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RHHSHEXRHNIN%DOVNHIST XISV

77 WwH s X .
EXO)CIE G+ R 1 7
0 0.02% e 0.0000000001%  (4E4EA]AHE
1 0.29% 0.00000001%
2 1.61% 0.000001%
3 5.37% 0.00002%
4 12.08% 0.0003%
5 19.34% o . 0.005% = __
6 2256% L 0.05% BT 07
7 19.34% 0.38% =11%
8 12.08% 2.13%
9 5.37% 8.52%
10 1.61% 23.01%
11 0.29% 37.66%
12 0.02% a LT — 28.249% 1R
&t 100% 100% = 89%

7

ROEXRINPIO%DOWHh I XM FE-o7/-& T2, 128|041 »
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critical N = 32
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0.08
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. el nNL2

| |
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
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2GR
HO: p = 1/2 (E#f{RER) vs H1: p # 1/2 ((E&IRER) TH % B,

Hi%x —DDfEICRD D (BfRERICT 2) 2 & T, Y 7ILY A XEEEHARIBEICAR B
—WEFEHEITE £ 5

ZDH1Z —DDEICRSD S L ZIZ, EBROEMARODERI’NHEICLR S

(NEhZERELES ET5E. AR b (BE. #9) svns )
BERAYICEE A R/INDZ (MCID: Minimal Clinically Important Difference) #Zz2 % & R Ly

HIZERAKRWICFREINDE, L LTLEY>E, BEEINHWE ZIZHERRICKHS
\ﬁ%@%ﬁﬂ%ﬁ@&@%%%ﬁtxU\Qﬁ%ﬁwbntﬁmzwﬁuéﬁﬁézt A/
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install.packages( "pwr"
install.packages( "powerSurvEpi"”

library(pwr A HHENY TN A X
library(powerSurvEpi) # 4 77 b5 i

set.seed(123) # v = a2 b —r3 2 THIWWS

# BARE7 + 2k
par family= "HiraKakuProN-W3"

KYOTO UNIVERSITY 9



R Documentation

R: Basic Functions for Power Analysis pwr ~  Find in Topic

. wrenackage {pwr) R Documentation
i coding A BEA & (g PP
)z 1 Basic Functions for Power Analysis pwr
> ?pwr Description
(\_'_ 'g“ ;{/L L j: J: LY Power calculations along the lines of Cohen (1988) using in particular the same notations for effect sizes.

Examples from the book are given.

Details

Package: pwr

Type: Package
Version: 1.3-0

Date: 2020-03-16
License: GPL (>=3)

This package contains functions for basic power calculations using effect sizes and notations from Cohen (1988)
: pwr.p.test: test for one proportion (ES=h) pwr.2p.test: test for two proportions (ES=h) pwr.2p2n.test: test for two
proportions (ES=h, unequal sample sizes) pwr.t.test: one sample and two samples (equal sizes) t tests for means
(ES=d) pwr.t2n.test: two samples (different sizes) t test for means (ES=d) pwr.anova.test: test for one-way
balanced anova (ES=f) pwr.r.test: correlation test (ES=r) pwr.chisqg.test: chi-squared test (ES=w) pwr.f2.test: test
for the general linear model (ES=f2) ES.h: computing effect size h for proportions tests ES.w1: computing effect
KYOTO UNIVERSITY size w for the goodness of fit chi-squared test ES.w2: computing effect size w for the association chi-squared
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[CEE#H. 1BEXDIFES])

(- BB A O BB R ~

BFE/Ny FEEDODRIMZEIZI0% TH D Z EAHMONTWB(HO), FTLWTZZVICLYISHDEIHEDEITH B (HL)ZASH?
@Fﬁu\77° DHEBECESD, WERE. a=0.05. =020& L THIEL =L )

