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[Abstract]

The purpose of this article was to introduce the basic concepts, calculation methods, two examples related to the

exploratory factor analysis, and how to implement calculations using SAS. Basic concepts included common factors and special

factors, factor loadings, common factor variances and factor scree plots. The calculation methods involved the mathematical model of

factor analysis, principal component method, principal factor method, centroid method and maximum likelihood method. The data in

the two examples were "evaluation data of 31 provincial government portal websites" and "sources of basic construction investment in

various regions across the country". With the help of SAS software, the exploratory factor analysis was conducted on the data in the

two examples, and an explanation was given to the SAS output results.
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Table 1 Evaluation data of 31 provincial government portal websites
aomXx, X, X, X, X, X, X, X,
deaxt 0.82 0.95 0.90 37.10 2.46 1.3 2511 2.6
F#  0.84 0.83 0.76 89.00 3.37 2.8 1819 4.0
W 0.79 0.57 0.85 14.70 3.30 1.9 791 3.6
HEE 0.45 0.25 0.46 3.20 3.90 1.6 545 3.4

T PEANECE WIS SO 1Y SAS 1t B R Y
*2 2ERMREREIZRERE
Table 2 Sources of basic construction investment

in various regions of the country

W X ERBENES ENGEE PG ABERE b

Jent 119. 81 74.58 23.95 214.84  27.67
Kt 9.28 76. 41 48. 68 79.52  20.31
TH 13.25 19. 48 2.04 23.02 7.50
i 43. 10 85.72 6.65  133.52  49.46

U PRSI WL SO 2 1 SAS 1 A T
3.1.2 XEIELEHES

1 1 A5 2 0 i 25 A AR R] BT ER R ik
T2t Rk, TR RS A 7 ol M X7 A Y
FLACN” R 2300 52 0 38 5 TR R A MR e
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3. 1.

data al;
length regine $ 6;
input regine $ X1-X8;

cards;
J6500.820.950.9037.102.461.325112.6
¥ 0.840.830.7689.003.372.818194.0
KHE0.640.570.445.101.802.0890 1.9
FK0.470.320.5425.803.901.2 1186 4. 1
76 0.550.470.505.60 1.802.4882 1. 8
7 0. 54 0.360.5610.70 3.303.3 1000 3. 4
11%50.410.230.401.104.202.35602.6
1175 0.570.360.470.451.203.6481 1.2

M5 0.520.320.483.301.901. 15592. 3
1L70.660.450.407.002.402.58192.3
Ak 0.580.360.519.003.10 1.7 708 2.7
MFFYT. 0.630.280.654.802.600.5824 1.9

VLI 0.
WL 0.
LR 0.
R 0.
7LV 0.
Wi o.
1FE 0.
J"%R 0.
J775 0.
Py )il o.
SO 0.
= 0.
BETY 0.
UL 0.
Hlro.
Hi 0.
THO.
TR 0.
B 0.

9

run;

63 0.
78 0.
65 0.
66 0.
610.
590.
65 0.
69 0.
46 0.
580.
44 0.
63 0.
720.
420.
26 0.
49 0.
370.
79 0.
450.

390.
54 0.
49 0.
520.
300.
380.
530.
60 0.
250.
56 0.
13 0.
34 0.
610.
22 0.
14 0.
410.
19 0.
570.
250.

605.502.301.67782.4
8510.403.502.41873.6
658.902.001.710602.0
577.103.000. 6860 2.4
466.403.202.58243.3
496.702.001.47822.2
5710.403.101.010503.4
6016.002.301.4 2012.8
333.502.502.14722.2
660.141.401.42681.5
352.602.901.18033.0
5423.602.370.61002 2.4
8012.403.601.28324.6
210.804.901.7971.8
419.303.601.11404.0
361.901.702.32982.4
420.802.201.71952.0
8514.703.301.97913.6
463.203.901.65453. 4

3.2 SBl2EIER
BT SAS B AR P AN

data a2;

length regine $ 6;
input regine $ X1-X5;
cards;

b5 119. 81 74. 58 23. 95 214. 84 27. 67
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3.2

