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91U13AN15NAEU (Power of the test)
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YUNANANIZNU (Effect size)

YUIANANTENU (effect size)

D
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8104 multiple linear regression » by, Dy,

4114 mean difference of t-test » Cohen’s D

a1idu ANOVA » Eta
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a Impact of sample size on power b Imppct of effect size on power

(84
— 0.05
e 0.02
- 0.01
=+ 0.005

! N 12345678910
8 10 12 14 n 8 10 12 14
Average expression Average expression

n=7 0.84
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d13158 download 1ans :

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

Heinrich Heine
Universitat
Disseldorf

Allgemeine Psychologie und Arbeitspsychologie v

Allgemeine Psychologie und Arbeitspsychologie v

G*Power

Statistical Power Analyses for Mac and Windows

e S e e ek e e ot Download

display graphically the results of power analyses.

Screenshots (click to enlarge) By downloading G*Power you agree to these terms of use:

1. G*'Power is free for everyone. Commercial distribution is strictly prohibited.

MainWindow  MainWindow  PowerPlot  Power lot 2. G*Power is distributed from this website. If you wish to distribute G*Power in some other

(Table) (Table)

way, then you need to seek permission from the authors. Please £4 send us an e-mail in
which you specify how and for what purpose you intend to distribute G*Power.

1
=~
La a u a Q 3\' ’] 3. You may use screenshots of G*Power without asking for permission.

4, Considerable effort has been put into program development and evaluation, but there is no

warranty whatsoever.
— o mm mem mm o e e e o e e e e N
{ & Download G*Power 3.1.9.7 for Windows XP, Vista, 7, 8, and 10 (about 20 MB). Please make I
H | sure to choose “unpack with folders” in your unzip tool.
Link for download |
& Download G*Power 3.1.9.6 for Mac OS X 10.7 to 11 (about 2 MB). |

\n e e e P
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Introduction of G*Power (free software)

6, G*Power 3.1.9.2 — X
File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

1 aa
NAUANANAEHDUY as aa
A5N1INSA0P 1%?’1']5‘1/]91?!81]
Correlation: Bivariate normal model
F tests =P |Linear multiple regression- Random madel
Proportion: Difference from constant (binomial test, one sample case)
t tEStS Proportions: Inequality, two dependent groups (McNemar)
2z tests Proportions: Inequality, two independent groups (Fisher's exact test)
x Proportions: Inequality, two independent groups (unconditional)
7 tests 9 Proportions: Inequality (offset), two independent groups (unconditional)
o Proportion: Sign test (binomial test)
gt ————— i - Generic binomial test
—: Test family : i Statistical test !
v |t tests \]| i ‘Correlation: Point biserial model :_ v
A et | ﬁ_————————————————-'
.~
©!
- LA —— -~
l Input Parameters \VOutput Parameters 1
i Tail(s) . Noncentrality parameter &
o I Effect size |p| 0.3 = Critical t ?
: o err prob 0.05 . Df ? 6
| Power (1-B err prob) . Total sample size 5
S q
S N N NN BN SN EEN BN NN BN NN BN BN ‘ Actualpower ? ‘
- S
; d'»sl ml s] v a sl v
AUN LY EUNTFL UVBUANIITULADINLNYIVD
; = v ¢ a sl i v
SAUNLLAAINAANTUVDINTIITNULADINLAYIVDN
X-Y plot for a range of values
=\ a o ¢ o v
YUAVBINTTILATISWDIUIINIINATDIU

A priori: Compute required sample size - given «, power, and effect size

Compromise: Compute implied o« & power - given B/ ratio, sample size, and effect size
Criterion: Compute required o - given power, effect size, and sample size

Post hoc: Compute achieved power - given «, sample size, and effect size

Sensitivity: Compute required effect size - given «, power, and sample size
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N15139NISAIUULUINIINITIASIZA LUITUIY
A58 N1SAASIZHENFUNUSLLAZEUNITANDDE

