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Abstract

The purposes of this research were to develop confidence intervals for the difference of
binomial proportion with the adjusted delta method, and to compare efficiency of confidence
interval between the Newcombe Hybrid Score method and the adjusted Newcombe Hybrid Score
method. Research methodology was simulation data in r by the situations with sample sizes,
parameters of the difference of binomial proportions, and nominal level 224 conditions (28x 4 x 2).
Then to compare the efficiency, data were analyzed about coverage probability and average width
of confidence interval for each method. As a result, confidence intervals for the difference of
binomial proportions with the adjusted Newcombe Hybrid Score method were lower limit
Loow =0 — o and upper limit Upow =0+ &y when Srow = 21 O Lo
ol :4a2\/{ll(1—ll)/n1 Uy (1=, ) I 1,5 6 = 22Ot T =4a2\/{u1(1—u1)/ n+l,(1-1,)/n,} . For

comparison the efficiency for both confidence intervals, it was found that the adjusted Newcombe

Hybrid Score method had a greater efficiency than the Newcombe Hybrid Score method with the
following conditions: (1) both equal sample case, sample sizes were more than 25 and the
parameter of the difference of binomial proportions did not exceed 0.4, and (2) unequal sample
case, the first sample with more than 15, the second one with more than 50 with the parameter
of the difference of binomial proportions did not exceed 0.4. Therefore, confidence intervals for

each methods are appropriate depending on sample size and difference of binomial proportion.

Keywords: coverage probability; binomial proportion; delta method
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Table 1 Coverage probability and average width of 95 % confidence interval and 99 % confidence

interval for the difference of binomial

proportions, sample of the same size case

95 % Confidence interval 99% Confidence interval
sample sizes | parameters NHS ANHS NHS ANHS
cp AW cp AW cp AW cp AW
02874 | 0.5554 | 0.8729 | 0.1051 | 0.1256 | 0.7179 | 0.8700 | 0.1324 | 0.2874
0.7152 | 0.6167 | 0.8536 | 04170 | 0.5699 | 0.7636 | 0.7619 | 0.5162 | 0.7152
M= =15 0 0783F | 06165 | 0.7804 | 09020 | 09574 | 0.7638 | 05817 | 1.1190 | 0.9783°
09807 | 0.6163 | 0.7886 | 0.9016 ¥ | 07181 | 0.1976 | 1.8391 | 0.9807"
04404 | 0.4356 | 09354 | 00774 | 0.2005 | 0.5694 | 0.9128 | 0.1002 | 0.4404
0.9082 | 0.5003 | 0.9543" | 0.3310 | 0.7694 | 0.6315 | 0.9000 | 0.4177 | 0.9082
M= =25 000807 | 0.5002 | 0.9578" | 0.7279 | 099427 | 0.6315 | 0.8450 | 0.9168 | 0.9980°
1 0.4354 | 0.9927% | 1.1118 1* 0.5694 | 0.7454 | 1.4557 1%
05701 | 0.3701 | 0.9654" | 0.0064 | 03288 | 0.4857 | 0.9589 | 0.0840 | 0.5701
09497 | 04321 | 0.9857" | 0.2831 | 0.8788 | 05510 | 0.9655 | 0.363¢ | 0.9497"
M=N=35 000007 | 0.4321 | 0.9974" | 0.6258 | 099957 | 0.5509 | 0.9554 | 0.7952 | 0.9999"
1 03707 | 1* | 0943¢ | 1* | 0.4852 | 09818 | 12412 | 1*
0.7088 | 0.3109 | 0.9832" | 0.0528 | 0.4752 | 0.4088 | 0.9801 | 0.0695 | 0.7088
0.9916" | 0.3678 | 0.9982" | 0.2398 | 0.9668 | 04726 | 0.9936" | 0.3076 | 0.9916"
m =", =30 1 0.3678 | 0.9999* | 0.5316 | 04727 | 0.9970° | 0.6827 1
1 03111 | 1¥ | 0.7931 1" | oao0ss | 1* | 10433 | 1
08670 | 0.2548 | 0.9967" | 0.0426 | 0.6902 | 0.3350 | 0.9947" | 0.0560 | 0.8670
0.9997" | 0.3045 | 0.9998" | 0.1975 | 0.9974" | 0.3940 | 0.9996" | 0.2549 | 0.9997"
m=n, =75 1 03045 | 1* | 04402 ¥ | 0390 | 1* | 05686 1
1 02547 | 1* | 06502 ¥ | 03349 | 1¥ | ossa0 | 17
09411 | 0.2208 | 0.9989* | 0.0365 | 0.8358 | 0.2903 | 0.9991" | 0.0478 | 0.9411
1 02657 | 1" | 0.1721 | 0.9999" | 0.3449 1" | 02230 | 17
n =", =100 1 02655 | 1 | 03839 | 1# | 03450 | 1 | 04969 | 17
1 02207 | 1* | 05644 | 1# | 02904 | 1 | 07422 | 1F
1 0.0991 " | o015 | 1 | 01302 | 1* | 00209 | 1
1 01209 | 1" | 00775 | 1 | 0.1585 1" | 01015 | 17
M =", =500 1 01209 | 1* | o.1741 1" | 01585 | 1 | 02282 | 1*
1 0.0990 | 1* | 02535 1" | 01302 | 1* | 03333 | 17

