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Abstract

The Poisson and normal approximations to the binomial distribution are key topics in probability and
mathematical statistics courses, helping students grasp the central limit theorem better. This paper
uses Python’s scipy.stats and matplotlib libraries to create overlaid comparison charts between the
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binomial distribution and its Poisson or normal counterparts, along with quantitative error assess-
ment and dynamic convergence demos. Through numerical experiments with typical parameters,
it verifies the effectiveness of both approximations, analyzes their error features and suitable con-
ditions, and checks how continuity correction improves the normal approximation’s accuracy. The
reproducible experiment platform and visualization tools here offer real value for teaching.
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Figure 1. Visual comparison of typical probability distributions
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Table 1. Limit convergence path of the binomial distribution
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Figure 2. The limiting convergence path of the binomial distribution
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3.1.1. EiLEM
Mnsw. po>0H i=np HAEMRK, —Ii540 Bin (n, p)tELEFA S5 Poisson (1) [1] [2], HMEH
P(X:k):ﬂ,k=0,1,2,~-- (2)
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Table 2. Accuracy of the Poisson approximation (n = 100, p = 0.05, A = 5)
= 2. ARGEHEE (n = 100, p = 0.05, 4 = 5)

k  CHOMEEEE WRigER g ko IR IR g e
0 0.00592 0.00674 0.00082 8 0.06518 0.06527 0.00009
1 0.03116 0.03369 0.00253 9 0.03690 0.03626 0.00064
2 0.08118 0.08422 0.00304 10 0.01907 0.01813 0.00094
3 0.13958 0.14037 0.00009 11 0.00901 0.00824 0.00077
4 0.17814 0.17546 0.00074 12 0.00391 0.00343 0.00048
5 0.18094 0.17546 0.00548 13 0.00156 0.00132 0.00024
6 0.15037 0.14622 0.00415 14 0.00057 0.00047 0.00010
7 0.10592 0.10444 0.00148 15 0.00019 0.00016 0.00003

M 2F, REH Kk RHILxH i 2/ T 0.005, fH A %2 0.00548. 7£ k = 0~15 [k X 8], & A2
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Figure 3. Comparative analysis of the binomial and Poisson distributions: approximation and error analysis (n =
100, p = 0.05, 1 =5)
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Table 3. Accuracy of the normal approximation (n = 150, p = 0.3, u = 45, 6 =~ 5.612)
3. [ESIEFERE (N =150, p=0.3, u = 45, 0 ~ 5.612)

k  ZHp AR IR Sz ko IR LA RIER =

34 0.01022 0.01045 0.00023 50 0.04674 0.04779 0.00105
36 0.01988 0.01969 0.00019 52 0.03205 0.03268 0.00063
38 0.03346 0.03268 0.00078 54 0.01955 0.01969 0.00014
40 0.04897 0.04779 0.00119 56 0.01063 0.01045 0.00018
42 0.06263 0.06156 0.00107 58 0.00516 0.00489 0.00028
44 0.07026 0.06987 0.00039 60 0.00224 0.00201 0.00023
46 0.06939 0.06987 0.00048 62 0.00087 0.00073 0.00014
48 0.06052 0.06156 0.00104 64 0.00030 0.00023 0.00007
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Figure 4. Overlay comparison and error analysis of the binomial distribution and its normal approximation (n = 150, p = 0.3)
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Table 4. Applicability conditions and error characteristics of the Poisson and normal approximations to the binomial distribu-

tion
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Table 5. Quantitative comparison of empirical teaching experiment results
5 TIEHFLELERENMLE

fakx Xt B (e G ik) SERG A (P ARAL TR it RE M
WIENIRAS /R THIR & 15.2% 28.5% P <0.05
7] B A LA R 0.7 % 1.2 %y p < 0.05
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