B G*Power 3.1.9.2 82

’Jﬁﬂﬂ‘i%ﬂﬁﬁﬂﬁiuﬂqiﬂﬂﬁa‘ll%LﬂfJ’J‘UEN

File Edit View jTests I' Calculator Help e o e e et e o e
R P -~
Central and "0”“' : /forrelatlon Bivariate normal model \\\
I
1 Means > : ¢  Correlation: Point biserial model \\
| ] 1
| Proportions > : I Correlation: Tetrachoric model |
: Variances > ! :
i L Correlations: Two dependent Pearson r's (common index) 1
! Generic » : - -
\\ y; : Correlations: Two dependent Pearson r's (no common index) |
. _, I
: Correlations: Two independent Pearson r's :
! I
: Linear bivariate regression: One group, size of slope I
|
: Linear bivariate regression: Two groups, difference between intercepts :
| . R . .
I Linear bivariate regression: Two groups, difference between slopes :
|
) — |
Test family Statistical test : Linear multiple regression: Fixed model, R? deviation from zero :
1 tests & Correlation: Point biserial model I
I Linear multiple regression: Fixed model, R? increase :
Type of power analysis | . . N ] ] . I
— ) . ) I Linear multiple regression: Fixed model, single regression coefficient I
A priori: Compute required sample size - given o, power, a | :
1 Linear multiple regression: Random model I
L I
Input Parameters Outpu’ I
Tail(s) One v Non \\ Logistic regression N
U
o ) \ /
Determine == Effect size |p| 0.3 \\Poisson e ,,

o err nroh 0.05 NS e e e e Y e o o e e e e e -



Department of Epidemiology and Biostatistics, 12
Faculty of Public Health, Khon Kaen University

A15139NSAIUUUINIINTITIATIZH LUITUIRY
Asal N1SIAATIZIALNYINUALRAL

o G*Power 3.1.92 p

ad R aaq X a a
File Edit View |rTests I Calculator Help rJ ﬁﬂ'] icVI '] q a ﬂ G]bluﬂ’] icVI ﬂ aE]‘U‘VI Lﬂ E.' rJ sﬁa Q

-t

g s | e | | e e e e e e s e

Central and nonce Correlation and regression > Ises e S
4 N
,/ One group: Difference from constant \\
Proportions > One group: Wilcoxon (non-parametric)
Variances > Two dependent groups (matched pairs)
Generic > Two dependent groups (matched pairs): Wilcoxon (non-parametric)
Two independent groups
Two independent groups: Wilcoxon (non-parametric)
Many groups: ANCOVA: Main effects and interactions
Many groups: ANOVA: One-way (one independent variable)
) L Many groups: ANOVA: Main effects and interactions (two or more independent variables)
Test family Statistical test
t tests 5 Correlation: Point biserial model

Repeated measures: Between factors, ANOVA-approach

Type of power analysis Repeated measures: Between factors, MANOVA-approach

A priori: C t ired le size - gi s . g
e L ECHEE Repeated measures: Within factors, ANOVA-approach

o M - —
o~ —C

Input Parameters Outpur Repeated measures: Within factors, MANOVA-approach
=y One 7 Hing Repeated measures: Within-between interactions, ANOVA-approach
ine = i 0.3
Determine =>]  Effectsizelpl 5> Repeated measures: Within-between interactions, MANOVA-approach
o err prob —005
Power (1-B err prob) 0.95 Multivariate: Hotelling T2, one group
\ Multivariate: Hotelling T2, two groups ;
\\ Multivariate: MANOVA: Global effects ,I
\Mgltivariate: MANOVA: Special effects and interactions _ ,’

R T T T ET g
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A58l NI15ILASIIALNYINUAIENEIU

@ G*Power 3.1.9.2 O/ e T X U o
File Edit View L'Fes:s!'_ Calculator  Help ’Jﬁﬂ']ﬁ‘l/l’]\‘iﬁﬂﬂiﬂﬂ'ﬁ‘l/lﬂﬁaﬂ‘lﬂLﬂf—J’J?JEN
Central and nonce'l, C:)rrJaTic:n-a;cTrTagre ic:n---:\\ fSt;&" -------------------------------- ~“\\
: Means > : " ‘|
: i : One group: Difference From Constant E
i Variances > : i One group: Sign Test :
k\__(ieze_rii ____________ :,’I : Two dependent groups: Inequality, McNemar test i
: Two independent groups: Inequality, Fisher's exact test :
E Two independent groups: Inequality, unconditional exact :
: Two independent groups: Inequality with offset, unconditional exact E
:\ Two independent groups: Inequality, z-Test ;
Test family Statistical test \\\~M_ulii§irgtﬂa:_6_02c_in_es_s::>i—ﬁt_ __________________ ’,'l

t tests w Correlation: Point biserial model b
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B G*Power 3.1.9.2 )

—— iy

File Edit View lle_st_sJ Calculator

Central and HU”CE'I' Correlation anll regression >\‘f5E5
I

: Means . | aey aa ad g
I - . I A5N1SNIEDR LUNISNAFDUNLNYIVD Y
I roportions - Ity -
| 1 \
: ! I‘ One group :
I I I
I Generic > : I Two groups I
\ ) 1 I

) J
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P& G*Power 3.1.9.2
,m———

