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Abstract

This paper addresses the common zero inflation phenomenon in multivariate count data and proposes
a theoretical and regression framework for a multivariate zero-inflated geometric (ZIG) distribution.
This model can effectively distinguish between structural zeros and extra zeros and is applicable to
multivariate modeling scenarios. The article systematically derived the joint probability function, cu-
mulative distribution function, moment characteristics, and conditional distribution properties of this
distribution, established parameter estimation methods based on the EM algorithm and Fisher scoring
algorithm, and discussed hypothesis testing and confidence interval construction issues. Simulation
studies show that the proposed estimation method has good finite sample properties.
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FEATTH, N T IUEAG T TR BRAEAS R RO RCR, i 7 DL TudH B
@ 7=01,,=021u,=02; (b) 7=02,,=03,,=1; () 7=03,4,=05u,=2;

(d) 7=04, =11, =3F(e) #=0.54=2,u,=5. %EK/J50. 100, 500, 1000 F1 5000 []FFf A4
SHUAGTHE S AR R 22 AU 45 R e 1 R

Table 1. Numerical results of parameter estimates and associated standard errors
= 1 SENHITHEREMRERENRESR

SH FARE 7 i iy Std( 7)) Std( ) Std( iz, )
(@) 50 0.1815 0.1203 0.2398 0.2181 0.0613 0.1300
100 0.1538 0.1177 0.2153 0.1815 0.0486 0.0749
500 0.1236 0.1040 0.2092 0.1149 0.0206 0.0399
1000 0.1099 0.1025 0.2072 0.0850 0.0147 0.0276
5000 0.0982 0.1004 0.1997 0.0492 0.0069 0.0139
(b) 50 0.1887 0.3196 1.0364 0.1189 0.1179 0.2662
100 0.1737 0.2951 0.9616 0.1009 0.0753 0.1857
500 0.1840 0.2891 0.9719 0.0506 0.0373 0.0937
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1000 0.2035 0.3001 1.0103 0.0291 0.0214 0.0560

5000 0.2025 0.3018 1.0033 0.0144 0.0111 0.0289

(c) 50 0.2737 0.4803 1.9369 0.1106 0.1590 0.4793
100 0.2963 0.4965 2.0178 0.0660 0.1149 0.3155

500 0.3017 0.5086 2.0170 0.0345 0.0486 0.1390

1000 0.3017 0.5039 2.0078 0.0232 0.0413 0.0962

5000 0.2997 0.4983 2.0015 0.0099 0.0146 0.0461

(d) 50 0.4020 1.0100 3.0581 0.0895 0.3143 0.6710
100 0.3956 0.9867 2.9900 0.0638 0.1756 0.5017

500 0.3963 0.9941 3.0163 0.0268 0.0893 0.2204

1000 0.4020 1.0050 3.0093 0.0186 0.0560 0.1620

5000 0.4006 1.0020 2.9999 0.0079 0.0560 0.0693

(e) 50 0.5072 1.9448 4.8357 0.0833 0.5421 1.0323
100 0.5068 2.0276 5.1379 0.0563 0.3658 0.8407

500 0.5007 1.9810 5.1294 0.0214 0.1533 0.3910

1000 0.4991 2.0063 4.9908 0.0163 0.1229 0.2368

5000 0.4994 1.9971 4.9922 0.0080 0.0540 0.1138

7 1 R, BAEREARZIRIGEM, A S8 T HE R Eir T H RSl RSt EAE
RLIF IR —F0tE o 92, E(a)rh, 24FEA B M 50 1854 5000 i, 7 M 0.1815 Wdh % 0.0982 (#£iL H 9214 0.1),
i, M 0.1203 8k 0.1004, 1, M 0.2398 IELZE 0.1997, HRIBLH B EFMSas . o, FEHMmS
Bk R B — 84T . BEAL, A5 TE bR v 22 Bl R A B O 5 /N, U6 B A VRS B B A A B
PEEFFIMGE . N, 7E@E)H, M“FEAEH 50 352 5000 ff, Std(z )M 0.0883 42 0.0080, Std( i )M
0.5421 P42 0.0540, Std(z,)M 1.0323 [ 25 0.1138, XMAIL T fliiH & #TE A Rt . RETEDMFEARTG LT
(U n=50)4FE— 8 PG TH T, (HBEEFEAERK, (A RER/DN, WU T A5 TR KA NI R
GuiHtEm . AMER AR, ERZHIEN T, EM AR RIFIIVEGE.
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M7 A R

XY, x ) ~ Geometric( ) »
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Figure 1. Comparison of error rates between the likelihood ratio test
(solid line) and the score test (dotted line) (m = 2)
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Figure 2. Comparison of powers between the likelihood ratio test (solid line) and the score
test (dotted line) (m = 2))
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Table 3. Comparison of AIC and BIC between the two distributions
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