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ORAWAN KLEEBBUA : A BOOTSTRAP METHOD FOR ZERO INFLATED 

POISSON TEST. THESIS ADVISOR : ASST. PROF. DR. KAMOLCHANOK PANISHKANN, 

PH.D. 103 PP. 
 

This research is aimed to compare the efficiency of poisson tests between five original 

tests, namely score test, likelihood ratio test, a test based on a confidence interval of P, Cochran 

test, Rao-Chakravarti test, and bootstrap tests applied on these five original tests. Controlling of 

probability of type I error and the power of test were considered as criteria of the efficiency 

comparison. In the study, the data were simulated from zero-inflated poisson populations with 

means of 5, 7, 9, 11, 13 and 15 and probabilities of interest of 0.5, 0.6, 0.7, 0.8, 0.9, 1.0. The 

sample sizes of 10, 20 and 50 were used. The significant level was 0.5. The 10,000 of replications 

were done in each situation.  

The results are the followings. 

1. With respect to the problbility of type I error, in the most situations, bootstrap test 

applied on likelihood ratio test can control the probability of type I error. 

2. With respect to the power of test, bootstrap tests applied on the original tests have 

better power than the original tests. 

3. With respect of both the probability of type I error and the power of test, the original 

tests perform well on zero-inflated poisson with means of 5 and 7. The bootstrap tests show the 

effectiveness over the original tests on zero-inflated poisson with means larger than 7. 
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1.6.3  (Likelihood ratio test)  

1.6.3   P (A test based on a               

confidence  interval of  P) 
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1.6.5  Rao-Chakravarti (Rao-Chakravarti test) 
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 (Poisson distribution) 
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 E(X) = Var(X) =  

 (Zero Inflated Poisson Distribution:ZIP) (Chin-Shang Li, 

2012) 
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 f(x;p, )   f(x; |U=0)  f(x; |U=1) 
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 ZIP  (Bohning et al., 1999)    
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.   (Likelihood ratio test)  
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1.3  P (A test based on a confidence interval of P) 
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 S3<1  S3<1 

   ZIP   S3 1 

  

1.4  Cochran (Cochran test) 

  1954 Cochran 

 ZIP  C  C 

 

 

  S4   0 

 1 

1.5  Rao-Chakravarti (Rao-Chakravarti test)  

  1956 Rao and Chakravarti  R 

 ZIP  R  
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0  1 

  (Bootstrap method) 
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   (traditional 

normal approximate distribution) 

  

 1  ( )  1/n 
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 H0: p = 1  H1: p  1  
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1 – p0 = 1 – 0.000611 = 0.999389 

     p0
2 = (0.000611)2 = 0.0000003733 

 

              
2.2  
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2.3  P 
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2.5  Rao-Chakravarti test 

 

 

 

 

.  0.05 

 1  (  = 0.05) 

    

 (S1) 653.8816 S1 > 3.84146 Reject 

 (S2) 21.3096 S2 > 3.84146 Reject 

 (S3) 

Cochran (S4) 

Rao-Chakravarti (S5) 

1.0085 

25.5725 

31.174 

S3 < 1 

|S4| > 1.96 

|S5| > 1.96 

Accept 

Reject 

Reject 

 

  1 

  (S3 = 1.0085) 

 

 (M. Xie et al., 2001) 

 

  

Greenwood and Yule, (1920)  

 647    2  ZIP 
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  =7.838  P-value = 0.0495  
2    

 P-value < 0.00001   

 

 1  647  

  ZIP  POISSON                 

: Bohning D., “Zero-inflated Poisson models and C.A.MAN: a tutorial collection of 

evidence,” Biometricals J. 40 (1998) : 833-843. 

Kuan et. Al, (1991) 

 California   

  

Broek (1995)  HIV 

 Utrecht (Utrecht University Hospital) 

   ZIP  

  2 Broek 

  ZIP  2  ZIP   P-value 

= 0.2414  2   = 16.135  P-value = 0.0003  
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 2  

 ZIP  POISSON                    

: Bohning D., “Zero-inflated Poisson models and C.A.MAN: a tutorial collection of 

evidence,” Biometricals J. 40 (1998) : 833-843. 

 M. Xie*, B. He, T.N.Goh (2001) 
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2.   10, 20  50 

3.  0.05 

 

1.  