File Edit View {Tests : Calculator Help

Central and noncel/""c_g?ﬁaﬁﬁgn_gn regression O /ses
: Means > E
i Proportions > i o
I 124 aa a 4
i Variances > :?Efl'l??ljj?_ﬁlﬁ_@?i]j—ﬁﬂ@?aumLﬂEJ'J?JEN
I‘l= " Generic binomial test ‘=
T -f : Generic F :
E Generic t E
i Generic Chi? i
\ Generic z A
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mportant components
—

Fwact ——> Exact probability

F tests - Mean comparison more than two groups
[ tests —> Mean comparison in one or two groups
X< tests — Goodness of fit test

Z Tests —— Proportion comparisons

Type of power analysis

—E— A priori: Compute required sample size — given o, power, and effect size
Compromise: Compute implied o« & power - given B/« ratio, sample size, and effect size
Criterion: Compute required o - given power, effect size, and sample size
l— Post hoc: Compute achieved power - given o, sample size, and effect size

Sensitivity: Compute required effect size - given «, power, and sample size ]

Sample size is calculated after conducting the study l v
| Specific cases

Sample size is calculated before conducting the study (uncommon)
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Important components (cont...) g

Input parameters Hy:>or<
Input Parameters Two H,:#
Tail(s) One ~ T
Determine == Effect size d 0.5
® err prob 0.05 > Significant level
Power {-I —B err Drﬂh] 0.95 1 (nOrma"y, a=0.05)
Allocation ratio N2 /N1 1
Power of the test
ek l (normally, p=0.2, 1-p=0.80)
Mean group 1 0 Effect size conventions
i Balanced two samples w = .10 - small
SD o within each group 0.5 . . . w = .30 - I[I'Edlu_l'['l
. (normally, this ratio is one) w — 50 _ large

Calculate Effect size d ? « E

Calculate and transfer to main window (recom mend) (n Ot recom mend)

Close
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O . For comparison between two groups
(Independent t-test two samples)

® . For multivariable analysis in continuous outcome
(multiple linear regression)

® . For multivariable analysis in binary outcome
(multiple logistic regression or binary logistic regression)



Example

O . For comparison between two groups

(Independent t-test two samples)
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2% :
“>Examples of calculating

@ . For comparison between two groups (independence)

Sample size for independent t-test two samples

Ex.Aresearcher would like to determine the sample size for his study as
this research question

“Patients between group which is received drug A and group is
not received drug A , after 2 month, the level of uric acid will be
different or not ?”

4 H . . )
0 ° Hreceived o !"lnot received

HA : Hreceived 7 Mnot received

\_
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ample size for t-test (independent 2 groups)

Stepl : AN BN 1LY

Selecting t-tests ttests v

Exact
| F tests

>
X< tests %

Z tests

NI o Statistical test

Selecting Means: Difference between two independent means (two groups)

Correlation: Point biserial model g

Correlation: Point biserial model

Linear bivariate regression: One group, size of slope

Linear bivariate regression: Two groups, difference between intercepts
Linear bivariate regression: Two groups, difference between slopes
Linear multiple regression: Fixed model, single regression coefficient
Means: Difference between two dependent means (matched pairs)

> s: Difference between two independent means (two

Means: Difference from constant (one sample case)

Means: Wilcoxon signed-rank test (matched pairs)

Means: Wilcoxon signed-rank test (one sample case)

Means: Wilcoxon-Mann-Whitney test (two groups)

. Generic t test
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ample size for t-test (independent 2 groups) ‘

NI ORIl Type of power analysis

« Selecting A priori: Compute required sample size — given a. , power, and effect size

‘ A priori: Compute required sample size - given o, power, and effect size

A priori: Compute required sample size - given o, power, and effect size

Compromise: Compute implied o & power — given B/« ratio, sample size, and effect size
Criterion: Compute required o« - given power, effect size, and sample size

Post hoc: Compute achieved power - given o, sample size, and effect size

Sensitivity: Compute required effect size - given «, power, and sample size

T

Step4

Input tail (s)’s box : Two [ H, ¢ # ]

* |nput a err prob’s box : 0.05

* Input power (1 - B err prob)’s box : 0.80

* |nput allocation ratio N2/N1’s box : 1

Input Parameters

__________ Tail(s) Two N
( \I .
: Determine => | Effectsized

I o err prob 0.05

Power (1-p err prob) 0.80
Allocation ratio N2 /N1 1

Click and input some paramefters to calculate the effect size
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Mean group 1 0
: . , Mean group 2 1
To search the previous study or pilot study which -
related with his study as below; SD o within each group 0.5
@ nl = n2
’_J_\ Mean 1/ sp 5.34
| N : { Mean | {SD | . Mean group 1 :
Patient (received A) : 12 i : 5.34 : : 2.92 : Mean group 2 8.91
: , | l I I _
Patient (not received A) v 120 " 8.91 ] " 4.77 | N SD o group 1 2.92
o —_|_‘ - SD o group 2 4.77
) i -7 T =< < 4 B
( Calculate /“Effect size d 0.9027234
\\ 7’ . J

o~ -—

Calculate and transfer to main window

Close
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Calculate

StepS :

