO A B Lt M AL B LG At

. \ .4
. \
- s Lot . . 3
~ N2 INMATLIRES,PLLI=
g 2951515050 ' . AT L ‘ . : .- ‘
) . . . R . ’ - .) . ' 1. ,

st s
.

CORRSLATION MATRIX

o~

RS
&R B Dl aens

1.0
4829 . .88 .
L T 188 - 115 o 1.00
+108 S § - 272 1:00 A

. . b33 .061. 205 o .636° 1408
h !039 ' ' ' ' o C

298 .. 323 - 296" 249 .138
..19 A -.1‘@{") R '. .- L ' 4 . ,
359 347 7 .27 183 L g9l

G183 4654 1.06 S
SR 13 369 .385
. 291 527 541
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Z
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i
£
i
%
i
L
j:

P

PRINCIPAL COiPONENT - 1

[N
PN

I

4

-~

.
F

z.

—

L}

7152
5196

\

RESIDUAL MATRIX

»

(O]

. 488
33606
. $2159

1.2966

| =.2998

-.2636

73

© v ~e1599

-.1427

© ~e1365

-“02163
- 1654
- 5905

« 7335
.§4@3

1‘

<4546
2549

_-0296§_

-.1668
« 2695

“01591
L0891

“PRINCIPAL COMPONENT. 2

'-;04965,

<6912

" RESIDUAL MATRIX

‘:242_ :
L0616
667
0365
L0635

0795 .

2592
~e1939
'-00835
-.2121

-.1025_

-e1433
-.10638

 -.4B18
. . -OQ784

2

2225

"-.@ééz
s
0747

. 5743
- 1877
5838

-.1851

«2476.

'olﬂS'

5717

-

o cammmar

.0 4041

© ~.1583

-fISAZ

701983'

- 2034
. 6224

’01671
16156

-+ 30
’of645

3141

0358

5683

e 3442

-e2213

- 2527
+5954

—e157
L1671

v, - b e Sn

-e1633°

- e276G8

!

- 1108

“00572

P

~eWD3

“09513
e 4375

19

§~ S
. 47834
4572

‘016

 =e1949

-.0788

7413

12332

~eB455
“01618
“06729

-¢ 1037

e T T -




- 4

3 ~ - ;

3 * 20 '

$

3 ;
4

o s e e £ ot ey w8 e T SR 0 )

. PRINCIPAL CONPONENT 3 o - .
: oo : . - o

preaniich fi

t

.

©

-~

fo—y

’.
® -~
-
xR .
M
D

T . 6222

- =e319 -
.5583

- ~e3478
,_ . . "01916

i' . RESIDUAL MATRIX i S 3 o
A ; ?31211 o L oo \.' E R |
= 0493 - 1267 A
4 - S - ; - ., ;
- 4 -.0738 - D685 1582 o s |
L { . .0859 ' -.0876 om7’ 2657 & § :
L Losag 0159 .:,5024 | 114;54"-" 992 |
| L6128 5131 335 - .;J12&4' - . 08E9 é

L T.2155

2.619645~05

._I' . « 6057 /
' - «2378

" JB243

- 0042 0124
0168 -.1184

‘G163

~8.189635-64
2032

=, 6082

Z.8154
~ e 0,089

©-.@252 -

0067

. .B419

-~

" - 8359

T —.B159 . —e§257

e -, -.0333 -« 1445 .3523

. - =+ 1216
£l . . PRINCIPAL COMPONENT =~ ~. 4. |

- 1074

o305 05T 1175
.1312 L

" NUMBER OF ITERAinNs_

B .. R 8 ) ,?. g

- LATENT ROOTS - | |

L T3.7491 ‘92,0495 '1.33068

CUMULATIVE PERCENT VARIANCE ACCOUNTED‘FOR BY CO#PONEN

79.2154

41.6562 6444286

s

AT LINE NO. 86G: STOP SRAN 17276 SEC.
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A listing of the data file PC as written 5y the program PCA

appears below.

E 16606 © W 7152 « 7385 - 772 5574
1g1g +5196 : ¢ 6403 . e6145 7151 oo
132{9‘ . e 4965 -e 4318 ~e36 ' . 0647 -
1636 - ‘6912 °  =/0784 ~.1645, ° .0335 . -
= 1046 -.3478 T <.319 T =.4G48 - 0671 &
1656 -+1918 ' «5883° « 6222 - «35677
16606 . B305 © o eB37 - . =e6694 =~ 10674
1670 <1312 ' « 2845 : 1661 ~e5648

< - - . . . ~
- . . ..

