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BEE: FHEO7)—V 7 NREET S LT SAS NHEE L, MEMEITOE BIET LT T\ 5. ik s
BN A 72012, BRI TRIBWN T 7 VB3O B HFFRIO SR X DTS TE 72 WA E 2 — 7 25+l 2 By k-
F, GLM 7'a v Py RERLLIZIEET M L DT HIELZEIESE2 2 L1108, SAS Oz L
BT L. 7V =7 MOk U CHEE TR TE 5 X 91878572 SAS OENMEZ BRI/ 5 121X
SEHFDOSRETEEY HE > TV DHEHOHABENAD LOT-AZSTHS. )7, GLM Fu Py DR
X, R CEFY HWVAIE L H D, AEIEY B EGNL, B IELARRHWO 2 TEET — ¥ ThY,
TRADSIRT K B BIH AT 27200, IEET S K BN TTRETH Y, GLM 7P Ii2k v 30
FEULEFINDEIMES N TS, GLM 71 v Py DERNDT T v 7« iRy 7 AR T715 % Excel DAT
FIBEBIZ LV BB L, IEET VOFRAMEICAR Yy h I A4 "aebTlowv. £, o7 U —Y 7 Iy GLM
Ta Yy O 2 T (Ismeans) (CESEZH T, TOFHMICOWTEHRT D & & BHIZ, Excel THET
%. F7z, GLM 7 1Y% ® HTML /1% Excel IZHY A%, FRZDBEWT T 7 OVERFIEL/RT.

F—D0—FK: FHMOSM, &2 T, BIEET L, SAS/IGLM, ¥ I —Z8, FHA 474, HADK

1. [XL&HIC

FHDOT7 YV —Y 7 NREET D &I SAS NHE L, HEHITOE BIRT LT TVWD EFELTNDHD
V%, RAZZTF R DTEA D . Mal &I XD REEHRNT ) LT 5 EFFE, Web L TR STV S PDF JRD“EFE %
HIZT 2. 2nb60%<1E, HTxoffin] ThoT, MEHITZ Db ODOFETIZmNTWZRVY. T8
SHHEE] LETHEELHEL RT B0, /< kB EREABE IERE L SN TV A 72HIS, S574

FEEWLGTDLORT T ADORANEY KL SN TNDL00ML THD.

FLHH1X, SAS ® GLM, GENMOD 72 E D% D7 a vV y 2o, {THFEE ERIC LT
T, —HAEBRTEET AR EIZON T~ =2 7 ZHEH SN TV AH L AZHEBINC L 0 FEHEITO X %1010
ERTE, ZOEGRNYE FIZOWTOMIRRFIRIC L > THMEOB)ITIT /7. %%6A&mu%®§<@
Wty 7 b & LIiRBR S & 575, SR OBER OB TKITSL > T DI, JetEry7e SAS o —H—
L2% 2 OEETCLH 2. B, GLM 7r v YUY OfEIE, HHEICX 7 r— R TX % SAS Institute

(2013), TSAS/STAT13.1 User’s Guide, The GLM Procedure] =& Z &. F7z, Little © (2020) , [SAS for
Linear Models, 4thed.] (21, ZELFHNRINTED, LD ETHD.



B DHWE, HIfiE & B H D REM LT — 212 THGHUNT ) 72 S L WG FER Elbed &b, fitk
ZZ R DXIED RN REZE 2TV WDTE, LIS T 2HEEDEGE BFAET 52 & &M -7, Excel DA
JRONT CREICTE D TGO 28 LVWEIE, EH0no 2R EEMEZ L. £, D EHR
KON CRANEN S 5 LIRIT CTE VDT, [MLENDOT =X ERA LTI 5 & D Web ETORFICHE
BUIBRE LI bbb oo, FEMIE, SEITHE (2021b), TERIEET /WIC L D KIENED & 5 B AR ORHT )
ZZHLTH BV,

SAS @ GLM 7'u v ¥ ¥ ZfioToff B2 DIE, MOIRLPELL &b, RHNTS, £ ol &R
M+ 2ThHAH. ZbTh, SASOGLM 7 Vv (i, VLA Hi->Tnd, A\ Thsd) &
XBIF % HEEDS LS 7o B 720, BEAE 2021 200 SAS = — W —#a T, @fEiTHE (2021a), [HFFEO X I —%
Ba Moo 2 Tl L 5% EHIXHOEE] LELT, SFEDH (2018) @ R /Ny 7r—U & Wi/
2 OO & e/ 2 T EME ORI ) THR STV D [HEREZ ST 0 K LARIV O 2 STiE T — 4 |
[ZDWT, FFED X I —EH &MV, Excel DITHIBIEIC K 2K/ 2 REHOF HEZFHE LR LTE.

