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Y13« PRIEDEDIRTE

TIEAREE  ZDOT I —TOEBEIEDEDIRTE

IFEIRER Hy w4 =1

XUNIIRER Hy: 4 # i

Welch’s t-test (D TILTFD t1&FE) | DT —IDEFNENIERDH

[CED. IEDZEIRTED D.
<  Mean + SE, Mean + SD [C X i,

Mann-Whitney U-test, Wilcoxon’s rank sum test : —EtDFT —H (IEE=
DE UIEODBICHKD. ZBEODRMIIFOEICESD. < Median (IQR)
[CXTi, DROEAE U THRENE LN, FHEHEFLIRD

BREZ UIZOMNT p [EZBHEC (E Q%/J\gﬁl'ﬁu? 1) 9.
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. _ﬁc‘:EIEiE TRICHED . IE%E IRICRNDIESTELD)
« DEIFEZR O TER) « DORIREE L. DEEE L.

T—YDDHAERDHBICRDT, DHEEFELBNES. ROHZTT —9%
XHEZMIDIRE LT, FDRISEDITD., ZNTERDIES, FPIRICTHEH
at<{AN
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ZBFRIRE #3

o | -
. &
boxpl (x1 2
est(x 2 el =
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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CERICH D 2 ARE

EZ « £ T — 5/(_13” 10)%el7D\IEO)1 [CERENDEDNH D B.
%d)ottﬂc’tT S D% ?ED\EEEEXWI (#1EFRDfh) THD—5H
, DEEELRDIZS 73%5 T—=HDOEHNIL, PRE (IQR).
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e JEIFFBME = DMOEMEDDT, DOINSA I VIREERMEZ
Z0)., BYTIVEZEBED LT, DINWEIRTFEIRIC KDIEMRFUZERN)
T IEEICHBIAD,

o RENEME = JVINSXR JD ISAEATIE, XTRLTERL),
DEIDT Y TIEZEIBOL T, REDEEFS I D Welch's r-test [C
HHIAD.

—RRIC20REM O Y TILHIMBTHDESNTULD, Y TILD

ZFNURICIEDEEIL, MMETRICTHER IS0,
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DRDIEARMHEDHESD
ZADBOEREDOERIL, BIRETIERIRIDLTER.

Definition: n {BOEARZREINBICTNTZEE, | EBEICINSSIERE
[100(i - 0.5)/n] 24/ N—1 >/ 2 (sample percentile) THDEUND.

BIZIFEARD, ERDMRERTEDERDMOSHEINLEET D,
CDHEE, ZOEBEDDMDIEFR LD [100G - 0.5)/m] /N\—E Y FRld
EARN—2Y b <IChBIETFTHDA.

ZOThdE5E, BRLED/NN—E2Y bREERN—CY FRET
Ov FINlL, BIRRIRICTSIET,
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QQ-norm plot (Normal probability plot)

Definition: n {BORANDNESSNTZEE,
-
=[100(i - 0.5)/n] BAR/N—T Y =R
MO70vw ~Z&QQ-norm plot& LD,

EUIEARDER DO SESNTERESE, ZAD (&2 LI
D), EHE DIN—TY FROELICHDIITLEHL D,
QQ-norm plotlIXERZEOELICTOY F=NBIETFTHD.

F—SNDERENEBLNTIE, QQ-norm plotlC XDIEIREDIEREITO.
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-code of
> x <- rnorm(100)

> qgnorm(x)

plot:

## sample data ##

> qqline(x) ## add a straight line ##
Normal Q-Q Plot
3
(€]
2
g
&
T T T
2 Kl 0 1 2
Theoretical Quantiles
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-code of pIOt Normal Q-Q Plot Normal Q-Q Plot
line ( o &
ine ®
8 3
= o =
C = C
E E]
a a e
i) o
[=9 o
£ £
O i)
w w
o I
o™
o - o
T T T T T T T T T T T T T T
1.5 1.0 -0.5 0.0 05 1.0 1.5 15 -1.0 -0.5 0.0 0.5 1.0 1.5

Theaoretical Quantiles

Theoretical Quantiles

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

Exgitnns 30 B2
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Shapiro-Wilk normality test (/v E0="2 « )LD DIEFREIRTE)

[FT—SFIERDMBICRD] CODBEIRGRICT LT, [ERDMIC
[N CVDXIRGREIRET DEDTHD. EREZIRER
FEIDDT, BERIRGGDBASNZDNSEREDRSINLZETD
DUZBD DIZIRFE 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
ROMICHKD., FEDNEZIRETD. ANFOHZIREITDIETILEDHD.

Kruskal-Wallis rank sum test : FEDT—FFEREDE CFZDDHIC
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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TTIVT—H

3 — =
5
2 -
o
T T T
placebo drugA drugB

COUYTILT—HDHE, SEEODEITHESDICEE >TSS, FIZ, placebo
BFOArugABE I DIMDEGIEIF CTH D, EREDREEZE D UL, ZORIKT,
DEDMDIREDNBC SN TNDDEREDH DD, CEHNDEDINZIT O THD.

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
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— It B D YD HT (constant variance)

v(z ~ group, data=Data

Df Sum Sg Mean Sq F value Pr (>F)

group 2 260.4 130.20 €.565 0.0119 *

—JTECE DB (unequal variance)

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

= 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.

