obogoogoogo

gooo
gobboooogn

1 0000

goosobobooogbobogoboboobooboobobooboboboobobooboDbo
ggodooobobobobobtbdooooooobooobbbodoooooooboboobooboboooa
Joooooobobobbbtbododooooooobobbobo 2000000 bDbobobooogoo

(1)0 Duncan (1955) 000000000 (2000000000000

0000 Duncan 0000 DMRT (Duncan’s Multiple Range Tests) 0 0 0000000000
0 0 Ryan & Woodall (2005) 0 O 0 0O ODuncan (1955) 00200560 0000000000000
00030000000 150000000000 Duncan (1955)00 000000 O Benjamini
& Hochberg (1995)0 FDRO OO 7000000000Duwmcan 0 0000000O00OOOO0O
O FWEROUOUOUODOODDODODOODOODOODODOOOOODOOOODuncanOOO0OoOOoOoOnO
gogooooooon

O0ODOFWERDOUDOOODOUODODOOUODOOTukey (1953) O O O ODunnett (1955) O O O O Scheffé
(1959) 0000000000000 000O0LDO0O0UOO0DODOUOOOOD

ygodooboobbbbdooodgoooooobbbboooooooooboobooooda
ggooooobbobbbotbdooooooobbobobboodooooooobobooboooboooa
Joooooobobobobobodoooooooobobobooogoo

2 Joooobooood

Duncan (1955) 000 100000000000000000O (pairwise comparisons) 0 O O
gogodgoooooobooodd

O 1. Barley yields (bushels/acre)

0o A1 Ay A3 Ay Ay Ag Aq
oooo0o 496 71.2 676 615 71.3 581 61.0

O 2. Analysis of Variance

ugoo ugoo godg un Q0 pU

oo A 6 2201.73 366.96 4.61** 0.002
ooono R 5 709.60 141.92

oo E 30 238743  79.58

oo 41 5298.77

OooOdk00O00 4,,...,A4, 0000000000000 0O0O00D0DOO0ODOOODDOOO
i~ N(pi,o®/ni) (1<i<k), 6°~a’x*(v)/v

0000000000 n=n=6, 62=79.58 (»=230)0000



00000000000000000Tukey D OO0 Dunnett D00 0Scheffé 0000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000

()0 100000000000000000000000
(2) 01000 400000000000 Dunnett 00000000
(3) 000 {Ay, A2, A3} O {Ag, A5, 46,A;} 0000000000000000

H1+ p2 +p3 e+ s+ e + pr
3 - 1 (1)

OOD00 Sheffe OOOODOOODODO

gboboobooboobboobuooboboobobooboobboobooboobbon
U000 mMTukeyOOODOOOODwmnett 100000000000 0O0OO0OOO0O0O0ODOO
0000000 (pairwise comparisons) 0 00 0000000000000 O0OO0O0OOOODOO
gbobooboobobooboobobooboobobooobooobooo

03.0000b000b0b0o0oboo

oono gooooo oo gooo 0O0o00d
goooboo gooooo tgn ooo goooo
Duncan Dunnett D0 OO0  Scheffé O goob Oooboobob

Newman-Keuls 0 Dunnett 0 OO0 0O  Bartholomew O [O0O0O oooon
R-E-G-W O 0 0O Dunnett O

Tukey O 0000 Williams O

Hayter O

ooooobooboboooboobooooo0boobooDObDTukey DOOOODODOO
000000000000 (1)0000000 (eontrast) D000 0OO0OOOOOOOOOOOO
00000(1)D0000 Scheff 000000 0D0O0O0O0O0OOOOOODO FWERDDOODDODO
OobooooDooonD TwkeyODODOOOOOODOOOO

3 FDRUOOFisher PLSD OO Duncan 0 0 [

3.1 ODuodooboboodn

uboooobooobooooboogboobooobbobboobobooboobooboono
mO00000 64,...,6, 0000000m0OO0OOOO