Iy a vy rolE, TV IRLUAHND 2 hlET — %) 13X, T TR0 7280 Web EOFLFENEK
%< RS, ik, &6 - KIE - 58 (1989) @ 15 BABRE LR LD QA ICHEE L, it
BORTEZER L. 8, ZOXIREND LVRDILIZR > TWDHDEA D Hr. SAS DMK T & Z DJR
KDO—>ThH Y, M THEFAIZH 25 OnDemand SAS NZEMNIMEZ DX TR 2 b H Y, Z o
DO LWIRIED L THEZ DN E LIz, ZO7HI2IE, SAS OFHEZIT T, 7V —Y 7 FTOff
WHOFB LR L L~ Th v, T ADME X 5 Excel & H 72 SAS DFFNTIEDFE LWV AR K & & 2 72,

2. 4EOFFHFELSMEANS

ERE D (1989) O 15 BTIE, [HdY 7 7 = 7 OFTRIHE, BIHRREN T 7 v 7Ry 7 AL 0,
HI A B A WIS LRV CE WA RHIM L >od 5. GLM 72 Yy CH S5 4 O Hfn b
/N3 (LSMEANS) (29W T, ML E 22/ NRE DR 2 INA 5 DN ZDEOH TH 5. GLM
Ty Y vk, Ry O S & MODEL A7 — h A2 b THRE L7 K T C& 585
Syoper & AT E RWERSY Spppor FRZEVITFN) 1204 %. MODEL A7 — b A ¥ MIGENLERN
Sl E®H D EE, MODEL 27—k A k@ SSI, SS2, SS3 B L UNSS4 A7 v = iz L0 K ERDOF 5y
ERIVGMBPH D SND. ZOFHRIE, ZFE Typel, Typell, Typelll, 35X O Type IV OF-F5Fn&
FEZN TV SHEREL, T15-1 M0 LERE LWIGE], N5 280 K LEDE L < WK BT
HEEG Tl EREE, T153 FERERLRWES] oW T RENTWS. 1S3 HIORENTNDT
— X ERIRT.

F1 HVIELAROTHEFNER L2WEE » O : Al %
B, B, B, Ty 20 e o)
PN ITRYS T TS EYTS T R ¢
TH 5 13.0 14.33 20.0 15.57 0 58
SAS O GLM 712 U TIE, M0l LEMELWNEATE, HLL A ° B, B, B,

NRFNEATIHETEH, B0 IR LUEA RO TRERADEA LRWES
T%H, SAS D GLM 7’12 ¥V % DFEWFIZFE U, fERN MR 5 2

B 1 AN PR 2 EaE &



ENBFAIN TS, BT RICEI =N RE D X471, 1, I, IV OK OB T2 ERIC LT
W5, MR, IBM DA A 27 L—ARROD SAS & W THRHIIT B 217> T2, BiIEIL, M4 kst
AIIZHE %2 % OnDemand SAS 4V, #RZHFHT 5. FIROM I, HIML JERABEERE L 2> TWLH D
T, HAIRE 4T Excel ¥ — b BIZ_—Z ML, B LRERZ AV, Excel TYERL L7z 95%EHE X OO
Fr&E#RT 7 7 2mT.

K2R LTEDIX, SASDOT 07T L5TT—4 %MV iATy DATA A7 v 7, it 728 PROC A7 v
7T, GIM 7 u v Yy ZEI L, model AT — kA kN CTHATET VORE, (ssl, ss2, ss3, ssd4) DA T
3 T4 FEOYFMOT), STk 2 TV %2 M50 Ismeans A7 — F A2 RRERE I LT
5. R2A1E, GIM 7r Py OHAT, HSEOTER LG 4HEOEGTMARINTND.

#2 SAS D GLM 7' r v ¥ |2 K D0 R E 4 FROY-J5Hn

Titlel 'TwoWay_unB_ANOVA. sas 2022-5- | E& HEE FHM FHES FfE| Pr>F
22 Y. Takahashi’' : Model 5145.4286  29.0857 8.95 0.0039
Error 8/ 26.0000  3.2500
data D1 ; Corrected Total 13 171.4286
input A$ B$ @@ ; R2 & FEi{%Z % |[Root MSE Y DEH
dok=1t4; 0.8483  11.5775 1.8028  15.5714
input Y @@; output ;
end ET| BEE  Typel F#HFH  Fi  Pr>F
datalines : A 1 214286  21.4286 659  0.0332
2} g; }2 }g - B 2 108.8000 54.4000 16.74  0.0014
AB3 22 19 A*B 2 152000  7.6000 2.34 0.1586
A2B1 15 14 . .
A2 B2 16 18 . . ZA BHE Typell FE¥HFEA F {8 Pr>F
A B3 21 18 A 1 16.1333  16.1333 4.96 0.0565
: B 2 108.8000 54.4000  16.74 0.0014
proc print data=D1 ; run ; A*B 2 15.2000 7.6000 2.34 0.1586
proc glm data=D1 ;
class AB ; ERE BEHE Typell FIHFEH F i Pr>F
model y = A B AB A 17 13.0909  13.0909 4.03 0.0797
/ ssl1 ss2 ss3 ssd ; B 2/105.2000 | 52.6000 16.18 0.0015
I smeans AB MB /¢l ; A*B 2 15.2000 7.6000 2.34 0.1586
run
TS| BEE Type IV T8F¥H| FfE__ Pr>F
A 17 13.0909  13.0909 4.03 0.0797
B 2 105.2000 52.6000  16.18 0.0015
A*B 2 152000  7.6000 2.34 0.1586

IR LTZDE, 4 FEOFHMERAR, LB RTHD. XA T & XA 7 IV RERIC—HK
LTWADIE, Kl THAMETEARENZDTHL., ZHHEDENIONT, GlEZRLTH
TI9v Y AR T ADEETHD.

