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This study presents the theoretical foundations and computational approaches to
statistical power analysis. Ten hypothesis tests and their derivatives are reviewed,
including the test of one proportion against a constant, difference between two
proportions, one mean against a constant, difference between two means (independent
and matched samples), one correlation against a constant, difference between two
correlations, R-squared deviation from zero in linear regression, difference between two
R-squared values in hierarchical linear regression, analyses of variance/covariance (one-
way, two-way and three-way ANOVA or ANCOVA) for comparing means of two or more
groups, and repeated measures ANOVA. The concept of statistical power and sample size
calculations for these tests are consolidated with practical examples. The hypothesis tests
of non-inferiority, superiority, and equivalence, which are widely used in medical and

Size, pharmaceutical research are also introduced, and their applications are demonstrated
using examples from behavioral and educational research. Calculations were performed
pwrss R Package with the pwrss R package (https://pwrss.shinyapps.io/lang-en/).
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Bu ¢alismada, yaygin olarak kullanilan hipotez testleri 1s1g1inda istatistiksel gii¢ analizinin
teorik altyapisi ve hesaplama yaklasimlari ele alinmistir. On adet hipotez testi ve tiirevleri
incelenmistir; tek bir oranin bir sabite karsy, iki oranin farki, tek bir ortalamanin bir sabite
karsi, iki ortalamanin farki (bagimli ve bagimsiz 6rneklemler), tek bir korelasyonun
sifirdan farki, iki korelasyon farki, dogrusal regresyondaki R-kare degerinin sifirdan
farki, hiyerarsik dogrusal regresyonda iki R-kare farki, iki ya da daha fazla grup
ortalamalarinin karsilastirilmas: (tek faktorlii, iki faktorlii ve {i¢ faktorlii ANOVA ya da
ANCOVA) ve tekrarli 6lgiimler ANOVA. Bu testler icin istatistiksel gii¢ kavrami ve
orneklem biiyiikliigii hesaplamalari uygulamali 6rnekler ile pekistirilmistir. Ayrica, tibbi
ve farmasotik arastirmalarda yaygin olarak kullanilan non-inferiority (pratik anlamda
esit ya da iistiin olma), superiority (pratik anlamda {istiin olma), ve equivalence (pratik
anlamda esit olma) hipotez testleri de tamitilmis olup davranis ve egitim bilimleri
arastirmalarindan ornek uygulamalar gosterilmistir. Hesaplamalar, pwrss R paketi
kullanilarak gergeklestirilmistir (https://pwrss.shinyapps.io/lang-tr/).
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Giris
Incelemek istenilen tiim birimleri kapsayan kiime kitle olarak adlandirilir. Kaynaklar sinirlt
oldugu icin kitleyi olusturan tiim birimlere ulasmak ¢ogu zaman neredeyse imkansizdir. Bundan
dolayy, kitle karakteristiklerini barindirdig: ve kitleyi temsil ettigi diisiiniilen bir alt kiimeden veri
toplanir ve analiz edilir. Kitleden daha kiigiik, ekonomik ve yonetilebilir bu temsili alt kiime drneklem
olarak adlandirilir. 1statistigin temel problemlerinden biri, dogru ¢ikarimlarda bulunmak igin 6rneklem

biiyiikliigiiniin en az ne kadar olmasi gerektigi sorusudur. Bu sorunu derinlemesine incelemeden 6nce

istatistikteki bazi temel kavramlari agiklamak gerekmektedir.

Herhangi bir 6zelligin (degiskenin ya da degiskenler arasindaki iliskinin) kitle degeri parametre,
kitleyi temsil ettigi diisiiniilen 6rneklemdeki degeri ise istatistik olarak adlandirilir. Orneklemden elde
edilen istatistik kitle parametresinin bir tahmin edicisidir. Kitledeki tiim birimler kullanilmadigindan,
istatistik ile kitle parametresinin ayn1 olacagi 6ne siiriilmez fakat bu iki degerin birbirlerine yakin olmasi
beklenir. Daha da 6tesi, yeni bir 6rneklem secildiginde elde edilen istatistik degeri de farkli olabilmekte
ve Orneklemden Ornekleme degisebilmektedir. Kitle parametresinden meydana gelen bu sapmalar
orneklem temsilinden kaynaklanan hatalardir ve istatistiksel modellerin dogru tanimlandig:

durumlarda istatistigin standart hatas: seklinde ifade edilir.

Bilimsel ¢alismalarda 6rneklemden elde edilen istatistik ile birlikte istatistigin standart hatasi
da raporlanir. Standart hata hakkinda bilgi mevcut ise, standart hatay:r makul diizeyde tutacak bir
orneklem biiytikliigii calisma 6ncesinde belirlenebilir. Sonsuz sayida birimin oldugu bir 6rneklem elde
etmek imkansizdir. Ayrica, tek bir birimden olusan ya da tek bir gozlemin yapildig: 6rneklem de kabul
edilemez. Bir niteligin degisken olarak kabul edilebilmesi ve istatistigin hesaplanabilmesi igin en az iki
farkli gdzlemin gerceklesmis olmasi gerekmektedir. Tki uc deger arasindaki standart hatanin makul

diizeyde olabilecegi bir 6rneklem biiytikltigii vardir.

Gereginden kiiciik 6rneklem pratikte 6nemli olan etkilerin (ya da farklarin) tespit edilmesini
zorlastirir. Bundan dolay1 kullanilan kaynaklar bosa gider ve katilimcilar gereksiz risk almis olur.
Gereginden biiyiik 6rneklemde ise pratikte dnemli olmayacak etkileri bulmak igin gereginden fazla
kaynaklarin kullanilmasi s6z konusudur ve gereginden fazla katilimci risk almis olur. Bahsedilen etik
ve ekonomik nedenlerden dolayi, standart hatayr makul diizeyde tutacak orneklem biiyiikliigiinii
belirlemek gerekir. Cesitli kistaslar goz oniinde bulundurularak arastirmalar igin gerekli en kiigiik

orneklem biiytikliigii istatistiksel gii¢ analizi ile belirlenir.

