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Abstract

This paper proposes a modified Beal interval for the difference between independent binomial
proportions. The new method with the optimal weight has better coverage probabilities and shorter
intervals than most of the often used ones. Most importantly, the optimal weight value has a simple
non-iterative form, therefore there is no much additional computation compared with the existing
methods. A real extreme case is analysed to show the claimed properties and practical usability.
Keywords

Beal’s Interval, Binomial Proportion, Difference, Independent

AN T TR 43 76 L B2 3R FHBeal X (B {4 31

IR ER R S ENL R, TR L
Email: "yanke.wu@163.com, 13809753553@163.com

Woks H . 20184F7 180 FHHEM: 20184F8H3H: &AiHM: 201848 10H

HE

A SCRFPEANBSL IR 43 A7 B BB Z 4R T — R A Beal X (B A 115748, IXFh 7 vE BA BUFHIE B R &%
MEER, XEREHIWEE, HE, FrEEAnsEReE2ARweX, TERE, MnKitE
BN BUERNEGI TR T XM T ERT REFHA MM E k.

DERAEE

SEF|F RIEF, St PN I H 22 (3T Beal X EIETH]. SEita 5, 2018, 7(4): 400-406.
DOI: 10.12677/5a.2018.74046


http://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2018.74046
https://doi.org/10.12677/sa.2018.74046
http://www.hanspub.org

K
BealX[f], —JtLfl, Lutil%E, oLk

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. ARE R
X A TR GE T AT 55 2 —, R 2% HI0 X RS 7 B R T EALE . 4 X, X, &#
AT IR A R 43 BRI B (., py ) B (mys py ) o P T HI L) 25 SR 0= p, =, »
X, .

= N 2 A ~ A X =) N N o n
O W KIARMEG T2 0= p, — p,» H py ==L, p, =—2 952 p,, p, IR AK€ p M p,, O
b P>

. ) 1 1 o R \
E"J?:T?févar(@;pl,pz):—p](1—p1)+—p2(1—p2), H p,, p, 73 p,, p, 15513 2 1) Wald [X [H]
n n

) 1. 1. R
Clya =9i2a\/—p. (1= p)+—p, (1= p,) »
n n,

JUrr 2, RERAEIE &S M) S 5 8 Fleiss (1134 Wald XY —MESHEE, #43)

2

5 1. N A 11 1
st :ei{za\/n_pl (1_P1)+n—l’z(1—P2)+5(—+—]}.
2 1

2 n,.n

Mee 2161 p,, p, BIBRHIERAIRL T py, p, INE BR BRI by, p, » 1531

NI 1 N o o o
Beal [3]‘3[)\7*/[\W}jﬂtfﬁﬁn=z(pl +p,) s X p, p, ESHUAGE p, =77+E,]—72 =N Z55E n

0, ATLLEE O 7% Var(é;n,a):u[4n(1_n)_e2]+zv(1_zn)a,ﬁc{:uzi(LL}v:i[L_ ! ]

n,n, n,.on,

W 1AM 7 R (0-0) <22 var(0:7.0) 73] Beal X

SN

CIBeal = 0* + w,
Horp
g O+ 2apv(1-27)
1+z§/2u ’
Z, ~ ~ = — » . .
= 1+Z/22 u‘\/”[477(1—77)—92}+2v(1—277).9+4zi/zu2q(1_n)+zi/zvz (1_277)2.
al2

DOI: 10.12677/5a.2018.74046 401 gt 58N H


https://doi.org/10.12677/sa.2018.74046
http://creativecommons.org/licenses/by/4.0/

RIER}, St

Beal [ﬂﬁﬂ%ﬂﬂf,ﬁﬁ?‘i?iﬁﬁﬁ=%(%+%}, okt 41> 0. Beal BI9E T AR 4 (HAFEIIX
Mt mtop

(B AMEARAT G WAE R =05 4 =l , IXPAMEXT R Beal XA 73 7 XFRA Haldane [X [H]F1
Jeffreys-Perks [X [i]. Roths & Tebbs [4]/& I, 40k o (AT LAFES Beal XIRFIRIL, MATAH T pfE
R KA TH AR A o, AEHIX A o BB IXTR] 73 E 9 ClLy e B Clgos sions

ASCIRAIIRVE Beal X B 1 77 LAY AEXS BRI ] R, £ H— P42t Beal [X[A].
2. &7 Beal [X|5]