B G*Power 3.1.9.2 - X B GPower - Plot - X
File Edit View Tests Calculator Help File Edit View
Central and noncentral distributions Protocol of power analyses Graph Table

critical t = 2.02108 ] ]
t tests — Means: Difference between two independent means (two groups)

Tail(s) = Two, Allocation ratio N2/N1 = 1, o err prob = 0.05, Effect size d = 0.902723
0.3 4 -
0.2 4
0.1 4 o
=
X
0 T E
3 b
©
Test family Statistical test E
t tests b Means: Difference between two independent means (two groups) b
Type of power analysis
A priori: Compute required sample size - given o, power, and effect size b

Input Parameters

Output Parameters

| ! | ! I ! I ! 1 ! | ! I

Iy
-

—

-

e

Tail(s) | Two v Noncentrality parameter & ‘ 2.9251581 ‘ 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
Power (1-B err prob)
Effect sized |  0.9027234 Critical t | 2.0210754 |
o err prob Df ‘ 40 ‘ Plot Parameters
Power (1-B err prob) 0.80 Sample size group 1 21 Plot (on y axis) ATotal sample size v with markers and displaying the values in the plot Show @ ~ | digits
Allocation ratio N2 /N1 1 Sample size group 2 21 as a function of Power (1-B err prob) ~ | from in steps of through to
Total sample size 42 Plot |1 ~ | graph(s) |interpolating points 2
Actual power WHELE o with |Effect size d v at 0.9027234 -
~ -
e -
A
] = — — J —— -
7 X-Y plot for a range of values D Calculate
~ 2z
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.

%mple size for t-test (independent 2 groups)

NI Output : click on tab

S
— -----
- oy
- [
- ~

~

Central and noncentral distributions¢_Protocol of power analyses

~

~ -
- -
--—- _——
" N

Analysis: A priori: Compute required sample size P

Input: Tail(s) = Two 4
Effect size d = (0.9027234
o err prob = 0.05
Power (1-P err prob) = 0.80
Allocation ratio N2 /N1 = 1
Output: Noncentrality parameter & = 2.9251581
Critical t = 2.0210754
Df —__AD
4 Sample size group 1 = 21 A
Sample size group 2 = 21
Total sample size = 42
__Actual power = 0.8144223 v

< ‘ >

The results of sample size determination for reporting in the proposal




Example

6. For multivariable analysis in continuous outcome

(Multiple linear regression)
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X *Examples of calculating

® . For multivariable analysis in continuous outcome

Sample size for multiple linear regression

Ex.Aresearcher would like to determine the sample size for his study as
this research question

“Factor A, B, C and D can affect (or predict) the level of uric
acidornot ?”

Factor A, B, C and D as independent variables
Level of uric acid (Y) as outcome or dependent variable

H, : sz.A.B.C.D =0
H,: sz.A.B.C.D > ()
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ple size for multiple linear regression

Stepl : AN BN 1LY

« Selecting F-telsts Exact
>
{ fesis H!
X< tests
Z tests

NI o Statistical test

Selecting Linear multiple regression: Fixed model, R? deviation from zero

ANCOVA: Fixed effects, main effects and interactions
ANOVA: Fixed effects, omnibus, one-way

ANOVA: Fixed effects, special, main effects and interactions
ANOVA: Repeated measures, between factors

ANOVA: Repeated measures, within factors

ANOVA: Repeated measures, within-between interaction
Hotellings TZ: One group mean vector

Hotellings T<: Two group mean vectors

MANOVA: Global effects

MANOVA: Special effects and interactions

MANOVA: Repeated measures, between factors

MANOVA: Repeated measures, within factors

MANOVA: Repeated measures, within-between interaction
Linear multiple regression: Fixed model, R? deviation from zero
Linear multiple regression: Fixed model, R? increase
Variance: Test of equality (two sample case)

- Generic F test
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NI ORIl Type of power analysis

« Selecting a priori: Compute required sample size — given a. , power, and effect size

‘ A priori: Compute required sample size - given o, power, and effect size o

A priori: Compute required sample size - given o, power, and effect size

Compromise: Compute implied o & power — given B/« ratio, sample size, and effect size
Criterion: Compute required o« - given power, effect size, and sample size