Remark: NHS (newcombe hybrid score method); ANHS (adjusted newcombe hybrid score method); CP (coverage

probability); AW (average width); # (coverage probability was not lower than nominal level); Bold (average length

of the confidence interval was the shortest value)
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Table 2 Coverage probability and average width of 95 % confidence interval and 99 % confidence

interval for the difference of binomial proportions, sample of the unequal size case

95 % Confidence interval 99 % Confidence interval
sample sizes | parameters NHS ANHS NHS ANHS

CcP AW CP AW CcP AW CP AW

0.2 0.2740 | 0.4974 | 0.8911 | 0.0910 | 0.1099 | 0.6455 | 0.8897 | 0.1166

n =15, 0.4 0.7883 | 0.5608 | 0.8963 | 0.3753 | 0.6229 | 0.7000 | 0.7874 | 0.4662
n, =25 0.6 0.9939* | 0.5607 | 0.9082 | 0.8196 | 0.9829 | 0.7003 | 0.7575 1.0201
0.8 1% 0.4971 | 0.9865% | 1.2677 1% 0.6451 | 0.6277 1.6537

0.2 0.3278 | 0.4675 | 0.9116 | 0.0834 | 0.1054 | 0.6060 | 0.8844 | 0.1073

n, =15, 0.4 0.8267 | 0.5315 | 0.9164 | 0.3526 | 0.6366 | 0.6645 | 0.8897 | 0.4392
n, =35 0.6 0.9982% | 0.5314 | 0.9718" | 0.7712 | 0.9945% | 0.6642 | 0.8668 | 0.9710
0.8 1# 0.4678 1* 1.1912 1# 0.6057 | 0.9645 1.5532

0.2 0.3128 | 0.4425 | 0.9169 | 0.0769 | 0.1055 | 0.5718 | 0.9014 | 0.0987

n, =15, 0.4 0.8446 | 0.5060 | 0.9481% | 0.3331 | 0.7040 | 0.6326 | 0.9053 | 0.4150
n, =50 0.6 0.9999% | 0.5062 | 0.9955% | 0.7333 | 0.9981% | 0.6329 | 0.9730 | 0.9166
0.8 1# 0.4423 1* 1.1281 1# 0.5711 1* 1.4635