#3 4FEDONY SO L

EX HHE Typel Type I Type lll Type IV
A 1 21.4286 | + 16.1333  +# 13.0909 = 13.0909
B 2 108.8000 = 108.8000 =+ 105.2000 = 105.2000

A*B 2 15.2000 = 15.2000 = 15.2000 | = 15.2000

ST, EBRTTvr « Ry 7 ANROI, F4EITTRTHRAD2 T (Ismeans) Thb. HR Tz
THUE, RLIRT AXB D2 tRKOEKBILVOFEHEFEL, S LIZEAEEOEEMN A & B O/ 2 T



)72l Ip8, BAEEROD, NETIO XD REHHEZ L TWD DD, 95%IEHEXE Z H 3 7= 8 OFFHERR
FESENE, EOXORHFEZLTHDOD, OFKED 7Y — Y 7 N THET 572012, FFREGIENED 720,
EDFERITEZ DT, F 16 FD [GLM 7'u v ¥ OFREGH] T, SAS OIFFIFE SFE IML # - T,
MAZ L7=OTH D, 720, TOYRFIML ITAETHY, ETHLHBICEX 2D TlER, GLM 7r vy
Y TlIE, ORI BAITHEREZ L TWD L DOFWVERIRFIAICE E o7z, £ 4 HITRT DL, Excel D
7T 7N X DB 2 TN 5% EH X M 2 HAREE LIER Th 5. M\E THERAIZAE 2 2 OnDemand SAS
O HTML /1% % ->< ¥ Excel > — MRV IATDZ ENTELDT, KEEBI L ELEGTHD.

# 4 /EITRT DIL, Ismeans A7 — kA 2 N TH) ST KEED Fe/ 2 FeFoth) & 95%(EFE X M 4 Excel T
MVIANTEIEL, /b2 RV L OSUIEFXBOZENS TIE] ZRRFHH L, Excel D#7 7 7T (Al A
5 A2 B3) FCHEELIriuiRaix, ETomEzEREXL, MFELZEX, UNEZANERI RSN
TW5. I5IT, EUERRE SE =18/ T.inv.2T(0.05,8) % Excel > — F L CREA LR TH LS. 20k H 70
BT L=, BHIZTELHLIIC o7 &, Wl L ThH5.

F4 GLM 7Ty DO/ 2 T L Excel 1255 S%EHERXBONTfTEH{T T 7
25

A B [Bm2:Fs o5%EMBR i SE ONF I 95%(AHIXTH

A1 15.00 1345 16.55 1.55 0.6719

A2 17.00  15.30 18.70 1.70 ' 0.7360 20 % ;
B1 13.00 10.92 ' 15.08 2.08 09014 K K ,
B2 15.00 1320 16.80  1.80 0.7806 l% /! / -
B3 2000 17.92 2208 208 09014 15 -} % Lo

A1 | B1 1150 856 1444 204 12748 -:|‘ -}

A1 | B2 13.00 10.92 ' 15.08 2.08 09014 ’

A1 B3 20.50  17.56  23.44 294 1.2748 10

A2 | B1 1450 11.56 | 17.44 294 1.2748

A2 | B2 17.00 14.06 19.94 294 1.2748 5

A2 | B3 19.50  16.56 & 22.44 294 1.2748 Al A2 Al A2

B1 B2 B3|B1 B2 B3(B1 B2 B3

# 5T estimate A7 — h A &Aoo T, Al, Bl 2L L2/K¥ERDFE, (A1B1), (A2B1) ZHEHEL
L7-MAEKEDFELE SE 2RO 7-/RZ27:9. KEROEIZOWT Ismeans AT — AV MDA T g
pdiff, tdiff R ETHATHZ LN TED. 12IEL, pEE AR~ MY v 7 ZRITHTTESND D, 95%EHKX

75 Estimate A7 — b A2 MZ X D/ 2 FBIEHDOEIZET D OSUIEBEXE ORI T 7
KSA—4 HFEE BERE  HE Proftl (0SE L95% U95% = [ ONFIE 95%S MK ]

0.00
A2-A1 2.00/ 0.9965 2.01 0.0797 22980 -0.30 4.30 10
0.00
B2-B1 200 11924 168 0.1320 27497 -075 4.75 - /
B3-B1 7.000 1.2748) 5.49 0.0006 29396 4.06 9.94 5 ,’I v
0.00 i /
A1*B2-A1*B1 150 15612 096 0.3648 36002 -2.10 5.10 A ,
A1B3-A1*B1 900 1.8028 4.99 00011 41572 484 1316 O -re-mm-do SR — B -
0.00

A2*B2-A2*B1 2.50| 1.8028 1.39 0.2029 4.1572 -1.66 6.66 -5

A2*B3-A2*B1 500 1.8028 277 0.0242 41572 084 9.16 Al A2 Al

B1B2B3

B1B2B3 B1B2B3




[#, &2WE, SE OB ENZDIZ, DT ERRZ T 7R ET R, £ T, estimate A7 — AV &
FAWTHEHERAZ SE #1555 Z L1Z L7z, Bstimate A7 — F A M, Ismeans A7 — h X2 N CTHEE T X B8
N2 L ED, HOPLIHENTES. 72720, GLM 7 v Py BHNWTND X I —ZEHIZ OV T O
MO MNIETHY, ZZ T, estimate A7 — h AL FOFEREIISLH A SRV,

