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Estimation of Communalities by the Method of

Maximum Likelihood.

Entire program.

The program is read into the memory in the usual way.
After a short time, Illiac will stop. Read in para-
meters and the elements of the correlation matrix.
The computer will stop and is now prepared to read'in
the estimated elements of the matrix G. Replace the

“original tape in the reader and restart the computer.

The black switch must be im the ignore position. I
convergence has not occurred in the allotbed time,
raise the black switch té the obey position. After a
short time the computer will come o & stop. At that
time raise the white switch up and down. This will
read in the print routine and the results will be
printed out shortly.
At the beglnning of each data tape four parameters are
necessary. They are as followsi
{1) Let s = size of sample. Then place sS on the tape.
(2) Let f = the number of estimated factors. Place
fF on the tape.

{3) TILet n = the number of variables. Place nN on the
“tape.
(4) TIet j =

the number of places to be printed. Place
37 on the tape.
Since the chi-square value varies with the number of
factors, it is necessary to provide several values.
These can be found in Table I for the 5 %level.’



MATHEMATICAL
METEOD

-

Each value (vhich must be scaled by 10'1*) is punched

ag a sign followed by up to 12 deecimal digits. The

final value in the sequence is terminated by an N.

The values of the correlation matrix scaled by 10~2

are next punched on the tape. The lower off-diagonal
elements ‘and diagonal elements are punched, row by row,

as a sign followed by up to 12 decimal digits. The

final fraction in the sequence is terminated by an N.

Tt is necessary to make some estimation of the matrix G.
The values scaled by 10 > should be punched a5 a sign
followed by up to 12 decimal digits. The last value

is followed by an N. \

The essential steps in the iterative process of estimation
and tests of significance may be summarized as followsg

(1) Start with a trial diagonal matrix G and cbtain

the solution to the determinantal equation |GRG - AI| = O.
This gives the first approximation to the diagonal elements
of G.

‘ 2 2 -
gi =’j1 +41 ()Q]-/?ﬁ,e -l) +¢é12 (%/)\e "‘l) + sax +
> . -
/&ﬁ' “T/ke 1)
vhere /gl,mas y 4 are the f{mmber of factors assumed) latent
normalized vectors corresponding to the f largest roots
7‘1 gens ’7“f and

?‘“e = (%ﬂl * r""f‘+2

Feeot )\,n)/ n-f

(2) This process is repeated till gi converges to aboubt
four declmal places. When g, converges the sum

T ,312 - ()"l Foeet }\,,f‘) = Mgy Foeet N »‘(ngf')



ESTIMATION OF G

THE PRINT-OUT

=5

(3) The estimated factor leading's at any stage are

/ A -1 gzie“lg J*z’l,ﬁéég—l 3...,JAT-1_¢Q%G'1

The estimated ecommunalities are, at any stage,
2 2 2
(4) The test for a specified number k of factors is'

N,y =-(8-1-(2n+5)/6 - (2)/> )fﬁm.fﬂ Toeee ot
/ﬁn}h - (n—f),én )‘f}

which is a chi-squsred test om [(n~f)-n-f]/2 degrees of
freedom. This test is made whenJAﬁf compverges to sbout five
places. If /4f is greater than the chi-square value that

the number of factors in increased by one.

Becauge the convergence of the iterative process is some-

vhat slow, it is desirable to choose values of G which will
minimize the number of iterations. It has been shown® that
the squared multiple correlations are the minimum estimates

of sommunalities. Consequently, the square root of diagonal
elements of the inverse of the correlation matrix form a
minimu estimates for the matrix G.

After the first iteration, the latent roots are printed out.
The £ values are printed out after each iteration. This

is followed by the elements of the matrix G, the commmalities,
the largest latent roots, and the factor loadings. If too
many factors are being extracted or if there are too few values
of chi-gquare, then ten F's will be punched out and the
computer will stop. ’

*L,. Guttman, Multiple Rectilinear Prediction and the Resolution imto Components,
Psychometrika, Vol. 5 (19%0) pp. 75~90
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TABLE I

DEGREES OF FREEDOM

fa 5 6 7 8 9 10

= B —*38 ¥ E t‘

54

b3
33
ek
16

CHI-SQUARE* AT 5 ZLEVEL

OV @ O\ D

1 5 9 1k 20 27 35
2 1k 8 13 19 26
5 3 7 12 18
N 2 6 11
5 5
6
7
8
9
10
11
11.1-16.9 23.7 3L.4 ho.l
3,80 9.49 15,5 22.% 30.1
7.81° 1%.1 21.0
5.99 12.6
%,84
10
11