0.2 0.3198 | 0.4197 | 0.9369 | 0.0714 | 0.0958 | 0.5433 | 0.9081 | 0.0931

n =15, 0.4 0.8633 | 0.4844 | 0.9602% | 0.3163 | 0.7236 | 0.6043 | 0.9001 | 0.3926
n,=75 0.6 1# 0.4839 | 0.9998% | 0.7012 | 0.9995* | 0.6043 | 0.9959* | 0.8742
0.8 1* 0.4208 1* 1.0730 1* 0.5420 1* 1.3858

0.2 .3185 0.4091 | 0.9315 | 0.0690 | 0.0994 | 0.5255 | 0.9121 | 0.0879

n =15, 0.4 .8882 0.4720 | 0.9685% | 0.3070 | 0.7604 | 0.5883 | 0.9470 | 0.3827
n, =100 0.6 1% 0.4722 1* 0.6827 | 0.9999% | 0.5886 | 0.9995* | 0.8517
0.8 1% 0.4091 1* 1.0460 1# 0.5254 1# 1.3429

0.2 0.3675 | 0.3765 | 0.9581% | 0.0610 | 0.1251 | 0.4799 | 0.9542 | 0.0778

n, =15, 0.4 0.9248 | 0.4405 | 0.9874* | 0.2829 | 0.8282 | 0.5454 | 0.9665 | 0.3499
n, =500 0.6 1% 0.4398 1* 0.6336 1* 0.5450 1# 0.7856
0.8 1% 0.3772 1* 0.9652 1# 0.4812 1# 1.2315

0.2 0.4647 | 0.4039 | 0.9553" | 0.0710 | 0.2283 | 0.5283 | 0.9194 | 0.0920

n, =25, 0.4 0.9069 | 0.4674 | 0.9680% | 0.3081 | 0.8120 | 0.5923 | 0.9368 | 0.3896
n, =35 0.6 0.9999* | 0.4670 | 0.9908* | 0.6802 | 0.9982* | 0.5923 | 0.9224 | 0.8592
0.8 1# 0.4045 1* 1.0279 1* 0.5281 | 0.9785 1.3495

0.2 0.4695 | 0.3765 | 0.9530% | 0.0644 | 0.2116 | 0.4925 | 0.9377 | 0.0852

n, =25, 0.4 0.9394 | 0.4390 | 0.9790% | 0.2892 | 0.8583 | 0.5572 | 0.9596 | 0.3648
n, =50 0.6 1% 0.4389 | 0.9992% | 0.6356 | 0.9998* | 0.5574 | 0.9852 | 0.8069
0.8 1# 0.3773 1* 0.9601 1* 0.4921 1* 1.2585

0.2 0.2506 | 0.3526 | 0.9682% | 0.0599 | 0.2462 | 0.4595 | 0.9516 | 0.0775

n =25, 0.4 0.9573* | 0.4134 | 0.9893* | 0.2688 | 0.8896 | 0.5253 | 0.9763 | 0.3424
n,=75 0.6 1# 0.4135 1* 0.5982 | 0.9999% | 0.5251 | 0.9984" | 0.7595
0.8 1% 0.3534 1* 0.9012 1% 0.4601 1# 1.1758
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Table 2 (continue)