## 1. —&lE®E (pwr.p.test) -------------re e
Library(pwr

p_null <- 0.30 # RIhE (FERR)
p_alt <- 0.45 # BRIhE®E (MIIREK)
# > IS%KRAPDEBEVWHERNICERDSHS., EESE

# ShERE h I3 arcsine £#MIC k3 =
h <- ES.h(p_alt, p_null

#WEBEY TN A X (AEKESS, & 5H80%)

res_p <- pwr.p.test(h = h, sig.level = 0.05, power = 0.80,
alternative = "two.sided"

print(res_p

KYOTO UNIVERSITY Vi
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tH 71651

> print(res_p)

proportion power calculation for binomial
distribution (arcsine transformation)

h = 0.3113494
| n = 80.96746 |
sig.level = 0.05
power = 0.8
alternative = two.sided

BIPIED D MBN B D L EH S 17

KYOTO UNIVERSITY 12



/8 arcsineZ# - Cohen’s h

ZEplk. im

I217< (FIF1IcaED<K) FERPBMI/NES LK, EZEENL LD W
0=2-arcsin(v p)

EdBE. NAODDEULIZFIZ—FICA B (arcsin [$IE 5% R0

—-0nE%*REL L TAHWS (Cohen’s h)

P1 & IFEEERDEE., p 2RO ESET B E

0, =2 arcsin(y p1). 8.=2arcsin(y p,)
h — 61 — 62

ELTMRENZEKRDDZEHATED

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale,NJ: Lawrence Erlbaum.
KYOTO UNIVERSITY
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Web_E T OEFIEELETY — IV

Southwest Oncology Group® 5 — &+ > & — H¥ i1

https://stattools.crab.org/ GRAB_ ZXSWOG

Statistical Tools

. Design Q Analysis
One Arm Binomial Frequency Table
One Arm Normal Binomial Confidence Interval
One Arm Survival 1|l Probabilities
Two Stage Binomial
Two Arm Binomial Normal
Two Arm Normal Poisson
Two Arm Survival Chi-Square
Binomial Interaction Probability of Observing a Rare Fvent
Survival Interaction # Other Tools
Binomial Noninferiority Prognostic Mixture
Survival Noninferiority Survival Converter
Expected Events (1 Arm)
Continuous Marker Prognostic Power

KYOTO UNIVERSITY 14



https://stattools.crab.org/

Web_t TOAEBIBERETY — b

One Arm Binomial

The One Arm Binomial program calculates either estimates of sample size or power for one sample binomial problem. The first button calculates approximate
power or sample size, critical values (reject if 2 critical value), and "exact” power and alpha. The second button is used to re-calculate "exact” power and
alpha after changing the sample size and/or the critical values.

For further details, view the Help Document.

User Input Program Output

Select Calculation and Test Type

@ Sample Size O 1 Sided
O Power @ 2 Sided

Select Hypothesis Test Parameters

Power Null Proportion Alternative Proportion Alpha
0.8 0.3 0.45 0.05
Calculate

Sample Size pprox Lower Count Critical Value Approx Upper Count Critical Value
81 17 33

RIIZEDEFIKICE > TWB I & ZHER La—"YIT 7B CHICE
W<2HD) Y —XATHERLTHELERWTT

KYOTO UNIVERSITY 15




[CEE#H. 1BEXDIFES])

BTN A XDEICEY . T EREADEDL S ICENMT EHNRBILTEXT

## —--- INT—H—7T (N > Power) —--cemmmm e
pow_seq <- seq(@.6, 0.95, by = 0.05
n_p <- sapply(pow_seq,
function(P) pwr.p.testCh = h, power = P,
sig.level = 0.05,
alternative = "two.sided" )$n

plot(n_p, pow_seq, type = "L",
xlab = "4 > I Y4 X", ylab = "#& H 51 (Power)",

main = "—# LEERE"
ablineh = 0.80, 1ty = 2 # 80% I ik £%
points(res_p%$n, 0.80, pch = 20 # XRERTR
text(res_p$n, 0.80, round(res_p%$n, 1), # N Z3RR

pos = 3, cex = 0.8

KYOTO UNIVERSITY e d—RFRZFEITLTNT—H—T%KDODTHAEL &£ 16
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HAB: T —h—7