Bilimsel calismalarin raporlanmasi i¢in olusturulan uluslararasi standartlarda istatistiksel giic
analizinin yapilmasi 6nem arz etmektedir (6rn. What Works Clearinghouse, Strengthening the Reporting of
Observational studies in Epidemiology, Consolidated Standards of Reporting Trials). Literatiirde gii¢ analizi
konusunda ¢ok sayida kaynak bulunmasina ragmen (6rn., Aberson, 2019; Cohen, 1988; Hedberg, 2017;
Liu, 2013; Myors ve digerleri, 2023; Zhang ve Yuan, 2018), Tiirkiye’de 6zellikle sosyal ve beseri bilimleri
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alaninda bu konuya yeterli 6nemin verilmedigi goriilmektedir. Tiirkiye’de 2010-2020 yillar1 arasinda
egitim ve psikoloji bilimleri alaninda raporlanan deneysel ¢alismalarin temsili bir 6rneklemini inceleyen
Bulus ve Koyuncu (2021), 155 deneysel ¢calismadan hicbirinin 6rneklem biiyiikliigiinii belirlemek icin
gli¢ analizi hesaplamalarina yer vermediklerini tespit etmislerdir. Benzer sekilde, Sevgin ve Cetin (2017)
Tiirkiye’de egitim bilimleri alanindaki dergilerden {i¢ tanesini rastgele se¢mis, bu dergilerde 2014 ve
2016 yillar1 arasinda yaymlanmis 25 adet nicel calismay1 incelemis ve sonug olarak higbirinin gii¢ analiz

yapmadiklarmi ortaya koymuslardir.

Bu durum, arastirmacilarin gii¢ analizi konusunda bilgilendirilmesinin 6nemini ve konuyla
ilgili ulasilabilir kapsamli kaynaklarin gerekliligini gostermektedir. Son zamanlarda Tiirkiye’'de
ozellikle biyoistatistik alaninda agik erisim gii¢ analizi hesaplama araglari konusunda girisimler olsa da
(6rn. Arslan ve digerleri.,, 2018) bu cabalarin egitim ve davrams bilimlerindeki arastirmalara
yansimadigr goriilmektedir. Bundan dolayi, bu calismanin amaci yaygin olarak kullanilan hipotez
testleri 1s181nda istatistiksel gii¢ analizinin teorik altyapisi ve hesaplama yaklasimini agiklamaktir.
Calismada hipotez testleri ve tiirleri i¢in gii¢ analizi ve orneklem biiyiikliigii belirleme islemleri

uygulamali bir sekilde egitim ve davrarus bilimleri alanindan orneklerle pekistirilmistir.
Gii¢ Analizinde G6z Oniinde Bulundurulmas: Gereken Parametreler

Giic analizi ile standart hatay1 makul diizeyde tutacak drneklem biiytikliigtinii belirlemek icin
objektif bazi dl¢iitlere ihtiya¢ vardir. Bu objektif dlciitlerin belirlenmesinde gz 6niinde bulundurulmas:
gereken bazi noktalar vardir. Bunlar tip I hata, tip II hata, hipotez testinin yonii, pratik anlamda en
kiiciik anlamli etki, pratik anlamda ihmal edilebilecek smir deger ve hipotez testinin tipi olarak

listelenebilir.
Tip I ve Tip Il Hata

Gergekte kitle parametresi bilenmedigi i¢in alternatif hipotez (H,) dogru olabilecegi gibi yokluk
hipotezinin (Hy) de dogru olma ihtimali vardir. Hangisinin gercekte dogru olduguna bagh olarak
yapilan ¢ikarsamalarda yanilmalar s6z konusu olabilir. Yokluk hipotezi kitlede dogru iken 6rneklemde
reddedebilir ya da alternatif hipotez kitlede dogru iken oOrneklemde yokluk hipotezi
reddedilemeyebilir. Gergekte kitlede olmayan bir etkinin (H, dogru, H, yanlis) 6rneklemde var oldugu
¢ikarimini yapmak, yani H, hipotezini yanlislikla reddetmek tip I hata () olarak adlandirilir. Coklu
karsilagtirmalarin ve ¢oklu ¢ikt1 degiskenlerinin olmadig1 ¢alismalarda genelde a = 0.05 olarak
belirlenir. Bu deger, 6rnegin hipotetik olarak 100 6rneklem secildiginde, bunlardan en fazla 5 tanesinde

tip I hata yapmanin goze aliabildigi anlamina gelir.

Gergekte kitlede var olan bir etkinin (H, yanlis, H, dogru) érneklemde yoktur ¢ikarimi yapmak,
yani H, hipotezini yanlislikla reddedememek ise tip II hata (f) olarak adlandirilir. Genelde § = 0.20
olarak tanimlanir ve bu deger, ornegin hipotetik olarak 100 6rneklem segildiginde bunlardan en fazla

20 tanesinde tip II hata yapmanin géze alinabildigi anlamina gelir. Istatistiksel giic (1 — ) ise gergekte
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kitlede var olan bir etkinin (H, yanlis, Hy dogru) érneklemde de var oldugu ¢ikarimini yapmak, yani
yanlis olan H, hipotezini reddetmek ile ilgilidir. Istatistiksel giiciin 0.80 olmasi; hipotetik olarak 100
orneklem secildiginde, bunlardan en az 80 tanesinde var olan etkinin tespit edilebilmesi anlamina

gelmektedir.
Hipotez Testinin Yonii

Hipotez testleri gergeklestirilirken, tahmin edici (Ing. Estimator) ve referans degeri (cogunlukla
yokluk hipotezi degeri) farkinin tahmin edicinin standart hatasina boliinmesi ile hesaplanan deger test
istatistigi olarak adlandirilir (6rn. hesaplanan z ya da t degeri). Test istatistigi, belirli bir dagilim igin
(6rn. standart normal dagilim ya da ¢ dagilimi) tip I hata oranina tekabiil eden kritik bir deger ile
kiyaslanir (6rnegin kritik z ya da f degeri). Hesaplanan deger ve kritik degerin kiyaslanmasi ile alternatif

hipoteze bagh olarak yokluk hipotezinin reddedilip edilmeyecegine karar verilir.

Ayrica, tip I hata oran belirlenirken hipotez testinin tek ya da ¢ift yonlii olup olmadig1 goz
oniinde bulundurulmalidir. Tek yonlii hipotez testinde 6rneklemden elde edilen tahmin edicinin
yokluk hipotezinin 6ne siirdiigii referans degerden daha biiyiik ya da kiigiik oldugu one stiriiliir. Cift
yonlii hipotez testinde ise 6rneklemden elde edilen tahmin edicinin yokluk hipotezinin ¢ne stirdiigii

referans degerden farkli oldugu 6ne siiriiliir (kiigiik olabilecegi gibi biiyiik de olabilir).