95 % Confidence interval 99 % Confidence interval
sample sizes | parameters NHS ANHS NHS ANHS
CcP AW CcP AW CP AW CP AW
0.2 0.5006 | 0.3399 | 0.9677% | 0.0570 | 0.2402 | 0.4416 | 0.9634 | 0.0737
n, =25, 0.4 0.9707* | 0.3999 | 0.9936* | 0.2605 | 0.9120 | 0.5073 | 0.9842 | 0.3285
n, =100 0.6 1 0.3997 1# 0.5782 1* 0.5071 | 0.9999% | 0.7341
0.8 1# 0.3996 1* 0.8690 1* 0.4424 1* 1.1311
n, =25, 0.2 0.5419 | 03051 | 0.9769% | 0.0494 | 0.2561 | 0.3942 | 0.9628 | 0.0638
n, =500 0.4 0.9885% | 0.3625 | 0.9992% | 0.2331 | 09654 | 0.4575 | 0.9956" | 0.2943
n, =25, 0.6 1# 0.3623 1* 0.5216 1* 0.4578 1* 0.6594
n, =500 0.8 1 0.2954 1* 0.7941 1* 0.3935 1 1.0066
0.2 0.5971 | 0.3417 | 0.9714* | 0.0589 | 0.3331 | 0.4484 | 0.9595 | 0.0771
n, =35, 0.4 0.9745% | 0.4014 | 0.9941% | 0.2641 | 09179 | 05131 | 0.9784 | 0.3351
n, =50 0.6 0.9999* | 0.4013 | 0.9996* | 0.5800 1* 0.5131 | 0.9922* | 0.7421
0.8 1 0.3411 1* 0.8717 1* 0.4484 1 1.1432
0.2 0.6206 | 0.3162 | 0.9832* | 0.0535 | 0.3530 | 0.4140 | 0.9674 | 0.0697
n, =35, 0.4 0.9866% | 0.3735 | 0.9980% | 0.2425 | 0.9505 | 0.4785 | 0.9906" | 0.3115
n,=75 0.6 1# 0.3737 1* 0.5406 1* 0.4783 | 0.9999* | 0.6910
0.8 1* 0.3157 1* 0.8064 1* 0.4143 1* 1.0579
0.2 0.6377 | 0.3020 | 0.9843* | 0.0506 | 0.3756 | 0.3950 | 0.9764 | 0.0660
n, =35, 0.4 0.9899% | 0.3583 | 0.9975% | 0.2324 | 0.9632 | 0.4589 | 0.9935" | 0.2975
n, =100 0.6 1% 0.3583 1* 0.5176 1* 0.4587 1# 0.6635
0.8 1* 0.3022 1* 0.7722 1* 0.3953 1* 1.0090
0.2 0.7004 | 0.2644 | 0.9891* | 0.0429 | 0.4091 | 0.3d431 | 0.9870* | 0.0554
n, =35, 0.4 0.9980* | 0.3164 | 0.9999% | 0.2030 | 0.9929% | 0.4037 | 0.9996* | 0.2594
n, =500 0.6 1% 0.3164 1* 0.4565 1* 0.4036 1# 0.5814
0.8 1% 0.2643 1* 0.6763 1* 0.3430 1# 0.8773
0.2 0.7540 | 0.2837 | 0.9897" | 0.0477 | 05096 | 0.3728 | 0.9863 | 0.0626
n, =50, 0.4 0.9976* | 0.3376 | 0.9993" | 0.2191 | 09849 | 0.4351 | 0.9983* | 0.2820
n,=75 0.6 1% 0.3376 1* 0.4879 1* 0.4350 | 0.9999* | 0.6293
0.8 1 0.2836 1* 0.7246 1* 0.3730 1* 0.9522
0.2 0.7858 | 0.2687 | 0.9922* | 0.0450 | 0.5460 | 0.3525 | 0.9907* | 0.0585
n, =50, 0.4 0.9980% | 0.3207 1* 0.2084 | 0.9918* | 0.4135 | 0.9987* | 0.2678
n, =100 0.6 1% 0.3207 1* 0.4627 1* 0.4135 1* 0.5977
0.8 1% 0.2687 1* 0.6869 1* 0.3528 1* 0.9014
0.2 0.8463 | 0.2270 | 0.9968" | 0.0367 | 0.6196 | 0.2959 | 0.9971% | 0.0478
n, =50, 0.4 0.9999% | 0.2734 1* 0.1758 | 0.9992* | 0.3515 1% 0.2252
n, =500 0.6 1# 0.2734 1* 0.3940 1* 0.3516 1* 0.5062
0.8 1 0.2268 1* 0.5805 1* 0.2957 1# 0.7566
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Table 2 (continue)

