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Welch's t-test (D T)VFDUEE) | ZBFDT —HIDZNZNIEFRRDD
[CRED. NEDHEIRTET D.

&  Mean + SE, Mean + SD [Z X/,

Mann-Whitney test, Wilcoxon’s rank sum test : DT —~IIES
DE UHFEDODBICHRD. ZBODRIIEDEUCZD. © Median (IQR)
[CXTy. DTROEHAE U TPRENE UITNIE, EBHEEFLLEZD.

BREZUICS, KT plEZBI5cT .
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Q,
Welch Two Sample t-test -
data: xl1 and x2 o |
t = -3.4953, df = 16.829, p-value = 0.002807
alternative hypothesis: true difference in means is not equal to 0O
95 percent confidence interval:
-11.870201 -2.929799 7
sample estimates:
mean of x mean of y
9.1 16.5 o 4 S B
T T
- 1 2

Wilcoxon rank sum test with continuity correction

data: xl1 and x2
W = 14, p-value = 0.00698
alternative hypothesis: true location shift is not equal to 0

B -
wilcox.test.default (x1l, x2) T:

BANHDEH. EES p EESTRIDLNTEFBA
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EZ « £ T — /S/Uaf 10)%el7D\IEO)1 [CERENDEDNH D B.
%@&37&7 S D% DN GIEXTFR (£1ERBDTH) THD—
, DEEELRDIZS 73%5

e JFERM = TYIIHEIEDVICET, PIWVEREEICKIDIE
RO ZRU T  IREICHSA D,

o ANEDEME = JYNDARIYIIRRHEHTIE, XTTES0).
DEDTYTIEZEBDOLT, REDEEHFSITD Welch' s t-
test [CHHIAD.

—RIC20REM EDY Y TILDMB THDESNTND, FYTILY
ZNNTICEBESIE, HEHRICTHHTS.




DRDIEARMHEDHESD
ZADBOEREDOERIL, BIRETIERIRIDLTER.

Definition: n [@MDIEARAZARSIBICHNTZESE, i BFEICINSBEERE
[100(i - 0.5)/n] IZA/N\—1 > =2 (sample percentile) THDEWD.,

BIZIFEARD, ERDMRERTEDERDMOSHEEINLEET D,
CHOEE, FDEEDDHMDIESH LD [100G - 0.5)/n]/N\—Y FRld
EARN—2Y i< ICHhBIETFTHD.

ZOThdE5E, BRLED/NN—2Y bREERN—CY FRET
Ov FINlL, BIRRIRICTSIET,

EFFETREs B30 EREHOLLLER

QQ-norm plot (Normal probability plot)

Definition: n BORANMEBSNIE EE,
-
=[100G - 0.5)/n] BA/N—t Y bR
MD70Owv ~ZEQQ-norm plot& LD,

EUEZARNDERDIHOSEBONLRESIIE, EROEFAE(ZZE{L U
D), BwRHE NO, 1) D/IN—EY hDaL ICHDIETFEH 5,
QQ-norm plotlFEHFEDELICTOY FENDBIET THD.

T —A MDgraphical summary Cl&, QQ-norm plot(C XDIEARMEDIESS
£171D.
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-code of
» x <- rnorm(100)

> qgnorm(x)

plot:

## sample data ##

> qqline(x) ## add a straight line ##
Normal Q-Q Plot
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Theoretical Quantiles

QQ-norm plot FEBSEBRRINICTOY FSNTRD, x1,x2 &EBIC
ERBDMICREDEBSZATEFBITRUN.




Shapiro-Wilk normality test (v EO="« )LD DIEFRMHRETE)

[FT—SFIERDMBICHRD] CWDRBEIRGRICT LT, [ERDMIC
[N CVNDXIRGREIRET DEDTHD. EREZIRER
REITDDT, BERIRGGDBASNZDNSEREDRSINIZETD
DUBD DIZIRE CHD.

= shapiroc.test(xl)
Shapiro-Wilk normality test

data: =l
W = 0.96708, (p-value = 0.3625]
k\‘\

!

P>0.05 TH3IN5, IFENGRISIENSN)
& IEREDIRER, SESNRL.
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=R EDLEER
IREARER Hy: s == , k: TIL—T D%
SURVA|SE T s AV VAN <é:=’5 DOBEEHNMMHSERD

DEUDOHT (Analysis of Variance, ANOVA) : DT —SIDZEFNZNIE
MROMICHRED., FDHZIRET D.