VAT O A g S S e )
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3 APPENDIX D | ' §
: - . e
3 Listing of VARR Program | :
% f Several comment lines in the lisfing,below have only numbers . ;
;. : i

!" on them. These numbers may be used to relate the subsequent FORTRAN %

z statements to the numbered equations in Horst's text2®/ . For

g: example, line 460 has the number 1; this means that tﬁe next few :
iz statements pertain to equation 18.3.1 of the text.

S 109 DIMENbION-ACSL:IJ):u(bw:lU); (10,1@>,ccsu>,vc5®),xvc1@)

- T 110 #BSC18),4(16),UCIB) s PERCLG)

2 . 120 SFILE PC -

o ,ism_PRINL"U,N,Im“Ar,IiaAmb,P,NL-" N -

(2 ) 146 INPUT, VERE IMNMATL ITR x\t'S:P:.-l\‘L '

o 156 IF(P) 10510s1) . _

2 _ 163 10 P=.8501 R . 4

- 176 11 IF(NL) 12512513 A : _

o 180 12 NL=4D ' o , B R

2 - 196 13 READC1) (CA(I,J)»1I= I:V):J l:i) ' L :

. : 266 IFCINMAT) 25525 B . . -

3 - 219 PRINT+"PRINCIPAL COMPONLNT MATRIX™  © - 7 - e

228 Ja=1 . . . . - -

7 236 IF(M=-3) 20,23 _ _ .

4 246 J3=5 ' ' : o _ T P

3 258 GO T0 21 - D R e

3 260 21 JB=i . SRR . : L -

4 270 21 DO 22 I= IJV : ' o o o

- R 286 22 R INT:(»’-‘x(i:J):J J’\:JB) S

| . 298 IFCJS-w) 23525525 S

= . .360 23 PRINT»* - : _ o

4 ’ 316 Ja=Js+1 . < : . L e

P _ 3206 JB=JdB+5 : e _ . :

- 330G IF(JB-K): 2.1 “,. ' : R

L - 340 JB=M - : | S ,

3 356 GO 1O 21 -

- ' 3692'ROM NORMALIZATION - . )

! 376 25 DO 115 1=1sN -t

: | |

, 10/ P. Horst, Ibid, pp. 424-425.




728 146 H(JsLI=ACLASJ)

T 350 ¢C1)=3.
- 393 DO 115 J=1,d

. 40D 115 C(D= =CCII+ACT5 )%,

419 DO 117 I=1,0

426 117 'C(I1)=1./SARTF(CCI))
436G DO 129 I=1,N T :
440 DO 1206 J=1, ,
456 126 ACI»JI=C(Idi A(I:J) o
466G , '
470 DO 127 J=1,M"

‘486 W(JII=

1496 DO 127 I=1,N ,

505 127 J(J)-W(J)TA(IJJ)

510 FN=N

", 526 AL=8. o R -

‘530 DO 131 J=1,
540 131 AL= =AL+W(J) %2
550 AL=1./SARTF(AL)
6% DO 134 J= | R0 -
ST0 134 ”(J)“W(J)rPL
‘586'2
590 DO 138 I= l:N
660 V(1)=0e
619 DO 133 J=1,d
626 138 V(I)= V(I)+A(I:J)“”(J)
633"'3 ) .
_ 645 DO 173 L= I:M
' 650 LAa=1
660 DO 144 I=2,N
.670 IFCUCLAY=-YCI)) 144:144:143
6380 143 LA= I
.- 699 144 CONTINIE .
1664 -
719 DO 1456 J= 154

736 E= =0
. 746 DO 173 K= I:NL
156 KUCLY=K
76G'S
776 DO 153 1 15N
780 BCIoL)=5.
79% DO 153 J=1,M
. BLG 153 BCI:L) D(I:L)+A(I:J)$H(J:L)
816'6 | .
20 B8S(LI=0.
§3% DO 155 I=1,N
845 156 BS(LI=BS(LI+3(I,L)*#2
353 B3CL)I=3S(LI/FN !
§60 El=
876 E=AL ’ .
330 IF(P-A33F(E 1/75-143) 1585 158,174
8§96 155 DG 159 I=l.N .
96 159 BCI.L)= =3C¢I,L)*%3=-3CI,L)®#BS(L)