Post hoc: Compute achieved power - given o, sample size, and effect size

Sensitivity: Compute required effect size - given «, power, and sample size

Step4

* Input a err prob’s box : 0.05 MDetermine =>

 Determine == Effect size f¢
e
»  Input power (1 - B err prob)’s box : 0.80 S 0-0>
. , Power (1-B err proh) 0.80
* |nput number of predictors ’s box : 4
Number of predictors "-ﬂ

Click and input some paramefters to calculate the effect size
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Determine ==

®. Using R — square (R%)

R2

P » Effect size

Y.A.B.C.D

We would like to know R® from previous study which
related with our study

@ From correlation coefficient ==

.quared multiple correlation p2 \ 0.12| 1\

In this example, we suppose that R°=0.12

7

(
N

-

~

O From predictor correlations

Number of predictors 3

Squared multiple correlation p: ?

Specify matrices

-
- ﬁ\

S
\
Calculate ‘ [ Effect size f2 U-1353535J
7’

—~— -

Calculate and transfer to main window

Close
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StepS :

% G*Power 3.1.9.2 — X
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses
critical F = 2.47528
0.6 -
0.4 -
0.2 - - T T T =
- —
o ‘\ N\\."LL s e ——
0 — = T T T T - T T T T —I—- =
0 1 2 3 4 5 6 7 8
Test family Statistical test
F tests M Linear multiple regression: Fixed model, R? deviation from zero b
Type of power analysis
A priori: Compute required sample size - given «, power, and effect size M
Input Parameters Output Parameters
Effect size 2 0.1363636 Noncentrality parameter A ‘ 12.6818148 ‘
& err prob 0.05 Critical F 2.4752774
Power (1-B err prob) 0.80 Numerator df 4
Number of predictors I:l Denominator df ‘ 88 ‘
Total sample size ‘ 93 ‘
Actual power ‘ 0.8030926 ‘

Calculate

% GPower - Plot - et
File Edit View
Graph Table

F tests — Linear multiple regression: Fixed model, R2 deviation from zero
Number of predictors = 4, o err prob = 0.05, Effect size f2 = 0.136364

140 —

130 —

o]
(=]
]

=}
]

100 —

90 <

Total sample size

= 34
80 50 82

Plot Parameters
Plot (on y axis) Total sample size

as a function of |Power (1-p err proh)

Plot |1 ~ | graph(s) |interpolating points
with | Effect size f2 2
and o err prob 2

hd with markers and displaying the values in the plot

~ | from

T T T T T T T T
0.75 0.8 0.85 0.9 0.95
Power (1-B err prob)

Show @ = digits
in steps of through to

II<!

at 0.1363636 P - = T ™ = <
N — y
~ -
-~ -

A

Ao

—_—

- ]
,\ X-Y plot for a range of values Calculate

'-————'V
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©
N / ' ° ° ° °
ﬁ\mple size for multiple linear regression

NI Output : click on tab

—
- iy
- -~y
- [
- ~

g S

. . . ' 4
Central and noncentral distributions--Protocol of power analyses_-

~ -
- -
————————————————————

F tests — Linear multiple regression: Fixed model, R2 deviation from zero P
Analysis: A priori: Compute required sample size
Input: Effect size f2 = (0.1363636
o err prob = 0.05
Power (1-p err prob) = 0.80
Number of predictors = 4
Output: Noncentrality parameter A = 12.6818148
Critical F = 2.4752774
Numerator df = 4

inator df — AR
Total sample size = 03
Actual power = (0.8030926 v

The results of sample size determination for reporting in the proposal
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O

%‘;ample size for multiple linear regression el A
Determine == (O From correlation coefficient
«quared multiple correlation p* 0.5

® . Using predictors correlation matrix

@ From predictor correlations

We would like to know predictors correlation matrix Number of predictors @
from previous study which related with our study Squared multiple correlation p? | ?
. ¢ - Specify matrices \,\
In this example, we suppose that S B
X A B c - Calculate Effect size f2 B
Y _ 1.0000 < Calculate and tfansfer to main window
A | 1-0.0244 ~ 1.0000
B || 0.4057 0.3775 1.0000 Close
C |, -0.1762 10.1706 0.0449  1.0000
D | -0.0125 10.3788 0.0402 0.2666  1.0000
N o e o o=

\4

> Corr with outcome Y -0.0244 0.4057 -0.17682 -0.0125%
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B Input predictor correlations X