1.1  ZIP   

 p (p = 1.0)  n (n = 10 20  50) 
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1.2  (1.1)  n  

1.3  (si
*)  i = 1, 2, 3, 4, 5  (1.2) 

1.4  1.2-1.3  7,000  

1.5  si
*  7,000  1/7,000 

 si
*1,si

*2,…,si
*7,000 

1.6  Si*(1- ) [Si
*  100(1- )]   i = 1, 2, 3 

 Si*( /2) [Si
*  100( /2)]   i = 4, 5 

 Si*(1- /2) [Si
*  100(1- /2)]   i = 4, 5 

2.  1 

2.1   ZIP   

 p (p = 1.0)  n (n = 10 20  50) 

2.2   

2.3    0.05 

2.4   2.1-2.3  10,000  

 1  (H0) 

 

 

 

 1 

 

 1 

3  

3.1  ZIP   

 p (p = 0.5 0.6 0.7 0.8  0.9)  n (n = 10 20  

50) 
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 4 

 

    

  P  Cochran  
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   3   10  20 

  50   
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6.                   
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 1 
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 2 
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 1  

 

 1  [0.036, 0.063] 

 1  0.05 

 1  1 
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 2    1 

 10   

 10 20  50 

 n 
Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

5 

10 0.0550 0.0286 0.0109 0.0550 0.0607 0.1210 0.0818 0.0674 0.1648 0.1773 

20 0.0753 0.0432 0.0178 0.0753 0.0848 0.1445 0.0742 0.0293 0.1427 0.1489 

50 0.0474 0.2899 0.0247 0.0474 0.0495 0.2434 0.0519 0.0247 0.2965 0.2965 

7 

10 0.0074 0.0052 0.0047 0.0074 0.0075 0.0549 0.0310 0.0489 0.0595 0.0595 

20 0.0175 0.0112 0.0108 0.0175 0.0175 0.0454 0.0491 0.0257 0.0453 0.0498 

50 0.0456 0.2020 0.0192 0.0456 0.0456 0.0822 0.0566 0.0451 0.0804 0.0837 

9 

10 0.0014 0.0014 0.0037 0.0014 0.0014 0.0754 0.0474 0.0599 0.0667 0.0751 

20 0.0015 0.0010 0.0055 0.0015 0.0015 0.0268 0.0422 0.0203 0.0215 0.0239 

50 0.0056 0.1272 0.0131 0.0056 0.0056 0.0861 0.0904 0.0889 0.1077 0.1077 

11 

10 0.0000 0.0000 0.0020 0.0000 0.0000 0.0360 0.0518 0.0360 0.0280 0.0283 

20 0.0003 0.0003 0.0051 0.0003 0.0003 0.0329 0.0448 0.0370 0.0269 0.0288 

50 0.0005 0.0819 0.0137 0.0005 0.0005 0.0552 0.0575 0.0548 0.0563 0.0535 

13 

10 0.0000 0.0000 0.0010 0.0000 0.0000 0.0198 0.0482 0.0198 0.0145 0.0145 

20 0.0001 0.0001 0.0029 0.0001 0.0001 0.0242 0.0411 0.0241 0.0242 0.0213 

50 0.0004 0.0004 0.0091 0.0001 0.0001 0.0589 0.0540 0.0499 0.0627 0.0623 

15 

10 0.0000 0.0000 0.0006 0.0000 0.0000 0.1323 0.0485 0.0875 0.1814 0.1933 

20 0.0000 0.0000 0.0022 0.0000 0.0000 0.0086 0.0382 0.0077 0.0044 0.0058 

50 0.0000 0.0000 0.0083 0.0000 0.0000 0.0772 0.0804 0.0772 0.0875 0.0969 

           1                       

   1  

 1 

 2  3-9  
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 3   3 

Situation Detail 

1  5  10 

2  5  20 

3  5  50 

4  7  10 

5  7  20 

6  7  50 

7  9  10 

8  9  20 

9  9  50 

10  11  10 

11  11  20 

12  11  50 

13  13  10 

14  13  20 

15  13  50 

16  15  10 

17  15  20 

18  15  50 
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 5 

  5  10 20  50 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 0.9944 0.9263 0.8450 0.9944 0.9954 0.9985 0.9490 0.9303 0.9985 0.9985 