3. FAMDRRICKEF LY

M0 K UARNNO 2 JURE T, SEHMOGMRIC XD 08HR, EOX D RBBIZEY TERVONE
AOPICT 5. R6IIRTOIE, MOIRLAELWNGEO 2 TiEDFHRMORMOFIEE, T O5E
M LR TH L. #FEmS, =171.43, 5EFITFS, =26.001%, & 2 D453 Error OFJ5FIIC
—BT 5. ETNVBKROFELFNL, Syua =Sy =S, =14543 L7210, EHMOBIITMRY SL->T0D. ETC,
S,=2143, §,=114.10, S, ,=1610 LFHHEENTNEDT, TNHLEGFT D & Sl =151.62 L 720,
Syoqq = 1454312 —F L2\, ZNZENOFHTER2IRLIEGIM 71y Yy DX A 71, 10, 11, IV O
FRE i L Ch 8T RS2 (72720, S, =21430H1F, A4 T 1TOFEFM—HKLT15D). L
el o T, FHMOFRZ L D3 BATBATE RN &L, AL THD.

#6 MVIKLUARNCTRHRTBER LRWEGE OGO HE
78 a” B (@) | &
Vi y. y-3. Va Vn=V| Vo V=Vl Vs Pan  Fap—Dual V" Vas
A, By| 10 | 1557 -557| 1450 1.07| 13.00 2.57| 11.50 11.93 -0.43| -1.50
13 | 1557 -257| 1450 1.07| 13.00 257 | 11.50 1193 -043| 1.50
B,| 14 | 1557 -157| 1450 1.07| 1433 124 13.00 1326 -0.26| 1.00
12 | 1557 -357| 1450 1.07| 1433  1.24| 13.00 1326 -0.26| -1.00
15 | 1557 -0.57| 1450 1.07| 1433  1.24| 13.00 1326 -0.26| 2.00
11 | 1557 -457| 1450 1.07| 1433  1.24| 13.00 1326 -0.26| -2.00
By | 22 | 1557 6.43| 1450 1.07| 20.00 -4.43|20.50 1893 1.57| 1.50
19 | 1557  3.43| 1450 1.07| 20.00 -4.43|20.50 1893 1.57| -1.50
A, By| 15 | 1557 -057| 17.00 -1.43| 13.00 2.57| 1450 1443 0.07| 0.50
14 | 1557 -157| 17.00 -143| 13.00 2.57| 14.50 1443 0.07 | -0.50
B,| 16 | 1557 0.43| 17.00 -1.43| 1433 1.24| 17.00 15.76 1.24| -1.00
18 | 1557 243| 17.00 -1.43| 1433 1.24| 17.00 15.76 1.24| 1.00
By | 21 | 1557 543| 17.00 -143|20.00 -443|19.50 2143 -1.93| 1.50
18 | 1557  243| 17.00 -1.43|20.00 -443|19.50 2143 -1.93| -1.50
Nl 171.43 21.43 114.10 16.10 | 26.00
St Sa S S AxB Se

STv - SA+SB+SA><B+SQ =177.62

4. SAS @ GLM FAL v EFESLAELDH

GLM 7'm P ¥iCk b, #VIRLAHND 2 SEEEOHEST TR D Z LidnhoTehy, IELVWDTEAD
2. SAS DT, ENWHF TR ELITAE, FETELMEL LTRITANTHNNDIES S ) sFES (2018)
27V —Y7 kR TIm() B#E dropl() P A MG, LERLZ G IKLARINO 2 TREDOT
— 2T DA ORE RPN RENTNT, GLM 7o P x DX A 7 1 OEF N —8T 5 2 & DR
STz B2 TNV T, B R O Ismeans /Xy 7 — U EH ST ERLRINTVD. b HAA,



GLM 7'u v V% OFERIC—ET 5. @i (2021a) TIiE, Excel DA EHWT, SFED (2018) 23R L7/
QEFEHNFHTEDHI L 2R LE. ZNHO—HEOFERNDL, GLM 72 v Vv O1E L &0, HiEE I,
EiGED (1989) O 16 # T, SAS OITHIFFHSHE IML IZ X > T, #0 iR LARIO 2 STl O R »3 F5
TEXDHZEERLIE. 2O ORERE TTIC, BExcel DA% VKR Y 7 MIELF LR WiEITiEZ R 3 Z &I X
D, VIR LUARINO 2 STEIET — & OfFHT3HED BRI CTE, £/, 7V =Y 7 MERHW#ITICT
FYLUVEINDZ EEFASTNA.

5. Exceld)@dal\*ﬁﬁ‘\*ﬁu‘d)m

BT AL CTOTZRERICIE, SEEHRITIC Excel 2415 Z &2 EFmfh CTh o 7o, ESEEEICHE 2B L
tﬁ;,mﬁ/7%®mﬁ#%%mﬁL£%Tét Zi%, Excel THELTE 5 Z L2 n T HEMLZRET S
E O ote. IO TR T E 720 D Ik LTMwmzxM%mmﬁ#Emafm%é L BT

LTk, SEHFMOIRARD D725 ED 2% < DD D NIESDRNT > TUELWEH-> TV D.