23




At Lottt raAs 3 sl ans

e

N S PR A P

)
P

9i6"T . - e

1638 169 HCJI>LIY=UJd)/ZAL -

1660 PRINT

:118@ PRINT»(PEZR(LIY>L=15i1)
1196 IFCITRANS) 196,5,19%

- 1216 Ja=l _ . N Y

-1236 JB=5 _ .
1241 GO TO 185 .- SR S

- 133y JB=¥

24

926 DO 163 J=15M : e a
936 UCJI=T. - o _ °

946 D0 163 I=1,N .
955 163 UCJ)= U(d)rB(l:L)~A(I:J)

96G'8 \ : :

979 AL=9. ~ _

985 DO 166 J=1,% B . . )
996 166 AL=AL+UCJII#%2 e
1660 AL=SERTF (AL) ST ;

1618'9 h E T .

ig26 DO .169 J=1,3 - A -

. 8

1646 173 CONTI“UP e ) .-ﬁ ' ? | . U.HQ
1656*'16 N ' SR ' '

1076 174 DO 176 1I=1:N S

iG3o DO 176 J=1st . ‘
1698 176 ACI,JI=ACI,J)~ b(I:L)~d(J:L)
116617 .

1116 DO 178 I=1,N . AN
1120178 VCII=VCId+B(I,-L) S

113%. PRINT +"NUH4BER OF ITERATIONS"

1146 PRINT> (KV(LIsL=1,) :

1156 DO 179 L=1,14 .

1166 179 PER(LI= 160, GEBSCL) :

1176 PRINT*"PERCENT VARIANCE ACCOUNTED FOR BY LACq FACTO‘"

1299 PRINT +"FINAL TPAVSFOQ AxIOV MAFRI""_

1226 IF(¥-5) 184,184 . T

1256 184 JB=it . : s
126G 185 DO 186 -I=1,% | - -
1276 186 PRINT,(H(I,d)>d= JA:JB) :
1286 IF(JB-MY 187,195 5195
1296 187 PRINT,?

1366 JA=JB+1

1316 JB=JB+5 _ - . , .
1320 IF(JB-M) 185 . o S

1343 GO TG 185

1356 1920 CALL bIﬁbHA(A:B:::V:N:? NL»P)

1365 STOP . ) . )

1375 END T lwn_ﬁu.h.-- ;o ; R T S

e
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RN AR P

WA A

o g
Py v

Y

o iy R 250 dakoa
DRI A oF 2 SRR SO

LY

Rt s

1380

13908
1405
141%
1426
‘1 430
1449
1 450
1450
1-476

‘1148“

81496

- 11568

1515
1520
153%
1546

£.1558

1560

1576

1580

" 1590
.. 1668

161%
1625

1639

1645
1650

1660

16706
1680
16906
1766

1716,

1720
1736

C 114D
T 1756

1769
1770
1789

- 1796

1860
1810
1829
1834
184%
1850
13606
1875

SUBROUTINE SINCHA CBsBssisNsdisNLs P)
DIMENSION A(au:lu):B(adalu):}(lu):V(lu)
DG 6.I=15H

PO 4 J=1,1 -
aCi>Jdir=ge.

DO 2 K=1,N

2 ACI,JI¥=a(l,Jd)+ D((:I)~B(K:J)
4 ACJs1)=AC1,d) .
6 V(I)= 1.

E=C.

DO 14 L= I:NL

DO 8 I=1,1

WHCId=0.

DO & J=1,vti .
8‘”(1)-”(I)+A(I:J)<V(J)
QL do

DO 16 I=1,10i - L
16 AL=AL+4(ID)# V(’) - - )
AlL= bLan(AL) ' K e
El= . I :

&= AL '

IF(P- ADSr(LI/‘—l )) 12:12:13
12 DO 13 1I=1,M

13 VvCId)=W(Id /AL

14 CONTINUE ' T

15 DO 16 I=15N .
CId)=0. ' : ’ .o
D0. 16 J=1-M
16 HCII=HUCII+BCI, )%V .
DO 18 I=1,N ..
DO 18 Jd=1, B
3= SIGNr(1.:”(1))\SIuAF(1.:V(J))
g BCI,J)=B(I>J)#S :

Ja=1

IFCi4=5) 26,29 _ _ , oo
JB=5 ‘ L R
G0 TO 21 . TN
29 JB=M C . .
21 DO 22 iI=1,-N : -
22 PﬁINL,(J(l:J):J =JA,JB)
IF(JB“') 2u:23)25

23 PRINT»* _ -

Ja=Jp+1 o
J3=J2+5 : ’
IF¢Je=-i1) 21

e’