0.6 0.9812 0.8826 0.6960 0.9812 0.9855 0.9921 0.9156 0.8389 0.9927 0.9927 

0.7 0.9459 0.8033 0.4811 0.9459 0.9569 0.9742 0.8527 0.6810 0.9755 0.9755 

0.8 0.8499 0.6528 0.2778 0.8499 0.8707 0.9079 0.7284 0.4853 0.9126 0.9127 

0.9 0.5824 0.3855 0.0974 0.5824 0.6129 0.6810 0.4817 0.2536 0.6993 0.6993 

1.0 0.0550 0.0286 0.0109 0.0550 0.0607 0.1210 0.0818 0.0674 0.1648 0.1773 

(a) n = 10 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 0.9936 0.9827 1.0000 1.0000 1.0000 0.9939 0.9872 1.0000 1.0000 

0.6 1.0000 0.9808 0.9253 1.0000  1.0000 1.0000 0.9818 0.9431 1.0000 1.0000 

0.7 0.9964 0.9459 0.7752 0.9964 0.9969 0.9995 0.9480 0.7975 0.9994 0.9994 

0.8 0.9654 0.8512 0.4850 0.9654 0.9695 0.9878 0.8564 0.5482 0.9879 0.9879 

0.9 0.7790 0.5853 0.1804 0.7790 0.8011 0.8903 0.6008 0.2297 0.8916 0.8917 

1.0 0.0753 0.0432 0.0178 0.0753 0.0848 0.1445 0.0742 0.0293 0.1427 0.1489 

(b) n = 20 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 0.9998 1.0000 1.0000 1.0000 1.0000 0.9998 1.0000 1.0000 1.0000 

0.6 1.0000 0.9999 0.9995 1.0000 1.0000 1.0000 0.9999 0.9995 1.0000 1.0000 

0.7 1.0000 0.9982 0.9834 1.0000 1.0000 1.0000 0.9966 0.9834 1.0000 1.0000 

0.8 1.0000 0.9830 0.8371 1.0000 1.0000 1.0000 0.9675 0.8371 1.0000 1.0000 

0.9 0.9650 0.8323 0.3776 0.9650 0.9664 0.9885 0.7334 0.3975 0.9946 0.9946 

1.0 0.0474 0.2899 0.0247 0.0474 0.0495 0.2434 0.0519 0.0247 0.2965 0.2965 

        (c) n = 50 
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  7  10 20  50 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 0.9989 0.9860 0.8681 0.9989 0.9989 0.9989 0.9921 0.9496 0.9989 0.9989 

0.6 0.9931 0.9626 0.7215 0.9931 0.9931 0.9933 0.9787 0.8667 0.9935 0.9935 

0.7 0.9731 0.9183 0.5142 0.9731 0.9733 0.9752 0.9473 0.7269 0.9758 0.9760 

0.8 0.8901 0.7876 0.2893 0.8901 0.8903 0.8971 0.8464 0.5492 0.8978 0.8978 

0.9 0.6529 0.5236 0.0959 0.6529 0.6531 0.6735 0.6009 0.2624 0.6731 0.6724 

1.0 0.0074 0.0052 0.0047 0.0074 0.0075 0.0549 0.0310 0.0489 0.0595 0.0595 

(a) n = 10 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 0.9999 0.9903 1.0000 1.0000 1.0000 0.9999 0.9946 1.0000 1.0000 

0.6 0.9999 0.9987 0.9452 0.9999 0.9999 0.9999 0.9989 0.9693 0.9999 0.9999 

0.7 0.9992 0.9935 0.8160 0.9992 0.9992 0.9992 0.9947 0.8719 0.9993 0.9992 

0.8 0.9881 0.9511 0.5320 0.9881 0.9881 0.9882 0.9577 0.6286 0.9884 0.9884 

0.9 0.8755 0.7547 0.1983 0.8755 0.8756 0.8798 0.7804 0.2997 0.8789 0.8789 

1.0 0.0175 0.0112 0.0108 0.0175 0.0175 0.0454 0.0491 0.0257 0.0453 0.0498 

(b) n = 20 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.6 1.0000 1.0000 0.9998 1.0000 1.0000 1.0000 1.0000 0.9998 1.0000 1.0000 

