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Abstract

Binomial distribution is a common distribution in statistical problems. When the number of tests
is large, it is very difficult to calculate directly. Therefore, Poisson distribution or normal distribu-
tion approximation is often used for calculation. This paper mainly studies the normal approxi-
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mation of the binomial distribution. According to the central limit theorem, when the number of
tests is large enough, the sum of the random variables that obey the binomial distribution and are
independent and identically distributed can be regarded as the normal variable, so that the bi-
nomial distribution can be approximated by the normal distribution. Theoretically, the normal
approximation of binomial distribution can only be obtained if n is sufficiently large. However, in
practical application, when n is relatively large, the difference in the value of parameter p and
random variable k has obvious influence on the accuracy of approximate calculation. By compar-
ing the relative error between the binomial distribution of independent repetition and the normal
approximation probability, we can know that the minimum lower limit value of n should be de-
termined according to the value of p for different parameters with different degrees of sufficient
magnitude, so as to obtain better approximation results. At the same time, the accuracy of calcula-
tion can be further improved by using the continuity correction formula of normal approximation.
Compared with the research of other scholars, this paper gives a method to determine the mini-
mum lower limit of n for the binomial distribution under different parameter conditions, which
reduces the waste of resources to a certain extent, and draws a more clear definition for the “suffi-
ciently large” of n in different experiments.
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1. 518
11 IRERREX

IS AT R G 1] L B O B LR B oA, ESERRAETE T, IR 2 B RE T DU ZTa A
HHATHEA, Fanyhs M43 20 0E s ), BE RS, B4 L s,

H b, AE n PO E R A SR (Bernoulli)REG H, WAEERGRLE HHAE A RAERIMERE N p. X &
A n BAASFRR A A RO, WX ATREMEAN 0L -, n, HXE—k(0<k<n), FHff
{X =k} B2y “n ok i A fetr kA k k7, BEALAZREE X [ B AU 70 A1 B D — 35173 A5 (Binomial
distribution).

SO n RS A AR A K RIS H A 2 5T & R 25 (Probability mass function)#s Hi (R BR4E
1989) [1], 4IF:

n

P{X =k =(k] p“(1-p)""

W4 IR AT UIE N, 2 n BUEEUNS, ZI00 A0 TR — A, SR sedl, SEFIHZ R
IR SRR, Bl n FBUEIEFEOR, BEGHENTAEEHR, HEXEER R, TGRS
BT INEIAT UL

T R LR TR, ] A A R I3 AT R R VAR AT AT AL 5 1% LA R S T A AR R E
H ATV o AN SC A BT v PR S BEAIE 7 35093 A1 P 1E AT AL 1) R 1 A B s T4

1EA 73 (Normal distribution), AR “#&pA” , X4 m Wi Ai(Gaussian distribution), 5 5 HHER
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5L (Abraham de Moivre)fE3R — T 73 A7 (AT A A2, R —MERC: . WL TRESE U0 E& &
ZIER AT, G AIVE 2 05 A % ORI .

BN X R~ p o TR o® MIES A, AN (1,0°) o HRH RN
LA AT p 8 T HALE, HARHERE o E T 0 A IR .

XTI A, AN R X RN —MLESEOY 1« RIESEON o KIBRG, HHBRE

R ﬁﬁf()J_.w%U_MJ,Mﬁﬁ%ﬂ%%%%ﬁEﬁ%ﬂ%%,Eﬁ%ﬂ%%%M%%ﬁ
o

2

AL, CHE X ~N(g,0°), BAE XM N (1,0%), 2R X R IERS 21 o

n AEBEAL R SR RER R, FRUCRENL I Bl 2 4RSS A . 2 eIk A R AT T
J5, i, ZICIER AR MG A NIERS A, B AAT A e AR AR B R AL ) B 2 4 IR 5y
i, FEAEMREHEG N —ICIES . Hu=0, o =10, IEEDAMBCOPRHEIES 20 .

T IR AT RAFITERT, VF 2 A8 AW SO GE TR AL T8 R RS AT IR 5T

1.2. BRSMAR

121 FRMRSHEN 57

*Iﬁﬁj‘#ﬁﬁ’ﬁ?’jffﬁiﬁﬂ%ﬂ*ﬁmﬁﬁ%ﬁ&i&ﬂﬁ%ﬁ’]ﬁj\%ﬁ R+, R T n (BRI
Ko WWHAMEE B S, WEE NSRRI E. £ kT, WItiia e B, wTULREka ATl —
WA o

FE 5 /NE(007) BT FE 2], S HURKISKR R A ~np I, I A0 AR IR 70 A R kA A . X
EORn 78RS, np AKENn(1-p) AR, e p BN, A RS HLEBORE A A T AU -