H?: 0, =6, 1<i<m
000000000000 00000DO 200000000000000mM=kk—-1)/20000
HY: iy —po =0, HY: iy —p3 =0, H 't o1 — pup = 0

0000000mO000000000 KX={HY,...,A0}00000000000 (family) 00
00L000000000LC{l,...,m}0000L000000000000000 HY (i€ L)
00000000000000000 HY =My H'OOOOOL={1,...,m}00000000
00000 KXOOOOO0O00000000000000000000 (complete null hypothesis)[



LOA{l,...,m}0000000000000OOO (partial null hypothesis) 0000 k00000
00000000000000000000000 Hyg: = 0000

D000000 HP000000AR!00000000000 HYPOOOOODODOO0I000
O (typelerror) 0000000000000 0000O000000000 HY=ne,H)OO
ODO0HY (ieL)0D0000000D01000001000000000000000000001
000000 FWER (family-wise error rate) 0 00 0 00O

0000000000000 AXODOOODO0OO000000000000000000000
ooooH) 000000 FWERD «D00000000000000 (weekly)d FWER
0000000000000000000000000000000000000000000
O FWERO «000000000000000 (strongly) 0 FWERODOODOODOD
OD0000D00 Tukey0ODOODO00OO00O0O0D0O Dunnett 00000000 FWERO DO
0ooooooo

3.2 FDRDO

Benjamini & Hochberg (1995) O FDR (False Discovery Rate) 0 000000000000
0od0bOooOoboooooorx2xmoooo?d

mO000000000000 H={HY,...,HY} 0000m00000000000000
00<my<mUI00000040000000000

U4 m0000000000000O0000ODOD0ODO
goooooo ooo

oo oo O
gooobgo U V mo
oooboo T S m — mg

u m— R R m

RODOODOO0DOO0DO0OO0D0ODOO0DOO0DOO0DO0O000O00000 HY,...,HS, 0000
O0meO00O00O0OD0OODODOODOOOOOMmgOODOODOOOOOODOOODOOODOO u,v,S, T
gooooooon

0000000000000 000 (False Discovery Proportion)

Q=V/(V+S)=V/ROR=V+S5=000000Q=00000
0000000 QO0O0O000000000000

Qe = BE{Q} = E{V/(V + 5)} = E{V/R}
0 FDR (False Discovery Rate) 00 OO FDRODOODOOODOOO
(a) mp=mOO0000000000OFDR =FWERDO

(b) mo <mO000FDR < FWERD

FDRO «00D00000D000000 ()00000000000000000000000
O0FWERODDOOOOODODOOOOOODOOO0O00O0O0O0D0000 (b)0000FDR<al
D0OO0O0FWER<eODOOODODOOOOOOOFDROOOOOOO FWEROOODODOOOO
0000000000000 FWERODODOOOOOODOOOOFDROOOODOOOOOODO
0000000000O000FDROOOOOOOOOOONONOOOONOOOONDOOOOOO
00000000000000000000000FDROOOOOONOOOONOONOONOOOO
0000000000000000000000



3.3 Fisherd PLSD O

ooooo FWERODOUODOUODODOOOODUOOOUOobOOooooboooooobooooo 20
0000000 LSD (Protected LSD) 000 O 0O Duncan O (Protected Duncan) 00 O O
00 4,0 A4;000000 uw—p; (1<i<j<k)00000000¢tOO0

|yi — gj| > o4/1/n; +1/nj - t(v;a/2)