0.7 1.0000 1.0000 0.9913 1.0000 1.0000 1.0000 1.0000 0.9949 1.0000 1.0000 

0.8 1.0000 0.9988 0.8899 1.0000 1.0000 1.0000 0.9985 0.9286 1.0000 1.0000 

0.9 0.9953 0.9557 0.4419 0.9953 0.9953 0.9954 0.9384 0.5453 0.9955 0.9955 

1.0 0.0456 0.2020 0.0192 0.0456 0.0456 0.0822 0.0566 0.0451 0.0804 0.0837 

(c)  n = 50 
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  9  10 20  50 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 0.9989 0.9965 0.8967 0.9989 0.9989 0.9989 0.9980 0.9682 0.9989 0.9989 

0.6 0.9931 0.9871 0.7609 0.9931 0.9931 0.9934 0.9911 0.9190 0.9935 0.9933 

0.7 0.9733 0.9590 0.5596 0.9733 0.9733 0.9751 0.9668 0.7867 0.9763 0.9763 

0.8 0.8894 0.8585 0.3211 0.8894 0.8894 0.8967 0.8765 0.5891 0.8978 0.8965 

0.9 0.6472 0.6042 0.1065 0.6472 0.6472 0.6675 0.6449 0.3219 0.6719 0.6719 

1.0 0.0014 0.0014 0.0037 0.0014 0.0014 0.0754 0.0474 0.0599 0.0667 0.0751 

(a) n = 10 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 0.9937 1.0000 1.0000 1.0000 1.0000 0.9970 1.0000 1.0000 

0.6 1.0000 0.9999 0.9627 1.0000 1.0000 1.0000 0.9999 0.9825 1.0000 1.0000 

0.7 0.9999 0.9984 0.8357 0.9999 0.9999 0.9999 0.9987 0.8950 0.9999 0.9999 

0.8 0.9880 0.9772 0.5616 0.9880 0.9880 0.9881 0.9824 0.6762 0.9882 0.9882 

0.9 0.8800 0.8319 0.2019 0.8800 0.8800 0.8821 0.8565 0.3282 0.8820 0.8820 

1.0 0.0015 0.0010 0.0055 0.0015 0.0015 0.0268 0.0422 0.0203 0.0215 0.0239 

(b) n = 20 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.7 1.0000 1.0000 0.9953 1.0000 1.0000 1.0000 1.0000 0.9988 1.0000 1.0000 

0.8 1.0000 0.9998 0.9192 1.0000 1.0000 1.0000 0.9998 0.9730 1.0000 1.0000 

0.9 0.9946 0.9830 0.4833 0.9946 0.9946 0.9953 0.9820 0.7071 0.9952 0.9954 

1.0 0.0056 0.1272 0.0131 0.0056 0.0056 0.0861 0.0904 0.0889 0.1077 0.1077 

(c)  n = 50 
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  11  10 20  50 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 0.9986 0.9983 0.9070 0.9986 0.9986 0.9986 0.9986 0.9696 0.9986 0.9986 

0.6 0.9935 0.9916 0.7742 0.9935 0.9935 0.9939 0.9929 0.9081 0.9937 0.9937 

0.7 0.9741 0.9694 0.5746 0.9741 0.9741 0.9750 0.9724 0.7835 0.9754 0.9755 

0.8 0.8898 0.8795 0.3251 0.8898 0.8898 0.8929 0.8874 0.5489 0.8927 0.8927 

0.9 0.6520 0.6365 0.1037 0.6520 0.6520 0.6597 0.6528 0.2930 0.6632 0.6622 

1.0 0.0000 0.0000 0.0020 0.0000 0.0000 0.0360 0.0518 0.0360 0.0280 0.0283 

(a) n = 10 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 0.9959 1.0000 1.0000 1.0000 1.0000 0.9987 1.0000 1.0000 

0.6 1.0000 1.0000 0.9727 1.0000 1.0000 1.0000 1.0000 0.9900 1.0000 1.0000 

0.7 0.9991 0.9990 0.8719 0.9991 0.9991 0.9991 0.9991 0.9358 0.9991 0.9991 

0.8 0.9876 0.9850 0.5997 0.9876 0.9876 0.9881 0.9867 0.7493 0.9881 0.9881 

0.9 0.8788 0.8641 0.2261 0.8788 0.8788 0.8826 0.8769 0.4130 0.8822 0.8826 

1.0 0.0003 0.0003 0.0051 0.0003 0.0003 0.0329 0.0448 0.0370 0.0269 0.0288 

(b) n = 20 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.7 1.0000 1.0000 0.9979 1.0000 1.0000 1.0000 1.0000 0.9995 1.0000 1.0000 

