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Abstract

This study investigates the properties of the oblique two-factor model, focusing on methods to im-
prove parameter estimation accuracy. By comparing the performance of Maximum Likelihood (ML)
estimation and Bayesian estimation in estimating the oblique two-factor model, the robustness of
Bayesian estimation to prior distribution errors is analyzed, and the impact of different prior dis-
tributions on the effectiveness of Bayesian estimation is examined. The study finds that: 1) Bayesian
estimation with informative priors significantly improves the model’s convergence rate and param-
eter estimation accuracy; 2) Even when the prior distribution contains some degree of error or is
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not perfectly accurate, Bayesian estimation still provides reliable estimates for the oblique two-fac-
tor model. Based on these findings, the study recommends using Bayesian estimation with informa-
tive priors in the estimation of the oblique two-factor model, with the Pearson correlation between
variables serving as the mean of the prior distribution, in order to enhance the model’s accuracy and
robustness.
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Figure 1. Schematic diagram of the oblique two-factor model
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DU R iR T U e B, @ 45 S 5 30 AR A BHE, WS SR S 10 . SR
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p(x|6)r(6)
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PN 1 9 A g 9 1 . R N 87 9 45 R i = <9 sl P R B O 475 s L1 £
PR ZBBE N p=03 (RIEZHEE). BB SHMEEN R 1) &F/EFfE: 4R 5E 556 bl
WHEN 03, 04, 0.5, 0.6 1 0.7, 2) REHE T4 SN RMHEFRAFGEKEDT: BN REE T
0.3+ 0.4, 0.5; 5 AT 0.4, 0.57 0.65 =AW T: 0.5, 0.61 0.7; FEVIA I T 0.6+
0.7 0.8, W R+ H HIFHIK RECHN 0.3,

N T A [EG T 7 VR (RIS A SRS ULy b R, AW 7S BEEE 7 2 NS5, BV e S
M5 BAIA L5 B DUl oo 6T DUl O, SIS RE TN RIR B S A, DL SN ARY
ZE AR FAE A A T 25 e o A 50K DL R =R s 1) BORBURIE (ML i) WA R &
N =200 f1 N = 500 W &4 247 2 8fk s 2) ook B 8 DU Wi fli 71 (Noninformative prior): Ki&
B2 3) A EKAS B U4l it (Informative prior): ¥ B A% R p IS0 A0 N
p~N(03,0.01), 7HEEFARERNN=200F N=500. EFMEARET, (£H Mplus 7.4 B fHE
B 1000 /N7 HELE

NSEEL T iE T Sl T, AR T SR B R SR IR (MCMC) 7 1%, FF 4% Gibbs K
FEAE N AR IRAE S . MCMC SRAE M BARSEOE B W R B GRRAE 78 75, W B S KIE RS 50,000
Ko o, BT 5,000 4B N EEEE HI(Burn-in phase), F-TTHBRWILAE X REEL 5w . RO AR
FHOGME, &R 5 JCRAFHC 1 /ME(Thinning), PARTHEIAEA ML . BT M0 MCMC 8, H
T WA R SRS AT 73 BB T LA =R 2R (R 5650 70 A1, DLVTASG SR 505 B S b v (1 5 .

HoSRR A IR, BIMEAN 03, JTEN0.2;

MRS IR, BMENEAE(0.3)) 10%k 2, Bl 0.33, 772 0.2

HERhSER A IR, BIMEN 033, JTEN0.01.
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3.1. ARG AET R NE FRE R SR

FEARWE T, WS R X R A TH BT 1000 OISR TR . FERRRB AT, B it
R RIS, RIREAS S B A THE 5 BB 2 1B IR ZAE TS BVE A, IR, e ik
SR LR IS SR AR B o i BB R L], S5 2RI 1o

Table 1. Convergence rates of the oblique two-factor model under different estimation methods

= 1. ARG AT R WA FRE A%

DU i
it ML 3%
TSRS B P ol

b a N =200 N =500 N =200 N =500 N =200 N =500
0.3 46.1 55.6 100 100 100 100
0.4 453 54.0 100 100 100 100
(0.3,0.4,0.5) 0.5 459 523 100 99.8 100 100
0.6 46.8 54.4 100 99.1 100 100
0.7 49.1 61.9 100 99.0 100 100
0.3 52.0 57.6 100 99.9 100 100
0.4 48.6 53.0 100 99.9 100 100
(0.4, 0.5,0.6) 0.5 51.0 56.6 100 99.8 100 100
0.6 50.7 60.6 100 98.4 99.9 100
0.7 55.0 71.6 99.4 98.2 99.9 100
0.3 54.8 58.7 100 99.9 100 100
0.4 54.6 59.1 100 99.4 100 100
(0.5,0.6,0.7) 0.5 55.0 59.1 98.9 98.9 100 100
0.6 57.8 653 99.1 96.1 100 100
0.7 70.4 89.4 78.6 86.0 99.1 99.1
0.3 58.3 61.6 99.9 99.7 100 100
0.4 56.8 59.8 99.9 98.4 100 100