GLM 7 a vy iX, EHMOSRE TR, ¥I—EEEX—A I LTEMEET LV (BRET V) I2L5
RET 24T > T\ 5. MIBET AT, TRTCOEHDEFGAEL TRITIUZR LRV DT, BNEROLEI
I —FHICEE M DMERDH D, [ I—FHET (RL--Hv) 2Kkl (0, 1) &+52L] 72
&, WEReRBLA RNT H272N2HAZV 5. (0, 1) TERIBEET LTI, (1, -1) OXIITEL
TO LRDE DTS I —EH L322 L0, BVIRLARIOGE DR/ 2 V- O BOHEE
ERBITD.

T AT R UARINO 2 SElLE T — & OfFFTIC L, $EET VAT 272D T A AT
Fla7d. BF A O A La =1, AicxtLa =—1, BT B ® B IS8 L (b =1, b,=0), B, IZx L
(b, =0, b,=1), BslZxtL (b =-1, b,=-1) & 5%, ZHIEH AxB 1%, K+ A LHT B 0¥ I —EHOFT
525, SHICOROHEEDT-ODEHE L, x,=1%MZT\5. £ 742 Excel DEIFIIHTZ FWTZFER
ZoRd. RIS T 2 08OTERIL, £ 2 1KLL GLM 7' ¥ ¥ OFT VEIRIZRT 5 50T &
=T 50, 4FOFEHMOH T2, EFANT A =2 OHEEMEN TS5,

KT VIR UEDSTHNO 2 SERE T — 2 126 2 [Blg b

—— TYPAATIX —— Emd®EJ9$um%%O
y Xg ay by by abiab; %ﬁ TFF?%
A, B, 10 1{ 1| 1 o] 1 0 HEE  F# ok S N;/ 950
13 1{ 1| 1 o] 1 0 Bl 5 145.4286 29.0857 8.9495
B, 14 1| 1| o 1| 0 1 7= 8 26.0000 3.2500
12 1| 1] o 1| 0 1 &gt 13 171.4286
15 1l 1] o 1] o 1
11 1 1 o 1| 0 1 Rk fEERRE ¢ P&
B; 22 1| 1] -1 -1 -1 -1| o A 16.00 0.4983 32.1117  0.0000
19 1 1] -1 -1 -1 -1 6 ay -1.00  0.4983 -2.0070 0.0797
A, B, 15 1{ -1 1 o -1 o] 6, b, -3.00  0.7205 -4.1639  0.0031
14 1] -1 1 0| -1 0| 6~ b, -1.00  0.6719 -1.4884 0.1750
B, 16 1| -1 0 1| 0 -1| 6~ ab, -0.50  0.7205 -0.6940 0.5073
18 1| -1 0 1| 0 -1| 05 __ab, -1.00  0.6719  -1.4884 0.1750
B; 21 1| -1 -1 -1 1 1
18 1| -1 -1 -1] 1 1




K2IRLEGIM 70y Py DX A 71, I, W OFHRIL, £7EIR LT A 4T85 X OBEHD—
HBOEL A AN T2 BRI 24 0 K LAT22V, 135N a8t ROET L OZNENOFTFI S, ope P
SPL/ELEND ZEERT. R T ACRLES#SHTEOETT )V (HYR) OV Gz 7 rvET L
Siaspoacs =145.4286 L FT. K BITR LD, Excel DG TRIRT 2L H A ORITRL, 6 ORI
ET DRI, Excel DEUFHITZFAT LG OET VOFESMakE M LR RIS TnD . [’
A DBDETNOFIFNL, S, =21.4286 T, FH+F B DAHDETAOFIRIL, S, =114.0952 T, K+ A &
AT B &GO ETAOVITRNL, S, =130.2286 THD. TLET LS MORT A ZBROZSE

(A+B+AxB)
13, Sgoag =1323377 TH Y, A+ B ZRVIZHEIE, S =40.2286 Th 5.

(A+AxB)

F 8 DB LEDARINND 2 TR E T — Z IR 2 BT

THAATH X EF )LD

HHF A  —B— —AxB—| Y0

%7‘:7_" 6*@@@9%%%/1/ X0 a b1 b2 albl a1b2 SMODEL
1 KFA A | O 21.4286
2 [X+B A O O 114.0952
3 KNHFA+KTB A|lO|O O 130.2286
4 EB+RZHEEHAB | A O O] O O]1323377
5  ®TFA +ZHEEHAB | A | O O O [ 40.2286
6 HWTA+ETBHRAEEHAB | A | OO OO O] 1454286

RONRT T2 AT 1] OFITRNZ, S =5, =21.4286, S =S — S, =108.8000, S¥o =S piaes
~Sipipy =15.2000 & LTRDOLNTEY, R2DXAT1IOFHNI—BS 5. A7 1TOFHRIE, 7V
CEDDIAFIRFL TN, W B, BT A QIR LIESGEE, 547 I OBEIE, SY) =S,

