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Reasonably carry out multivariate analysis: simple structural equation model analysis
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[Abstract] The purpose of this article was to introduce the basic concepts, calculation methods, two examples and SAS
implementation related to the simple structural equation model analysis. Basic concepts included composition of structural equation
models, endogenous variables and exogenous variables and three types of structural equation models. The calculation methods
involved the mathematical form of the structural equation model and the basic idea of fitting the structural equation model. The data in
the two examples were "socio—economic status of students’ parents and their performance" and "middle school students’ mathematics
learning effectiveness data". With the help of SAS software, the structural equation model 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 ~Socio—economic status of students’ parents

and their performance

gﬁ % XI XZ X3 YI Y2
1 2 4 5 2 4

2 5 7 7 4 8

3 3 8 6 5 7
3094 4 6 5 3 6

R2 SHEETEZ HEEXREIER

Table 2 Correlation coefficient matrix between five quantitative variables

=)

L S ¢ X, X, Y, Y,
X, 1.000 0
X, 0.5902  1.0000
X, 0.5461 0.4509  1.0000
Y, 0.2852  0.2377 0.2349  1.0000
Y, 0.2701 0.2269 0.2203  0.6759  1.0000

R3 SAMUNEEZ BEIHEX REIER

Table 3 Correlation coefficient matrix between eight observed variables

s =Y, Y, Y, Y X X, X, X
Y, 1.000
Y,  0.641 1.000
Y, 0.445 0.401 1.000
Y,  0.405 0.419 0.650 1.000
X, 0.412 0.447 0.450 0.511 1.000
X,  0.339 0.317 0.401 0.375 0.700 1.000
X, 0.321 0.394 0.462 0.401 0.301 0.405 1.000
X, 0.324 0.421 0.380 0.322 0.239 0.226 0.712 1.000

4
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MIBRIE 228 2,125, X W BRIE2E 9 1.245, X, bR IE 22 2,198, X, 1)
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Figure 1  Structural equation model path map of parents’ socioeconomic status and student performance
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Figure 2 Path diagram of the structural equation model for students’ mathematical learning efficiency
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data al(type=corr) ;

_type_='corr’;

input _name_ $ X1-X3 Y1 Y2;

if _n_=1 then _type_="std’;

else _type_='corr’;

datalines;

std 1.229 1. 511 2. 649 0. 777 0. 810

X11.0000. . ..

X2 0.5902 1. 0000 . . .

X3 0. 5461 0. 4509 1. 0000. .

Y10.28520.23770.2349 1. 0000 .

Y2 0.2701 0. 2269 0. 2203 0. 6759 1. 0000

run;

proc calis nobs=3094 res;

linegs X1=f1+el,

X2=a2 fl+e2,

X3=a3 fl1+e3,

Y 1=f2+e4,

Y2=a5 f2+e5,

f2=b1 f1+d1;

std el—e5 d1 f1=7%*var;

title "ACRE (R 28 T ML 5 27 AR R B 45 4 O A
BRI AT 5

run;
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B8 T TR AR A S A3, e M Sk R
TETT A S 1 1 IR S R T B AR T R A T i
il

[SAS i 45 58 K i e 1ty R v, o v [l )
REIMETFAR IR 4. R4 TR, G5 )y PR
S ASECE 0 2 22 R A et B, U
it o AT S B S5 4 O BB A ST o AR

4

7 ZE MR ELL S R A THE LR 5
a4 EMETIRRRRRAE LA

Table 4  Standardization effects in linear equation

A U 2 R fh It drRER t Pr>lil
X, /i - 0707 - - -
X, /i a,  0.721 0.007  96.939 <0.001
X, /i a,  0.944 0.001 686.200 <0.001
Y, £ - 0721 0.002 311.300 <0.001
Y, f a;,  0.526  0.015  35.071 <0.001
£ f b,  0.276 0.022  12.299 <0.001

RS HNETEHENRAELER

Table 5 Normalized results of the variance of exogenous variables
AR A W Z B b bRk ! Pr>lil
W% e, var  0.500 - - -
var  0.481 0.011
var  0.110 0.003
var  0.480 0.003
var  0.723  0.016  45.871 <0.001
ezl d, var  0.924 0.012  74.751 <0.001
=5 h var  1.000 - - -

HR 4 26 4 RN 5 TR A5 5, v 5 S5 4 T R
2l P& T AR B R A L, X (9) .
X, = 0.707f, + 0.500e,

X, = 0.721f, + 0.481e,
X, = 0.944f, + 0.110e,
Y, = 0.721f, + 0.480e,
Y, = 0.526f, + 0.723e,
£, = 0.276f, + 0.9244,

20 (9) & Ty R S5 A T 2R — T 1Y) R 03 )
WA B AR " FE 7] X, X, X I Sk b
A RB IR Y, Y, B ET Sk L LA T eE A
T Bk b B () mh A Oy RR SRS A T B
B RB A E 1H16,.8,.8,.6,.6,.¢ Ab 852 1
TSR AR AT R A R BT S5 . R TR BTRR
A B S5 R Ty R TR B AR T DA

3.2.2 oGl 289 Fz R
T B SAS R F AN R

data a2 (type=corr) ;

44.839 <0.001
42.304 <0.001
143. 800 <0. 001

(9)

_type_='corr’;

input _name_ $ Y1-Y4 X1-X4;

if _n_=1 then _type_='std’;

else _type_="corr’;

cards;

std 1.682 1.927 2.189 2.125 1.245 2.198
2.127 1. 652
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Y11.000.......

