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[Abstract]

The purpose of this paper was to introduce the basic concepts, calculation methods, one example related to the

confirmatory factor analysis, and how to implement calculations using SAS. Basic concepts included manifest variables and latent

variables, endogenous variables and exogenous variables, exploratory and confirmatory, goodness of fit and prerequisites. The

calculation methods involved the calculation of basic principles, mathematical models and confirmatory factor models. The data in the

example was "partial chemical composition and content of Dengfuxian rock mass samples". With the help of SAS software, the

confirmatory factor analysis was conducted on the data in the example and an explanation was given to the SAS output results.
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Table 1 Partial chemical composition and content of

Dengfuxian rock mass samples

FE b SI0(X) TIO,(X,) FeO(X,) CaO(X,) K0(X,)

1 75.20% 0. 14% 1. 86% 0.91% 5.21%
2 75.15% 0. 16% 2. 11% 0. 74% 4.93%
3 72.19%  0.13% 1.52% 0. 69% 4.65%
4 72.35%  0.13% 1.37% 0. 83% 4.87%
5 72.74% 0. 10% 1.41% 0. 72% 4.99%
6 73.29%  0.03% 1.07% 0.17% 3. 15%
7 73.72%  0.03% 0.77% 0.28% 2.78%
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Figure 1 Confirmatory factor analysis path map for example 1 data

®2 HEXRBIER

Table 2 Correlation coefficient matrix

I S ¢ X, X, X, X,
X, 1. 000
X, 0.239  1.000
X, 0.518  0.910  1.000
X 0.143  0.922  0.766  1.000

4

B

0.116 0.923 0. 835 0. 960 1.000
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BT B SAS B P 4N R
data al;

input id$ X1-X5;

cards;
175.200.1401.860.915.21
275.150.1602.110.744.93
372.190.1301.520.694.65
472.350.1301.370.834.87
572.740.1001.410.724.99
673.290.0331.070.173.15
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773.720.0330.770.282.78

run;

proc calis data=al method=Isml;

lineqs X1=fl+el,

X2=f2+e2,

X3=a32 f2+€3,

X4=a42 2+e4,

X5=a52 f2+e5;

std el-e5=var_el-var_e5, {1 {2=2%*var_f;

cov {1 f2=cov;

run;

quit;
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Table 3 Standardization effects in linear equations

A WAER S B A T ARiER t Pr>lil
X, /, - 0,039 0.017 2362 0.018
X, 5 - 0,952 0.044 21.871 <0.001
X, 5 a, 0.853 0.115  7.402 <0.001
X, 5 a, 0.970 0.032 30.679 <0.001
X, 5 a, 0.981 0.025 38.784 <0.001

S A AR 7 22 AR AL S5 R A Al HE L2 4.
S AR A — A e B QL2 3, M
HAb 4B TEGe 27 5 o TV ks HL UL, A A 4
AHMEARBE N 0, HATEIT SASTEFF, ARG
TR AL S RO RS E Bl T4

R4 NMETEFENRELER

Table 4 Normalized results of the variance of exogenous variables

AR B S B A i pRrER t Pr>lil
R e, vare 0.998 0.001 763.200 <0.001

0.094 0.083  1.128  0.260
0.272  0.197  1.385 0.166
0.059 0.061  0.965 0.335
3 var_e;  0.037 0.050  0.747  0.455
(58 /, var_f,  1.000 - - -
£ varf,  1.000 - - -
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X, =0.039f, + 0.998e,
X, = 0.952f, + 0.094e,
X, =0.853f, + 0.272e, (7)
X, = 0.970f, + 0.05%,
X, =0.981f, + 0.037e,
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Table 5 Normalized results of covariance in exogenous variables
Varl Va2 & ¥ fh it
/, 5 cov 4.439

BT RiRE 3 R4 LS IR, el i) 1 5ok
X R AIE S (R A AR 1, LT 2.

FrifEiR t Pr>lil
10. 338 0.429 0. 668

B2 HHESHEITHENS) 1 F R EIE S S EF 5 iR E
Figure 2 Confirmatory factor analysis path map for example 1 data

with parameter estimation values
3.2.2 SYHBI2HE
BT L) SAS TR PR ™

data a2 (type=corr) ;

infile cards missover;

_type_='corr’;

if _n_=1 then _type_='n";

input _name_ $ X1-X5;

CARDS;

n77777

X1 1.00000 0. 23918 0. 51767 0. 14322 0. 11554
X2 0.23918 1. 00000 0. 91026 0. 92200 0. 92308
X3 0.51767 0. 91026 1. 00000 0. 76621 0. 83477
X4 0. 14322 0. 92200 0. 76621 1. 00000 0. 95980
X5 0. 11554 0. 92308 0. 83477 0. 95980 1. 00000
RUN;

proc calis data=a2 method=lsml;

linegs X1=f1+el,

X2=f2+e2,

X3=a32 2+e3,
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X4=a42 2+e4,

X5=a52 f2+e5;

std el—e5=var_el—-var_e5,fl 2=2%var_f;

cov {1 2=cov;

run;

quit;