Ornegin, tek yonlii hipotez testi igin tip I hata 0.05 olarak belirlendiginde, kritik degerden daha
kiiciik (ya da daha biiyiik) bir test istatistigi gozlemleme olasiliginin 0.05 oldugu anlamina gelir. Kritik
deger merkezi dagiliminin sadece bir tarafinda bulunmaktadir (tek kuyruklu). Ancak, cift yonlii hipotez
testi icin tip I hata 0.05 olarak belirlendiginde, test istatistiginin soldaki kritik degerden daha kiigiik
olma veya sagdaki kritik degerden daha biiyiik olma olasilig1 0.025 + 0.025 oldugu anlamina gelir. Kritik

deger merkezi dagilimin iki tarafinda bulunmaktadir (¢ift kuyruklu).

Yokluk hipotezine yaygin olarak sifir degeri atanmaktadir (¢ogu yazilim programinda
varsayilan deger). Ancak, yokluk hipotezine pratik anlamda sifir kabul edilebilecek kiiciik bir degerin
(sinir degeri) atanabildigi durumlar da vardir. Bu mantik dogrultusunda, Non-inferiority (pratik
anlamda esdeger veya daha {istiin), Superority (pratik anlamda daha {iistiin) ve Equivalence (pratik
anlamda esdeger) hipotez testleri cogunlukla tip ve farmasoétik arastirmalarinda kullanilmakla birlikte
egitim, davranis ve sosyal bilimlerde de kullanisli olabilir. Bu tiir testlerin ayrintilarini ve yorumlarinm
igeren ¢ok sayida kaynak mevcuttur (6rn. Bokai, Hongyue, Xin ve Changyong, 2017; CPMP, 1998, 2001;
Serdar, Cihan, Yiicel ve Serdar,2021)

Pratik Anlamda En Kiigiik Anlaml1 Etki

Orneklem biiyiikliigiiniin hesaplanmasi igin pratik anlamda anlamli olabilecek en kiigiik
etkinin ne kadar olacag belirlenmelidir. En kiiciik anlamli etkinin ne olacagina mevcut ¢alismalardan,

uzmanlardan, raporlardan elde edilen sonuglara gore karar verilebilir. Ornegin, depresyon hastalarinin
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belirtilerinde en az ne kadarlik bir iyilesmenin, ya da 6grencilerin basarilarinda en az ne kadarlik bir

artisin kayda deger bir ilerleme olarak degerlendirilebilecegi en kiigiik anlamli etki ile ilgilidir.

Onceki calismalarda bildirilen etki biiytiikliiklerinin gii¢ hesaplamalarinda kullanilmasi bazi
arastirmacilar tarafindan elestirilmektedir (Bulus ve Koyuncu, 2021; Gelman, 2019). Onceki
calismalarda bildirilen bir etki pratik anlamda en kiigiik anlamli etki olmayabilir. Bununla birlikte,
onceki calismalarda bildirilen etki biiytikliigii, yeni bir programin en az eski program kadar etkili olup

olmadig1 veya bir ¢alismanin tekrarlanabilirligi arastirilirken kullamilabilir.
Hipotez Testinin Tipi

Hipotez testinin tiiriine (f, z, F, vb.) bakilmaksizin istatistiksel gii¢ veya orneklem biiyiikliigii
hesaplama mantig1 benzer olsa da, aralarinda kiigiik farkliliklar vardir. Kritik ¢ degerini belirlemek (ve
istatistiksel giicii hesaplamak) icin tip I hataya, serbestlik derecesine ve hipotez testinin yoniine veya
tiiriine ihtiyacimiz vardir. Orneklem biiyiikliigiinii hesaplamak igin ise yinelemeli kék bulma
algoritmalar1 kullanilir ¢linkii kritik ¢ degeri serbestlik derecesine, serbestlik derecesi de 6rneklem

biiytikliigiine baghdar.

Ote yandan, kritik z degerini belirlemek igin yalnizca tip I hataya ve hipotez testinin yniine
veya tiiriine ihtiyacimiz vardir. Kritik z degeri 6rneklem biiyiikliigiinden etkilenmediginden, érneklem
biiytikliigti yinelemeli kok bulma algoritmalarma gerek kalmadan dogrudan formdille hesaplanabilir.
Kritik F degerini bulmak (ve istatistiksel giicii hesaplamak) icin tip I hataya ve serbestlik derecesine
(pay ve payda icin) ihtiyacimiz vardir. Ancak, pay ve payda igin serbestlik dereceleri grup veya 6l¢tim
sayisina ve Orneklem biiyiikliigiine bagh oldugundan, 6rneklem biiyiikliigiinii belirlemek igin

yinelemeli kok bulma algoritmalar: kullanilir.
R ile Istatiksel Gii¢ Analizi

Istatistiksel gii¢ ve rneklem biiyiikliigii hesaplamalari i¢in birgok harika program mevcut olsa
da (6rn., pwr R paketi, Champley ve digerleri., 2020; G*Power, Erdfelder ve digerleri., 1996), bir ¢ok
platformda erisilebilir ¢cok dilli web uygulamalarinin olmas1 pwrss R paketini cazip hale getirmektedir

(Bulus, 2023). Paketin R ortaminda kurulup aktiflesmesi i¢in asagidaki kod grubu kullanilabilir.

# Kurulum
install.packages ("pwrss'")
# Aktiflestirme

library(pwrss)

izleyen boliimlerde 6nce gli¢ analizi i¢in dncelikle gerekli formiiller ve denklemler agiklanacak
daha sonra da Ornekler {izerinden hesaplamalarin nasil yapilacagi R kodlari ile gosterilecektir. Dileyen

okuyucular hesaplamalari linkleri verilen web uygulamalari tizerinden gergeklestirebilirler.
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Tek Bir Oranin Bir Sabit ile Kargilagtirilmasi

Orneklemden elde edilen bir oranin (p) sabit bir oran (p,) ile karsilastirilmas: z testi ile
gerceklestirilebilir. Gozlem sayis1 # olan bir 6rneklem kullanilarak tahmin edilen p degerinin standart
hatas1 SH(p) = m formiilii ile ifade edilebilir, ancak, tahmin edici i¢in hesaplanan standart
hata tahmin edicinin kendisine bagh oldugundan istikrarli olmayan sonuglar dogurur. Tahmin edilen
deger p = 0.50 oldugunda standart hata nispeten biiyiik, uclara dogru gidildikce ise nispeten kiigiik
cikmaktadir. Bu durumun iistesinden gelmek icin Cohen (1988) siniis fonksiyonunun tersini (Ing.
arcsine) kullanarak oranlari doniistiirmiis ve gerekli istatistiksel islemleri bu doniistiiriilen degerler

iizerinden yapmay1 6nermistir. Tahmin edicinin ters siniis fonksiyonu doniisiimii
¢p = 2arcsin (p) )

seklinde yapilir. Bu degerin yaklasik olarak standart normal dagilimi izledigi ve bundan dolay: standart

hatastmin SH(¢) = /1/n olarak tanimlandig: diisiiniilebilir. Test istatistigi ise

1/n 2)
seklinde hesaplanir. Test istatistigi bilindiginde istatistiksel gii¢c ve orneklem biiyiikliigii kolaylikla
hesaplanabilir.