Corr between predictors and outcome Corr between predictors

Number of predictors: 4

predictor

corrwithoutcome | 00244 | 04057 | 01762 quared multiple correlation p? 0.5

i

O From correlation coefficient

@ From predictor correlations

Number of predictors 4

Squared multiple correlation pz | 0.1963905

Specify matrices

> (‘vCaIculate ‘i ‘ Effect size f2 | |0.2443856

—_— e -

T

-y
- N

—

= -~ o
N .
( Calc pz | Goefficient p? 0.196391 ] ( Accept values ) Cancel

- C
\~ '/ \ = mp—

Calculate and transfer to main window

Close
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Calculate

% GPower - Plot

File Edit View
Graph Table

80 —
75
70
65
60

55

Total sample size

50

45

40

35 44

F tests — Linear multiple regression: Fixed model, R2 deviation from zero
Number of predictors = 4, o err prob = 0.05, Effect size f2 = 0.244386

6 57
55

c3 54

52,

51

50
49
7 48

Plot Parameters
Plot (on y axis)
as a function of
Plot |1 w
with

and

T T T T T T T T T | T T
0.75 0.8 0.9
Power (1-B err prob)

Total sample size hd with markers and displaying the values in the plot

Power (1-B err prob) v | from in steps of through to
graph(s) | interpolating points 82
Effect size f2 v at _
o err prob hd at /
~

Show E = digits

By

-

[orawpiot T

_f.—’

B G*Power 3.1.9.2 — X
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses
critical F = 2.56112
0.6 4
0.4 4
0.2 4 ———————
- e —_
- ~<_ e ———
O — T T T T T L— | T T T T T
0 1 2 3 4 5 6 7 8
Test family Statistical test
F tests b Linear multiple regression: Fixed model, R? deviation from zero b
Type of power analysis
A priori: Compute required sample size - given «, power, and effect size b
Input Parameters Output Parameters
Effect size 2 0.2443856 Noncentrality parameter A 13.1968224
o err prob 0.05 Critical F 2.5611240
Power (1-B err prob) 0.80 Numerator df 4
Number of predictors |:| Denominator df 49
Total sample size 54
Actual power 0.8018363
— - —-— J L B —
< ues>
N L X-Y plot for a range of Va"fsl Calculate

e
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©
N / ' ° ° ° °
ﬁ\mple size for multiple linear regression

NI Output : click on tab

-—— -
_—-——— ——— e,
- =
- -~
- ~

Central and noncentral distrihutinnéif"jptﬂtﬂl of power analysfg)
F tests — Linear multiple regression: Fixed model, R2 deviation from zero S
Analysis: A priori: Compute required sample size
Input: Effect size f2 = (0.2443856
o err prob = 0.05
Power (1-B err prob) = 0.80
Number of predictors = 4
Output: Noncentrality parameter A = 13.1968224
Critical F = 2.5611240

4

Numerator df

' f 49
Total sample size 54
Actual power = (0.8018363 v

The results of sample size determination for reporting in the proposal



Example

©. For multivariable analysis in binary outcome

(Binary logistic regression)
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2% :
“>Examples of calculating

® . For multivariable analysis in binary outcome

Sample size for binary logistic regression

Ex.Aresearcher would like to determine the sample size for his study as
this research question

“Sex can be associated with Coronary Heart Disease (CHD) or not ?
when we use age, smoking and ht to control confounders

sex as main risk factor Alive Death Total
age, smoking, ht as covariates to control confounders — yy 14 164 7c 239
CHD as outcome or dependent variable
P Female 656 105 761
b= E 031 —_ @ _0.14 Total 820 180 1000
239 761 046
75 105 Odds ratio_, =——=2.86
Odds,,,. =-—-=046  Odds,,,, = o =016 » male ) 16
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@
WS

%rnple size for binary logistic regression
S

Stepl : AN BN 1LY

Exact
F tests
[ tests

2 tasts
N ests

NI o Statistical test

« Selecting z tests

Selecting Logistic regression

Correlation: Tetrachoric model

Correlations: Two dependent Pearson r's (common index)
Correlations: Two dependent Pearson r's (no common index)
Correlations: Two independent Pearson r's

Logistic regression

Poisson regression

Proportions: Difference between two independent proportions
- Generic z test
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9

Se ple size for binary logistic regression
A

NI ORIl Type of power analysis

« Selecting a priori: Compute required sample size — given a. , power, and effect size

‘ A priori: Compute required sample size - given o, power, and effect size o

A priori: Compute required sample size — gi , power, and effect size

Compromise: Compute implied o & power — given B/« ratio, sample size, and effect size
Criterion: Compute required o« - given power, effect size, and sample size

Post hoc: Compute achieved power - given o, sample size, and effect size

Sensitivity: Compute required effect size - given «, power, and sample size

Step4

Input Parameters Odds ratlomale O°46 -2 86
Tail(s) Two v 0.16
Determine == Odds ratio 2.86 105
Pr(Y=1|X=1) HO 0.14 > Prematle = 761 =0.14
o™ err prob 0.05
Power (1- err prob) 0.80
R2 other X 0.20 » Correlation of “sex” with other covariates
X distribution Binomial W
X parm T 0.5 > Proportion of sex
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StepS :