(0.6,0.7,0.8)
0.5 59.8 63.3 97.1 928 100 100
0.6 68.5 83.8 55.1 59.4 94.6 100
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W 1 s, AR RKBSRIEML), EE/MERTEN=200)T, $eis 8E 18T Wik, #ia,
BRI F- 407 9(0.3, 0.4, 0.5), ML VERIUCECE T 46.1%, 1 I BHE(TE SRS B) 9 100%. B RE A B
RIN=500), P& MRS ZEEAL, T HHERESERIE N =500 B FEE N 100%. JLHETEME AL
A5 B DU RIS, ERFEAR RN 200 182 500, WSRIEN 100%, RKELKE R D ER S 7AW
WS . SR A i B IR T T AL SR T R MERA M . AEARERTE R, DU R R R SRR (S B
B A SR ARAIE T AE S FPREAR BN G 264 T, SEUSTHIAR e EAER M. AHELZ T, R BUSRE
TER/IMNEARER SR Z, WTRESESHAG MW ZE, X aR T4 WU ke s, JTHREL
PR AT

3.2. ARG AETRZENE FRERERE

Table 2. Relative bias of the oblique two-factor model under different estimation methods (N = 500)
= 2. ARG AT R NEFREMEXREN = 500)

DUm-Hi
ik ML %
g S fmEE
b a b a p b a p b a p
0.3 7.95 -19.83 2.07 3.03 -10.90  26.87 1.95 —6.27 6.77
0.4 10.45 -16.10  -11.23 7.95 -11.10  34.30 1.97 —2.48 6.03
(0.3,0.4,0.5) 0.5 11.25 —16.26 —6.93 11.10 —8.52 33.27 2.62 -1.32 6.43
0.6 11.98 —10.98 —21.20 12.05 —6.68 30.60 3.95 —0.87 6.43
0.7 8.20 —6.69 —19.80 13.53 —5.24 23.00 5.00 -0.54 6.43
0.3 3.50 —23.33 0.57 3.68 -18.70  26.73 2.88 -11.37 9.60
0.4 10.30 —=30.65 —=7.30 9.28 -21.30 4047 2.40 -4.50 8.90
(0.4, 0.5, 0.6) 0.5 6.30 -15.16 -14.83 13.02 -1822 4743 2.72 -2.36 8.20
0.6 2.48 —8.85 —33.53 1428 -13.67 4240 3.84 -1.78 7.93
0.7 1.12 —4.67 —35.77 12.58 —8.54 29.07 3.76 -0.97 6.53
0.3 1.97 —25.93 —8.00 3.40 -25.13 23.90 3.20 —18.60 11.87
0.4 1.58 —19.85 —12.07 8.45 —28.85  40.20 2.67 —7.55 11.03
(0.5, 0.6, 0.7) 0.5 —0.35 —-15.62 —27.70 1145 —24.08 46.67 2.38 -3.36 9.30
0.6 —2.48 —7.38 —39.40 1295 -18.12 4497 2.25 -1.78 8.10
0.7 -3.35 —0.34 —27.20 8.83 -8.07  22.87 2.23 -1.13 5.13
0.3 -1.49 —25.20 —4.93 2.83 -30.27  21.33 2.76 —2427 1243
0.4 -5.33 —22.05 -11.97 6.26 -31.83 34.80 2.63 -11.13 12.87
(0.6,0.7,0.8)
0.5 -3.83 -13.12 —18.77 9.21 -2698  40.77 1.01 —3.02 9.87
0.6 —4.46 —1.05 —25.30 1527  —29.72 50.40 4.01 -5.08 7.33

P2 PR BCEURCR BMRVEML 20) A1 DUy (e Se A5 AN a6 A5 S8 ) FE RIS WU ] 5B 2 v 1) 2 KA
THRE L, R R E A A R S 25 A T BRI R 22 . 6 20 42 3 JROR TAEAR RN 50E T, RSEWE T
BT IS B TR 22 o RO 22 S e T A THE 5 SB[ I 2200, B SR Al THEAR T RSk,
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Table 3. Relative bias of the oblique two-factor model under different estimation methods (N = 200)
3. AEMETHAETRIZNEFREB A HERMRZEN = 200)