Tek yonlii hipotez testi: Kitledeki p oraninin sabit bir p, oranindan daha kiiciik ya da daha biiyiik

oldugu diistintildiigiinde, yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: p = p, (ya dap < p)

Ha:p <po (yadap > p,)

Ters siniis fonksiyonu doniisiimleri ve test istatistigi Denklem 3-6’daki gibi hesaplanir.

Agiklanan denklemler tercihe gore 6nsel ya da sonsal gii¢ analizini gerceklestirmek i¢in kullanilabilir.

Test istatistigi
bp = 2arcsin (p) )
b, = 2arcsin (py) @
h = b5 = by, 5)
Lo M _ 95—
SH(h) 1/n ©)

olarak hesaplanir. Denklem 6’da hesaplanan test istatistigi (z) kritik deger (z;) ile karsilastirilip gii¢

analizi yapilabilir. Kritik z, degeri standart normal dagilimin ters kiimiilatif yogunluk fonksiyonunda
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(® ;1) tip I hata orami () tanimlanarak Denklem 7’deki gibi elde edilir. Istatiksel gli¢ (1 —p) ise

ortalamasi z olan standart normal dagilimin kiimiilatif yogunluk fonksiyonunda (®,) z ve z;, degerleri

tanimlanarak Denklem 8’teki gibi elde edilir.

2z = ;' (a; 0) @)
1-B=1-®,(z;2) (8)

En kiiciik gerekli 6rneklem biiyiikliigiinii hesaplamak igin ise, ilk 6nce, istenen tip I hata (a) ve
tip Il hata (f) oranlarma tekabiil eden tahmini test istatistigi Denklem 9 kullanilarak bulunur (z = z, +

7). Daha sonra, Denklem 6’daki n esitligin bir tarafina gekilerek Denklem 10 elde edilir.

Zg + 25 = ®;(a;0) + @, (B;0) 9)

n = (Za + Z‘g)2

(69— Dp0)’ (10)

Ornek: Bir arastirmaci, belli bir ilde ilkokullarda o0grenme giicliigli ceken ¢ocuklarin oraninin {ilkedeki
tiim ilkokul 6grencilerini kapsayan kitledeki orandan daha ytiksek olup olmadigini merak etmektedir.
Bunun igin, bir ildeki tiim ilkokul 6grencilerinin bulundugu listeden rastgele 50 6grenci secip 6grenme
glicliikleri olup olmadigini test edecektir. Daha sonra 6grenme giicliigii ceken ¢ocuklarin érneklemdeki
tiim Ogrencilere oranini1 hesaplayacak ve bu oramin kitledeki orandan daha yiiksek olup olmadigini
bulmaya calisacaktir. Arastirmaci, tahmin edici p degerinin p, degerinden diisiik olma ihtimalinin

olmadigina kanaat getirdiginden tek yonlii hipotez testi gerceklestirecektir.

Kitlede 6grenme giigliigii ceken ¢ocuklarin oraninin 0.06 civarinda oldugu bilinmektedir (MEB,
2021). O halde p, = 0.06 olacaktir. Gli¢ analizine devam etmeden 6nce arastirmacinin tahmin etmesi
gereken parametrelerden biri 6rneklemde ne kadarlik bir oranin beklendigi, bir digeri ise tip I hatanin
ne kadar olmasi gerektigidir. Tek bir hipotezin test edildigi ¢calismalarda tip I hata oran1 yayginlikla 0.05
olarak alinir. Beklenen oranin 0.10 oldugunu farz edilirse, 50 katilimcr ile elde edilecek istatistiksel giig

alternative="greater" olacak sekilde tanimlanarak

pwrss.z.prop(p = , p0 = , alpha = ;
n = , alternative = "greater")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p = po

# HA: p > pO

b

# Statistical power = 0.276

# n = 50
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# Alternative = “greater”

# Non-centrality parameter = 1.051
# Type I error rate = 0.05

# Type II error rate = 0.724

seklinde hesaplanir ve sonuglar elde edilir. Goriilmektedir ki elde edilen gii¢ oran1 yaklasik olarak
%27.6'dir. Sosyal bilimlerde istatistiksel gli¢ oraninun en az %80 civarinda olmas: yaygin kabul goren
bir degerdir. Ancak, ciddi anlamda maddi kaynak, zaman ve personel sinirliliklar: varsa ve katilimcilara
ulagsmak problem ise, metodolojik kaliteden 6diin vermemek kosuluyla, gii¢ oraninin en az %50'nin
iizerinde tutulmasia miisamaha gosterilebilir. Bu durumda, ¢alismadan elde edilecek sonuglar tek
basina giivenilir olmasa bile, ilerleyen zamanlarda bir meta-analizinde kullanildiginda bagka

calismalarla birlikte anlamli bir katma deger saglayabilir.

Sonug olarak, istatistiksel giiciin %80 olmasi isteniyorsa 50 katilimcidan daha fazlasina ihtiyag

vardir. Bu sartlar1 saglayacak 6rneklem biiytikliigi

pwrss.z.prop(p = , p0 = , alpha = 0
power = , alternative = “greater”)

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p = pO

# HA: p > pO

# ______________________________

# Statistical power = 0.8

# n = 281

B o

# Alternative = “greater”

# Non-centrality parameter = 2.486

# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Orneklem biiyiikliigii 281 olarak bulunmustur. Sayet
orneklemden elde edilecek oranin kitledeki orandan daha kiiciik oldugu diistiniilityorsa

alternative="1less" olacak sekilde tanimlanmalidir.

Cift yonlii hipotez testi: Kitledeki p oraninin sabit p, oranina esit olmadig: diistiniiliiyorsa, yokluk (Ho)

ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: p = py
Ha: 1% * Do

Test istatistigi Denklem 6’daki ile aymdir. Ancak, cift yonliiliigii hesaba katmak igin a yerine

a /2 kullanilir. Bunun da 6tesinde, ¢ift yonlii hipotez testi tek yonlii hipotez testlerinden istatistiksel giic
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hesaplamas: agisindan farklilasmaktadir. Kritik deger (z;) ve istatistiksel gii¢ (1 — ) Denklem 11 ve

12’de oldugu gibi hesaplanur.
Z = D71 (a/2; 0) (11)
1=B=1-0,(z;2) + P (~2;2) (12)
En kiiciik gerekli 6rneklem biiyiikligii, tip I hata orani daha 6nce belirtildigi gibi a/2 olarak

tanimlanarak, tek yonlii hipotez testi kisminda aciklanan Denklem 9 ve 10’da oldugu gibi hesaplanar.