1F % B 7 (2018) U B 7L [3] M $2 3), FEseikd, — M % n>20, p<0.05Hf,

Clp* (1— p)"™ MY AME A R AR

S HH(2012) 8 ARG FOHE B A 4], 24 n AR K p AR/ Honp(1- p) <O B, FEHAAIE AL b TE A5 10
WEYF, JHHMn2100, p<O0LM, ISR AR L LGB T s . X — 4518 7L [ 52(2018) [3]4H%
A ] BB PR 5T T AR B T ENEE . 7678 445(2020) [S]HURFITHT, WA WEANIE ARSI B EAT T LA,
AT LAAR A R I SO, B BORE & L 4.

FRF TR n Bk, p BUMOELR, IEAERUESR n 2840 K, BRI 50434 () 1E A3 Aol
SR, HIESOATERRLT, AV 258 W T T ERE R

12.2. FRLARBR IR I — TS 7
T T A ROBEHLAE R, oo BB S H
VEBHUAE B X, X, eer, X, oo BTSN, 36 AAHIRMSCE BRI 2, E(X,) = D(X,) =0

(i=1,2), WAHERE x, HATBHEF, (x) = {Z”K_mﬁm},wa

_ e
Iian(x):Iim{ X } 7 e 2dt=(x)

PEEB, 2 n RN, BEUERY, = zlv: SR A ERAEIE 504 N (0,1) - itk %
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RKHE, Y7 X, =noY, + nu B ER 4 N (ng,no? ) .

T2 FE A RO I R A 7 B S FH I — R, ESEBR T, R n R85K, fHn] DAL [H)
SR RIBERLAS B 2 RIS R IE A & XA NVEESE Gt vh IR i, AR REA, R EE T A,

SR n RS, A5 R LR LB o FEIX B OL T, an SR A IS LR AR IE, 84 B(n, p)
() —MEEFRIEAUR ES A N (np,np(1-p)) .

ANTE] B 2 B0 T U SRHRE n R 15 R K, DL K p /275 FE RS 0 51 1 /205500, R IR S (1989) 414 M [4]:
M0 FA R, PRI, E (BERSTE) (2000) [6]— B llE XN IEASAERITE, S
MAEAZ “p<0.1” RE], HEn Lo KR,

Forp—ANE IR np A1 n(1- p) #AZBUKT 5. 24 n B (Z /> 20) H. p AHE 0 5 1 BT
REL,

Chang et al. (2006, 2008)F HI[7] [8], M FH HCodl PR s B, FEAS K /N B A 73 A7 2 Y T AR 1 o

2. MRABRMRSGZE

NTHIRFN 0 55 p ST LRI, A SO 56 BRSO A S5 R 2 1
f 5.

ST LR A, R p IS A A X, (1 =1,2,,n), %5 n BSLE
S A AR K VG R P (X <K)= S CHp* (1 p)* L DASLAT BLsRAE — T F ORI P, -

T LR, ACCHHHA IE A A FOR LR P(X <K),

. X - ¢
limP{———— ——e 2dt=d(x), P, .
el { P (L p) } I_wme @(x) i)
X AT DR AR R ZE T B Py 5 Py ZIHIZERE, 40F
FIXHRZE =

% _P]w|

P..—P.,
HH522 (%) = [P ~Pan] 09

bt

3. Geiti=l

X n =10 ~ 300 J [ P A5 K A 10 45— n AEAH B AN [R1 2244 p = 0.01,0.05,0.1,0.2,0.3,0.4,0.5 I 2
P(X <k) BEAT T REAIXSEE TR, SOPAXES B A R, WA 1, (A B AT AR P (X = k) B A%
S

Table 1. Relative error and corresponding k value of normal approximation P(X =k) with different parameters n and p

% 1 RESHn, p EAELP(X = k) MR ERARR k (&

n=50,p=0.01 n=50,p=0.1
k FE1E AME FHXT 1R 22 (%) k FE1E I ABME FHXT 1R 22 (%)
0 0.605006067 0 100 0 0.005153775 0 100