49.8
38.9
28.9
15.7
1.1

60.2
418.6
37T
27.6
18.3
9.49

: 13 1k

6 T
535 6k
o 52
2. ko
25 31
15 22

8 -1
” .
1

1.9
59.0
- b7k
36.4
26.3
16.9
T.81

15
90
6
63
51
40

21
13

8.5
T0.7
57.8
6.2

2542

25.0

15.5
5499

16
104

89 -

62
50
29
23

i

98.2
83.4
69.5
56.6
5.0
3349
23.7
1.1
3.8k

17
119
103
88
™
61
Lo
38
28
19
11
3
112.9 128.5
97.1 111.7
8.2 95.9
68.4 8L.1
55.5 67«2
43.8 54.3
32,7 L42.6
22k 31
12.6 21.0
11.1

*When degrees of freedan are greater than 30 an approximetion of chi-gquare is mmde.

145.2
127.4
110.6
ok.8
79.9
66.1
53.1
41.3
30.1
19.7
9.49



PAGE 1 |

L5 2F

LOCATION | ORDER
| conE x1 Decimal Order Inmput
00 80K " o
CODE N2 Inplit a Sequence of Decimal Fractiong
| 00 20K '
0 k1 5F
1w From 8
1 81 4r From 5
LO 3TL
2 32 5L
14 37L ‘Read in parameters and convert
3 {50 F
% 37L
i S5 F
b F
5 26 1L
A k2 6L From 2
6 I5 F
ho ()F By 5
T F5 SF
ho sp
8 LO 39L
%32 L
9 15 2F
00 1F
10 o F
L5 hF
11 00 2F
Ik F
12 Fh 3TL
10 39¥
13 66 38L
S1F
1k Lk 1F gn;_gz op
40 9F Gompute{Su-l- - 3
15

M 10



NOTES

50 32L

By 2k

LOCATION | ORDER PAGE 2
50 2F
16 Th 2F
S5 F
17 10 ¥ n‘n-l—lz
’ 4o 11F Compute 2
_ 18 th 3L ‘ n{n+l
ho TF 331+ 2
19 50 2F
T4 oF
20 S5 F _
' 4o 6F o 4+ n
21 00 20F
46 3oL
22 L5 6F
| Ik 11F
23 40 8F 3/2 (1;2 +n)
00 20F
ok 46 3L -
. 5 2%
25 1O uF
Lo 1oF n~f
26 15 2F
4Ld LF
27 14 2F
4o 5F 2n
28 50 988F
50 28L Read in chi-square values
29 26 8OF e e
22 30L
30 50 ( )F| By21
50 30L Read in correlstion matrix R
31 26 8OF -
oL 2L, Stop, prepare to read in Matrix G
32 50 ( )F | |

M 10



LOCATION

CRDER

33

3k

35

N
-3

38

39

ite)

26 80F
50 40L
75 10F
S5 F

4o 12F
2k 999F
00 F

00 331F
00 F

00 10F
00 F

00 6F
80 F

00 hr
00 ¥ 00 0100
0000 0000 J
2k 20N

00 959K
Code PL

00 20K
Code MO
00 152K
Code R1
00 286K
Code S1
00 945K
92 131F
L5 13F

52 T4F

50 1L

6 9597
191F

Y]
\J

no
D

> 21T7E

NOTES ' _PAGE_3

n-f/100

Print one Number Fractional or
Integer in a Manner determined by a
Program parameter

Eigenvalue - Eigenvector Program

Square Root Routine

Natural Logarithm

Print out chi-square criterion

M 10
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LOCATION | ORDER NOTES PAGE 4
00 F
00 950K |
) 41 hp From 169F
L3 127F |
1 36 170F Is this Pirst iteration?
‘ 41 1277 £ so, print out all latent roots.
2 bise -}
92 1WTF
3 92 131F From 8
15 (33L)F| By 6
R 52 ToF o
50 4L,
5 26 9L
F5 3L
6 ho 3L,
| F5 5F
T 4o 5F
1O 278F
8 36 3L
' 26 170F
00 161K
0 15 147F From 115
ko 31,
1 46 3L
k2 107L
2 M1 F
50 F .
3 5 ( )F | By 1,6 |
10 ( )F g‘;oxg 86 Store latent 'réots in consecutive
L F5 F o locations.
Lo F
5 K+ F
_ 00 20F
6 Fh 3L,