Ornek: Bir 6nceki 6rnek baglaminda, 6grenme giigliigii geken gocuklarin oraninin tiim kitledeki orana
esit olup olmadig1 arastirilsin. Orneklemden elde edilecek tahmini oraninin 0.10 oldugunu kabul
edilirse, 50 katihma ile elde edilecek istatistiksel gili¢ ya da %80 gii¢ icin orneklem biiytiikliigii

alternative="not equal" olacak sekilde tanimlanarak

pwrss.z.prop(p = , p0 = , alpha = , n = 0
alternative = "not equal")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p = pO

# HA: p != po

# ______________________________

# Statistical power = 0.183

# n = 50

# ______________________________

# Alternative = “not equal”

# Non-centrality parameter = 1.051

# Type I error rate = 0.05

# Type II error rate = 0.817

pwrss.z.prop(p = , p0 = , alpha = , power = 0
alternative = "not equal")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p = po0

# HA: p != p0

# ______________________________

# Statistical power = 0.8

# n = 356

# ______________________________

# Alternative = “not equal”

# Non-centrality parameter = 2.802
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# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir.

Simdiye kadar aciklanan tek yonlii ve cift yonlii hipotez testlerinde p —p, farki 0’dan
biiytiik/kiiciik oldugu veya esit olmadig: siirece yokluk hipotezi reddedilir. Bu fark 0.001 gibi kiigiik bir
deger olsa bile, istatistiksel olarak manidar oldugu siirece, tahmin edilen p degerinin referans p,
degerinden biiyiik/kii¢lik oldugu veya esit olmadigi sonucuna ulasilir. Ancak, ¢ok kiiciik farklar
istatistiksel olarak manidar olsa bile pratikte bir anlam ifade etmeyebilir. Buradan yola ¢ikarak pratikte
anlamli olmayacak bir fark yani sinir deger tanimlanip hipotez testleri buna gore gerceklestirilebilir. Bu
sinir deger (Ing. margin) literatiirde genellikle § sembolii ile gosterilir. Bu mantik gercevesinde, daha
¢ok tibbi veya farmasotik arastirmalarda kullanilan, tek yonlii hipotez testinin farkli gesitleri de
bulunmaktadir. Izleyen paragraflarda siir degerini goz oniinde bulunduran non-inferiority (pratik
anlamda esdegerlik ya da asag1 olmama), superiority (pratik anlamda tstiinliik) ve equivalence (pratik

anlamda esdegerlik) tek yonlii hipotez testleri ele alinmistir.

Asag1 olmama (non-inferiority) ya da iistiinliik (superiority) hipotez testi: Bir sinir deger goz
oniinde bulundurularak (6), kitledeki p oraninin sabit p, oranindan daha asag1 olmama ya da daha
iistiin olma durumu s6z konusu oldugunda kullanilir. Tek yonlii bir hipotez testidir. Asagi olmama
(non-inferiority) testi icin, yiliksek oraninin olumlu bir olguyu ifade ettigi durumlarda (6rn. iistiin zekal
ogrenci orani) smir degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki

gibi olusturulur:
Ho: p—py <6
Ha:p—py>96

ya da yiiksek oraninin olumsuz bir olguyu ifade ettigi durumlarda (6rn. 6grenme giicliigii olan
Ogrencilerin orani) smir degeri genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri
asagidaki gibi olusturulur:

Ho: P — Do =>4

Ha: p—py <96

Usttinliik (superiority) testi igin, yiiksek oraninin olumlu bir olguyu ifade etti§i durumlarda (6rn.
iistiin zekali 6grenci orani) sinir degeri genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:
Ho: P — Do <4

Ha:p—py >4
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ya da yiiksek oraninin olumsuz bir olguyu ifade ettigi durumlarda (6rn. 6grenme giicliigii olan
Ogrencilerin orani) sir degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:
Ho: P — Po = 1)
Ha:p—py <6

Hem asag1 olmama (non-inferiority) hem de iistiinliik (superiority) testi i¢in test istatistigi
Gpo+s = 2arcsin(p, + 6) (13)
h=d5— bpors (14)

L= h =¢ﬁ_¢po+6
SH(h) 1/n

(1)

seklinde hesaplanir. Istatiksel gii¢ tek yonlii hipotez testinde oldugu gibi Denklem 7 ve 8 kullanilarak
hesaplanir. Orneklem biiyiikliigii ise Denklem 9’daki esitlik kullanilarak

2
o (Zatzp) 16)

(b5 - ¢po+6)2

seklinde elde edilir.

Ornek: Bir ildeki {istiin zekali gocuklarin oraninin kitledeki orandan (p, = 0.03) pratik anlamda daha
az olup olmadig1 aragtirilmak istensin. Orneklemden elde edilen deger p, degerinden bir miktar daha
diisiik ¢ikabilir (6 = —0.005) ancak bunun pratik anlamda bir sorun yaratmayacag: diistintilebilir. Bu
durumda, 50 katihimai ile elde edilecek istatistiksel gii¢ ya da %80 gii¢ i¢in Orneklem biiyiikliigii

margin=-0.005ve alternative="non-inferior" olacak sekilde tanimlanarak

pwrss.z.prop(p = , PO = , margin = - , alpha = g
n = , alternative = "non-inferior")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p - p0 <= margin

# HA: p - p0 > margin

# ______________________________

# Statistical power = 0.398

# n = 50

b

# Alternative = “non-inferior”

# Non-centrality parameter = 1.387
# Type I error rate = 0.05
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# Type II error rate = 0.602

pwrss.z.prop(p = , PO = , margin = - , alpha = g
power = , alternative = "non-inferior")

Approach: Arcsine transformation

One proportion compared to a constant

(one sample z test)

HO: p - p0 <= margin

N e

HA: p - p0O > margin

=

+=
i)
Il
=
()
=

Alternative = “non-inferior”
Non-centrality parameter = 2.486

Type I error rate = 0.05

E .