—AFLERIRTE

0.90

MH A (Power)
0.80

0.70

0.60

| | | |
60 80 100 120

Yo 7IYAX

BMEADEY Y TV A XD CEEHR A BRREIC
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[CEEH. 2BERDIFS])

#H 2. “&HEE (pwr.Z2p.test) ------------
pl <- 0.30; p2 <- 0.50

h <- ES.h(pl, p2

res_2p <- pwr.2p.test(h = h, sig.level = 0.05, power = 0.80

@  RERIE O \ print(res_2p
S sEz o) BB THER A ST
BFOREEDORINEAI0%TH Y, il B o ST —H—F (N > POWEr) oo
LWBEETH0% DR IhEARAEFN 5K pow_seq <- seq(@.6, ©.95, by = 0.05
TRCTZERETHEL LD, n_Zp <- sapply(pow_seq,

function(P) pwr.2p.test(h = h, power = P,

sig.level = 0.05)%n
mERE. a=0.05. B8=0.200% & Tuh

\ EREOEEGIES 517 - ) |plotin2p, pon_seq, type - 1",
xlab = "4 7Y A4 X / E", ylab = "#& 1 /1 (Power)",
main - "ZBHERE",

x1lim = range(c(n_2p, res_2p%n

BB LBERIRE AT —H—7OR%E | oblineth - 0.80, 1ty - 2
ROTHEL £ 5 points(res_2p%n, 0.80, pch = 20
- text(res_2p$n, 0.80, round(res_2p%n,1),

pos = 3, cex = 0.8
KYOTO UNIVERSITY 18




tH 71651

> print(res_2p)

Difference of proportion power calculation for binomial distribution

h = 0.4115168 — —_
n = 92.69608 "R TE
sig.level = 0.05
power = 0.8
alternative = two.sided o
o))
: o
NOTE: same sample sizes
O
:
o O
R
H
#® R
. - o
1855 7= B ETH B &
BHINT -
©
© | [ | | [

60 80 100 120 140

YT AX ) B
KYOTO UNIVERSITY 19




Web_E COEFEERETY —/V: 6

Two Arm Binomial

Two Arm Binomial is a program to calculate either estimates of sample size or power for differences in proportions. The program allows for unequal sample
size allocation between the two groups.

For further details, view the Help Document.

User Input Program Output

Select Calculation, Test Type, and Continuity Correction

@ Sample Size O 1 Sided @ No Correction
O Power @ 2 Sided (O Continuity Correction

Select Hypothesis Test Parameters

Null Proportion Alternative Proportion Alpha
0.3 0.5 0.05
Sample Size Ratio 2-to-1 Power
1 0.80
Calculate
7
Total Sample Size N1 2
186 93 93

LB ->7-FERICHE>TWA Z & % HESR
KYOTO UNIVERSITY 20




[CZEFT tIRE) DES)

4 Bl BEES A
SR BETDI2BHDSBPET (1310 mmHg, #ZETI315 mmHg
BETHAEFINS (=5 mmHg. SD=10 mmHg& IKE) »
L MmAIRE. a=0.05. 8 =0.20 CAELEFIEILFAF, BEH ? y