0.8 1.0000 1.0000 0.9398 1.0000 1.0000 1.0000 1.0000 0.9754 1.0000 1.0000 

0.9 0.9954 0.9927 0.5191 0.9954 0.9954 0.9959 0.9925 0.7023 0.9958 0.9958 

1.0 0.0005 0.0819 0.0137 0.0005 0.0005 0.0552 0.0575 0.0548 0.0563 0.0535 

(c)  n = 50 
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  13  10 20  50 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 0.9982 0.9981 0.9173 0.9982 0.9982 0.9982 0.9982 0.9679 0.9982 0.9982 

0.6 0.9937 0.9934 0.7997 0.9937 0.9937 0.9938 0.9939 0.9101 0.9938 0.9938 

0.7 0.9715 0.9701 0.6024 0.9715 0.9715 0.9721 0.9728 0.7783 0.9718 0.9717 

0.8 0.8900 0.8873 0.3423 0.8900 0.8900 0.8922 0.8941 0.5836 0.8918 0.8918 

0.9 0.6503 0.6446 0.1103 0.6503 0.6503 0.6584 0.6628 0.2753 0.6548 0.6551 

1.0 0.0000 0.0000 0.0010 0.0000 0.0000 0.0198 0.0482 0.0198 0.0145 0.0145 

(a) n = 10 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 0.9968 1.0000 1.0000 1.0000 1.0000 0.9992 1.0000 1.0000 

0.6 0.9999 0.9999 0.9767 0.9999 0.9999 0.9999 0.9999 0.9911 0.9999 0.9999 

0.7 0.9993 0.9992 0.8748 0.9993 0.9993 0.9994 0.9993 0.9368 0.9994 0.9994 

0.8 0.9889 0.9880 0.6082 0.9889 0.9889 0.9893 0.9890 0.7659 0.9891 0.9891 

0.9 0.8764 0.8726 0.2191 0.8764 0.8764 0.8792 0.8800 0.3942 0.8793 0.8795 

1.0 0.0001 0.0001 0.0029 0.0001 0.0001 0.0242 0.0411 0.0241 0.0242 0.0213 

(b) n = 20 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.7 1.0000 1.0000 0.9983 1.0000 1.0000 1.0000 1.0000 0.9996 1.0000 1.0000 

0.8 1.0000 1.0000 0.9506 1.0000 1.0000 1.0000 1.0000 0.9834 1.0000 1.0000 

0.9 0.9952 0.9941 0.5587 0.9952 0.9952 0.9954 0.9943 0.7518 0.9954 0.9954 

1.0 0.0004 0.0004 0.0091 0.0001 0.0001 0.0589 0.0540 0.0499 0.0627 0.0623 

(c)  n = 50 



63

 9  

 13  

  

   Sb1 

 S1   Sb2 

 S2   Sb3 

 S3   Sb4 

 S4  Sb5 

 S5   

 

 13  9  22 – 24  

 

  



64

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st
 

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st
 

(a)  (S1, Sb1)            (b)  (S2, Sb2)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

po
w

er
 o

f 
th

e 
te

st
 

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

(c)  p (S3, Sb3)   (d)  Cochran (S4, Sb4)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

   (e)  Rao-Chakravarti (S5, Sb5)  

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

po
w

er
 o

f 
th

e 
te

st

(f )                   

 22 

  13  10 



65

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

(a)  (S1, Sb1)            (b)  (S2, Sb2)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

(c)  p (S3, Sb3)   (d)  Cochran (S4, Sb4)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

   (e)  Rao-Chakravarti (S5, Sb5)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

po
w

er
 o

f 
th

e 
te

st

 (f )                   

 23 

  13  20 



66

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

po
w

er
 o

f 
th

e 
te

st

(a)  (S1, Sb1)            (b)  (S2, Sb2)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

po
w

er
 o

f 
th

e 
te

st

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

 p
ow

er
 o

f 
th

e 
te

st

(c)  p (S3, Sb3)   (d)  Cochran (S4, Sb4)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

po
w

er
 o

f 
th

e 
te

st

(e)  Rao-Chakravarti (S5, Sb5)

1.00.90.80.70.60.5

1.0

0.8

0.6

0.4

0.2

0.0

p

po
w

er
 o

f 
th

e 
te

st

 (f )                   