J3=i : : C . R

G0.TO 21
25 RETUAN
£ND

PRINT *"VARIMAX nOTAT“D FACIOR 4AfRIX"

-

Gt B e AT S T Sl 2
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Sample VARR Problem

APPENDIX E

26 -

The problem for VARR is to rotate the following principal

F 4 ..
4 components:

!
3

’

L7152
.7385
.7720
.5574
L4654
5196
.6403
L6145

. 7151

A listing of this input as it appears

below;

1000

1610
192u°
1639
1640
1650

1966
1670

Principal
Component 1

Principal
Component 2

~ -.4965
~.4818
~. 3000
6470
L7418
.6912
-.0784

e 1645

.0335

T R
7152,

5195

’04965

56912
-e3475
-e19153

e 305"

« 1312

Principal

Component 3

-.3478
-.3190
. 4048
~.0710

.5883
.6222

.3677

<7385

06463

“04818

"Q’ZJ784

"0319
« 5333
« 557
« 2545

Principal
Component 4

.0305
.0570
-.0094
= -.1074
1175
.1312
»2845
.1661

e 772
"03!/)
~e1645
"04'348

. 6222
'06294

« 1661

5574
«7151
647
« (335
-0971
3677
"01074
~e¢55643

an

in the data file PC is given

o

44

..7A
-~e 1E

o1l

< .
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EXits

Ao o s i 1 4 "
Ele SN \&:,*}.»q

xR & Ak
L R A S R

. . . . . it
1] ¢ q:. . B .
. . * L , . . . i
L1 ‘
0 -
: L ]
S
o .
[ .3
- [ .3
r~ ™
[ .3 . . .
N - . .
[ .3
(o)) . .
o -
Ly
- e Y
-
W . . .
[V | .
“ : N
’ Ly ” . . .
(o] . c .
[ .3
wn . . .
= mw. . .
M ot . . 4;4. M
. T i .
=4 1
ol : .
. - o
. B4
o‘G 4
e L 4
' or=f R ,
= i . _.
" (o )
= 3 ) . . ,
) ) .
oy .
=l e . . ) i “
=4 bl .
. «© :
(o} . . .
Y4 v . :
= . N )
] LY :
g i
3 L .
. >y :
] i .
> 'y i
B>
. ..m ..U_ .
=9 . | |
p . . N
S +
e *
. fw . . :
£ .-~ - . .
. RS i . ) . .w
I3
c.- ¢ 3 m
» 7 . . : o=N
>~ . . W 5
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[ - .. APPENDIX F
' 5 ggmmle VARR Output
é , Printed below is the output from a varimax rotation of the
; 4 principal components given in Appéndix E. Information supplied
f .___:;___on-llne by the _user _is_ underllned e
-~ .varR  l4as12 W1 THU 10/03/07 !
3 " Mo Ns INMATS T TRANSs PsiL= )
E ? 4,9,1,1,oag
3 PRI“CIPAL COUPONENT MATRIX 3 SR
3 ’ : «7152 -e 4965 ~+34758 " G305 .
e ] . 07383_ "04818 . ~e319 . OQJS'I
_ "" '. - o772 -e 30 - e 4348 ' ""0@6‘94
: <. 5574 e 647 -e371 - 1074
8 e 4654 § 7418 -o1844 «1175
. 05196 6912 . -.1913 1312
] T © 64483 -.0D784 T «58383 «2845
;- * <6145 -+1645 6222, 1661
% ) 07151 06335 03,677 . "05648
; B , : N .
1 NUMBER OoF ITERQTIONS' T -
3 -3 .3 L4
; ,PnPCWNT VP’IANCE ACCOUNTTD FOR BY EACH FACxOP
; 34.1572 34.9125 23.u3l " 7.6993
g FINAL TRANSFORMATION KATRIX - oo T
\08359 -~ ¢5393 .= e (999 “09221
3 ".074!3 " 0315 « 2353 e 2685
3  VARIMAX ROTATED FACTOR MATRIX |
3 / T 3199 9942 1531 "o 0254
2 T JB414 - . ¢9385 ¢ 1455 «B131
3 2383 9671 e 3498 .- “ 08724
3 #9983 018 9167 -~ 3534
! «9924 c 6955 e B4T4° - 0607
. - . 1752 w2512 9496 -e3671
i3 T o665 2647 9653 « 9531
3 2733 «303 5175 #7563
5 AT Ll\u NO. 1360. STOP :?AN 184/9 SuCo
. . R el e s e e

o e .