B# 3. TBEFH (t BIE) --mmmmmmmmmmm oo

d <-5 /10
res_t <- pwr.t.test(d = d, sig.level = 0.05, power = 0.80,

type = "two.sample”
print(res_t

2 A—FZ2RITL THEEABZEROTHAEL &5

iy
g

/

\

~
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INT—h—7

RODBNIE, XT—H—TDORHERLEL £

# --- XD —Hh—7 (N > Power) ---------memmmmmm e
pow_seq <- seq(@.6, 0.95, 0.01
n_t <- sapply(pow_seq,

function(P) pwr.t.test(d = d, power = P,
sig.level = 0.05,
type = "two.sample" ) $n

plot(n_t, pow_seq, type = "l",
xlab = "4 7)Y A4 X / E", ylab = "#& i /1 (Power)",
main = "“E¥H t BE",
x1lim = range(c(n_t, res_t%n

ablineth = 0.80, 1ty = 2

points(res_t$n, 0.80, pch = 20

text(res_t$n, 0.80, round(res_t%n, 1),
pos = 3, cex = 0.8

KYOTO UNIVERSITY 22




tH 71651

"Bt RE

> print(res_t) o

R

Two-sample t test power calculation ©
B

n = 63.76561 2

o .

d=0.5 o o
sig.level = 0.05 iy
power = 0.8 H
&

alternative = two.sided

0.70

NOTE: n is number in *each* group

0.60

| | | | I [ I
40 50 60 70 80 90 100

Yo 7YX ) B

BEOABI T DBETH DI &N DH B

KYOTO UNIVERSITY 23




Web_ L TOEEBFIEGERETY — /. O G

Two Arm Normal

Two Arm Normal is a program to calculate either estimates of sample size or power for differences in means. The program allows for unequal sample size
allocation between the two groups.

For further details, view the Help Document.

User Input Program Output

Select Calculation and Test Type

@® Sample Size O 1 Sided
O Power @® 2 Sided

Select Hypothesis Test Parameters

Mean: Arm 1 Mean: Arm 2 Standard Deviation Ratio of Sample Size Arm2/Arm1 Alpha
10 15 10 1 .05
Power Total Sample Size
0.8 126
Calculate

Total 1265740 T, HKEF63IFTIEIZR CEEREI T o N7

KYOTO UNIVERSITY 24




BRI D AEFIEERET

et N
Bl : AT — 5

24 BEREFRPF Y U LEEHE (g/H) & 12 B#OUGEHmMEETE (mmHg)
DMEZ ARV, FEAETT HBEREE r=030 1 "RiAEzN S,
\FM@E\a=a%\ﬁ=mm?M%@ﬁMﬁMWW#?

## 4. HEFRE (pwr.r.test)
r_target <- 0.30

res_r <- pwr.r.testir =
print(res_r

r_target, sig.level = 0.05, power = 0.80

 O— FZETL THEEAEERKDTAHAEL &£ 5

/

i
ity
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INT—h—7

RODBNIE, RXT—H—TDORHERLEL £

# --- XO—h—7 (N > Power) ---
pow_seq <- seq(@.6, 0.95, 0.01
n_r <- sapply(pow_seq,
function(P) pwr.r.test(r = r_target, power = P,
sig.level = 0.05)%n

plot(n_r, pow_seq, type = "1",
xXlab = "4 > 7B 4 X", ylab = "# 51 (Power)",
main = "tHERHEBE",
x1lim = range(c(n_r, res_r$n

abline(h = 0.80, 1ty = 2

points(res_r$n, 0.80, pch = 20

text(res_r$n, 0.80, round(res_r$n, 1),
pos = 3, cex = 0.8

KYOTO UNIVERSITY 26




tH 71651

> print(res_r)

approximate correlation power calculation (arctangh transformation)

n = 8407364 IR R R
r==0.3
sig.level = 0.05
power = 0.8

alternative = two.sided

0.90

wH A (Power)
0.80

0.70

BHBETHDT LA DN D

0.60

| | | | I
60 80 100 120 140

Yy FIHA X
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G*Power

(https://www.psychologie.hhu.de/arbeitsgruppen/allgsemeine-psychologie-und-arbeitspsychologie/gpower)

F—D2DFERERICH D (HEHEEAHNIEZ 7O —FLTLZIWN, | E&RTY)

Heinrich Heine
Universitat
Diisseldorf

eminai.