 24 

  13  50 



67

 10 

  15  10 20  50 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 0.9981 0.9981 0.9249 0.9981 0.9981 0.9982 0.9981 0.9837 0.9982 0.9982 

0.6 0.9956 0.9954 0.8076 0.9956 0.9956 0.9958 0.9956 0.9450 0.9962 0.9962 

0.7 0.9702 0.9697 0.6029 0.9702 0.9702 0.9764 0.9713 0.8467 0.9772 0.9767 

0.8 0.8941 0.8934 0.3378 0.8941 0.8941 0.9067 0.8980 0.6639 0.9144 0.9144 

0.9 0.6570 0.6556 0.1110 0.6570 0.6570 0.7111 0.6737 0.3919 0.7274 0.7274 

1.0 0.0000 0.0000 0.0006 0.0000 0.0000 0.1323 0.0485 0.0875 0.1814 0.1933 

(a) n = 10 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 0.9975 1.0000 1.0000 1.0000 1.0000 0.9987 1.0000 1.0000 

0.6 1.0000 1.0000 0.9760 1.0000 1.0000 1.0000 1.0000 0.9867 1.0000 1.0000 

0.7 0.9994 0.9994 0.8888 0.9994 0.9994 0.9994 0.9994 0.9279 0.9994 0.9994 

0.8 0.9901 0.9899 0.6431 0.9901 0.9901 0.9902 0.9901 0.7318 0.9902 0.9902 

0.9 0.8846 0.8824 0.2324 0.8846 0.8846 0.8859 0.8888 0.3327 0.8850 0.8850 

1.0 0.0000 0.0000 0.0022 0.0000 0.0000 0.0086 0.0382 0.0077 0.0044 0.0058 

(b) n = 20 

p 

Original Bootstrap 

s1 s2 s3 s4 s5 sb1 sb2 sb3 sb4 sb5 

0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.7 1.0000 1.0000 0.9988 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.8 1.0000 0.9999 0.9614 1.0000 1.0000 1.0000 1.0000 0.9923 1.0000 1.0000 

0.9 0.9940 0.9935 0.5801 0.9940 0.9940 0.9943 0.9941 0.8099 0.9945 0.9945 

1.0 0.0000 0.0000 0.0083 0.0000 0.0000 0.0772 0.0804 0.0772 0.0875 0.0969 

(c)  n = 50 
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 (Program R) 

 

library(VGAM) 

N=50 

x=matrix(data = NA, nrow = 50, ncol = 1000, byrow = FALSE,dimnames = NULL) 

for(i in 1:1000) 

{ 

x[,i]<- rzipois(N,15, phi=0.5) 

} 

write.table(x) 
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(Program Matlab) 

mu=10 

n=50 

repeat=10000 

b=7000 

rejects1=0;  

rejects2=0;  

rejects3=0; 

rejects4=0; 

rejects41=0; 

rejects5=0; 

rejectsb1=0; 

rejectsb2=0; 

rejectsb3=0; 

rejectsb4=0; 

rejectsb41=0; 

rejectsb5=0; 

rejectsb51=0; 

sc1=chi2inv(0.95,1); 

sc2=chi2inv(0.95,1); 

sc3=1; 

sc4=norminv(0.975,0,1); 

sc5=norminv(0.975,0,1); 

zb1=dlmread('x1010501b.txt'); 

z1=dlmread('x1010501.txt'); 

z2=dlmread('x1010502.txt'); 

z3=dlmread('x1010503.txt'); 

z4=dlmread('x1010504.txt'); 

z5=dlmread('x1010505.txt'); 
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z6=dlmread('x1010506.txt'); 

z7=dlmread('x1010507.txt'); 

z8=dlmread('x1010508.txt'); 

z9=dlmread('x1010509.txt'); 

z10=dlmread('x10105010.txt');  

%zd=[z1 z2]; 