1 0.910564687 0.52271066 42.59489004 1 0.03378586 0.020462157 39.43573775
2 0.986182729 0.744852201 24.4711777 2 0.111728756 0.069438541 37.85078876
3 0.998403827 0.761165147 23.76179589 3 0.250293906 0.16367823 34.60558709
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4 0.999854311  0.761355003  23.85340595 4 0.431198407  0.309464881  28.23144138
0.999989103 0.76135533 23.86363738 5 0.616123008  0.490788937  20.34237788
6 0.999999315 0.76135533 23.86441484 6 0.770226842 0.672112993 12.73830556
7 0.999999963 0.76135533 23.8644642 7 0.877854916 0.817899644 6.829747272
8 0.999999998 0.76135533 23.86446688 8 0.942132794 0.912139334 3.183570375
9 1 0.76135533 23.86446701 9 0.975462064  0.961115718  1.470723152
10 1 0.76135533 23.86446701 10 0.990645398  0.981577875  0.915314792
11 1 0.76135533 23.86446701 11 0.996780079 0.98845007 0.83569177
12 1 0.76135533 23.86446701 12 0.99899538 0.990305223 0.869889617
13 1 0.76135533 23.86446701 13 0.99971488 0.990707717 0.90097317
14 1 0.76135533 23.86446701 14 0.999926161 0.990777892 0.914894484
15 1 0.76135533 23.86446701 15 0.999982503  0.990787723  0.919494092
16 1 0.76135533 23.86446701 16 0.999996197 0.99078883 0.920740274
17 1 0.76135533 23.86446701 17 0.99999924 0.99078893 0.921031784
18 1 0.76135533 23.86446701 18 0.99999986 0.990788937 0.921092477
n=50,p=05 n =300, p=0.01
k KM I ABME AHXT 152 22 (%) k FEH{E I ABME AHXT 1R 22 (%)
0 8.88E-16 0 100 0 0.049040894 0 100
4,53E-14 4.91E-12 10733.67801 0.197649664  0.082057668  58.48327455
2 1.13E-12 3.80E-11 3251.164138 2 0.422063918  0.240008659  43.13452318
3 1.85E-11 2.44E-10 1214.970751 3 0.647233775  0.459138624  29.06139299
4 2.23E-10 1.43E-09 539.6450308 4 0.816111167 0.678268589 16.89017189
5 2.10E-09 7.71E-09 266.1820025 5 0.917096437 0.836219579 8.818795289
6 1.62E-08 3.85E-08 137.3876346 6 0.967249054 0.918277248 5.062998585
7 1.05E-07 1.78E-07 69.56462718 7 0.988525921  0.948996158  3.998859615
8 5.82E—07 7.61E-07 30.8052282 8 0.996397288 0.9572805 3.925822366
9 2.81E-06 3.01E-06 7.332600314 9 0.998976905  0.958889366 4,01285941
10 1.19E-05 1.10E-05 7.421363735 10 0.999735156  0.959114277  4.063164012
11 451E-05 3.75E-05 16.85055103 11 0.999937078 0.959136899 4.08027463
12 1.53E-04 0.000118017 22.83027301 12 0.999986199 0.959138536 4.084822704
13 0.000468111  0.000344257  26.45833731 13 0.999997191  0.959138621  4.085868503
14 0.001301086  0.000931423 28.4118542 14 0.999999467  0.959138624  4.086086499
15 0.003300224  0.002338867  29.13003779 15 0.999999905  0.959138624  4.086128535
16 0.007673339 0.005454749 28.91296421 16 0.999999984 0.959138624 4.0861361
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17 0.016419569 0.011825808 27.97735139 17 0.999999998 0.959138624 4.086137377
18 0.032454324 0.02385744 26.48917766 18 1 0.959138624 4.08613758
19 0.059460226  0.044843011  24.58318158 19 1 0.959138624 4,08613758
20 0.101319376  0.078649604  22.37456744 20 1 0.959138624 4,08613758
21 0.16111816 0.128949518 19.96587008 21 1 0.959138624 4.08613758
22 0.239943831 0.198071955 17.45069924 22 1 0.959138624 4.08613758
23 0.335905517 0.285803822 14.91541278 23 1 0.959138624 4.08613758
24 0.443862414  0.388648705  12.43937458 24 1 0.959138624 4,08613758
25 0.556137586 0.5 10.09419031 25 1 0.959138624 4.08613758
26 0.664094483  0.611351295  7.942121167 26 1 0.959138624 408613758
27 0.760056169 0.714196178 6.033763489 27 1 0.959138624 4.08613758
28 0.83888184 0.801928045 440512509 28 1 0.959138624 4,08613758
29 0.898680624 0.871050482 3.074522958 29 1 0.959138624 4.08613758
30 0.940539774 0.921350396 2.040251543 30 1 0.959138624 4.08613758
31 0.967545676 0.955156989 1.280424031 31 1 0.959138624 4.08613758
32 0.983580431 0.97614256 0.756203672 32 1 0.959138624 408613758
33 0.992326661  0.988174192  0.418457911 33 1 0.959138624 408613758
34 0.996699776 0.994545251 0.216165916 34 1 0.959138624 4.08613758
35 0.998698914 0.997661133 0.103913377 35 1 0.959138624 4.08613758
36 0.999531889  0.999068577  0.046352868 36 1 0.959138624 4,08613758
37 0.999847068  0.999655743  0.019135421 37 1 0.959138624 4,08613758
38 0.999954893 0.999881983 0.007291305 38 1 0.959138624 4.08613758
39 0.999988069 0.999962493 0.002557624 39 1 0.959138624 4.08613758
40 0.999997193 0.999988955 0.000823822 40 1 0.959138624 4.08613758
41 0.999999418  0.999996987 0.00024311 41 1 0.959138624 4,08613758
42 0.999999895 0.999999239 6.56E—05 42 1 0.959138624 4.08613758
43 0.999999984  0.999999822 1.62E-05 43 1 0.959138624 4,08613758
44 0.999999998  0.999999961 3.64E-06 44 1 0.959138624 4,08613758
45 1 0.999999992 7.49E-07 45 1 0.959138624 4.08613758
46 1 0.999999999 1.41E-07 46 1 0.959138624 4.08613758
47 1 1 2.44E-08 47 1 0.959138624 4,08613758
48 1 1 3.95E-09 48 1 0.959138624 4,08613758
49 1 1 6.44E-10 49 1 0.959138624 4.08613758
50 1 1 1.54E-10 50 1 0.959138624 408613758
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1) n AR, p ERFM, SRR A . 76 p <05 KETEMA, p HEE 05, i)
LA PR, B p = 0.5 I AT LR EIT . UM EORE ST, p > 0.5 JEMI, LAY
AEF A 5 LR AR . 5090 FU7E p = 0.5 I g Bk, MRS, IE ALl e 5 25 9]