Allgemeine Psychologie und Arbeitspsychologie v

Download

By downloading G*Power you agree to these terms of use:

1. G*Power is free for everyone. This includes people working in commercial environments.

2. Commercial distribution is prohibited, that is, no-one is allowed to sell G*Power.

3. You may use screenshots of G*Power without asking for permission.

4. G*Power is distributed from this web page. If you wish to distribute G*Power in some other way, then you need to seek
permission from the authors. Please & send us an e-mail in which you specify how and for what purpose you intend to
distribute G*Power.

5. We do not provide licence agreements, security documentations or other documents of that type. This is so because we
are researchers who simply do not have the time to fill out forms.

6. The Windows version of G*Power needs runtime libraries belonging to the Microsoft Visual C++ compiler which it tries to
download during installation if these libraries are not available on your Windows PC. Other than that, both the macOS and
the Windows versions of G*Power run locally on your computer and do not communicate with any servers anywhere.

7. Considerable effort has been put into program development and evaluation, but there is no warranty whatsoever.

& Download G*Power 3.1.9.7 for Windows XP, Vista, 7, 8, 10 and 11 (about 20 MB). Please make sure to choose “unpack with
folders” in your unzip tool. If GPowerNT.exe does not start, run VC_redist.x86.exe. The .wav files may be removed.

& Download G*Power 3.1.9.6 for Mac OS X 10.7 to 15 (about 2 MB).

A BT A— KA

Version History

KYOTO UNIVERSITY 28
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https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower

G*Power 3.1

Central and noncentral distributions Protocol of power analyses

critical r = 0.21457

3_
2_
1 a
__// \&
0 T T T T T T T T T T T T T T T T T
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Test family Statistical test
Exact (] Correlation: Bivariate normal model &y
Type of power analysis
A priori: Compute required sample size - given a, power, and effect size &
Input parameters Output parameters
Tail(s) Two & Lower critical r -0.2145669
Correlation p H1 0.3 Upper critical r 0.2145669
a err prob 0.05 Total sample size 84
Power (1-B err prob) 0.8 Actual power 0.8003390
Correlation p HO 0

KYOTO UNIVERSITY
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~, 0~ —_— ~ — Z \3&5{ ;*EE' :t%%,&&{]
viab—vaYV [—-ﬁEZ{ N zzanQD (=
Ialb—YarvTHREEMNRZRDDIENTES

#H S5, yTab—vrary: ZHHEFE - e
set.seed(123) # = alb—r3 > THWS

pl <- 0.30; p2 <- 0.50

B <- 1000 #— ETFTANORERNHE (KEWEEBFTET)

alpha <- 0.05
target_power <- @.80

n_seq <- seq(20, 200, by = 2 # x> TINY A4 X /B
pow_sim <- sapply(n_seq, function(n
mean(replicate(B,
yl <- rbinom(1, n, pl
y2 <- rbinom(1l, n, p2
prop.test(c(yl, y2), c(n, n), correct = FALSE)$p.value < alpha

n_req <- n_seq min{which(pow_sim >= target_power # LEER/N N
print(n_req

KYOTO UNIVERSITY
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INT—h—7

FabbNIE, XT—Ah—T7bHEELEL £

plot(n_seq, pow_sim, type = "1",
xlab = "4 7 I 4 X / 8", ylab = "#& 1 /1 (Power)",
main = "“#LFEKRE (YT alb—32)"

abline(h = target_power, lty = 2

points(n_req, target_power, pch = 20

text(n_req, target_power, n_req, pos = 3, cex = 0.8

KYOTO UNIVERSITY 31




tH 71651

There were 16 warnings (use warnings() to see them)

>

> n_req <- n_seq[min(which(pow_sim >= target_power))] # #EHF/ n

> print(n_req)
[1] 94

MBI ETHD EDHH >z

KYOTO UNIVERSITY

BHEAD (Power)

“EERE (YIXal—Yy3av)