- SN UYTILODEIZL, —ETHD.

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

id
Xij = i + €5, Ez"lfl\’N(O o?)
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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.

REIBJERERTERVDT, U RD¥EZ (residuals) TESHZ D.

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

2024/10/9 EFHEEs $3E ERER DR

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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LHL, residuals vs. fitted value plotziZd &, FHREDSEHEICIIN
S/IREBUVD DD, FEDENEDIREIIZTED L),
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ETIVDEBLE:DEOEZEILEIEREDNS

EFIVEZEIDE, model assumptionD U\ DODONEHIZ SNZVNIZEDD
D.

*Independence
*Constant variance
*Normality

JBIIEDIREDBIZSNZNES, ETIVDEILESEEXEE. Response
ZDHEID, FILRBRAZEDIITIDIEEZEZD.
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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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2 1 0 1 2
!
bxox - boxc fit.aov
lambda <- bx [which. max (bacxsy)]

2024/10/9

- aov|{z~lambda -

1) /lambda ~ grou

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

EFFaEs

P B e A e 7 b
%30 EHREHOLLER

0.01 **f 0Q_Q5 ‘_* |
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2 LLER (Multiple Comparison)

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

Tukey’s HSD (Honestly Significant Difference) : I /NTDXILL (i;- 1)) IC
DUV TOREZRIFICTTD. dJeESXItbDEAENEIL, kk-1)/2:80

Dunnett®3’% - JI—TO—DOHA 3 FO—/)LEETHDIE, IV HO
—)VBEEMD (k- 1) OXIREEE DR ZRIFICTTD.

WilliamsDJ3i% * XUNIRER Hy < - <p (BDDNISZDWE) ZIRTE
9 3.
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Tukey D35 (Tukey HSD, honestly significant difference)

95% family-wise confidence level

ibrary (M o
Ee]
it.mc = 2
rint (fit %* } i i
Tukey mul £ §’
95% fam fid s
"""" (for D
oup 3
[
o d ff 1 i ] | | |
gA-pl . 3 | | |
B-pl 6 g
drugB-drugA 7.8 0.2856489 15.314351 0.0418080 =
(£
iy
g
g | | |
[} I I |
5 T
v 5 0 5 10 15
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Simultaneous ( fidence Intervals

Multiple Comparisons of Means: Du tt Contrasts

Dunnett 3% (Dunnett post hoc test)

95% family-wise confidence level

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
'
1
'
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|)
drughA - 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)
“520q SEE Y AN
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illiams (D33 illiams meth
Williams 'Zs (Williams method)
95% family-wise confidence level
= "Wi
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])
0 2.817 3.4( 0.00787 Linear Function
0 2.439 2.337
Signif. codes: 0 ‘***’ 0. YERy %' Ol &3
usted p values reported -- single-step method)
(f1 )
5215 S Y N ey
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EY

&ELh#; (Multiple Comparison)

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

Hytpy=ph == 4

Hy o # i, ph # 1,
oty L

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

IRRE

INDX Uy D

TukeyDT3E Dunnett®D7F3is | WillamsDT3ik

JIVIND A~
) DRETE

Steel-Dwass®
T35

SteelDF3L Shirley-Williams

DIINE
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Steel-Dwass's method
attach (Data) & — E
[1] 816 7 18 € 11 15 11 20 7 19 20 21 19 24 |
groug w |
[1] placebo placebo placebo placebo placebo drugiA drugiA drugi drugiA
[10] drugA drugB drugB drugB drugB drugB
Levels: placebo drugA drugB o
E CFlig(z, g i="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 Carl (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 15.
For treatments |placebo the Dwass, Steel, Critchlow-Fligner W Statistic is 3.704.
The smallest experimentwise error rate leading to rejection :.s.
For treatments |drugA - drugB he Dwass, Steel, Critchlow-Fligner W Statistic is 2.9814.
The smallest experimentwise error rate leading to rejection lsm.
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DEUDTORENSIRE (SFOMEDRE)

— MEIZSNIZVVEE(E, Welch's t-test,
—— Mann-Whitney test /3 & D _IEZKREE & /N’
— » . . —s— / —~ 4t
— 4 X (pairwise) [C1TL), BDSKRENDZDE
MEZfHIET D.
> ## pairwise t-test ##
> pairwise.t.test(z, group, pool.sd = FALSE)
1 Pairwise comparisons using t tests with non-pooled SD
s awn ows data: z and group
placebo drugA
Data <- data.frame( drugA 0.603 -
z=c(8, £6, 7, 1(8( 6, 1(1, 1)5, 11,(220,)7, 19(,320),)21, 19, 24), drugB 0.045 0.045
group = factor(c(rep(1,5), rep(2,5), rep(3,5)), N
label=c("placebo”, "drugA", "drugB"))) P value adjustment method: holm HolmD75iKIC & %

print(Data) ZEMEDFEIE
boxplot(z ~ group, data=Data)
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« REHBE (B [The R Tips F3kR: T —YBENIREBROERY, « U
271 vDAERE] ZF— A%t (2016/10/13)  ISBN-13: 978-
4274219580
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