M 10



LOCATION | ORDER NOTES PAGE 5
40 3L
7 15 F
L0 11T7L
8 36 3L
26 950F
9 41 sF From 958F
41 6F
10 hg 8F
hi 7w From 30
11 15 147F
k2 121
12 L6 131
7 ( )F | By 11, 16| From 18
13 2 ()F By 12, 15| Find smallest latent roots-
32 15L '
1k 15 12L
00 20F
15 k6 131
F5 12L From 13
16 k2 121,
F5 TF
17 Yo TF
L0 117L
18 32 12L
L5 13L
19 46 21L
46 25L
20 46 15F
b1 oF
21 5 ()F From 19
ho 2w
22 Lo 16F
L4 5F
23 4o s5F Sum smellest latent roots

50 23L

M 10



LOCATION | ORDER NOTES ' PAGE 6
2l 22 286F Find logarithm of smallest latent
L5 lhow roots . '
25 o { )» ! From 19 Store 1 - 2777 in locatlons of
41 10F smallest latent roots.
26 50 F
7J 118L
27 Lk 120L
L4 6F
28 ko 6F Sum logarithms of smallest latent
F5 L4F roots. '
29 Lo LF
LO 119L
30 32 10L .
50 88 Constant
31 L5 SF
50 31L
32 26 286F
Lo TF.
33 L5 116L
50 33L:
34 26 286F
L0 TF
35 o ¥
50F
36 77 118L \
4o F - Gomim‘cé chi-square criterion
37 50 119L
JO 1%2F
38 ™F
00 39F
39 L& 6F
o r
ko 50 F
7L 123L
41 Ll 13F

M 10



LOCATION | ORDER NOTES PAGE 7

sk F

) WO F
85 F

43 4o 13F |

, 19 15F

b 2 F
32 45L Hae chi-square value converged?

45 26 56L If not, transfer control to 56
L3 (988)F| From 44 By 52

46 36 12hL Are too many factors being extracted
ko F If so, transfer to 12k,

L7 TP

' L0 13F

48 36 56L Does criterion exceed chi-square
15 119L valuwe? If so, increase mumber of

49 10 1457 factors by ome. Otherwise, transfer
k2 1191 control to 56.

50 15 116L
L0 121L

51 Lo 116L
F5 5L

52 k2 451,
L5 15F

53 46 sh1,
15 16F

54 Lo ( )F | By 53

| L5 5F

55 L0 16F
4o 57

56 26 945F | From 45, 148
ko 77L From S48F

57 s gL | |
15 68L

58 22 59L
15 3F From 85

M 10
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LOCATION | ORDER . NOTES PAGE 8
59 L 1175
| 2 3F
60 1 by
L5 147F
61 42 62L .
L5 121L-°
62 ir |} ,
| FT()F |By 6L, | From76
63 36 6UI, o
22 T3L
6l 15 62L From 63 | |
, L2 66L
65 Lk 3F
B Lo 69L
66 b2 TiL
_ 50 F
67 75 116L
A 66 5F
68 Ll 121L
sk ss = Estimate gf
69 ho 2F :
50 ( )F | By 65
70 73 2F
Lo oF
71 b1 F
50 ( )F | By 66
72 17 oF |
4 1F
73 Lo 1F
F5 62L From 63
h 42 62L
F5 k¥
) Lo hF
LO 117L
76 32 62L




1 LOCATION

L2 oer,

50 T6L
7 22 1527
Lo ( JF | By 56, & . |
78 %0 1F | ,‘Test‘to_sse if g, pas converged. -
, 19 13F ‘ ' ‘
9 2 1F
: 36 81L
80 k1 8F
- %6 81L |
81 15 2F From 79
o o ()F | By 57, 83
82 5 7TL
ko TTL
- 83 ko 811
. F5 9F
8k ko op
L0 117L
85. 32 58L
. L3 8F
86 34 87L _ :
. 26 999F Have all the g, 's converged?
- 87 15 151F . I 80, d¥ing in print routine.
f Lo 8oL Frem 97 -
88 F5 89L
- k2 gon
89 F5 1hoF
4o ( )F | From 87
90 4 8F -
k2 8F
or | 1o 1L
32 9L
92 41 1F
BRI From 88, 95 By 93
93 F5 92L |