Calculate

B% G*Power 3.1.9.2 — X % GPower - Plot - X
File Edit View Tests Calculator Help File Edit View
Central and noncentral distributions Protocol of power analyses Graph Table
TirElzs bt s Z tests - Logistic regression
0.4 4 ,’ = Tail(s) = Two, Pr(Y=1|X=1) HO = 0.14, R2 other X = 0.20, X distribution = Binomial,
/ X parm 1 = 0.5, « err prob = 0.05, Odds ratio = 2.86
/
03 - r \
\ 350 —
\
0.2 1 \ 5
A 300
\ —
0.1 « \ 8
\é_ s 2
[=
0 Ly — ; — E 250 —
-3 3 4 5 3
= d
Test family Statistical test [=]
e : F 200
7 tests b Logistic regression b
Type of power analysis i
A priori: Compute required sample size - given «, power, and effect size e 150 —
| I I ! 1 1 | ! 1 ! | ! I ! |
Input Parameters Output Parameters 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
Tail(s) Two e Critical z 1.9599640 Power (1-B err prob)
Determine => Odds ratio 2.86 Total sample size 223
Plot Parameters
Pr(Y=1|X=1) HO 0.14 Actual power 0.8013923 ~
Plot (on y axis) Total sample size b with markers and displaying the values in the plot Show E ~ | digits
o err prob 0.05
as a function of |Power (1-B err prob) ~ | from in steps of through to
Power (1-B err prob) 0.80 Berrp p g
R2 other X Plot |1 ~ | graph(s) |interpolating points v
X distribution Binomial v with |Odds ratio voooat ——— -
X parm and o err prob v 4 )
~ —~— -
T f —
) 7 = =~
Options ~ X-Y plot for a range of values 2 Calculate
—_yy —

e



Department of Epidemiology and Biostatistics, 42
Faculty of Public Health, Khon Kaen University

v/ i . A . . )
%mple size for binary logistic regression

NI Output : click on tab

Central and noncentral distributionst. Protocol of power analyses

N ‘
-~ -
--—-- _———

e ———

Options: Large sample z-Test, Demidenko (2007) with var corr A A
Analysis: A priori: Compute required sample size
Input: Tail(s) = Two

Odds ratio = 2.86

Pr(Y=1|X=1) HO = 0.14

o err prob = 0.05

Power (1-P err prob) = 0.80

R2 other X = 0.20

X distribution = Binomial

X parm T = 0.5

Output: WLl —]
Total sample size = 223
Actual power — 0.8013923 v

<

The results of sample size determination for reporting in the proposal
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5
4
§ample size for binary logistic regression

In practice, we have two choices to input effect size for binary logistic regression

@ . Using two probabilities to calculate odds ratio

Pri¥=1|X=1) HI

Pri¥Y=1|X=1) HO
' Calculate Odds ratio ?

Calculate and transfer to main window

Input effect size as ...
@ Odds ratio

O Two probabilities

Close

__________ ~

®. Using odds ratio andi Pr{Y=1| X=0] i to calculate PrY=1|X=1]

Odds ratio

Input effect size as ... ‘ The same

- > —11X=
ODdds ratio PriY=11X=1) HO
Calculate PriY=1|X=1) H1 ?

@ Two probabilities

Calculate and transfer to main window

Close



Example

O. For ANOVA analysis
(One way ANOVA)

(One-way repeated measures ANOVA)
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A28 1

UNIVYADINISANHIAZLUUNIS LYY

Tus18999152108U252987 2895 A

(online) waz C (NUU on-site 1Las online)

anihanldivaAuiamia effect size

o

ALRAY
13

10.5
16.25

AMUIUAIDYY

a

a
a

W ¥ PR

o AR

=

g

-
' LN,

=

NS UEUATUNTENINNEN A, B, C

AUN

(on-site), B 1

SD wasA lunnngy = 2.632

A B C
13 10 16
12 11 15
13 9 L7
14 12 17

Foyarirsoeisinuun
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5;Examples of calculating

