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Simultaneous Confidence Interval Estimation on Regression Coefficients
Minoru SIOTANI and Hisako KAWAKAMI

Summary : Simultaneous interval estimation for the given set of linear forms
of the regression coefficients in the normal regression analysis is discussed in this pa-
per. This is immediately reduced to one of the problems of multiple comparisons
among means of a multivariate normal distribution. The problem has been treated
by many authors, especially, by Dunn (1958, [1]; 1961, [2]), Hartley (1950, [4],
Scheffé (1953, [8]) and Tukey (1952, [11]).

First, an outline of the results already known is given explanatorily but in a
unifying form. After this explanation, the method for obtaning the shorter con-
fidence intervals for the preassigned set of the regression coeflicients (with a
predetermined simultaneous confidence coefficient) is shown. This is the one
which makes Dunn’s recent work [2] more precise. Finally illustrative examples
are given with some comparisons among various methods.

The Institute of Statistical Mathematics
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an P—\/Z—(s‘—_ﬁ or _Jm THaLD; (B Bi—Bi) HD\E (B Br—BD WX
T AR T, T ok

me=s(s—1)
BlEom<, 6@, m) ofidEinsg 1/2mim—D EOEL, 6T IHh, &7 L—TATIX
lol =R LT8-T\%. £oT Ple, n, ©)=PAt’>c?, 62> 62Tk E L, AR
L7 bEBICFHE S h 5.
5.2 ZooEMK OkkE:
y®, i=1,2, RNERER
E(y“’)=a1‘“z1“’+az‘“z2‘“+~--+ak“’zk“’ (46)
Var(y®) =0 “n
LY OERBMAES W, by=aP—a;®, i=1 -k T 5 FAHEREMY, 53 ARO
FETEDZ &N TE D, Thabd
é‘(i) = (Z(i)Z(i)/) —1Z(i)y(i), i=1,2 (48)
3, T a®, FUSSBATI *(ZPZONT #hD k BRERSMRED 2 b=a® -G
DFARH
E(é)=é, E[&—é)(é-—'é)’]=0’2[(Z(DZ(D’>_1+(Z(Z)Z(Z)')—l]
Lo, Y, kR EREHSTTHD., TR HFELZTE, HLRXSELALTHS. »n<
LT

@GP =P —s tmax(y; 1, B/ cViTf cDIi

éaj“’ _aj<z> éfl\j“) _ajm +5+tmax (3, k) /c(l)jj+c(2)jj (49)



ER BB T 3 ARERBREIZSWT 89
AR PESD. HL, Ny, No ¥ 2N FROEAL, s s 2ENFROBESKRELT,
n=N1+N2—2k
st=[(N1—&)s®+ (Ne—R)s2? 1/ (N1 + Na—2 &) (50)
ThD. Cmaxy; n k) FFMY 2RICHLER oy 1
C(l)ij+c(2)ij

Pij:':/@_mf’q_vc(mﬁm

@Y

Thb.
5.3 ¥ @ &
(A) WAL DLWTHELNDRDOEE %, MlEOFHES, BMEBKERL OBRTRL T
BPl% LV HFTHRSB. it Tippett ©A& [10] @ 10.1 k5D TH5H. EIRFRIT
Y —47.08= —0. 331507 (1 —47. 54) +0. 501491 (z, —7. 58)
FEEELT
Y'=59. 04—0. 331507 x;+0. 501491 x;
Ll o Twb, ZHhiZHENT, EFL
EQ))=p+arxi+asxe
D, My ay, az KT D 5% RARBHEXMERDTAHRL 5.
0,=f1=59. 04, 6;=a,=—0.331507, O;=a;=0.501491
Wiz m=3. o ORREHEEMEIT
$2=52.18 (s=7.224)
T, TOHMBE n X 47 i, T 5B,
Lmax (0.05; 47,3) O 1ELL 62(0.05) 1

hd 0.05
Su(®)dt=—-—=0.008333
.(c;(0.0E) a(®) 2%3 0083

¥7KT a0.05) DHET
€2(0.05)=6.160  ¢1(0.05)=2. 482
xT
50 2377 37 1.0218 —0.0083832  —0.079593
C=(2377 140213 15743), C"=(—o. 0083832  0,000084680 0. 00057485)
379 15749 3207 —0.079593 0. 00057485 0. 0068949
THhoHmb,
Pra=c2/A I = —0,9012,  pas,=c3/A P = —0,9483
Piine=c2/ 2% =0, 7523
INnSD p DEIZNT B P(ci(0.05), 1, p)=P(2.482,47,p) % KDDL, HYV O¥ELY
c=2.0, 2.5, 3.0, 3.5 T LT, n=46,47; p=0.6, 0.7, 0.8, 0.9, 1.0 D75 7hhZ, =
hE& v P47, —0.9012), P(c, 47, —0.9483), P(c,47,0.7523) D%k % T, WOHE3IRD L 5
RIS 7LD E L.
nLT
P(2.482,47, —0.948)=0.0111,  P(2. 482, 47, —0. 901)=0. 0093
P(2. 482, 47, 0. 752) =0. 0053
5T
8(0.05, 3) =0. 0257
LROLND. WIT tmax(0.05) DT 2*(0.05) i
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004 14 PCC,47,P) Sn(t)dt=—2—>1<—3(0. 05-+0. 0257)

5 ¢2*(0.05)
=0. 0126

IV *(0.05)=2.008 #B5. ZOKEE
FANT bi=p, bo=a1, Oi=a; ® 9%5% FK
{E5EX [
Bi—~ ¢ 51¢,*(0. 05)
<O,£9+V Fs.*(0.05)  (25)
RO L 317,
44.38<u<73.70
—0. 4650=<a; < —0. 1980
—0.7030=<a,<1.706
000 _ T ax DABEMZ, FEHECIIRIES fLisnZ
20 248 25 3.0 3.5 G LRBEHLND.
3 M Dunn K¢ Scheffé oz & 2 FEHZHE
K&, bhibhoFFEcI b0 0, KEMoORELREE, TREL
¢2*(0. 05)/c1(0. 05) =2. 008/2. 482=0. 809
¢2*(0. 05)//3F3,42(0. 05) =2. 008/+/3 X 2. 806 =0. 717

003

002

001

LT 5. .