I [ I I
50 100 150 200
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HAG (pwrTRDH1=-H D% FHiF)

> print(res_2p)

Difference of proportion power calculation for binomial distribution

h = 0.4115168
n = 92.69608
sig.level = 0.05
power = 0.8
alternative = two.sided

NOTE: same sample sizes

182 H 7V 3P ETH D L
BHani (RIEELC!)

KYOTO UNIVERSITY

w7 (Power)

0.70 0.80 0.90

0.60

TR RIRTE

| | | | |
60 30 100 120 140

Yo 7YX ) B
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vIal—va v TCRERK%E i% Tc‘.‘_'"

B=1000
—B=20000

KYOTO UNIVERSITY

&+ (Power)

TEMEERTE (X2

I [ [ I
50 100 150 200

By 7Y A X ) BE

BEMLL, X7—H—THBELHICHS
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EHBIEICDWT

RITEFIEEZT 5 & EHBHLED S

## Splus. >Zab—Yary: ZEHEE -
set.seed(123) # = alb—2 3 THWS

pl <- 0.30; p2 <- 0.50

B <- 1000 # - ETHIOREBRH (KEWEERET)
alpha <- 0.05

target_power <- 0.80

n_seq <- seq(20, 200, by = 2 # x> TNYAX /B
pow_sim <- sapply(n_seq, function(n
mean(replicate(B,
yl <- rbinom(1, n, p1)| correct = FALSE
y2 <- rbinom(1, n, p2 -
prop.test(c(yl, y2), c(n, n), correct = TRUE)$p.value < alpha OD<t~k—;5‘%E

correct =TRUE

- 77~
n_req <- n_seq/ min{which(pow_sim >= target_power # BHEE/MN n ICEET S
print(n_req

KYOTO UNIVERSITY 35




plot(n_seq, pow_sim, type = "1",
xlab = "4 7N A4 X / #", ylab = "#& i 51 (Power)",
main = "“_BHLEERE (EHRBEHY a2l —32) "
abline(h = target_power, 1ty = 2
points(n_req, target_power, pch = 20
text(n_req, target_power, n_req, pos = 3, cex = 0.8

“RHERRE (EREEHDIIaL—3Y)

RBDRBNENRT—H—TH KD E
ZZDa— RIERZE 5
&
5|O 1 éO 1 E|‘>O 2(IJO
ERASES 5 LERIMAE R 2 AEICE < TN B
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EHBIEICDWT

This remark was already mentioned by Yates (1934). However, this problem is neither

described in many textbooks nor explored in journal articles. Since many real statistical prob-
lems are concerned about tail probabilities, Remark I may avoid the incorrect usage of the

i —_ il X~Bin{np)
I%E%&T'—ﬁ D |—,\\\J EE’K% + O 5 rl]EEI 5222: Pr(X <14)=0.4602
& 004
OD“'I:I:I'” g;l:ﬁlz_\ swedl ‘ ’ ‘
0.00 L ‘ | \ |

1 I I I I

IE%E 1],/{}_’_ @’a‘m%d\é <j‘% 0 2 4 6 8 10 12‘ 14 16 18 20 22 24
INBIRD ZIERENR 2X2 KT, B
BKE a BNERLY KECHBEER =

@ | X~N(np,np(1-p))
WA T REMZ, RFBIISHIE 3 | P
A EH(np) <5 DL B 71, N B

0 2 R 6 8 10 122 14 16 18 20 22 24

NnsS40 B EDy — XA TERE

iy < Figure 1. A normal approximation to the probability F, (14) = Pr(X < 14) with and without a continuity
j(%ﬁ*%T & T "“*E’C % % # correction undern = 150 and p = 0.1.

X

Emura, T., & Liao, Y. T. (2018). Critical review and comparison of continuity correction
methods: The normal approximation to the binomial distribution. Communications in Statistics-

Simulation and Computation, 47(8), 2266-2285.
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