0000000000000 DO Least Significant Difference, LSDOOO0O0O00O0O0O0O0O0O0O
H?j: =, 000001000000000000000comparison-wise error rate, CWER[
O«e00000000000000O0m=k(k-1)/2000000000000001I000O0
000000 FWERDO « DOOO00O0D0ODOCODO

gbooboboobob  rOo0ooooooon

0000000000000 00000000000LSDO0O00O00O000000O0 LSDO
(protected LSD, PLSD, Fisher’s PLSD) 0000 0000000000000000000000
LSDOO0O000000000000000 LSDO (unprotected LSD) 00O OPLSDO OO0
0000 FWERDOOOOODODOOOOODODOOO H? i == 00000000
O00FOO0000000000 «000000000000000000y;=x,000000
0000000 «00000000000000 HY ,: 1> u=---=wm 00000000
00000000000 FOOOOOOOOOODOO0O0O000000u,=---=4x 00000
000000 I000000000000000 «0000000000000000PLSDO
0000000 FWEROODOOODOO

00 Fishee 000000000000 (Fisher, 1935)0 00000 Bonferroni 1 000000
0O0ooooog

Thus, in comparing the best with the worst of ten tested varieties, . . . out of 45
pairs . . . . We might require . . . the probability . . . as small as 1 in 900, instead
of 1in 20, . . . .

00000o000bOob00b0 FWEROUODODOODDOUODODODOTukeyODODOOODOODOO
0000 Tukey-Kramer 00 000000000000 REGWOOODOODOODOODOODO Hsu
(1996)0 Hochberg & Tamhane (1987) 000000 (1997) 00000 M

3.4 Duncan
Duncan (1955) 000000000 p0000000 P={i(1),...,i(p)}00000p000

00000000000000 HY: pay=- = e 0000
af =1—(1—a)! (2)
0000000000 H): w =p, 000000 ;000000 P (i,j € P)ODOOO

HY: py= =m0 00000000000000000
(2)0000000000 HY: way == 0000000000000000 1—a0

p—lDDDDDaEDp>2DDD oUD000O0DODpO0O00DODODODOODOD 10O
DDDDDDDpzkz?DDDDa:O.OSDDDDDQ?:1—0.956:O.264DDDD



D0D00p-1000 HY: pyny == iy 00000000Duncan 0000000000
000000000000 00000k=40000000000V0O000200 (K,%)00
0O NDOODO 200 (M,N)000000000000000000

ub o004 oOoboodoboo

A 11 Vi, Ny
Ay 2 Vi, No
A3 w3 Vo, Ny
Ay 4 Vo, Ny

gobooboobo3goboobooonobo 30000

voooo: M1+ p2 — p3 — pg
Noooo: M1 — p2 + p3 — pg
VxNOOOODO: M1 — o — 13 + [

0000000000 5%0000000000Duncan 0000 FWERDODODOO

00 Duncan0 0000000000000 00O000OAH? ,:im=---=w0000 FOO
00000000000000000 FWEROOOOOOOODO

(2)0 00000 o) =a0000000 Student-Newman-Keuls JOSNK O 00000
aff=1-(1-a)P/*0000000 Ryan-Einot-Gabriel-Welsch 0 0 REGW 000 0 00 SNK
0000000 FWEROODOODOREGWOOOOOOODO FWEROOOOOO

000000000 FWEROOOOOOOOOFDROODODODODODDODDOODODODODDOOOO
00 Shaffer (2007) D0OSNKODO FDROOOOOOOODOOODOOO

4 0O0oooooooooon

000000000000000000000000000000000000000000
0000000000000000000000

0000 HY:py=-- =, 000000000 (1<i<k) 0000000000000
0000000000000000000000000000000000000000000
000000000000000000000000000000000 (3)0000 1000
0000 (control) 00000000000 (40000000000

H* : m<--<y0000001000000000 (3)
H* :© m<um 2<i<k0000001000000000 (4)

4.1 0D0OOOO0OOO0OOOOOO0

k=200000000 H: yy =p, 00000 HA: iy < e00000000000000

0000000000000000000000000000000000000000000
0000000000000000000000000000000000 40000000
00000000mMA, 000000004, =000004,=000000000000000
000000000000000000000000000000000 up—w 000000
00000000000000000000000000 we—-w 0000000000000
0000000000000000000000000000000000000000000
0000000000m