3.2

Kt 9. 28 76. 41 48. 68 79. 52 20. 31
7t 36. 49 128. 18 32. 05 254. 43 101. 26
LLIPG 15. 83 79. 79 54. 28 69. 59 44. 92
52T 29. 39 37. 40 12. 44 52. 86 35. 61
iLF 63.55107. 09 32. 36 165. 51 39. 01
Tk 32.1242.24 5. 65 92. 82 37. 31
MLIP YT 38. 53 66. 30 13. 99 129. 75 77. 86
M 33,44 131, 11 121. 34 352. 64 67. 42
TLJ5 52.28 142. 17 49. 04 376. 01 51. 26
WL 59. 91 174. 87 60. 61 313. 11 53. 85
I 34.74 50. 44 4. 81 107. 67 37. 41
FEHE 33,34 66. 49 42.29 126. 12 45.78
TIVY 33.59 42.56 5. 82 59. 48 25. 63
LI 48. 74 193.71 46. 69 299. 76 64. 58
T[EG 77. 34 120. 98 31. 58 190. 61 90. 27
WAt 90.09 119. 13 16. 91 194. 80 97. 76
WIFG 55.73 61. 45 10. 81 133. 15 55. 55
I 4K 39. 63 260. 53 167. 29 570. 33 78. 54
7 30. 50 46. 29 25. 91 104. 32 49. 44
VEFEE 12. 54 33. 60 20. 31 58. 59 16. 98
K 38. 08 52. 60 4. 64 58. 78 28. 96
PUJI| 34. 11 152.75 34. 51 218. 96 81. 20
FrM 21. 92 38. 89 8. 66 46. 13 15. 01
ZF5 28.3289.045.57 131. 33 39.79
VUL 24. 28 1. 84 0. 02 16. 45 5. 32

BEPH 47.99 70. 94 6. 93 86. 81 53. 57
Hifr 25.07 53.855. 13 56. 26 35. 60
FHiE 10.99 27.250. 68 19. 96 12. 14
T 13.2519.482.0423.027.50

HTEE 43,10 85. 72 6. 65 133. 52 49. 46

9

run;

P SAS ST 4 #

1 i 1 B3R
Wi SAS ﬁ%%%%é}?ﬂ[]‘lﬂn, .

proc factor method=principal
priors=one c scree n=5 rotate=varimax score;
var X1-X8;

run;

proc factor method=ml priors=s heywood n=2

reorder

score out=scoredata rotate=varimax ;

var X1-X8;

run;
proc print data=scoredata;

var factorl factor2;

run;

[SASEJF BT 155 — i B 2L b, “method=
principal priors=one” &7~ & H] 3 15340 M 7 14T
K437, o 2ot A2 1 22 [] B A DG R B0 R
“scree” N Y R TR 1, TR EE A I B,
“n=5"48E A FHON 5, “rotate=varimax” PhAT J5 2%
I RIEASHER: 3 55 A~ 220 | “method=m1” 3R
e e KA SR IE AT LT 20 BT, 3650 “ heywood ™ [ /E
YA Pl ZRT IR, SH 1 IRt
ARSEIEAT 3 55 = A AR D 2 A RS WL (A
TES — M — N B4

(SASHin 25 R B fif e 1R T4 — A ik B R 7
g R R — IR A R LR 3. R 3 AT, R R AR
TURRR A H) 90% , 75 ZEHT 5 MR . A
P CPRLRIT o o W A, a4 DS )t w28, 7 54 A A
T2, 2 IR BEW i 3 T 1%, iz 5 2 3L
PRSI, W RE SR TFRES
Y

BT AR T a0 A R o 4
WF 4,

®3 ETHEXEMTHESIINSEEMRRRHE

Table 3 Eigenvalues and cumulative contribution rates calculated

based on correlation matrix

w5 SRIREN 7% Iy AU NSO
1 3.781 2.045 0.473 0.473
2 1.736 0. 708 0.217 0. 690
3 1.028 0.381 0.129 0.818
4 0. 647 0.332 0. 081 0. 899
5 0.315 0. 086 0.039 0.938
6 0.229 0. 087 0.029 0. 967
7 0. 142 0. 020 0.018 0.985
8 0. 122 ~ 0.015 1.000