Newcomb [ 53 i K= FIBHLTHE R I, Haldane [X 7] )78 o5 2 78 SEBR Th AT AEZIE 0, 17 Jeffreys-Perks
X B AR P DAFE — @ B B2 b oSG aX P o, AEATDSRAS BV JRC I G 7 25 Fead /NI R . R Tk, FRATTFR 22

B3k Beal [X [A]HIZRH o
ic

1 1 )
r=t + =i i=1,2 @.1)
2\m+2u ny+2u n+2u

Herpu>o0, )”\'Jﬁ=%(flﬁl+f2ﬁ2)+ro X} Haldane [X[0], u=0, XI Jeffreys-Perks [X[f], y=%o Beal [3]
W A p,, p, WEARNE, (B2 p, p, W B2 AT RERAER, B, FRATH
n,=Ap,+(1-2) p,,A€[0,1]
TERTHRSH, BESHWEE p =n, +(1-2)0,p,=n,-2160 , N

var(di1,.0) - [, +(1-2)0][1-n, -(1-2)0] L (1, =20)(1-n, +20)

n n,
ik 7, & n, B—Mbt, K
(9—9)2 -z, var( )

7, 9) 0 2.2)
RIS 2 DL AR s S i 0 I — AN BAS X 8] . S iRyt a] LLS 23 A Beal [X[H]

Clyprn = 9& tw,
/\q:l
9+za/2u2(l 2771)
a 1+zq/2u1
w, :—\/2u2 1- 277/1)9+Za/2“2 (l 277/1) "‘7"377/1(1_77/‘L)_”1é2+Z§t/2ulu3ﬁ/1 (l_ﬁi)’
1+zm/2u1
1-2)7 22 -
ul=( ) PR o N S S (2.3)
n, n, 2n,  2n, nooon,

{81 Beal [3]f VL4773 AT LA 2]

AN gy Kt (2.4)

n+2u n,+24

DOI: 10.12677/5a.2018.74046 402 Gt 5 8


https://doi.org/10.12677/sa.2018.74046

RIER}, SEHEG

77, WA RZ I XA A e A TR e, AR 77, BT IRZEMSE)IE B e/l B O HHRAA R 77, (W%
AT 250 38
H 1—2p1)+(1_/1)ﬂ(1—2p2)

ias (7 (
b =1 ,
1as(77/1) n+2u n,+2u

Var(ﬁ/l) /1f2 pl( pl)+(1—ﬂ)2ﬁ2 pz(l_pz),

n 0
Hr £, f, BE U2 e/ Mb MSE (77, ) = bias® (77, ) + var (77, ) AT LARS BB AR 4 «

fzzpz(l_pz)/nz _’”2(’”1 _rz)
120 (1= p)/m+ £20, (1= p,) fmy + (=1, )’
B MSE ( p, ) —bias( p, ) bias(p, )
 MSE(p,)+MSE( p,)—2bias( p, ) bias( p,)

)l'upt (pl’pZ):

Hopir 12“:m%@mn=&2ﬂfﬂ£o§%¢,ﬁ%ﬁmv@%mmﬂU%ﬁﬂ%%%ﬁﬁ

n+2,u n+2u
%ﬁl (pppz)

3. &l

AV P BER I IAE SR T Beal XIAIRIRCR, 58— H TARIOA of R A /M 5 2, 58—
TR XA . fFEuxtEe, FATFE 45 H Wald J7i%. Mee J7EM Beal /7% (L % Roths & Tebbs [4]K
R AR 735 ) AR DL 45
3.1. RIEBRR

Y5 9E n,ny, z /2 MR, HIEAMNBERFRE LN CP(pl,p2 n,n,,Z a/z) (6’:p1 -p, € C[A) , E/NE
HRE N min o CP(prpyima i,z ) « BUE @ =0.05 S HIR (mn,) = (10,15) 1 (n,m, ) = (30.50) ,
THE 9 MO R S R M/ ME R R, A5 R 1~ 2 Ak 1