O000000000000OMiwa & Hayter (1999) 000 0000000000000 0O0O0OO
gobooboobooo

o t(v;a/2)-6+/2/n < jp—jH 00D0D0D0O0ODD =

Y=y —t;a/2)-64/2/n < po—p < Pa—in+t(via/2)-64/2/n (5)
o t(r;a)-0+/2/n < go—in < t(r;a/2)-64/2/n 000000000 =
0 < pe—m < Jo—1+Hv;a/2)-64/2/n (6)

o —t(r;a/2)-6+/2/n < Yoa—1n < t(v;a)-64/2/n =

o —y1 —tvsa)-64/2/n < pp—p1 < go— g1 Ht(v;a/2) - 64/2/n (7)

e yo—1u1 < —t(r;a/2)-642/n =
Yo —t —t(v;a)-4/2/n < pp—p <0 (8)

()0000000DO0O0O0O0DO0O0ODO00OO0O0DOO0OOOO0OLDOOO
00000000 (1973)000000000000000000000 Hp: pe—puwp =600
gobooobooboboobooobboobooobbooooon 1™

e p— 1 =0<000000
go—1— (p2—m) < t(v;a)-64/2/n
e p—p1=60>000000
| g2 =51 — (n2 —m) | < t(w;0/2)-6/2/n

t(v;a/2)-6+/2/n
N

Ulgoooboboobooan

M2 —

(5)000000000000O0O0DO0O0DOUODO0O0O0OODOOOD0OODOUODOOOOOOO
()0J000000L000UOU0DO0O0O0OUDO0O0DO0ODOU0DOOO0DOODOO 1OD0DmOUD
O00000000000200000000000000000000C00OO0ODOO0O (directional
decision) 0000000000000 O0OOOO0OOOOOOOOOOOOOOOODOOOOO
ooooo

E>3000000000000 (Miwa & Hayter, 1999; Hayter et al., 2001) 0000000
(Hayter et al., 2000)00 000000000 (Somerville et ol. 2001) 0000000000000
oooooodooooo



ooo
Steel et al. (1997) 00O 50 estrogen assay 0 000000000000 OOHochberg &
Tamhane (1987) 000000000000

O 5. Uterine weights (mg) of mice from an estrogen assay

(means of n = 4 mice)

Control Test solutions

Aq Ay As Ay As Ag Ar
Ui 96.15 88.25 75.40 68.45 84.90 78.90 70.20

62 =145.84 (v = 21)

0000 > (2<i<7)0000000000000000 — 0000 0Dunnett
0D0009%0000000000000000000000000000000000000

O090%000000 O090%0000oo0 000 9%0% 000000
—983 < pr—pr < oo —13.03 < pp—pe < 2883 —983 < pup—pe < 29.98
302 < pp—p3 < oo —018 < pp—puz3 < 41.68 0 < pp—pz < 42.83
997 < pwi—p < 6.77 < pup—pug < 48.63 9.62 < pup—pg <49.78
—6.48 < pr—pus < oo —968 < pp—ps < 3218 —648 < opup—ps < 33.33
—048 < pu1—pg < oo =368 < pup—pg < 3818 —048 < pup—pe < 39.33
822 < pup—pur < o© 5.02 < pup—pr < 46.88 3.87 < wup—py < 48.03

Oo0000DOoO0o0o00oooooOoOOooD As, Ay, A, 000D0OC0DCOO00OO0OOCOO0O0ODO
oboboboboboboboboboboo

4.2 0J0O0O0O0OO0OO0OO0OO0ODOO Bartholomew U [
Bartholomew (1959) 0 00?0 000000(3)00000000000000O0O0O0O0O

X2 = i niliii — )2 /o
Oo0oooooooooooooboooao
Pr{x®>c} =3F, P(Lk;n)Pr{x2(l—1) > ¢}, ¢>0 (9)

00000000000 M,...,. ;000000 wm <--- < 0000000000000
P(l,k;n)00f4,..., 0100000000000/ 00000000000000O0OOO0
000000000000000000000000 n={n1,...,n}000000020000
00000000000000620000000000 B2=Y" ni(u—9)?%/6200000
00D0000D0000oOooon