" g N7 (2) _ — — -
S =Siaem — Sy £78D. FATMWOVITRINL, S;3) =S m —Sm =16.1333, S =S5, — S, =108.8000 &
20, SR &S FRRD. Z AT I OVIHRNE, 83 = Sumiam — Sweass =13.0909, S5 =5,

(B) — P(A+B+AxB)

# 9 Excel DEVRINT DB RDET N DFSHFDES 1B 6 155

R df [Bl) D5 Fn ZLBIESFn IAT 1n  df SEJ5Fn
A 1 Su 21.4286 = s 1 21.4286
B 3 S 130.2286 - S 214286 = S 2 108.8000

AXB 5  Snaipiap 1454286 - Suip 130.2286 = S’ 2 15.2000
e 13 S 171.4286 - Sipiass 1454286 = 5. 8 26.0000
T 13 171.4286

BA df [E] ) D5 RN ZLBICHESFn AT df SEA T
A 3 Sum 130.2286 - S 114.0952 = §.,,? 1 16.1333
B 3 Suum 130.2286 - Sx, 214286 = 5% 2 108.8000

AXB 5  Spaipiass 1454286 - Sap 130.2286 = S 2 15.2000
e 13 S 171.4286 - Sipiasp 1454286 = 5.2 8 26.0000
T BRI EFHE, S1=171.42861Z—F L7213 166.1333

R df [B)F D5 Fn LB A7 U df RN
A 3 Sapiam 1454286 - Spiaw 1323377 = 5,20 1 13.0909
B 3 Sapiaxm 1454286 - Spiam @ 402286 = §,u° 2 105.2000

AXB 5 Spaspiass 1454286 - Sap 130.2286 = Sn’ 2 15.2000
e 13 S 171.4286 - Sipiass 1454286 = 5.9 8 26.0000
T B HFFDOEFHE, S1=171.42861Z—F L7213 159.4909




~S peaxmy =105.2000 & 720, ZA TN OVIFAL B D. 7k, ZKAAEMIL, Sy =Sis = Sis =15.2000
LB THD.

6. Ix/N 2 D 95%SFE X H

B0 LSRRI 2 TR IR L, £7 CHEESNE ST A—2 0 #HW, BT A, BT B, KEMEH
AXB DI/ 2 T A AEE S % 120 ORI L0 =170 %32 10 1R ZORERIE, £ 410K L7 GLM 7
0L Y% O Ismeans A7 — b AL MK o THEE SRR 2 RIHIC—EHT S, Z0OL AT A—LZD
HEE I B 5 I CRE SN HEE %, SAS THB/N 2 RPH EE- T\, TRUN 2 r) 13, 11
D (1989), THERFFERIL ORBITHRNERARVSAS DI EThHH I L ARl 2 LERDH D, RO
= — | Ismeans NE L7722 LIZL Y, SASOHFENLORAL2o0HHZ LiFELWZ ETHD.

£ 10 BEET VOREEE Z AW TZBRIEFNT K 2 /) 2 Tty

lo l 1 12 13 14 15 E/J\
A B L X0 a| b1 b2a1b1a1b2 0" 10" 2§3Fi§_j
Ay D1 1| 1l o o] o o]][16.00]|=| 15.00 15.00
A, L@ 1] -1] o o] 0 o]]|-1.00 17.00 17.00
B, 9 1] ol 1 ol o of]-3.00 13.00 13.00
B, r®| 1| ol o 1] o o]]-1.00 15.00 15.00
B 9 1] o]l -1 -1] 0 o0]]-0.50 20.00 20.00
A By r® 1| 1 1 of 1 of]-100 11.50 11.50
B, P 1| 1| o 1] 0 1 13.00 13.00
B ® 1] 1] -1 -1]-1 -1 20.50 20.50
A B 9 1| -1 1 of-1 o0 14.50 14.50
B, " 1| -1 o 1] 0 -1 17.00 17.00
By " 1] -1 -1 -1] 1 1 19.50 19.50

ST, b 2 TV 9S%EMEKE %KD D1 DI2IE, 5T A—% O 12T 5 I EITH A LB L+ 5.
IRT X — B DIHEATHI Z(0) 1%, THFA L ATHI X, ¥R OBAEDFFES GRAES B O ER)
6% =3.2500 & AT

2(0)=(X"x)"6? (1)
LUTEHRSND. SR L=10 D58 Var(0) 1%, 1ZBT 5 2 WK
Var(10)=I[(X"X)" 621" =1Z(O)I" (2)

IC Lo THEE SIS, /3T A — 4 OINHATH Z(0) 1%, [FHIRHEELE LT 50T, GHRIZSRSHT T
AT 2 Ao 7223, Excel OFTFIRHHZ FIOAUER 1R T &S IR BITHITE 5. R 1L A SE 1,
£ 7125% L= Excel DEVRSHFO/8T A —% O TfEWERE | ([C—FK+ 5. Z1UL, Z(0) DXIAEEN, [HF
T A= B D5 Var@) LT3 DT, ZOFHRERST=HDTHB.