Type II error rate = 0.2

seklinde hesaplanir ve sonugclar elde edilir. Buna gore, hesaplama sonucunda 50 katilima ile non-
inferiority hipotez testi igin elde edilecek istatistiksel gii¢ 7%39.8 olarak bulunmustur. Bu testin %80

istatistiksel gii¢ ile yapilmasi i¢in en az 161 katilimciya ihtiyag vardir.

Simdi de, bir ildeki {iistiin zekali ¢ocuklarin oraninin kitledeki orandan pratik anlamda daha
yiiksek olup olmadig1 arastirilmak istensin. Orneklemden elde edilen deger p, degerinden bir miktar
daha yiiksek ¢ikabilir (§ = 0.005) ancak bunun pratik anlamda daha yiiksek olmadig: diisiiniilebilir.
Diger taraftan, pratik anlamda fazlalik ya da tistiinliik 6ne stiriilmesi i¢in farkin §’dan daha fazla olmasi
gerekir. Bu durumda, 50 katihma ile elde edilecek istatistiksel gii¢ ya da %80 gii¢ icin drneklem

biiytikliigli margin=0.005 ve alternative="superior" olacak sekilde tanimlanarak

pwrss.z.prop (p , PO = , margin = , alpha = g
n = , alternative = "superior")

Approach: Arcsine transformation

One proportion compared to a constant

(one sample z test)

HO: p - p0 <= margin

.

HA: p - p0 > margin

S

# Statistical power = 0.012
# n = 50

# Alternative = “superior”

# Non-centrality parameter = -0.615

# Type I error rate = 0.05
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# Type II error rate = 0.988

pwrss.z.prop(p = , PO = , margin = , alpha = g
power = , alternative = "superior")

Approach: Arcsine transformation

One proportion compared to a constant

(one sample z test)

HO: p - p0 <= margin

N e

HA: p - p0O > margin

=

£

Alternative = “superior”
Non-centrality parameter = -2.486

Type I error rate = 0.05

N

Type II error rate = 0.2

seklinde hesaplanir ve sonugclar elde edilir. Gortildiigii tizere, 50 katilimci ile superiority hipotez testi igin
elde edilecek istatistiksel gii¢ oldukca diisiik ctkmaktadir (%1.2). Ayrica, bu testin %80 istatistiksel gii¢

ile yapilmas icin en az 818 katilimciya ihtiyag vardir.

Esdegerlik (equivalence) hipotez testi: Bir simir deger goz oniinde bulundurularak (§), kitledeki p
oraninin sabit p, oranina esdeger olma durumu séz konusu oldugunda kullamhir. iki tane tek yonlii
hipotez testi kullanilarak gergeklestirilir. Bu durumda yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:
Ho: |p - pol =>4
Ha: [p —pol <&

Test istatistigi

h=1¢5 — Ppyral (17)

L= h _ |5 — Ppy+sl
SH(R) 1/n (18)

seklinde hesaplanur. Istatiksel giig ise iki tane tek y&nlii hipotez testi g6z 6niinde bulundurularak
z, = ©;(a;0) (19)
1-B=2(1-@,(z;2)—1 (20)

seklinde hesaplanir. Orneklem biiyiikliigii ise
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Zg + 25/, = D7 (a; 0) + @1 (B/2;0) (21)

(2 + Zﬁ/Z)Z

n= _ (22)
(Ipp — ¢p0+5|)2

formiilleri kullanilarak hesaplanur.

Ornek: Bir ildeki iistiin zekal gocuklarin oraninin kitle oranina pratik anlamda esdeger olup olmadig1
aragtirilmak istensin. Orneklemden elde edilen oran p, degerinden bir miktar diisiik ya da yiiksek
¢ikabilir (6§ = 0.005) ancak bunun pratik anlamda daha diisiik ya da daha yiliksek olmadig:
diisiintilebilir. Bu durumda, 50 katihma ile elde edilen istatistiksel gii¢ ya da %80 gii¢ i¢in 6rneklem

bliytikliigli margin=0.005 ve alternative="equivalent" olacak sekilde tanimlanarak

pwrss.z.prop (p , p0 = , margin = , alpha 0
n = , alternative = "equivalent")
# Approach: Arcsine transformation

# Error: design is not feasible

pwrss.z.prop(p = , PO = , margin = , alpha g
power = , alternative = "equivalent")

# Approach: Arcsine transformation

# One proportion compared to a constant (one sample z test)

# HO: |p - pO| >= margin

# HA: |p - p0| < margin

=

Alternative = “equivalent”
Non-centrality parameter = -2.926

Type I error rate = 0.05

N

Type II error rate = 0.2

seklinde hesaplanir ve sonugclar elde edilir. Buna gore, 50 katilimci ile giig¢ oranini hesaplamak miimkiin

degildir, ancak, %80 gii¢ ile hipotez testi gerceklestirilmek istenirse en az 1132 kisi gerekmektedir.

iki Oran Farki

Bir 6nceki boliimde tek bir 6rneklemden elde edilen oranin sabit bir orana karsi test edilmesi
siireci ele alindi. Standart hataya sadece tek bir oran katkida bulunmaktayd: ¢iinkii karsilastirilan
referans deger bir sabit olup 6rnekleme bagli olarak degismemekteydi. Diger taraftan, bir 6rneklemdeki
iki farkli gruba ya da iki farkli 6rnekleme ait iki oran da karsilastirilabilir. Bu durumda karsilastirilan

oranlarin ikisi de tahmin edilmis oranlar oldugu i¢in standart hataya ikisinin de 6rneklem hatasi katkida
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bulunur. Tahmin edilen degerlerin varyanslar: sirasiyla p; (1 — p,) ve p,(1 — p) olur. O halde p; — P,

farkinin standart hatas:

p1(1 =P 4 P2(1 = P>)

n n, (23)

SH(p, — P2) = \/
formdilii ile hesaplanabilir. Ancak, bir 6nceki boliimde bahsedildigi gibi standart hata tahmin edicilerin
(1 ve P,) kendilerine baghdir. Bu sorunun iistesinden gelmek igin ters siniis fonksiyonu donitistimleri

ve standart hata

¢, = 2arcsin (p;) (24)
p, = 2arcsin (p,) (25)
h= ¢ﬁ1 - ¢I32 (26)

SH(h) = 1 + 1 (27)

n, n

seklinde ifade edilir.