95 % Confidence interval 99 % Confidence interval
sample sizes | parameters NHS ANHS NHS ANHS
CcP AW CP AW CcP AW CcP AW

0.2 0.8957 0.2382 | 0.9982" | 0.0396 0.7261 0.3132 | 0.9969* | 0.0519
n =75, 0.4 0.9998% | 0.2858 1* 0.1854 | 0.9995% | 0.3703 1# 0.2401
n, =100 0.6 1* 0.2858 1* | 04117 1* 0.3702 1* 0.5348
0.8 1* 0.2381 1* 0.6086 1* 0.3132 1# 0.7999
0.2 0.9525% | 0.1913 | 0.9998% | 0.0309 | 0.8431 | 0.2501 | 0.9995* | 0.0404
n, =75, 0.4 ki 0.2315 ki 0.1486 ik 0.3000 ik 0.1926
n, =500 0.6 1* 0.2314 1* 0.3333 1# 0.2998 1# 0.4319
0.8 1* 0.1911 1* 0.4891 1* 0.2505 1# 0.6408
0.2 0.9862% | 0.1699 1* 0.0274 | 0.9381 | 0.2227 1# 0.0360
n, =100, 0.4 ¥ 0.2062 ¥ 0.1323 i# 0.2682 i 0.1722
n, =500 0.6 1* 0.2062 1* | 02975 1* 0.2683 1* 0.3862
0.8 1* 0.1702 1* 0.4352 1* 0.2228 1 0.5700
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[N
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Table 3 Appropriate method of 95 % confidence interval and 99 % confidence interval for the

difference of binomial proportions each conditions, sample of the same size case

95 % confidence interval 99 % confidence interval

sample sizes
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
n =n, =15 - - - - - - - NHS
n =n, =25 - ANHS | NHS | NHS - - NHS | NHS
n =n, =35 ANHS ANHS NHS NHS - - NHS NHS
n =n, =50 ANHS ANHS NHS NHS = ANHS NHS NHS
n=n, =75 ANHS | ANHS | NHS | NHS | ANHS | ANHS | NHS | NHS
n =n, =100 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
n, =n, =500 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
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Table 4 Appropriate method of confidence interval 95 % and confidence interval 99 % for the

difference of binomial proportions each conditions, sample of the unequal size case

95 % confidence interval 99 % confidence interval
sample sizes

0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

n, =15,n, = 25 - - NHS | NHS - - - NHS
n, =15,n, = 35 - - NHS | NHS - - NHS | NHS
n, =15,n, =50 - ANHS NHS NHS - - NHS NHS
n =15,n, = 75 - ANHS | NHS | NHS - - NHS | NHS
n, =15,n, =100 - ANHS | NHS | NHS - - NHS | NHS
n, =15, n, =500 ANHS ANHS NHS NHS = = NHS NHS
n, =25,n, =35 ANHS ANHS NHS NHS - - NHS NHS
n, = 25,n, = 50 ANHS | ANHS | NHS | NHS - - NHS | NHS
n, =25,n, =75 ANHS | ANHS | NHS | NHS - - NHS | NHS
n, =25,n, =100 ANHS ANHS NHS NHS = = NHS NHS
n, = 25,n, =500 ANHS ANHS NHS NHS - ANHS NHS NHS
n, =35,n, = 50 ANHS | ANHS | NHS | NHS - - - NHS
n =35,n,=75 ANHS ANHS NHS NHS - ANHS NHS NHS
n, =35,n, =100 ANHS | ANHS | NHS | NHS - ANHS | NHS | NHS
n, =35,n, =500 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
n, =50,n, =75 ANHS ANHS NHS NHS = ANHS NHS NHS
n, =50,n, =100 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
n, =50, n, =500 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
n, =75,n, =100 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
n, =75,n, =500 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
n, =100, n, =500 ANHS ANHS NHS NHS ANHS ANHS NHS NHS
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