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ATSAIARATHIARIDETI IHNTI5ATE
Taatélusunsuan3asy G*Power

Tudaasil 7 nuaug 2560
o vasUfiRnnsnenfiames 1 94 3 91ANTINENAIIA
anAviendainuniudin Ineeaiamuinig

HEINRICH H

| HEINE
UNIVERSITAT DUSSELDORF

G*Power is a tool to e e
compute statistical power
analyses for many

different t tests, F tests, x2
tests, z tests and some exact
tests. G*Power can also be
used to compute effect sizes
and to display graphically
the results of power
analyses.

http://www.gpower.hhu.de/en.html AR PR |
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NunIu Type | error & Type |l error

aa e

[6#51989 (Inferential Statistics) Tusd3sen 95876

AMHARIALARDHIN

Population
7

Descriptive statistics Inferential statistics

NSTUINMS
NANDUTNNAFIN-
Uszanman

1 2 #8a A2 Type |

Statistic H
B X S.p i usz Type Il Error

1991 ¥, SN SMITI0M (2553)
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1
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% Type Il error
& s .
_ € >
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> S
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& Xn {
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i ”
. 134970 Brondon Foliz, 2013
s =
mssindulelunismanaaeumngig
[ u, ondeuihieia ] L n, ligndawiihuriie "
Tigwnsolfas u, Uijurs 1,
(Fultorgect H) (Rggect H)
27 PR
a0 3amiiie34 (True Situstion)
u,gnifearlueia u, ligndeantlunio
. - ) -~ -
hiounsonlrers u, andulagndos Anuamamasulszmi o
masaale (Fail o reject H,) (Confidence level = 1- @) (Type 11 Error=3)
woninido Uijas n, anuAMAmasulszmi ¢ Aniulugndaa
(Rgject H) (Typel Eme= @ ) (Power of Test = 1-[3)
widnsol 35vie, 2555
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Power Analysis: 81413 1RA1SVIANEL

. [ [
Power Analysis tUunann1sanawiazas Type Il errors
Gfuﬂszu'zumsm.‘;mumaaﬁﬁ

s Aefinnsrinndnnas Power Analysis Tu%Tuendse
2 WHINTY .

1) T#unaiunanisnaaay (Power of the test) Li@avinns
AUNANTSIANaUNNN A IS (Post-Hoc
Power Analysis)

2) Wlssunrmauadiatinelieudae (A Priori Power
Analysis)

Power Analysis

mMsARamTRIasaatnslae [EMannISs Power
Analysis 3aiunisAuamzasaatnlaariiied
ARIAYBN Type | WRE Type Il error Tunisveaay
NNHNFFIH
9AUsENEURAYRMSUMSARInRIafaatne lag
WANN1S Power Analysis (#ilfl
1) alpha
2) power (1-beta)
3) effect size

10
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@, a a s o
Effect size \ilranndninazasnquilsfin (Msailaqs vsa
Treatment %32 Intervention) Nifisanaulsnin

effect

Taenaluisra=Tinsau Population effect size WARIN1TAAE
Usza1muAn effect size (6ian
1) Pilot Study

A o s

2) RINHNANTISAY/NISANUINAIN LML ARTLARINK N3
ABULA

YInNA

el

3) Uszansuiluszaum drunans wiage Tmﬁ’mﬁmgjuu
NANNISMAEHIHUNYK NFaNTUNIMITIUNTTHTTALIN

s 11
LA ¥iNd, ANSAN BI9FITI04 (2553)

Effect size

Calculating Cohen’s d from t-tests

: X, —X
(1) d: t c
S ooled
pooled

Key to symbols:
d = Cohen’s d effect size
X =mean (average of treatment or comparison conditions)
s = standard deviation
Subscripts: frefers to the treatment condition and ¢ refers to the
comparison condition (or control condition).

http://www.bweriffin.com/gsu/courses/edur9131/content/Effect_Sizes_pdf5.pdf 12
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Effect size

Calculating Cohen’s d from F-tests

@ e e
MSE n+n,—2

n+n.

Key to symbols:
d = Cohen’s d effect size
X = mean (average of treatment or comparison condition)
n = number of subjects
MSE = mean squared error
Subscripts: t refers to the treatment condition and ¢ refers to the
comparison condition (or control condition).

g g 13
http://www.bwegriffin.com/gsu/courses/edur9131/content/Effect_Sizes_pdfS.pdf
i G Power 3.7 T e by,
[Fe Edt View Tets Colcultor Help i 1
3 Central and noncentral aistibuons | protocol of pomer anavses
|
it
NIUUAAINR

’Ve:!hm-'v» Srumljurlltflr P AT YT SO T A P AT A T2t

trests =) [corretation: Port iseria model 2 aad a o

e ARATLH RNSIE

(compromise: Compute mpheq o & poner = wen /1 rato,sample sz, 1 etec sze )

Input Parameters.  OutputParameters

Taiks) ‘pnt 4 > TY Noncentrality parameter &
(ama) - o 03 Gt
B/ ratio 1 o 2 .
Tous sample size 100 errprob ? NAIULAAINA
B ere prob L ;
Power (1-p err prob) ?
Vo |
e 14
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74
AURNBUNTISILASIEH

1. \AaNFART I HASNANEL/AYe

2. IRANUSZIANIRATSALASIEHEIHIT 15

A1SNaFaY (3 5 Uszian)

3. tatayaidassinlusau input

parameter WaqLAan calculate

5 UszLAN HAISILASIEHEII9 RN AL

G *Powker offers five different types of statistical power
analysis:

N

4.