Tek yonlii hipotez testi: Kitledeki bir gruba ait p; oraninin bagka bir gruba ait p, oranindan daha kiiciik
ya da daha biiyiik oldugu diisiiniilityorsa, yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi

olusturulur:
Ho:p; =2 p, (yadap, <p,)

Ha:p, <p, (yadap; > p,)

Test istatistigi
N (28)
SH(h) 1 1
n T,

seklinde hesaplanir. Istatiksel giicii hesaplamak igin Denklem 7 ve 8 kullanilir. Denklem 9’daki islem

yapildiktan sonra, 6rneklem biiyiikliigii ise

(29)

_ (za+zﬁ)2 Kk+1
nz_(¢ﬁ1_¢ﬁz)2< K )

seklinde hesaplanir. Denklem 29'da k = n; /n, seklinde tanimlanmistir. Burada n, birinci grubun, n, ise
ikinci grubun 6rneklem biiyiikliigiidiir. O halde n; = n,x seklinde hesaplanabilir.

Ornek: Belli bir ildeki ilkokullarda 6grenme giicliigii yasayan erkek cocuklarin oranimin &grenme

glicliigii yasayan kiz ¢ocuklarmin oranindan daha yiiksek olup olmadigimni bulmaya calisan bir
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aragtirmaci her bir gruptan 50’ser kisi olmak tizere toplam 100 kisiden veri toplamay1 amaglamaktadir.
Ogrenme glicliigii ceken erkek ¢ocuklarda beklenen oran p; =0.08, kiz ¢cocuklarinda ise p, = 0.06 oldugu

farz edilsin. Istatistiksel gii¢ ve drneklem biiyiikliigii

pwrss.z.2props(pl = , P2 = , alpha = 7
kappa = 1, n2 = , alternative = "greater'")

# Approach: Arcsine transformation

# Difference between two proportions

# (independent samples z test)

# HO: pl = p2

# HA: pl > p2

# ______________________________

# Statistical power = 0.105

# nl = 50

# n2 = 50

# ______________________________

# Alternative = “greater”

# Non-centrality parameter = 0.393

# Type I error rate = 0.05

# Type II error rate = 0.895

pwrss.z.2props (pl = ; P2 = , alpha = v
kappa = 1, power = , alternative = "greater")

# Approach: Arcsine transformation

# Difference between two proportions

# (independent samples z test)

# HO: pl = p2

# HA: pl > p2

# ______________________________

# Statistical power = 0.8

# nl = 2003

# n2 = 2003

# ______________________________

# Alternative = “greater”

# Non-centrality parameter = 2.486

# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. kappa=1 argiiman erkek katilimclarin kiz katilimcilara
oranini belirtmektedir (n1/n2). Yukaridaki ¢iktidan goriilmektedir ki sadece 100 katilimcidan veri
toplamak yeterli olmamaktadir ¢iinkii istatistiksel glic %10.5 civarindadir. %80 gii¢ ile bu test

gerceklestirilmek istenirse her bir gruptan 2003 katilimcidan veri toplanmasi gerekmektedir.
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Cift yonlii hipotez testi: Kitledeki bir grubun p; oraninin bagka bir grubun p, oranindan farkl: oldugu

diisiiniilityorsa, yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: p; = p;
Ha:p; #p,

Test istatistigi denklem 28’de oldugu gibi hesaplanr. Istatiksel giicii hesaplamak igin Denklem
11 ve 12 kullanilir. Denklem 9’da « yerine a/2 yazilip gerekli islem yapildiktan sonra, ikinci grup i¢in

en kiiciik gerekli 6rneklem biiyiikltigii

(30)

_ (z[,,/2 + Zﬁ)2 (K + 1)
, =

(¢ﬁ1 - ¢ﬁ2)2 K

seklinde hesaplanir. Benzer sekilde birinci grubun orneklem biiyiikliigii n, = nyx kullanilarak

hesaplanabilir.

Ornek: Bir onceki drnek baglaminda, 6grenme giicliigii yasayan erkek gocuklarin oranimin 6grenme
glicliigii yasayan kiz ¢ocuklarin oranina esit olmadigini bulmaya ¢alisan bir arastirmact ¢ift yonlii
hipotez testini gergeklestirecektir. Istatistiksel gii¢ ve drneklem biiyiikliigii alternative="not

equal™ olacak gekilde tanimlanarak

pwWrss.z.2props (pl = , P2 = , alpha = 7
kappa = 1, n2 = , alternative = "not equal")

# Approach: Arcsine transformation
# Difference between two proportions (independent samples z test)
# HO: pl = p2
# HA: pl != p2
B
# Statistical power = 0.068

nl = 50
# n2 = 50

Alternative = “not equal”

#
# Non-centrality parameter = 0.393
# Type I error rate = 0.05

#

Type II error rate = 0.932

pPWrss.z.2props (pl = , P2 = , alpha = 0

kappa = 1, power = , alternative = "not equal")
# Approach: Arcsine transformation
# Difference between two proportions (independent samples z test)
# HO: pl = p2
# HA: pl != p2
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# Statistical power = 0.8
# nl = 2543

=
=
N
Il
N
(@)
N
w

Alternative = “not equal”
Non-centrality parameter = 2.802

Type I error rate = 0.05

T

Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, 50 katilimci ile hipotez testinin istatistiksel giicii
%6.8 ctkmaktadir. Bu testin %80 istatistiksel gii¢ ile yapilmasi i¢in her bir grupta en az 2543 katihimciya
ihtiya¢ vardir. Daha dnce bahsedilen non-inferiority, superiority ve equivalence hipotez testleri burada da

kurulabilir.

Asag1 olmama (non-inferiority) ya da iistiinlitk (superiority) hipotez testi: Bir simir deger goz
ontinde bulundurularak (6), kitledeki bir gruba ait p; oraninin diger bir gruptaki p, oranindan daha
asag1 olmama ya da daha iistiin olma durumu s6z konusu ise kullanilir. Asag1 olmama (non-inferiority)
testi icin, yiiksek oranin olumlu bir olguyu ifade ettigi durumlarda (6rn. tistiin zekali 6grenci orani)

smir degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: P1— D2 < 6
Ha: P1— P2 >0

ya da yiiksek oraninin olumsuz bir olguyu ifade ettigi durumlarda (6rn. 6grenme giicliigii olan
Ogrencilerin orani) smir degeri genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:
Ho: P1— D2 =>4
Ha: P1 — D2 <6

Ustiinliik (superiority) testi igin, yiiksek oraninin olumlu bir olguyu ifade ettigi durumlarda (&rn.
istiin zekali 6grenci orani) sinir degeri genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:
Ho: P1— D2 < 1)
Ha: P1— D2 >0

ya da yiiksek oraninin olumsuz bir olguyu ifade ettigi durumlarda (6rn. 6grenme giicliigii olan
Ogrencilerin orani) siur degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:
Ho: P1 — D2 >4

HA:pl_p2<6
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Hem asag1 olmama (non-inferiority) hem de {iistiinlitk (superiority) testi i¢in hesaplanan test

istatistigi

Lo M 95— as (D)
SH(h) 1 1
n Ty

seklinde ifade edilir. Istatiksel giicii hesaplamak igin Denklem 7 ve 8 kullanilir. Denklem 9’daki islem

yapildiktan sonra, ikinci grup igin en kiigiik gerekli 6rneklem biiytikliigii

2
(za + zﬁ) K+ 1) (32)

n, =
’ ($p, — bppes) * ¥

seklinde hesaplanir. Benzer sekilde birinci grup igin Orneklem biyiikliigii n; = n,k kullanilarak

hesaplanabilir.