DS
ik ML %
g S fmEE
b a b a p b a p b a p
0.3 —-19.07 —=30.27 -11.30  -5.53 0.77 —0.83 1.22 =5.77 4.10
0.4 5.89 —=30.00 14.87 -098 243 8.43 0.80 —0.75 4.53
(0.3,0.4,0.5) 0.5 31.64 —28.60 19.20 2.05 —2.20 9.27 0.10 1.18 4.60
0.6 41.82 —22.97 7.77 5.70 -1.98 9.53 1.40 1.57 4.63
0.7 62.85 —18.04 0.43 8.95 -2.10 10.50 2.18 1.79 5.07
0.3 —32.47 —26.40 —13.63 —2.80 —0.67 3.50 1.94 —8.77 5.80
0.4 —41.45 —40.68 21.57 1.48 —5.85 14.83 2.24 -3.50 7.00
(0.4,0.5,0.6) 0.5 9.26 —24.52 15.57 6.36 =7.76 23.73 1.62 —0.16 6.63
0.6 26.75 —20.77 -1.27 10.08 =7.70 32.10 1.40 1.15 6.43
0.7 47.13 —13.56 —3.63 13.18 —7.67 35.67 2.26 1.51 6.50
0.3 —46.73 —26.63 1.73 -2.13 —0.37 6.53 2.00 —-12.77 7.07
0.4 —29.12 —23.23 6.17 2.83 -10.58  20.63 3.08 -7.50 8.80
(0.5, 0.6, 0.7) 0.5 —10.65 —22.80 —4.37 11.30 2.64 43.50 2.18 19.90 7.87
0.6 12.42 —-18.02 —=7.03 1150 -14.73  43.07 2.25 -1.78 8.10
0.7 48.49 —7.40 -16.40 9.78 —9.87 48.17 4.13 —0.47 9.10
0.3 —54.08 —20.93 —0.53 -1.24 290 9.67 1.89 -16.17 7.90
0.4 —43.33 —25.20 2.40 2.66 —-14.45 2423 3.21 —12.60 10.67
(0.6,0.7,0.8)
0.5 —26.47 —23.62 -5.37 6.46 —18.28 39.23 2.86 -5.28 10.17
0.6 17.16 -9.72 —15.53 9.66 -20.18  46.17 3.89 -3.90 11.87

2 N3 R TEA G TR, RSN T B S HAG T AR 22 . 6 T iR R AR AN I
H-HRECC i B SERER), EARTHZM T, 28 b, a 1 p FARXHEZ RIS SRS,
DU (e e B0 A5 BOEBCR A (B0 b = 0.7) PRI TEARAI 2, JTCHAEREARECRINN = 500),
AR ZE TN AHEEZTR, SRR W 2 80K, JEHGRAE N =200 I, i Z2 0l BN U]

DU e BRI M BRI AR 2, JCILAE p ZHAhTH, fWZBONERE . R (0.3,
0.4,0.5)iF, Ui (A e 35 RO X i 22 SEIE T HOSe e, HBEE FEA BRI IN, (i Z (83—
FARRUL, p S8 DI A (A R385 B A TH i Z2 82 18.42%, T S5 K ABLERVE A {22 44.74%

3.3. ML, ZERESHIHATENSARESHIHS S HENENRE

PR RIS HORBARIE(ML i) A DU B (R Se 36 15 JE AN S 3615 B X RS A TR AT 2 4
T, AFEZSEAAR R Z . BAORUE, Rk S B T o A0 R AR S . e X
THREAEAFFAT TR TR 2, B 2208 DU RELE 51 NI (5 B S8 THER TR T, W% 4.
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Table 4. Relative bias of parameter estimates using ML, noninformative bayesian, and informative bayesian methods

4. ML, REBESNIMETENALRESHNNMHESKEITHERN B RE

ZH ML % T
W LA s ESRaL SRS
b 4474 65.79 100
a 21.05 50.00 78.95
p 4474 18.42 81.58

MF 4 EERATEVE DR e i 5 B THERE_ BT BN URVEML %),
JEHAE 2 VI RESI NSRS B, Fra S8R i 22 KD, WS A A TR A5 31 B 2 4R T
R, AR TR S Hflvh b, SR DU EnR R Bl A 650 15 2 I BB A A il A E
PEAAERPE . DI, BRSSP, SRR R 2 s AR B RN E DU, L seik % DU ik
VERSHUG T T %