%zd=[z1 z2 z3 z4 z5]; 

zd=[z1 z2 z3 z4 z5 z6 z7 z8 z9 z10]; 

z=norminv(0.95,0,1); 

scb1=criticalscb1(zb1,n,b); 

scb2=criticalscb2(zb1,n,b,mu); 

scb3=criticalscb3(zb1,n,b,mu,z); 

scb41=criticalscb41(zb1,n,b); 

scb42=criticalscb42(zb1,n,b); 

scb51=criticalscb51(zb1,n,b); 

scb52=criticalscb52(zb1,n,b); 

for i=1:repeat; 

x=zd(:,i); 

xbar=sum(x)/n; 

n0=0; 

for j=1:n; 

    if(x(j)==0) 

        n0=n0+1; 

    end 

end 

np=n-n0; 

s1=score(n,n0,xbar); 

if(s1>sc1); 

    rejects1=rejects1+1; 

end 
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if(s1>scb1); 

    rejectsb1=rejectsb1+1; 

end 

s2=likelihood(mu,n,n0,xbar); 

if(s2>sc2); 

    rejects2=rejects2+1; 

end 

if(s2>scb2); 

    rejectsb2=rejectsb2+1; 

end 

s3=confidenceinterval(mu,n,xbar,z); 

if(s3<sc3); 

    rejects3=rejects3+1; 

end 

if(s3<scb3); 

    rejectsb3=rejectsb3+1; 

end 

s4=cochran(n,n0,xbar); 

if(abs(s4)>abs(sc4)); 

    rejects4=rejects4+1; 

end 

if(s4>scb41); 

    rejectsb41=rejectsb41+1; 

end 

if(s4<scb42); 

    rejectsb41=rejectsb41+1; 

end 

s5=raochakravarti(n,n0,xbar); 

if(abs(s5)>sc5); 

    rejects5=rejects5+1; 
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end 

if(s5>scb51); 

    rejectsb51=rejectsb51+1; 

end 

if(s5<scb52); 

    rejectsb51=rejectsb51+1; 

end 

end 

type1error1=rejects1/repeat 

type1error2=rejects2/repeat 

type1error3=rejects3/repeat 

type1error4=rejects4/repeat 

type1error5=rejects5/repeat 

type1errorsb1=rejectsb1/repeat 

type1errorsb2=rejectsb2/repeat 

type1errorsb3=rejectsb3/repeat 

type1errorsb41=rejectsb41/repeat 

type1errorsb51=rejectsb51/repeat 

 

 ################################### Score Test ############################## 

 

function s1 = score (n,n0,xbar) 

mu1 = xbar; 

p0 = exp(-mu1); 

s1=((n0-(n*p0))^2)/((n*p0*(1-p0))-(n*xbar*p0*p0)); 

 

############################## Likelihood Ratio Test ############################## 

 

function s2 = likelihood(mu,n,n0,xbar) 

if(n0==0) 
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s2=2*(((n-n0)*(log(xbar/mu)-mu))+(n*xbar*(log(mu)+1-log(xbar)))); 

else 

s2=2*((n0*log(n0/n))+((n-n0)*(log(xbar/mu)-mu))+(n*xbar*(log(mu)+1-log(xbar)))); 

end 

 

 ############################# Confidence Interval Test ############################ 

function s3 = confidenceinterval(mu,n,xbar,z) 

s3=(xbar+(z*(sqrt((xbar+(xbar*(mu-xbar)))/n))))/mu; 

 

################################# CochranTest ################################## 

function s4 = cochran(n,n0,xbar) 

s4=(n0-(n*exp(-xbar)))/sqrt(n*(exp(-xbar))*(1-(exp(-xbar))-(xbar*(exp(-xbar))))); 

 

############################## Rao-Chakravarti Test ############################## 

function s5 = raochakravarti(n,n0,xbar) 

s5=(n0-(n*((n-1)/n)^(n*xbar)))/sqrt((n*((n-1)/n)^(n*xbar))-(n*n*((n-1)/n)^(2*n*xbar))+n*(n-

1)*((n-2)/n)^(n*xbar)); 

 

################################# Criticalscb1 ################################## 

function scb1 = criticalscb1 (zb1,n,b) 

replacement=true; 

for i = 1:b; 

    n0=0; 

y=randsample(zb1,n,replacement); 

ybar=sum(y)/n; 

mu1=ybar; 

p0 = exp(-mu1); 

for j=1:n; 
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    if(y(j)==0); 

        n0=n0+1; 

    end 

end 

s1=((n0-(n*p0))^2)/((n*p0*(1-p0))-(n*ybar*p0*p0)); 

sb1(i)=s1; 

end 

sortsb1=sort(sb1); 

position=0.95*b; 

scb1=sortsb1(position); 

  