Y20.6411.000. . . . ..

Y30.4450.4011.000. . . . .

Y40.4050.4190.6501.000. . . .

X10.4120.4470.4500.5111.000. . .

X20.3390.3170.4010.3750.7001.000 . .

X3 0.321 0.394 0.462 0.401 0.301 0.405
1. 000.

X4 0.324 0.421 0.380 0.322 0.239 0.226
0.712 1. 000

run;

proc calis cov nobs=250 res;

linegs X1=al fl+el,

X2=a2 fl1+e2,

X3=a3 2+e3,

X4=a4 2+e4,

Y1=a5 {3+e5,

Y2=a6 {3+e6,

Y3=a7 f4+e7,

Y4=a8 {4+e8,

f3=b1 f1+b2 f2+d1,

f4=b3 f1+b4 £2+b5 3+d2;

std el—e8 d1 d2 f1 f2=12%*var;

cov 1 2=cf1{2,d1 d2=cd1d2;

run;

[SAS %y Hh 25 5 e fif deg 1t R v b [l U R
BRI A R AR 6. S5k T BB T 13402400
0 Z 18] 22 S B A G ih2 2 SO, BT 3 0 A 45 3 1Y
BERE 7 AR A LT

R6 KIEFH R HARAEL B
Table 6  Standardization effects in linear equation

AR B 2 B i if bR t Pr>lil

X, f, a,  0.662 0.035 18.851 <0.001
X, f, a,  0.879 0.013 68.460 <0.001
X, £ a,  0.871 0.014 64.201 <0.001
X, £ a,  0.779 0.023 33.433 <0.001
Y, /i a;  0.780 0.023 33.307 <0.001
Y, /i a,  0.837 0.017 48.217 <0.001
Y, £, a,  0.871 0.014 64.393 <0.001
Y, £, a;  0.860 0.015 58.533 <0.001
£ f, b, 0.328 0.078  4.225 <0.001
/ 5 b,  0.390 0.076 5.154 <0.001
£ f, b,  0.292 0.069 4.264 <0.001
£, £ b,  0.271 0.067 4.043 <0.001
£, £ b,  0.305 0.036 8.539 <0.001

S A T7 25 AR AL A R A Al T HE L2 7.
S A AR B R T 28 BORR HEAL 2 SR A A T L3 8.
H1 2 8 Al RN, PN BVE 5 d, 5 o, Z ) Y P 7 22 A
THE 0,013, A5 0 Z M 22 5 TGt i 3, Bl
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KT MNETEBFZNRELER

Table 7 Normalized results of the variance of exogenous variables

AR R o S B Al it peiER ! Pr>lil
22 e, var  0.561  0.047 12.068 <O0.001
e, var  0.227  0.023 10.079 <0.001
e, var  0.241  0.024 10.172 <0.001
e, var  0.394  0.036 10.847 <0.001
e var  0.392  0.037 10.741 <0.001
e var  0.299  0.029 10.302 <0.001
e, var  0.242  0.024 10.276 <0.001
e var  0.261  0.025 10.346 <0.001
Hesh d, var  0.624  0.067  9.531 <0.001
2 var  0.489  0.058  8.374 <0.001
584 A var 1. 000 - - -
yA var  1.000 - - -

R8 IETERMHTENRELER

Table 8 Normalized results of covariance in exogenous variables

Varl Va2 2 ¥ At i+ briai t Pr>ll
f £ of f, 0.456  0.065 7.011  <0.001

d d, edd,  0.013 0.031 0.417  0.677

TR FT RKMITHLER, ST (9),
A 5] 2 R R B 25 A8 T B L= (10) .
X, = 0.662f, + 0.561e,

X, = 0.879f, + 0.227¢,

X, = 0.871f, + 0.241e,

X, = 0.779f, + 0.394e,

Y, = 0.780f, + 0.392¢,

Y, = 0.837f, + 0.299¢,

Y, = 0.871f, + 0.242¢,

Y, = 0.860f, + 0.261¢,

£, = 0.328f, + 0.390f, + 0.624d,

£, = 0292f, + 0.271f, + 0.305f, + 0.489d,
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