3.4. NRIKKESHERZWNEFRE AR

PR R FRARAN R S B 20 A5 2 TR RSSO 7B USSR, BT 1 S B A RO B (BN 5 22 )0
BRSSPI, WA 5,

Table 5. Convergence rates of oblique two-factor models under different prior distributions

5. NEIZWSH TRZNEFRR AR

B fif N (0.3,0.2) N (0.33,0.2) N (0.33,0.01)
b a N =200 N =500 N =200 N =500 N =200 N =500
0.3 100 99.6 100 100 100 100
0.4 100 99.6 99.9 99.5 100 100
0.3,04,05) 05 99.9 99.2 100 99.3 100 100
0.6 100 99.0 99.9 98.6 100 100
0.7 100 99.3 100 98.9 100 100
0.3 100 99.8 100 99.8 100 100
0.4 100 99.5 100 99.6 100 100
(0.4,05,06) 05 100 98.3 99.9 98.8 100 100
0.6 100 98.6 99.9 97.8 100 100
0.7 100 98.7 99.8 98.7 100 100
0.3 100 100 100 99.9 100 100
0.4 100 99.1 100 99.5 100 100
(0.5,0.6,0.7) 0.5 100 98.1 99.7 98.3 100 100
0.6 96.8 96.8 96.3 96.3 99.9 99.9
0.7 96.8 97.2 98.1 97.5 99.6 99.6
0.3 100 99.2 100 99.5 100 100
06.07.05) 0.4 100 97.9 100 97.7 100 99.9
0.5 99.9 93.6 99.9 95.3 100 99.8
0.6 91.1 76.2 91.9 74.0 97.4 87.3
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0.2)J% N N (0.33, 0.01)fF, LAY SR B E . X RS IRS#A 1 J0 5015 B A B TR A B i A
ENE, JLHAEFEARER/NS RO NG . BEFEARZERE A N =200 | N =500), FraLRs M~
MR SR B BT e T, R BUINEAR R SRR, 5 NI S50 70 A th B A B =i S . 7RI
Fifar 264 T, BB SR LT A AR B BRI AR IR . SR, TE s Ffar 261, SR A (v
FPERT SR 3R B T N R E IER .

Rk, WFARRE, ERSOWE PR SEE TR, 5 NI 2658 246 (W1 N (0.33,0.01) Rt A
RE TS, JUHAERE A BB/ INER - 5 B ARG T o 3% DS B B Hh gk 0 2 1Y) S 3 43 A Bt
THEESEKYE. WL S NERTLE, SRBMREML 2)M IUHNECE RS E BAE ks B)7E
AFIFEAE IR RNAFEREES . N TEAMEARN = 200), JHHrklsir il 20T &k
R N, TEHAR(0.3,0.4, 0.5, B ORISR ISR R 46.1% (N=200), i - BHECL /e s
BONEERIA 100%. B FEARE R KN =500), ## YSERZE L, H I HETE N =500 B 1
SR IGLARFFE 100%. JCHAER RS B Uik, TTiRFEAR SN 200 182 500, WSRIA
100%, k25 5 7 DUk 7E 52 m B AL S 7 T i 3

3.5. W RSKWHEARRE S H RERIEEITME X

Table 6. Statistical test power of oblique two-factor model under different estimation methods (N = 500)

F 6. NEMETTHETRZVEFREMZEITHEI TN = 500)

B fuf N (0.3, 0.2) N (0.33,0.2) N (0.33,0.01)
b a b a p b a p b a p
0.3 0.729 0440 0324 0731 0405 0366 0818  0.634  1.000
0.4 0713  0.820 0294 0732  0.795 0308  0.788  0.979  1.000
(0.3,0.4,05) 0.5 0.747 0969 0256  0.754 0965 0315  0.796  1.000  1.000
0.6 0.797 0993 0284  0.806 0992 0332  0.861 1.000  1.000

0.7 0.883 0.999 0.339 0.869 0.999 0.377 0.926 1.000 1.000
0.3 0.893 0.257 0.511 0.891 0.245 0.532 0.950 0.442 1.000
0.4 0.878 0.623 0.457 0.886 0.566 0.482 0.927 0.918 1.000
(0.4,0.5,0.6) 0.5 0.889 0.887 0.420 0.903 0.870 0.446 0.922 0.999 1.000
0.6 0.911 0.979 0.398 0.918 0.984 0.472 0.940 1.000 1.000
0.7 0.946 0.997 0.445 0.948 0.998 0.473 0.986 1.000 1.000