R4 WIEETFREGHEHITEER

Table 4  Calculation results of the load in the initial factor model

A5 4 Factor1  Factor2  Factor3  Factord  Factor 5
X, 0.882  -0.246  -0.015 0. 246 0.173
X, 0.906  -0.268 0. 021 0. 069 0. 095
X, 0.854  -0.019  -0.168 0.407  -0.086
X, 0.788 0.233 0.205 -0.405 -0.132
X, 0. 003 0.913 0. 095 0.048 0. 388
X, 0.007  -0.202 0. 969 0. 109 0. 003
X, 0.819  -0.047 -0.071  -0.459 0.075
X, 0. 402 0. 820 0. 068 0.167  -0.309

3
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x, = 0.911f, + 0.306f, — 0.034f, + 0.059f, —

0.028f, (6)
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Table 5 Load of factor model after rotation

Ap i Factor 1 Factor2  Factor3  Factor4  Factor 5
X, 0.911 0. 306 -0.034 0. 059 -0.028
X, 0. 820 0. 465 -0. 111 0.076 -0.019
X, 0. 887 0. 167 -0. 037 -0. 109 0.319
X, 0.289 0. 831 0. 099 0.119 0.317
X, -0. 120 0. 026 0. 950 -0. 041 0.277
X 0. 006 0. 007 -0.039 0.99%4 -0.027
X, 0.422 0. 838 -0. 009 -0. 113 -0. 027
X, 0. 139 0.178 0. 444 -0. 041 0. 844

o

Ro WMELTDRBEITHEER

Table 6 Calculation results of standardized scoring coefficients

g i Factor | Factor2  Factor3  Factor4  Factor 5
X, 0.530 -0. 188 0.283 0. 059 -0. 347
X, 0.338 0. 041 0.095 0. 060 -0.234
X, 0. 480 -0.376 -0. 151 -0. 083 0.384
X, -0.312 0. 662 -0. 192 0. 097 0.292
X 0.152 -0. 045 1.208 0.026 -0. 567
X 0.018 -0. 040 0.031 0.962 0. 031
X, -0. 152 0. 676 0.079 -0. 147 -0.323
X -0.093 -0.076 -0.252 0.016 1. 090

o

fi1 =0.503x, + 0.338x, + 0.480x; — 0.312x, + 0.152x5 + 0.018x, — 0.152x, — 0.093x,

f>==0.188x, + 0.041x, — 0.376x; + 0.662x, — 0.045x; — 0.040x, + 0.676x, — 0.076x,

/5 =0.283x, + 0.095x, = 0.151x; — 0.192x, + 1.208x5 + 0.031x, + 0.079x, — 0.252x, (7)
£ =0.059x, + 0.060x, — 0.083x; + 0.097x, + 0.026x5 + 0.962x, — 0.147x, + 0.016x,

fs ==0.347x, — 0.234x, + 0.384x; + 0.292x, — 0.567x; + 0.031x, — 0.323x, + 1.090x,

3.2.2 Sl 2@E R
BERT TG B0 SAS I FE AR P an R

proc factor method=principal

priors=one c scree n=3 rotate=varimax score;

var X1-X5;

run;

proc factor method=ml priors=s heywood n=3 reorder

score out=scoredata rotate=varimax ;

var X1-X5;

run;

proc print data=scoredata;

var factor] factor2;

run;

[SAS %y 25 5 R figp e 1 o0 19 48 i Wt , I T S
Hh T8 — Sk R D R Pl B B e — TR A R

W7, PR TR, /T LS 3NN T
Fikz, WL (8) .
£7 HALTSRRNTEESR

Table 7 Calculation results of standardized scoring coefficients

-

A s Factor 1 Factor 2 Factor 3
X, -0. 050 -0.283 1.036
X, 0.274 0. 137 -0. 008
X, 0. 565 -0.339 -0. 143
X, 0. 388 -0. 139 0. 140
X -0.337 1.173 -0. 249

s

£,==0.050x +0.274% ,+0.565x+0.388x,-0.337x,
£,==0.283x,+0.137%,-0.339x,-0.139x,+1.1735x, (8)
£,=1.036x,-0.008x,-0.143x,+0.140x,-0.249x
254 5 (8) i 2 & AR F i Ll 5 S, T DL S
3SR B R AR B BT,
So s AT 43 SRR A FI A1 5 R 7 HLAth ¢ 4 [ -7
5
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