B G*Power 3.1.9.2 — X (® Record -

File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

critical F = 3.68232
0.8 - i

0.6 4

One-way ANOVA

Y Yy IS > o
N5t vauanH LN lun1sANUIN effect size
0.2 4 B Y
. J P ¢ S
. S ; | _-__‘_'_--—___-_ y Select procedure
0 5 10 15 20
r— ----------------------------- ~ Effect size from means =
Test family i Statistical test : e e e e e e e e e e e ~Q
F tests b | ANOVA: Fixed effects, omnibus, one-way 1 Y M" =] \\
. - - _ Number of groups 3 =] 1
Type of power analysis . o 5 632 :
A priori: Compute required sample size - given o, power, and effect size R LU 2 ST ] |
|
Croup Mean Size |
Input Parameters Output Parameters |
Effect size f 0.8944052 Noncentrality parameter A 14.3992919 1 13 4 :
o err prob 0.05 Critical F 3.6823203 ; 105 ] I
|
Power (1-B err prob) 0.80 Numerator df 2 1625 I
|
Number of groups 3 Denominator df 15 1
/
Total sample size 18 S
.
Actual power 0.8743573
Equal n 4
Total sample size 12
Calculate Effect size f ~ 0.8944052

[ Calculate and transfer to main window

Close

X-Y plot for a range of values Calculate
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AANUU Tab U INBULEAINAANSNLA LULIEUSIE9IUNANTISATUIULYUINAIDEN

File Edit View Tests Calculatnr Help

F tests — ANDVA: Fixed effects, omnibus, one-way

Analysis: A priori: Compute required sample size

Input: Effect size = (0.8944052
o err prob = 0.05
Power (1-P err prob) = 0.80
Number of groups = 3

Output: Noncentrality parameter A = 14.3992919
Critical F = 3.6823203
NMumerator df = 2
Denominator df = 15
Total sample size = 18
Actual power = (0.8743573
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~sExamples of calculating

A8 2

YV aAav Y = a A e~ 1 Y A = 4

1N38ABINTTANYIUTEANTHAVBILUTHATUANANNLATEA tUNFUR U8 NHA18BULATILUY
=< J = 4 o/ S g v 1 J Yo 24 Yo

UGN AN1TINATUUITAUAMULATEA 3 A3 Laua naulasulusunsy, naslasulusunsy

a 1 o Yo A 1 v v % I 1
1 afmmauawm‘lmuiﬂmnsu 1 AU YNNIV MBI YVUINAIDEIIIN LA ?

¥

One-way repeated measures ANOVA

——————————————————————————————————————————————————————————

A1 Partial eta square (Partial 1°) # Unldlaauaes effect size

A1 Epsilon correction (Greenhouse-Geisser)

o T —————
- -

mp lldszyusznaunisduam

——————————————————————————————————————————————————————————

- YUINAIBE19TUYDN

W LARINITUIBTNYIVDINHIUUN Nonsphericity correction €
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“~Examples of calculating

4%, G*Power 3.1.9.2 — X ®Record E‘

File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

N | 1 JuA1AuFunNessZrI19nN15In
91 F9939¢ NAa A1 assumption
0.6 | '
i Y89 compound symmetry 3

0.4 4

7N\

Dne-way repeated measures ANOVA 4 g g o <
LANIUYDANAIY NUNLLEAILUY

0.2 -
- N R ' S 0.5

. —
e e = o - -

Test family i -St-a;;i:art;; --------------------- \: |
e 3 g AR lunTs G AN effect <ire

Type of power analysis v

A priori: Compute required sample size - given o, power, and effect size

O From variances

Input Parameters Qutput Parameters |
Determine == Effect size f 0.3333333 Noncentrality p 9.7999980 | Variance explained by effe 1.0
o err prob 0.05 Critical F 3.7531914 Variance within grou 2.0
Power (1-B err prob) 0.80 Numerator df 1.4000000
Number of groups Denominator df 28.0000000
Number of measurements Total sample size 21
| ———————————————————————————
Corr among rep measures Actual power 0.8142931 I’ \
— - 5 I O Direct :
[ Nonsphericity correction - ] I Partial 2 0.1 I
\ ——————————————————— T L L L L 55 —’
' Calculate Effect size f  0.3333333

Epsilon correction (Greenhouse-Geisser) |

Calculate and transfer to main window

Close

Options X-Y plot for a range of values )'
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“~Examples of calculating

A161196) Na10150U7 M URBUUSZNBUNISSIZIIURNANISATUIUVUINAIDE

F tests - ANOVA: Repeated measures, within factors

Analysis: A priori: Compute required sample size

nput.  Effect sizef - = 0.3333333 7
,:" o err prob = 0.05 \\‘
! Power (1-P err prob) = 0.80 i
i Number of groups = 1 |
i Number of measurements = 3 E
: Corr among rep measures = 0.5 i
i Nonsphericity correction € = 0.7 E

Output: E Noncentrality parameter A = 9.7999980 E
| Critical F = 37531914 |
i Numerator df = 1.4000000 |
| Denominator df — 28.0000000 !
i‘ Total sample size = 21 'E
. Actual power = 0.8142931

____________________________________________________
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