Bartholomew 100 0000000000000000000000DO0O0OOOO0ODOO0
0000000000000000000000000000000000000000 »; 00
000000000000 P(Lkn)DODO0000O0D00000000O000O0ODOO B20p0
0000000000000000FO00000000000000000000000000
0000000000000 0000000Bartholomew D DOODODOO00O0O000O

Miwa et al. (2000) 000000000000000000000000 P(L,k;n)00000
0000000000000 Bartholomew 000000000000 0000OO0



goo

Banno & Yamagami (1989) O O Eupromus ruber 000000000000 ECI (conversion
efficiency of ingested food) 000000000 6 ECIDODODOOOODOOOOOOOODOOO
HEN

gooonf
ogbooooboobon

ECI (%) = 100 x
oooooOoooOoo

O 6. Fupromus ruber O ECI (%)

Stage  3rd 4th 5th 6th 7th  Adult
ECI (%) 2415 2411 2129 2.009 1.923 1.669
ni 4 21 17 15 10 21
62 =0.578 (v = 82)
B? =11.43 (p = 0.00455), F = 2.286 (p = 0.0535)

D0000000000000000000000u; >pue>ps>p>ps>pe 000000
000000000000 0000000000000000000000000000000
000000 %0000000000000 B2=3%% n-(ui—7)?/6% = 11.43 (p = 0.00455)
0000000000000000 FOOOOOOOO F=Y% n-@ -9 k-1 =
2.286 (p=10.0535) 00 005% 0000000000000

00000000 P(lLk;n) 00000000000 O0OOMiwa et al. (200000000000
00D000000000000

4.3 0ODO0OOOOOO0OOOOO0OO0O00

(3)00000000000000000000000000000000000000000
000000000000000000000000000()000000000000000
000 3, (1<j<k)00000mO000 (contrast) 0O O

Zi = Z?zl QijYj, Z?:l Q5 = 0 (1 < < m) (10)
gooooooboooooo
k _
ti= S ity [\ ek /n; (11)

gooooogooboobbbboddgooooubobobooobbbuodouoooon
(1) Williams 0 0 O (Williams, 1971)

N 7. n_
%= —1 + i+1Yi+1 + -+ lcyk7 1<i<k—1=m
Nit1 + -+ Nk

(2) max-t 0 (00O, 1992; 000, 1997)

- _n1y1+"‘+niyi+ni+1yi+1+"’+nkyk’ l<i<k-1=m
ny+ -4 n g1+ -+ ng

ti = zi/V1/(n+- )+ 1/ (i + -+ ng)




(3) 0O0O0D0O0OO0OO0O0OO (Lee and Spurrier, 1995)

ti:(_yi+yi+1)/\/1/n?+1/n?+17 1<i<k—-1=m

gobooboobboobobooboobbooboobooobooboon

Pr{max tfgd}:Pr{tigé.&, 1<i<m} (12)
1<i<m &
oooooooo (b,...,tn) 0mO0O0000000O0O0O00O0OODODOO0OO((12)00000
godoooooooouooooo

Miwa et al. (2003)00000000000000 = (21,...,2m)7 ~ Np(p,X) 00000
oooooo

Pp(p, %) = Pr{z; >0, 1§i§m}:/ / dm(x; pu, R) dxy - - - dxy, (13)
0 0

gooooobobboboooooooooobbboommobbb o000 RrRODODOO000 mvtnorm
000000000 (Genz et al., 2009)0

RN

gboooooboboboboooooboboooooboobobobooboobgosoobonoonoo
OO000O00DOC0O0DOO0O0OO0OU0DOOFisheeDOODOOOODOOOOOODOOODO
goboobooboobobooboobbooobooboobooooboobobooobbooon
gbobodgbogbbooboobobooobuooboobbooboobboan
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