M1~ 2 FiEe 1 AT RUEH, Mee FVEFI$E T Jeffreys-Perks /55 B A 1w (M i/ NE 6%

3.2. RIEEEXEHCE
AP 0 B EI A K . 25 oy, py.py.zey » THIRIAKIE R XA

20 (U

x1202,=0 =l
Ho ||| R XK E. BUE ¢=005, p =09, 455 (n,n,)=(10,15) F (n,n,)=(30,50) , H
P, =0.05,0.45,0.85 , 15 9 PO IERIPIIX B, 558 036 2. A1 I, Wald. Haldane. Beal-MOM
Haldane M F Jeffreys-Perks M iR A FHXH/NEFR X A B . 456 3.1 1907 a5 28 A /N 25 1)
gE R, FRAHEREAE A Jeffreys-Perks M /715, BT Jeffreys-Perks 77k

4. KB5S Hr

FAMEAH Wallenstein [6] ), X2 — AN R PREAL LR RG], HEH LR, X8,
n=379,n,=6,X,=379,X, =1 . TATZr LRI ANZEG, RFNZXEL X, =18 TRimiEot. Hlk—
BT T IE R EFR, ot — MR e R B XA TR RE S 16 S A B P i i 0 . FRAT 1A 2 T 1

DOI: 10.12677/5a.2018.74046 403 Gt 5 8


https://doi.org/10.12677/sa.2018.74046

SR, YA

05 0.5 ]
P, 0o p P, 00 P,
Jeffreys—Perké Beal-MLE

i i 05 05
00 p, p2 00 p1 P, 0o p
Beal-MOM Haldane M Jeffreys—Perké M

0.5

05
p1

Figure 1. CP for nine methods, «=0.05, (n,,n,)=(10,15)
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Figure 2. CP for nine methods, « =0.05, (n,,n,)=(30,50)
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Table 1. Min CP for nine methods
=1 AMEENRNEER

Method (m,n,)=(10,15) (m,n,)=(30,50)
Wald 0.2336 0.5313
Wald, cc 0.6497 0.7848
Mee 0.9139 0.9298
Haldane 0 0
Jeffreys-Perks 0 0
Beal-MLE 0.8290 0.8760
Beal-MOM 0 0
Haldane M 0 0
Jeffreys-Perks M 0.9026 0.9298

Table 2. Mean confidence interval length for nine methods (« =0.05, p, =0.9)
2. WHEENENEEXEKE(2=0.05, p,=09)

Method p,=0.05 p, =045 p,=0.85
(m,n,)=(10,15) Wald 0.3654 0.5937 0.4741
Wald, cc 0.5321 0.7604 0.6408
Mee 0.4255 0.6078 0.5864
Haldane 0.4375 0.5728 0.4473
Jeffreys-Perks 0.4402 0.5883 0.5068
Beal-MLE 0.4379 0.5906 0.5078
Beal-MOM 0.4364 0.5657 0.4207
Haldane M 0.4325 0.5656 0.4481
Jeffreys-Perks M 0.4348 0.5875 0.5066
(n,,n,)=(30,50) Wald 0.2369 0.3436 0.2847
Wald, cc 0.2902 0.3969 0.3380
Mee 0.2465 0.3477 0.3122
Haldane 0.2465 0.3394 0.2788
Jeffreys-Perks 0.2472 0.3427 0.2896
Beal-MLE 0.2464 0.3428 0.2886
Beal-MOM 0.2467 0.3344 0.2745
Haldane M 0.2462 0.3384 0.2791
Jeffreys-Perks M 0.2457 0.3426 0.2896
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Table 3. The estimated 95% and 99% confidence intervals for the selected data
5 3. SERRBUEMY 95%F0 99% B 5 X(H]

95% 99%

Method
CI Length CI Length
Wald [0.5351, 1.1315] 0.5964 [0.4414, 1.2252] 0.7838
Wald, cc [0.4504, 1.2162] 0.7657 [0.3568, 1.3099] 0.9531
Mee [0.4365, 0.9699] 0.5334 [0.3365, 0.9801] 0.6437
Haldane [0.4473, 1.0315] 0.5842 [0.3097, 1.0623] 0.7526
Jeffreys-Perks [0.4420, 1.0492] 0.6072 [0.3068, 1.0849] 0.7781
Beal-MLE [0.4481, 1.0289] 0.5808 [0.3102, 1.0591] 0.7489
Beal-MOM [0.4424, 1.0480] 0.6056 [0.3070, 1.0833] 0.7763
Haldane M [0.4365, 0.9699] 0.5334 [0.3365,0.9801] 0.6437
Jeffreys-Perks M [0.4362, 0.9695] 0.5332 [0.3357,0.9796] 0.6439
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