[SAS =%k ) 45 5 S ke ] 5 4] 1 0 th 25 2R
S AR ] (B Ry 2 i) — S Bk, HUJ2 A B 4%
AT ), A A

4 JHe5/ING
4.1 itig

4.1.1 EBEEFHRE@H

AEART— A WL I A5 1 R A RUEE Y, BV 5 S
BT o A VAR R REE 2 il ARG L A —
MHEFCRLE X, LR E LSRN IE SR S A+
F—NHFLEE X, X, XX, L RE, FRAER
AACIR T & TN & IR AN T B4 00 I ) 20 A o
oEIER T, e AR R A RN, RIS SR
BN o R T EARVEAE N 22 (R A AT Lk, WAt
Fp— AR T SCE SRR, (R e
T HE R 0, WAt 210, K208 s B s dn 4k
TRAE IR 0 ik T Bl A5 DA ke . 7R IR JERE 1 it
TRV A PR T 00 SRS TP PR A RO v — R
B4 P AE A T B9 75 22 9 1, BV A8 TR AE DY 1 A 207
ST REA PR R BRI BRI ; 5 — A dew Y
ST B 5 e B — AT A R 7 T S R LA R
AR G rp B — A S AR R I IR e
XX AN S HRAS B A SE IR 1, B2 BRAR 7 A ]
T B AT 1, S R 0 R R R
Bl b5 S BRI RS —FE

4.1.2 HEEIPATERE

B PN A B SR kL I o=k (k+1)12,
PRI 15 2 5 B Al R 28
AN p, WA 37 i A 7« X6 T ] 53 A A 7Y
(AL 4 n] M50 At 70 al BRI PRSI ), — 2 A
ezpo WL, WA e<p B —5E JE A AT HE I
AR o<p , M RIS [ AL %) — il 9 ok o 1 A PR o) 2
- T BIR S 86 i Y P A R 1, UK 2 8
8 A BEOR 25 38 AT BRGE B FE AR i R R 25
0 BT AL 0, 0 A R 2 80 ) A~ BORE 2 — 28 sl 2
Tk, R AN TS 5 A R gl T B A Ak DA T A S Y

B A, e T LA Ao B ) A A phe A ] g
ol B P

4.2 INEE

ARSI T FUETEAE N T 0 WA S ZE A
A& T A S LR A SAS SER T Ty
%o BEABAAS B S AR S5
A RRIE SRS AR AT AR A 5 3
BEIT LD B AR AR A A RS P T
FTHARD s — A~ SE I A BT “ XS B A A AR it 14
IrAsE oy B R s A B SAS B, XS il v
Ol o B AT T AESSPE R 7208, I X5 SAS i ) 45
SR T R

&% 0k
(1) R WA RS B7 (M. LS5 < 85 % 7T R L 2000
35-59.

Zhang YB. Latent variables analysis [M]. Beijing: Higher
Education Press, 2009: 35-59.

[2]  Johnson RA, Wichern DW. SZ ] Z e 4 it /0#r (M ]. 6 bz . db
B IERERAE TR, 2008 481-538.

Johnson RA, Wichern DW. Applied multivariate statistical
analysis [M]. 6" edition. Beijing: Tsinghua University Press,
2008: 481-538.

[3] Armitage P, Colton T. Encyclopedia of biostatistics [M]. 2m
edition. New York: John Wiley & Sons, Inc, 2005: 2053-2072.

[4] Lattin JM, Carroll JD, Green PE. Z 0440 #T (M. dbat. #l
BRIl AL, 2003 171-205.

Lattin JM, Carroll JD, Green PE. Analyzing multivariate data
[M]. Beijing: China Machine Press, 2003: 171-205.

[5] Z=TZR.WHZC 0T IM]L db st dba R e,
2008: 207-238.

Li WD. Applied multivariate statistical analysis [M]. Beijing:
Peking University Press, 2008: 207-238.

[6] iR, HUEAL. Zoogit b SR HIM] 7M. ik
A, 2005: 210-231.

Yu JH, Yang WQ. Multivariate statistical analysis and
application [M]. Guangzhou: Sun Yat-sen University Press,
2005: 210-231.

(7] skigke . Zoegeitrpr M. dbnt. Bleg it 2006: 190-217.
Zhang RC. Multivariate statistical analysis[ M ]. Beijing: Science
Press, 2006: 190-217.

(8] AR wm ) g i (3) kel 5 £ ouse il
[M]. demt: NRTE G, 2012: 139-164.

Hu LP. Problem—oriented statistics: (3) experimental design and
multivariate statistical analysis [M]. Beijing: People’s Medical
Publishing House, 2012: 139-164.

[9] SAS Institute Inc. SAS/STAT®15.1 user’s guide[ M]. Cary, NC:
SAS Institute Inc, 2018: 2715-2824.

(SR H 191:2023 - 09 -25)
(RSl :Br #)

5