(B) #EEFIZ, W 36 £EICHT, XHMARFEHERICE D “HETABEREITICE T 3%
FHRFZE? (REE. HEBX - B oL, TwEICET 28EBNE T ¥8b 1.
[9]. ZOFEfT/n - 7efE &4 DERAHICH LT, [ERFRECEET 2 AREERHEE1ES 7 o, AiF
RBILENTDOTHD. TOFAL, WHEFE 12V HFTAHLS.

U%, WEICL VG200, BREOMANASLEDLTEA,

Vi, Vo, Vs 220 ENEY, W%, BRORIZRIBELTS. HEAL, V¥ T LroflE
BT, &Y, 5%, BREZLL~N, BHE L COESHRIFMLITR5. Zhedhdicy, U o
Vi, Vo, Vs 2 DBBIBURNEZ BRICDTH B, EFNLIL

E)=p+a;Vit+a;VetasVs
Var(U) =0?
Thd. BHEOKFEE b, EA0oREFXiE, N=30 T, H&#HZIZ, 5 A0HIANDOFEHE
BIAHBREELNT D, BEOEMIHL L TERSHEEET 5D T - TW2DTH
3. 7 nbRDHAERRIE
U*—0. 228=0. 3631(V1—0. 070) +0. 5724( Vo—0. 263) +0. 2588( V5 —0. 240)
IhEd &Iz
01=a1, 0z=¢lz’ 0s=da, 04=a1—-a2, 05=az—as, Os=az—as
YD 95% FERMEERMEIE, TAHL 5.

Z ORET o ONRIEEMEL, BHE 2=30—4=26 3D $£=0.0206 T, L7, T

5s=0.143 Thd. Tty CUIL, u 2¥ELTELT
0.2747 —0.1325 —0.0552
C*:ﬂ%(V@—ﬁXV@—VMP:(—QI%S 0.3703 -anma
ot —0.0552 —0.1067  0.2122

THdH. m=6 THHND, tmax(0.05) O 1Pl



ERHERC BT 5 AR R o T 01
2. r Sus(£)dt=0.05/6=0. 008333
¢1(0.05)

¥K77 (0.05) THH. Blb
¢1(0.05)=2. 861

F2ELUE D LD DB HOMLEL m(m—1/2=15 (D p OEERT. pun=py £EL.
Pr2=c%/a/cHcT = —0.415,  piz=c13/a/cc% =—0.229
P23=c2/cBc¥ =—0. 381,
Pra= (1 —c12) /o/ (T =22+ 2)=0.814,  pi;=0.814, pe=—0.165
Pou= (2 —c2) /(2074 2) = —0.866,  pas=—0.055, pse=0.879
031= (=) /A B(T=2c2+(2)=0.117,  pas=—0.751, pss=—0.776
P45= (Cu"“6‘12—6‘13"'623)/'\/(611—26'12+022) (6’11—2()13“-633) =O. 482
Pie= (612 —c18 224 023)/~/(c‘” —2612+622) (022—2023 +0833= —0. 651
pse= (12— 18— 24 /A (¢T—2c"+¢%) (B — 2%+ %) =0. 350
INHOEIIHNT B P(2.861, 26, p) ¥, RYVDOEELZFIAL TkHBE, Tk 312ks.

pi; D i J { 1,2 l 1,3 1,4 1,5 1,6 2,3 { 2,4 2.5

P(2.861, 26, p) . 0.00078‘ 0.00040 | 0.00310 | 0.00310 | 0.00032 0.00069| 0.00382 | 0.00022

2,6 3,4 3,5 3,6 4,5 4,6 56 ' 0(0.05, 15)

0.00410 { 0.00028 | 0.00250 | 0.00275 | 0.00101 | 0.00185 0.00061{ 0.02553

LT, F2EM *(0.05) 3, -FILY

S ( )Sze(t)dt= (0.0540. 02553) /(2% 6) =0. 006294
c*2(0.05

PRTIDELTEBNS.
€2*(0.05)=2.682

Z D ¢*(0.05) DfER AT, EFEXHE

Gi—r*(0.05)sV ¢ @ <@;+e*(0.05)sV' ¥, (i=1,2,3) (53)
a;—a;—c*(0.05)sV ' — 2"+ ¢ La;—a;<a;—a;+c* (0. 05)5*/cii;2€ij+c”' G

i#j; i<j; 14, j=1,2,3
EHHET AL
0.162=5a,<0.564
0.339<a,=<0. 806
0.082=a3=0. 436
—0.575=a;—a:=0. 156
—0.192=5a;—a3=0. 401
—0.028=<a;—a3=0.656
LieBDTHDH. ZHLY, ai, as, as & 0 THRWEHETENS. FIZ a3 a1, az ITHNTK
EVWI3CBbnb, EORERIAZRL TV, (ai—a;=0 BIEREIZEEN TV 55 5.)
Dunn K U° Scheffé 0FRzL 2bDEDHEZ, FLFR

c*(0.05)  2.682
c1(0.05) ~ 2.861

~ Ce*(0.05)  2.682 _ 2.682
A/3:F326(0.05) ~ 4/3X2.98  2.990

=0.937

=0. 897

H5b.
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