£ 11 85 A—Z OISHITII E(0)

P3G A—B DI EITE] B (0N=X'X) o Var (07 SE
Xo 0.2483 | -0.0226 | 0.0226 -0.0451 0.0226 -0.0451 0.2483 0.4983
a -0.0226 | 0.2483 | 0.0226 -0.0451 0.0226 -0.0451 0.2483 0.4983
b 0.0226 | 0.0226| 0.5191 -0.2257] -0.0226 0.0451 0.5191 0.7205

b, -0.0451 | -0.0451 | -0.2257 0.4514 | 0.0451 -0.0903 0.4514 0.6719
a1b 0.0226 | 0.0226 | -0.0226 0.0451 0.5191 -0.2257 0.5191 0.7205
ab, | -0.0451 | -0.0451 0.0451 -0.0903 | -0.2257 0.4514 0.4514 0.6719

=Minverse( Mmult( Transpose (X D #&iFH), X DHEiFH) +or’ sHAEFR =Sqrt(Var)




£ 2ITRT O, £101TRLEZKET A, KT B, ZAEIEM AXB Of/h 2 TS, 2 O5 Var(10) 738
MENTND. DEDOAEBED 18 t90sxSE] 1%, Excel DR T 7 T 95%EHEXMONE 2 HREX T 57201
VETHY, S%UEHERMZHEICHHELNL TS, ZOREIE, £4I1TR0L7E GLM 723 Y% O lsmeans
AT — M AV R TRD BT 2 T EED 95%E X MIC—8T 5.

B IR LAELWGAITIE, AT A =2 OHEMEIZET 2B L 23HR Tk, SHRIhEARD
VP ZTD y, AT RUSRB L, S OINEMEZTER LI o BOENELESh TS, ZoRE D
fH7enT, HOOX, HDHWE, FROKXICLVAEDRKES, #3tH L, 5% Var(6? /n,) TEEHET 551k
DHLNTWS., ZOX IRV IELNELWGEOER(ED, IR LARROCOGEIZHIT CEne
DOREVFAA L THDREETHH 5.

£ 12 ST X=X OINHATHI Z(0) % 755/ 2 VT B 95% (S HE X

lo 1) 1, 15 14 s &
A B L  xqa; by brabyab, O 10~ Var(10™) tos*SE L95% U95%
A Y1111 0 0| 0 0f]1600]= 1500]| 04514 1.5493 1345 16.55
A, L@ 1]-11 o o] o of|-1.00 17.00| 0.5417 1.6972 15.30 18.70
B, ¥ 110l 1 o 0 o0]]-300 13.00| 0.8125 2.0786 10.92 15.08
B, ¥ 1/0] 0 1| 0 o0]]-100 1500| 0.6094 1.8001 13.20 16.80
B, 91 1/0]-1 -1 0 0f]-050] ] 20.00] 08125 2.0786 17.92 22.08
Ay B L9111 ol 1 o0f]-100 11.50 | 1.6250 2.9396 8.56 14.44
B, P11 0 1| 0 1 13.00| 0.8125 2.0786 10.92 15.08
B, rt®| 1| 1|-1 -1] -1 -1 2050 1.6250 2.9396 17.56 23.44
A B O] 1|-1] 1 of -1 0 1450 1.6250 2.9396 11.56 17.44
B, 1" 1|-1] 0 1| 0 -1 17.00| 1.6250 2.9396 14.06 19.94
B, "W 1]-1]-1 -1] 1 1 19.50| 1.6250 2.9396 16.56 22.44
10"=Mmult(/ DHiFH, 0 DHiPH) SE=sqrt(Var (16™)) tg0s=T.Inv.2T(0.05, 8)=2.3060

Var (10™y=Mmult( Mmult( / O#iFH, X' (0~ O#FH), Transpose(! D #iFH))

R BITFRTOE, BT AND AL A ORD2FEHOE, HT BNO B & By, B & B Db 2 T
Bjo7E, ZHAEH AXB O AB) & AB) ZREHEL LT2ZEIC O T D 9S%IEHEXHEOFFRR THD. ZOREE
%, RSITRLE GLM 722 Y % D estimate A7 — b A2 A HOWTHEE Lo RIC—8T 2. B+ AW
D (ArA) 1E, A O~7 FID & A DR7 FAID OFEID = 1@ |0 L LTRESNTND. OBE S
FERICE 12 IR L2 o~y FUHOEE LTRDIEZLDTHS.

K13 IR/ 2 TR DOFEITHT D 95%(E X [H

lo Iy 1, 13 14 s &

A B L Xo d| b] bz a 1b1 a lbz o o Var(l@’\) 1005 xSE L95% U95%
A-A, 21 olo] o o 0o o0]]16.00|=[ 0.00] 0.0000 0.0000 0.00 0.00
ArA L1102 0 o] 0o o0]]-100 2.00] 0.9931 22980 -0.30 4.30