Kruskal-Wallis rank sum test : FEDT—FFEREDE CHFZDDHIC
D, BRBEODANIEZFEDEUC/ED. No-parametric test

T—YDDMOERDAICREODT, DHEFLILNEEG, DIEIOXY
BEHIRET, FoRUSEDIT B,

Box-CoxZ# : DEIDZEIECIERMEDQ EZRISICERT DEHE. 5%
ML, M IES0N.
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placebo drugA drugB

COYVIIT—HDHE, SEHDODEITHSNCERER > TS, ?I*E,

ﬁ’@drugAﬁ!&t YRDVEGIEAMTH D, ERMDIREEE 7OL/b\
DEDMDIRENBC SN TNDDEREDH DN, CEDNDED ’Fﬁ’é

e One-way ANOVA': p =0.0119
e One-way ANOVA (not assuming equal variances) : p =0.01127
o Kruskal-Wallis rank sum test : p = 0.0182

2023/9/27 EFfatne H3E EREKOLER

placebo
D= T,
D CHD.
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—ﬁﬁﬂ%ﬁj\%ﬁlﬁj\i‘ﬁ (constant variance)

fit.aov <- r(z ~ group, data=Data
summary :’"
[f Sum Sqg Mean Sq F value Pr (>

group 2 260.4 130.20 €.565 J.;;;P "
Residuals 12 238.0 19.83
Signif. codes: 0 ‘**%f Q_001 ‘**’ Q.01 ‘*’ 0.05 ‘*.” 0.1 * " 1

—JTG@BE’\ Q AT (unequalvarlance)

ANOVA (not assuming equal riances

One-way analysis of means (not assuming equal variances)

data: z and group

F = 9.5017, num df = 2.0000, denom df = 6.6401, p-value = 0.01127
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Kruskal-Wallis rank sum test (non-parametric analog of one-way analysis of
variance)

DS5RANIV-D 71 AREFETIEL, SEEDODIS location N EZ>2&E LT
EE UFEODBICEDUEHNHD.
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T5)UEZWT (model diagnostics)

DEDICIZNS DHDETILDIREDIMNE,
BRI BYTIIUIE, BUOITIRIITHD.
< IFRRME B YTIUIE, ERDMICHRED.

- EDEE Y TILODEIL, —FETHD.

Xij ~ N(pi,o?), i=1,....1,j=1,...,n;
pi = E(X;j) :expected value of i-th group,

O'2 > (0 : common variance of error terms

o
Xij = wi + €ij, € ~ N(0,0?)
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DEDDETIVOIRRESL, REIR ¢ DIREICESTHZ 5N D.

error terms i = X5 — i

IR BREIR G (L, BUWVSIRYITHD.
- B RER e (&, [ERDMICHED.
- FOEME BREE ¢ ODENS, o2 T—ETHD.

NEBIIBRTERUVDOT, MTRDEE (residuals) TBEHZ .

residuals e;j = X;j — X; + X, : sample mean of i-th group

2023/9/27 EFHEEs  $B3E ERER D LE

o BEMDIEHMUZIERIT DICIL, BEHED QQ-Nnorm plot LT
Ov FNER EICHDNE DD EIESTT .

o ENEMEEIRITIDICIE, BRECSEORAEHOTOY ~
(residuals vs. fitted value plot) ZiE<. EUZEEODED—E T
dNIL, TNBZNOEORZIZFEZE UEEICHTHIT DI T THD.
SBRHOREZERL, BEOSHHICAKSZENVDEDNL, F98

HEDREF @SN TNDEEZD.
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%E'I‘Emﬁﬁ!:la*%ﬁ E?ﬁ)‘ é%t)'CEF)%’).

LHL, residuals vs. fitted value plotziZd &, FHREDSEHEICIIN
S/IREBUVD DD, FEDENEDIREIIZTED L),
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TTIVOEBIE: DEIOZEIL CIERREDNE

EFIVEZEIDE, model assumptionD U\ DODONEHIZ SNZVNIZEDD
D.

*Independence
*Constant variance
*Normality

JBIIEDIREDBIZSNZNES, ETIVDEILESEEXEE. Response
ZDHEID, FILRBRAZEDIITIDIEEZEZD.




SEIE L DI DOEHR:
SUMER V= log(y)
JEMER Y=y

“DERDLZEIECIERREDNE ZRIFITEKT DM

Box-Cox transformation

o _ | =D/A A#0

log(y) A=0
where y = Days+a, (o =1)

y

Box-CoxBH#i(I/ VD XS =\ CTHEITIT 5N, Z0DREEE (fitness)dXT%
5 (log-likelihood) EENDRE TR SN B.
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bxox - boxc fit.aov
lambda <- bx [which. max (bacxsy)]

2023/9/27

- aov|{z~lambda -

1) flambda ~ group, data=Data)

7.1325 0.00507 *%

summary (£it.aowvd)
Df Sum S5g Mean Sg F walue Pr(=F)
group 2 2154 107€.%
Residuals 1z 1310 150.%3
Signif. codes: 0 ¥%%r g _QgOl e

EFFa s
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28 LrER (Multiple Comparison)

DD OIBEIRER Hy : iy = - - = DEHSNLESE, ED u DD
SBRICERRDIDDRDZUN.

Tukey's HSD (Honestly Significant Difference) : 9/ NXT®OxitL (u -
u) ICONTOREZERIICTTD. TRESILLOHAENDEL, A4
1)/25@0,

Dunnettd3% - JIL—TO—DOH Y FO—JLETHDEE, IV RO
— )LEF D (4-1) DXTIBEF & DB Z[BIFIC 1T D.