################################# Criticalscb2 ################################## 

function scb2 = criticalscb2 (zb1,n,b,mu) 

replacement=true; 

for i = 1:b; 

    n0=0; 

y=randsample(zb1,n,replacement); 

ybar=sum(y)/n; 

for j=1:n; 

    if(y(j)==0); 

        n0=n0+1; 

    end 

end 

if(n0==0) 

s2=2*(((n-n0)*(log(ybar/mu)-mu))+(n*ybar*(log(mu)+1-log(ybar)))); 

else 

s2=2*((n0*log(n0/n))+((n-n0)*(log(ybar/mu)-mu))+(n*ybar*(log(mu)+1-log(ybar)))); 

end 

sb2(i)=s2; 

end 
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sortsb2=sort(sb2); 

position=0.95*b; 

scb2=sortsb2(position); 

  

 

################################# Criticalscb3 ################################## 

function scb3 = criticalscb3 (zb1,n,b,mu,z) 

replacement=true; 

for i = 1:b; 

    n0=0; 

y=randsample(zb1,n,replacement); 

ybar=sum(y)/n; 

for j=1:n; 

    if(y(j)==0); 

        n0=n0+1; 

    end 

end 

s3=(ybar+(z*(sqrt((ybar+(ybar*(mu-ybar)))/n))))/mu; 

sb3(i)=s3; 

end 

sortsb3=sort(sb3); 

position=0.05*b; 

scb3=sortsb3(position); 

 

################################# Criticalscb41 ################################# 

function scb41 = criticalscb41 (zb1,n,b) 

replacement=true; 

for i = 1:b; 

    n0=0; 
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y=randsample(zb1,n,replacement); 

ybar=sum(y)/n; 

for j=1:n; 

    if(y(j)==0); 

        n0=n0+1; 

    end 

end 

s4=(n0-(n*exp(-(ybar))))/(sqrt(n*exp(-(ybar))*(1-exp(-(ybar))-(ybar*exp(-(ybar)))))); 

sb4(i)=s4; 

end 

sortsb4=sort(sb4); 

position1=0.975*b; 

scb41=sortsb4(position1); 

 

################################# Criticalscb42 ################################# 

function scb42 = criticalscb42 (zb1,n,b) 

replacement=true; 

for i = 1:b; 

    n0=0; 

y=randsample(zb1,n,replacement); 

ybar=sum(y)/n; 

for j=1:n; 

    if(y(j)==0); 

        n0=n0+1; 

    end 

end 

s4=(n0-(n*exp(-(ybar))))/(sqrt(n*exp(-(ybar))*(1-exp(-(ybar))-(ybar*exp(-(ybar)))))); 

sb4(i)=s4; 

end 

sortsb4=sort(sb4); 
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position2=0.025*b; 

scb42=sortsb4(position2); 

  

 ################################# Criticalscb51 ################################ 

 

function scb51 = criticalscb51 (zb1,n,b) 

replacement=true; 

for i = 1:b; 

    n0=0; 

y=randsample(zb1,n,replacement); 

ybar=sum(y)/n; 

for j=1:n; 

    if(y(j)==0); 

        n0=n0+1; 

    end 

    end 

s5=(n0-(n*((n-1)/n)^(n*ybar)))/sqrt((n*((n-1)/n)^(n*ybar))-(n*n*((n-1)/n)^(2*n*ybar))+n*(n-

1)*((n-2)/n)^(n*ybar)); 

sb5(i)=s5; 

end 

sortsb5=sort(sb5); 

position1=0.975*b; 

scb51=sortsb5(position1); 

   

################################# Criticalscb52 ################################# 

function scb52 = criticalscb52 (zb1,n,b) 

replacement=true; 

for i = 1:b; 

    n0=0; 

y=randsample(zb1,n,replacement); 
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ybar=sum(y)/n; 

for j=1:n; 

    if(y(j)==0); 

        n0=n0+1; 

    end 

end 

s5=(n0-(n*((n-1)/n)^(n*ybar)))/sqrt((n*((n-1)/n)^(n*ybar))-(n*n*((n-1)/n)^(2*n*ybar))+n*(n-

1)*((n-2)/n)^(n*ybar)); 

sb5(i)=s5; 

end 

sortsb5=sort(sb5); 

position2=0.025*b; 

scb52=sortsb5(position2); 

  

############################### END PROGRAM ################################ 
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