0.3 0.960 0.168 0.628 0.963 0.162 0.657 0.984 0.273 1.000
0.4 0.943 0.438 0.616 0.959 0.420 0.664 0.981 0.803 1.000
(0.5,0.6,0.7) 0.5 0.961 0.751 0.591 0.958 0.726 0.607 0.966 0.994 1.000
0.6 0.960 0.959 0.559 0.964 0.946 0.606 0.979 1.000 1.000
0.7 0.986 0.998 0.627 0.987 0.997 0.665 0.993 1.000 1.000
0.3 0.991 0.136 0.773 0.985 0.135 0.787 0.996 0.186 1.000
0.4 0.985 0.337 0.756 0.987 0.321 0.785 0.995 0.633 1.000
0.5 0.974 0.698 0.730 0.982 0.690 0.753 0.996 0.975 1.000
0.6 0.962 0.959 0.732 0.968 0.962 0.739 0.994 0.998 1.000

(0.6,0.7,0.8)
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Table 7. Statistical test power of oblique two-factor model under different estimation methods (N = 200)

F 7. NEMETHETRZNEFREEZIHEIE TN = 200)

14 N (0.3,0.2) N (0.33,0.2) N (0.33,0.01)

b a b a p b a p b a p

0.3 0.556 0.223 0.133 0.563 0.223 0.163 0.656 0.326 1.000
0.4 0.579 0.565 0.138 0.578 0.576 0.167 0.610 0.813 1.000
(0.3,0.4,0.5) 0.5 0.599 0.881 0.117 0.622 0.853 0.146 0.637 0.991 1.000
0.6 0.690 0.971 0.144 0.698 0.958 0.171 0.711 1.000 1.000
0.7 0.786 0.991 0.157 0.791 0.982 0.202 0.808 1.000 1.000
0.3 0.822 0.166 0.247 0.832 0.148 0.274 0.889 0.239 1.000
0.4 0.833 0.409 0.243 0.834 0.359 0.297 0.859 0.702 1.000
(0.4,0.5,0.6) 0.5 0.834 0.700 0.258 0.847 0.660 0.292 0.860 0.974 1.000
0.6 0.877 0.889 0.255 0.868 0.864 0.291 0.884 1.000 1.000
0.7 0.904 0.950 0.256 0.901 0.953 0.307 0.927 1.000 1.000

0.3 0.943 0.127 0.368 0.954 0.122 0.423 0.971 0.171 1.000
0.4 0.939 0.285 0.377 0.934 0.263 0.426 0.963 0.550 1.000
(0.5,0.6,0.7) 0.5 0.922 0.785 0.377 0.942 0.765 0.397 0.964 0.997 1.000
0.6 0.960 0.959 0.559 0.964 0.946 0.606 0.979 1.000 1.000
0.7 0.932 0.945 0.369 0.948 0.932 0.414 0.957 1.000 1.000

03 0975  0.094 0513 0980  0.083 0550 0994  0.110  1.000
04 0978 0221 0538 0978 0174 058 0991 0386  1.000
(0.6,0.7,0.8)
0.5 0970 0429 0520 0964 0400  0.556 0989  0.802  1.000

0.6 0.947 0.690 0.572 0.961 0.675 0.622 0.961 0.974 1.000

TEARWE T, BRI DU 77325, 5 56 20 A USSR B YR SR S A58 0 HEAT IR VA
W 5 SUN RIS B B BB B, ISR R W MCMC B4 e g fa e 1A B R 56
A . KIS E Gt B A SR BB R T, TR S I A S R T e M A B S AT, R
6. % 7o

WeSR Sk is S g g 5~7 Fm. 18 Uil vt SRS [ S8 56 43 A R 22 LR A8 B SR B0 1
m%mq&@z;@(i@@ws%), THAEA KRG BN (0.33, 0.00)%& M, AT &4 T FIRSUCR A2
100% . IXFPRILIF DL T MCMC 55 5% (AR PR LSS 30 0 A AR i ol S0 o hah, K36 i 4h R,
Jed BRG] A DG R Al v BE R, SCRE T S 30 AT AR E T

4. ZRERE
i

SR, DU, JCHAREAASERE R T, ARET BROURE, FEYCSICER AR X i 2= 75
TR T BONRE ARSI R T BEEREAR AR, DU ISR T 100%, T KAUSR 2
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