B-By 2™ o0o[o0] 0 o 0o of] -3.00 0.00| 0.0000 0.0000 0.00 0.00
BB, 1™ 0] 0|l-1 1] 0o of]-1.00 2.00| 14219 27497 -0.75 4.75
BB, 7@ 0l 0] -2 -1] 0 0f] -050 7.00] 1.6250 2.9396 4.06  9.94
AB-AB, 2ol ol 0 o] 0o 0]|]-100 0.00 0.0000 0.0000 0.00 0.00
AB,-AB, ™[ ol ol -1 1] -1 1 1.50 | 2.4375 3.6002 -2.10 5.10
AB;-AB; 1P| 0] 0]l -2 -1] -2 -1 9.00| 3.2500 4.1572 4.84 13.16
ABi-AB L@ 0]l 0]l 0 0] 0 0 0.00| 0.0000 0.0000 0.00 0.00
AB-AB Ll o]l 0o -1 1] 1 -1 2.50| 3.2500 4.1572 -1.66  6.66
ABi-AB 2P0l ol -2 -1] 2 1 5.00] 3.2500 4.1572  0.84 9.16




7. B

%<@ﬁ$?$—&-#4myx$ﬂﬁ%%én,%?—&%i%:bt%ﬁ@ﬁ*ﬁﬁéhéiﬁ:f
ST i, BLWEY ThD. BT —Z 0o 5 0OBAINEE I N2 72020E, HaH#T o Jpg
Ik & FATRR N PME T 5. WMt OHME 2 B 70 bITHEHIET 2 HFBOHEMELFLOITH T2
DNEXTHDLD, TNENOFMPE TOT —Z T 21T 5 NI, BAGETEINICHBE MY 7
FRETHD. < O TEHENT) OFEEIL, oD ANELZRGEE L THREN TS, T—% - B A
TUT 4 A MEREETAER K007 I I VT EEEY A —T L ENUATH S, KT ? Python
REOT V=0T s T I IEREICE, ITARIE OO O, & DICEBIRONT e EFEHEITO 7= 0
BEBREENTNT, HERFMEL 2> TWND. ZORERE LT, Excel DITHIBIEUTR L7V I L AN A
WO 2 JERLE T — X O E1E, I e 77 I S TELTHA .

FF—H T, 2ODENER, BAREREZRISE LTI LE 9 &45 & MRANIC THE Y IR LARHI O 2
JCRLE ] IR ET D0, ZOMBEER > TV D HAGEOBREL LT Z LR TERV. 207257y, Web
ETIE, TRVERLAFELI AW EMIT TV R ENREIEL TWA. ZORKIE, FHROSRIZEY Y)
DT, ¥I—EEERNET A ATHX 2 HOTEfITED, HEtOAMETIE, SA8bh TN 572HT
HD. TDEDIT, L DNEIZE > THITIZH D Excel T, MBI TE R a2 T 22Xy, T
FROE] DHEBE L TH BV EH->TWD

SAS D GLM 7'm v V¥ WMERTH 7= DIE, BT EOIERICH L 6, FHOHEEMITS L, K2
%Iﬁk%@%%ﬁﬁzﬁ%:yﬂ&h:mﬁbt: WZH 5. IR TIE TIL, BT R Z 528 S
HHIENERMNT, SFROHEORBICH L UIMETHY, ZTOREL L TORE Y 7 MaiX, &b
Z%IWﬁKWwaéio Bbhd.

—X AT 4 A M RBIRTAGEICK L, @R RR L, ST D EE TR 2 D
ﬁﬁy7LSAS®ﬁmﬁ&F%®ﬁm,hwl:;é%ﬁ&@%ﬁ&,%@@mﬁ777®¢m&&£~ﬁ
AT S 2 L0, FEHEIT OB O BIChE R n s B X, EEFEE AT T0D

& E XM

1) EEATHRE, KRIEGERE, 5B IR (1989), SAS (ZRDFEBRT —XOfikT, 307-333, FIX KA.

2) EAETTHE(2013), BURSHT - FEAM — Y 7 RS L TR W ARG OAFEO BB EZ Excel TH 7
Jfi#Z 95—, https://scientist-press.com/wp-content/uploads/2019/07/seminar7.pdf

3) EIEITHE(2020), FiEfE eI —8 9 [ BoBIRICRART YU EIRSHTAM <28 13 3> Kol 2 FfHogk
T R7 a7 7 AV THEL, https://www.yukms.com/biostat/takahasi2/rec/009-13.htm

4) EREITHE(2021a), SHEOX I—EHAE AW 2 L 95% EHEX IO FEEE, SAS o —H —ifhs 2021
FmCEE, 123-132.

5) =IEATHE(2021b) BRIEE T MACED KNI B D EAZF DRFNT, https:/www.yukms.com/biostat/takahasi2/rec/010.htm

6) TrPiED (1989), Miat ERedl, HITEREH.

7) SPESE, K2 (2018), R ANy —Ta e 2 FoaoirlRo 2 FESEOR L, &SR
Vol.89:1-6. https://www .jstage.jst.go.jp/article/chikusan/89/1/89 1/

8) Lenth RV. (2016), Least-Squares Means : The R Package Ismeans, Journal of Statistical Sofiware 69, 1-33.
https://www jstatsoft.org/article/view/v069i01/v69i01.pdf

9) Little R.C., Stroup W.W. and Freund R.j. (2020), SAS for Linear Models, 4th ed., SAS Institute.

10) SAS Institute (2013), SAS/STATI13.1 User’s Guide, The GLM Procedure,

https://support.sas.com/documentation/onlinedoc/stat/131/glm.pdf

10