NoTES _PAGEQ




NOTES

"~ PAGE 10

LOCATION ORDER
9k F5 1F | |
4o 1F Generate identity metrix
g5 LO 117L
1 32 %L
96 L5 89L
F4 1170
97 22 8TL .
15 1221 | From 91
98 k2 1041
L6 10h4L
99 F5 lkoF
' 40 2F -
100 b 37 From 11k
F5 2F '
101 ho 2F
19 18r
102 L4 104L,
k6 104L
103 L5 30L
42 105L |
10k 50 ( )F | By 98, 102 | From 112
7 {)F |®y 98, 108
105 hor
50 ( )F | By 103, 109
106 > F - Compute GRG
66 121L |
107 85 F
40 (331)F| By 1, 110
108 F5 104L '
ko 104L,
109 5 105L
k2 105L
110 F5 107L
k2 107L
111

¥5 3F

M 10



CRDER

113
11k
115

116

123

124

40 3F

15 128F

10 2F
36 104L
14 2F
10 117L
36 100L
50 114L
26 20F
26 L

00 F
o0sy | Bys1
8 F
00 sk
OCF.'00 0032
0000 0000 J
8o r

1
00 (SK) I By k49

OOF.00 000k
6051 7019 J
O0F 00 0100
0000 0000 J
00 102388
00 86
0or
00 89
92 93kF
OF F

00 15K
41 8F
26 248F

26 15K
00 10K
09 10F

Compute eigenvelues snd eigemvectors

of GRG

Punch out 10 F's and stop, if too
muny fectors are being extracted.

M 10



LoC.

ON_

. ORDER

00 1F
4o 1F
00 2F

»thF

4o 3F
L4 128F
bo kr
50 191F
JO 7L
S5 F

4o 8F
26 999F
00 F

00 1C23F
26 10N

00 20K
1 7w
92 983F
92 1L43F
k1 8F
L5 (s8)
40 oF
52 183
50 3L
26 959F
50 9F
™ 9F
o r

1.0 282F
66 F

S5 F

40 (8)F
92 131F

15 5TL
50 8F -

By 13,

By 14

Printing in‘hérlude;
«Compute parameters necessary for

che:_ Pl

From 16

. Print out G

Compute commmelities and store.

M 10



PAGE 13

LOCATION ORDER  NOTRS
66 9F '
10 L1 10F
_ S5 F S
1 0 (s8) | By 12 Compute Gt
| 19 18F |
12 Ih 11L
- k6 111
13 46 21,
’ F5 7L
1k o T
, F5 TF
15 Lo TF
LO 278F
16 36 2L |
. 92 TTOF
17 92 143F | Prom 22
' 15 {80)F | By 20
18 52 Sh | o 7
" 50 18L Print out commmslities
19 26 959F S
92 131F¥
20° F5 17L
J 171
21 'F5 8F
40 8F
22 1O 278F
| 32 1TL
23 92 143F |
F7 (33L)F | By 33, Frem 35
2k 36 25L -
, 6 oL
25 L5 23L | From 24
b2 26L
26 b2 321,
‘L5 ()F  |By 25

M1
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ORDER

" JLOCATION NOTES
27 Lo k¥
B 36 281
28 52 283 o
. 50 28L Print out largest latent roots
‘29 26 959F o
| 41 F
30 92 131F
15 4F
31 LO 282F
- 50 31L
%2 26 152F . o
_ 4 ( )F |By 26 Compute J_A;:i and store
33 . F5 23L From 24 . .
2 23L
34 _F5 10F
40 10F
35 L0 2T8F
_ 32 23L
36 41 8F
92 143F
37 50 88 ‘ _ Constent
» L5 37L = |Frem 56
38 46 3L .
FT (331)F | By 54
39 36 4OL '
| 22 53L B
40 15 38L From 39
b2 hor
by Ih 229F
2 b
ko 1 9F
50 { )F | Frem ko, 52
43 75 { ) | By 38, 48
bor
bl 50 F '

PAGE 14]
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LOCATION | . ORDER __NOTES _ _ PAGE 15
75 ( JF | From 41,50| Compute factor loadings:
L5 66 5TL- | ﬁ).fl’,‘% G'Jf
sSLF aE
46 52 Sk
50 L6L Print out factar loadings
b7 26 959F | o
19 18F
48 L4 431,
4o 431
49 5 278F
. T bhL
50 o hp Mg,
| 92 13:F
51 | F5OF
{ hoor '}
52 - Lo 278F | i
| 32 hor, | '
53 92 135F |
75 38L | From 39 |
sk k2 8L, | |
¥5 8F
55 ko &F |
| 10 278F
56 2 5 | |
oF F
5T OOF 00 1000
10000 0000 J
26 20N
DATE _ 9/20/5h
CODED BY, .2
APPROVED BY (¥
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