2) XF P(X = k) BET O, K (ZEREHLE R np BHEARKHE BN, S S i e
Bio EFEER P(X = K) BEIET O B, B At AT 5% 2 M0 SO R RERI DT W L BRI, BRI P(X =K)
R ERER MK

3) MTRESH n. p i, EAULELP(X = K) RN 5 2 (I DU 5K 2 22 00 4o ) J A
Rl K, W 2, (UM AR, MAVHRETRIT 0.004 i, FFZH p EATLIFTT n 05N T

BRAE L% 3.
FILUREL, 2 p<0.18p>090, ZLABUFRELMRCR, LRI n fRK, Bl 325 8 At )5
FAEATIERL

Table 2. Absolute error and corresponding k value of normal approximation P(X =k) with different parameters n and p
2 FESHn, p EAEMP(X = k) i iZs RN k &

n=30 n=50
p
RRIRZE FHRL K RRIRZE FAR K
0.01 0.1106 0 0.1645 0
0.05 0.0629 0 0.0413 1
0.1 0.0259 2 0.018 3
0.2 0.0125 4 0.0071 8
0.3 0.0061 7 0.0036 12
0.4 0.0027 9 0.0016 17
0.5 0.0012 15 0.0006 25
n=90 n=210
p
N HHRL K BROKIRZE HAR K
0.01 0.1365 0 0.0502 1
0.05 0.021 3 0.009 8
0.1 0.0095 7 0.004 18
0.2 0.004 15 0.0017 37
0.3 0.0019 23 0.0008 58
0.4 0.0009 39 0.0004 88
0.5 0.0003 45 0.0001 105
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n =300
p
SN FHEL k
0.01 0.0306 1
0.05 0.0062 12
0.1 0.0028 26
0.2 0.0012 55
0.3 0.0006 96
0.4 0.0003 126
0.5 0.0005 150

Table 3. The minimum lower limit of n required for normal approximation of different parameters p

% 3. TRISH p EZSIEIFRTE n 9%/ TIRIE

AFASE p AT n 1 HN T RE

P 0.1<p<0.2 02<p<0.3 03<p<0.4 04<p<05

n 210 90 50 30

p 05<p<06 06<p<0.7 0.7<p<0.8 08<p<09 09<p<l
n 30 30 50 90 210

Bl 1, 2n=50, p=0.11, RFEHIENL L CQ)ERERTT AR, HILRAEPME G )4
MR, I HAE K =3 MR HR RO, JRIZHER T 0.

0.2 T . T T T | |
0.18
0.16
0.14
0.12

— LR
— S
— dxiRE ||

Il Il Il Il L Il

1
0 5 10 15 20 25 30 35 40 45 50
nfHUE
Figure 1. The exact value and approximate value of P(X =k) when n =50, p = 0.1 after normal approximation continuity,

the exact value and approximate value of k
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Figure 2. The exact value and approximate value of P (X <k) when n =100, p = 0.01 after normal approximation continuity
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Figure 3. The exact value and approximate value of P(X =k) whenn =100, p = 0.01 after normal approximation continuity
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