A priori (sample size N is computed as a function of
power level 1 — B, significance level a, and the to-be-
detected population effect size)

. Compromise (both @ and 1 — B are computed as func-

tions of effect size, N, and an error probability ratio

q=p/a)

. Criterion (a and the associated decision criterion are

computed as a function of 1 — g, the effect size, and N)

Post-hoc (1 — g is computed as a function of a, the pop-
ulation effect size, and N)

. Sensitivity (population effect size is computed as a

function of &, 1 — B, and N)

11
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_aa d
WRENNBRN I uNTS
NAFBL/AY
fuaAanN t-test

WUy Mean Difference | |

[Fle €dn View Tests Cokulator Help

Test family Statistical test

[utests -

Bromise: Compute Implied o &

Input Parameters.

9iven B/ o ratio, sampie 3ize, and effect size

Central and noncentral aistributions. | Protocol of power analyses.

Means: Difference between two Independent means (two 9roups)

Output Parameters

between two o T G Sl sl s S ;
[Determine =>]  Eftectsized os Criticatt ? -
independent meons samolem:q:‘o:a:‘: 5!‘7 uelrpl:: :
Sample size group 2 50 B err prod ?
(two groups) Pover (1 e ety ;
[ cakume |
17
{Flk Edt View Tests Calculator Help
| emrat ana noncentrt srousons |rovacorot powsr anshass
A It
wanussianiuvnig
a T o ?
WUAIICNBIHTIIN
NINagau
TS, R Lt O e AN Test tamily Statistical test e 2
\ [trests =] [Means Difterence between two independent mesns twogroups) —+)
Type of power analysis

26 = given B POREE.
& power - given B/ c ratio, sample size, and effect size

Compromise: Compute implied a
Criterion: Compute required « - 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

Td%gmﬁ'mﬁusfu

/94 input e I :

L Allocation ratio N2 /N1 1 Sample size group 2 ?
parameter LWa3 it -
1aan calculate :

12
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File Edt View Tests Calkculator Help
Central and noncentral distributions | protacol of power analyses

critical t =2.22814

ad
\RanaaRn T AR L/Ads
AMUATIADN t-test yUU |
Mean Difference betweRn twq

independent means (two

o«
o
groups) . Seoo
. ] 1 o 1 H 3 4 S
Test tamily Statistical rest. = % =
[erests v fugaqs” flerence between two 2 s oup e .
a YpRof PORRaNTI e —
InBMRost hoc {Postnoc: Compute schieved power - given o, sample size, mnaefectsize
Input Parameters _______ OutputParameters
% e Tail(s) L{m» i z Noncentrality parameter & 0.8164966
?ﬁﬂﬁﬁﬂ’i’?ﬂ#’“&ﬁqg" [ostermine=>|  eftectsizes 05 Criticalt 22281389
AAumMsasauda St = o
Sample size group | 4 Power (1-6 err prob)
Effect size = 0.5 / Sample size group 2 3
Alpha = 0.05 /
N1 =4
N2=8
Twdau input parameter i = =
! valu Cakulat
wiaL@an calculate anesiones ] ool )

Tie Tok View Tests  Coiculator Hop
Central and noncentral distributions | protocol of power analyses |
critical t =1.97143

Ranadaitatunisnarau/Ady
fmualiitAan t-test yuu 1
Mean Difference betwean two
independent means (two W

groups)

[eans

5 T;’( ;' power ;mili
vAan A priori (Aprtort Come

Input Parameters _ Output Parameters
Taii(s) |Two. Noncentraiity parameter & 36228432
e Ceue T UaTIa7
atiaua oo o =
® Power (1-5 err prob) 085 sample size group | 105
Effect size = 0.5 1 aiocaton o2/ ! sample size group 2 :