WilliamsMD7ai2 @ XUNHRER H, iy < -+ <y, (DDVNIEZDE) ZIRTE
g 2.
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Tukey D35 (Tukey HSD, honestly significant difference)

95% family-wise confidence level

ibrary (M o
Ee]
it.mc <- 2
rint (fic ?2“!7 } I i
Tukey mul £ §’
95% fam fid °
"""" (for D
oup 3
diff | | s ‘ ‘ |
gh-pl .8 z |
B-pl € 2
drugB-drugA 7.8 0.2856489 15.314351 0.0418080 ©
(£
iy
g
2 \ | |
) I | |
5 T
s 5 0 5 10 15




Dunnett 3% (Dunnett post hoc test)

95% family-wise confidence level

Simultaneous ( fidence Intervals

Multiple Comparisons of Means: Du tt Contrasts

placebo — ¢

1
'
i
i
'
i
i
I
i
i
I
i
!
Fit: aov(formula = z ~ gr , data = Data) ! 7
i
'
Quantile = 2.5026 i
95% family-wise confidence level i
'
i
H
Linear Hypotheses: H
Estimate lwr 1
drugA - placebo == 1.8000 -5.2 !
drugB - placebo 9.6000 2.5512 '
1
— I
sumn placebo ! £
I
Simultaneous Tests for General Linear Hypotheses i
i
i
Multiple Comparisons of Means: Dunnett Contrasts H
i
I
|
Fit: aov(formula = z ~ group, data = Data) T t T T T
Linear Hypotheses: -5 0 5 10 15
Estimate Std. Error t value Pr(>|t|)
drugA - placebo = 2 0.639 0.75279 Linear Function
drugB - placebo 2 b
Signif. codes: 0 ‘***’ 0, ‘a%s 0.01 ‘*’ 0.05 ‘.7 0.1 ' 1
(Adjusted p values reported -- single-step method)
plot (fit
i
/ = YA Sl ah B A AS QIS SE 92 7R Y .
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illiams DJ3) illiams meth
Williams 'Zs (Williams method)
95% family-wise confidence level
c (fit .
i
I
Simultaneous Confidence Intervals i
i
i
Multiple Comparisons of Means: Williams Contrasts !
i
I
|
Fit: aov(formula = z ~ group, data = Data) Cc1 4 ! (
i
i
Quantile = 2.3856 '
95% family-wise confidence level H
|
i
i
Linear Hypotheses: H
Estimate 1lwr upr H
2.8807 16.3193 :
0.1191 11.5191 !
'
|
c2q & 1
Simultaneous Tests for General Linear Hypotheses i
I
i
Multiple Comparisons of Means: Williams Contrasts H
i
'
1
'
Fit: aov(formula = z ~ group, data = Data) !
T T T T
Linear Hypotheses: 0 5 10 15

Estimate Std. Error t value Pr(>|t])
2.817 3.4( 0.00787

2.439 2.337

Signif. codes: 0 ‘***’ 0,

(fi

2023/9/27
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Linear Function
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28BLr#E; (Multiple Comparison)

BIIBMDTIANL, INTIEREDREZMEE T D/INT X~ W DIST]
. EREZMECURV, JYNSA Ry DRIIEEFET D.

Hytpy=ph == 4

H o # 1,0,
s M, 7&#/""9#1 # 1

Hy o # i, ph # 1,

ot #

INDX Uy D
IRRE

TukeyDJ3E

Dunnett® 733k

WilliamsDF35%

Steel-Dwass®
T35

JIVIND A~
) DRETE

SteelDF3L

Shirley-Williams
DL
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Steel-Dwass's method
attach (Data) g - E
[1 8 16 7 18 € 11 15 11 20 7 19 20 21 19 24 |
groug w |
[1] placebo placebo placebo placebo placebo drugiA drugA drugi drugA
[10] drugA drugB drugB drugB drugB drugB
Levels: placebo drugA drugB o
$# Steel-Dwa meth - : N
pSDCFlig(z, group, method="Monte Carlo") 4;‘ : :
Ties are present, so p-values are based on conditional null distribution. placebo drugA drugB
Group sizes: 5 5 5
Using the Monte Carlo (with 10000 Iterations) method:
For treatments |[placebo - drugA} the Dwass, Steel, Critchlow-Fligner W Statistic is 0.8917
The smallest experimentwise error rate leading to rejection J.s.
For treatments |[placebo - drugB} the Dwass, Steel, Critchlow-Fligner W Statistic is 3.704.
The smallest experimentwise error rate leading to rejection :.s.
For treatments he Dwass, Steel, Critchlow-Fligner W Statistic is 2.9814.
The smallest experimentwise error rate leading to rejection :Lsm.
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« O 83X, 6f HEBS () TAPIICHTODEDITEDEL
W ERME (2008/01) ISBN-13:978-4489020292

fREtERyT) 20 FRICDUNT

- AEHE &) [The R Tips B3R T —YBEMIREROEARE; « D
214 vDAERE] ZF— A%t (2016/10/13)  ISBN-13: 978-
4274219580

« http://cse.naro.affrc.go.ijp/takezawa/r-tips/r.html
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