Alpha = 0.05 / Total sample size
Actual power
Power = 0.95

Tudass input parameter
uaaLAan calculate

[ xrooitorammgeatanes | [ coome |

10
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Renadnn titunsaaeu/Ade |

MU iAan t-test yuu
Mean Difference betwedp two
independent means (two

groups)

| | centrar and noncentrat distributions | protocol of pomer analyses

File €dit View Tests Calculstor ~Help

critical t =1.06031

o

| \@an Compromise

Tdi'agn

Effect size = 0.5
Beta/Alpha = 1

N1 =20

N2 =20

Tudas input parameter
udadan calculate

Lo

A
N
N
N
N
N |
<
|
o
-2 1 o 1 2 3
Test famity Statiticaltest e
[teests  ~][Means. Diterence -
Type of power analysis g BT T
[compromise: Compute impiied & power - gven 8/ rati, sample sae, and effectsize )
Input Parameters = Output Parameters
Taks) “w Y, Noncentrality parameter & 15811388
me:}j Effect sized os Critical t 10603115 -
Bl ratio 1 or 38 o
Sample size group | were prob 02956960
/ Sample size group 2 B err prob 023
Power (1- err prob) 07043040 )
Fanihinidudninensn
Wiurusandioyalh

[ X-Yplot for a range of valves |
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Q

20210
T-TEST INDEPENDENT SAMPLES |

1819 1 N15USTNIMANYIRIAAIDENNTH |

Tand sinddenawsuniamaseiidetrsanings faundnsng
Wit ilenesauBvBwaraditnisGeuntsreuredis e
nadngnanensBen TaelEnimasauuuumiodien uazdmalis
A1 0L=.05 uaz (1-PB) = .80 Lﬁ'ﬂﬁﬁﬂgmmtmu

:
=

wuuAnie 3Anuiadnina dnflszdutunans = 0.50

A Y a a v aa a o/ ]
wuufinas GifAmunndnina usdradifiannnantsiseluadingn
ANRAEUAZATUTELUNNINTE N NFNNARDY = 32.50 uaY 13.52
AZWHH NGNATLAN = 25.90 UWAY 12.97 AZUWK ANAIAY

wianuod 33xde, 2555
23

Fle fda Vea Tt Colcoter Help

Testtamdy
trests

S
0 lem o men e g

Type of power anaiytis
A Briort Compute requied sampil 52e ~ guen 3, poser, and effect sire

Type of pomer sasis
Abriors Compate requred sampte sze - given o pomer, and effectsize

Noncestrasey paramecer &

gt Parameters Quepat Farameters

Hoscentratay parmetes §

gt Puamesers

Toun (O Tascs) [Coe, 235000762

o8

Reensy) . Enc sk d Crrcat Deiemieaz]  Urectsized o3 Cralt 1650234
e prob aos o 2 e peob 008 o 10
Poser (1-5 e oty o0 @ swmesarsest Powar (16 arr proty o Sarpie siregrove | 5

Aocaton atia N2 v Sampte vize growp 2 Asocation atio N2 /N1 ' Sample size grove 3 B 5)
Totatsamgse size Totu sample size 10
Actust power Actual pomer 04038985

\.f,‘.“g“h Cocvime ]

[ sorpertorammpectvaves ] [

ﬁnﬂa"mquum‘mmaﬁﬁﬂﬁ’mj‘nﬁmmju fuwadatnwind ilanaseudninaraiing swdnun A5ui, 2555
Auuniaause s Aildenadugrininisden Taelimsmasouwuumadin uszdmualitdn

0=.05 usy (1-B) = .80

wuuitils §ehmnantva siftsziiounan = 050 %
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File Edit View Tests Colculator Help

Central and noncentral distributions | protocol of power an

critical F = 3.08547

|| |Apriori Compute required sampie size - given , power, and effect size

Testfamiy  Statisticaltest
|| [rrests =] [ANOVA Fixed effects, omnibus, one-way -
Type of poser analysis

Output Parameters. {
J Efec size t o3 Noncentrality parameter 100905000 ||
aerr prob 005 Critical F 30854650 ||
Power (1B ert prob) 0.80 Numerator d 2 |
Number of groups 3 Denominator df 102
Total sample size s |t
Actual power 08069765 ||
[ b
i
i
| DA i
| x-Yplotforarangeof vaies | [ Catculte |

Srmadvinadnagiu

f=«n2ﬂ1—n2»

a
LUUN 1

svAuAantings
f = 0.31) tﬂa

wanund A5ude, 2555
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TFie 3 Ve Tes Gt i
| 3

eritical F =3 08834

T
|

| Iopet Parameters

Ot Farameters
| Daemacss] et 0313471 Mancenentey paramener
awronos 005 e
U Powee (1-8 err prod) 080 Numersice ot
tumter ot roups s [m—
{ Toow samgie size
| Actuaponer
i
|
{
{ X ot for & range of vavoes

Number of groups

50 7w each growp

03138471

it s oo ]

Close.

secial main effects and

WU 2

Tifrmnadning usj
ArafiRanuansddetu
afndn fasthaiansngs
flanady = 457, 435,
326

wIAFaBEN = 20, 20, 20
uazddesunsnnsgm
metungy (withing group
sd) = 18.25

widnen A5vie, 2555
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