Ornek: Bir arastirmaci bir ildeki iistiin zekali erkek cocuklarin orammin iistiin zekali kiz cocuklarin
oranindan pratik anlamda daha diisiik olup olmadigini arastirmak istemektedir. Birinci grubun
oraninin ikinci grubun oranindan farki 6=-0.005 olsa bile pratik anlamda p,’in p,’den daha az olmadig:
farz edilsin. Bu durumda, her bir gruptan 50 katilimcr olacak sekilde istatistiksel gilic ya da %80
istatistiksel gii¢ i¢in 6rneklem biytiikliigii margin=-0.005 ve alternative="non-inferior"

olacak sekilde tanimlanarak

pwrss.z.2props (pl = ; P2 = , alpha = , margin = - g
kappa = 1, n2 = , alternative = "non-inferior")
# Approach: Arcsine transformation
# Difference between two proportions
# (independent samples z test)
# HO: pl - p2 <= margin
# HA: pl - p2 > margin
# ______________________________
Statistical power = 0.366
nl = 50
# n2 = 50
# ______________________________

Alternative = “non-inferior”

#
# Non-centrality parameter = 1.302
# Type I error rate = 0.05

#

Type II error rate = 0.634

pPWrss.z.2props (pl = , P2 = , alpha = , margin = - 0
kappa = 1, power = , alternative = "non-inferior")
# Approach: Arcsine transformation

# Difference between two proportions
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=

(independent samples z test)

=

HO: pl - p2 <= margin

# HA: pl - p2 > margin

# ______________________________

# Statistical power = 0.8

# nl = 183

# n2 = 183

# ______________________________

# Alternative = “non-inferior”

# Non-centrality parameter = 2.486
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, her bir grupta 50 katilimci ile non-inferiority
hipotez testi i¢in elde edilecek istatistiksel gii¢ %36.6 ¢ikmaktadir. Bu testin %80 istatistiksel gii¢ ile

yapilmasi i¢in her bir gruptan en az 183 katilimciya ihtiyag oldugu goriilmektedir.

Simdi de, bir ildeki iistiin zekali erkek c¢ocuklarin oranmnin istiin zekali kiz ¢ocuklarin
oranindan pratik anlamda daha yiiksek olup olmadig1 arastirilmak istensin. Iki oran arasindaki fark
0=0.01"ten daha biiyiik oldugunda pratik anlamda p,'in p,’den daha fazla oldugunu farz edilsin. Yine
her bir gruptan 50 katilime1 olacak sekilde istatistiksel gii¢ ya da %80 gili¢ i¢in 6rneklem biiytikligii

margin=0.01 ve alternative="superior" olacak sekilde tanimlanarak

pwrss.z.2props (pl = , P2 = , alpha = , margin = ;
kappa = 1, n2 = , alternative = "superior")

Approach: Arcsine transformation

Difference between two proportions

(independent samples z test)

HO: pl - p2 <= margin

.

HA: pl - p2 > margin

=

Statistical power = 0.02
# nl 50

S

Alternative = “superior”
Non-centrality parameter = -0.113

Type I error rate = 0.05

H= e S =

Type II error rate = 0.961

pPWrss.z.2props (pl = , P2 = , alpha = , Mmargin = 0
kappa = 1, power = , alternative = "superior")
# Approach: Arcsine transformation

# Difference between two proportions
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# (independent samples z test)
# HO: pl - p2 <= margin
# HA: pl - p2 > margin

# Statistical power = 0.8
# nl = 1866
# n2 = 1866

=+

Alternative = “superior”
Non-centrality parameter = -2.486

Type I error rate = 0.05

H= H= W

Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, her bir grupta elli katilimci ile superiority hipotez
testinin glicii %2 ¢ikmaktadir. Bu testin %80 istatistiksel gii¢ ile yapilmasi i¢in her bir grupta en az 1866
katilimcrya ihtiyag vardir. Dikkat edilecek olunursa non-inferiority ve superiority arasindaki tek fark 6’nin

nasil tammlandigidir.

Esdegerlik (equivalence) hipotez testi: Bir sinir deger géz oniinde bulundurularak (5), kitledeki bir
gruba ait p; oraninin diger bir gruptaki p, oranina esdeger ya da denk olma durumu arastirihyorsa,

yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: |p1 _pzl = 0

Ha:|py —p2| <6

Test istatistigi
b 195~ 9pal (33)
SH(h) 1 1
n T,

seklinde hesaplanur. Istatiksel giicii hesaplamak i¢in Denklem 19 ve 20 kullanilir. Denklem 9’daki iglem

yapildiktan sonra, 6rneklem biiytikliigii ise

ny = (zo + ZB) i <K + 1) (34)
(Ipp, = bpyesl) > K

seklinde hesaplanir. Benzer sekilde, n; = n,x kullanilarak hesaplanabilir.

Ornek: Bir ildeki iistiin zekal: erkek cocuklarin oranimn iistiin zekali kiz cocuklarin oranina pratik
anlamda esdeger olup olmadig1 aragtirilsin. Tki oran arasindaki fark 0.01’den daha kiigiik ya da -0.01’ten
daha biiyiik (6§ = 0.01) oldugunda pratik anlamda p,’in p,’e esdeger oldugunu farz edilsin. Yine her bir
gruptan 50 katilimci olacak sekilde istatistiksel gii¢ ya da %80 gii¢ icin Orneklem biiytikliigii

margin=0.01 ve alternative="equivalent" olacak sekilde tanimlanarak




Bulus, M., & Polat, C.

pwrss.z.2props (pl = , P2 = , alpha = , margin = 7
nz2 = , kappa = 1, alternative = "equivalent'")
# Approach: Arcsine transformation

# Error: design is not feasible

pwrss.z.2props(pl = , P2 = , alpha = , Mmargin = 7
kappa = 1, power = , alternative = "equivalent")

Approach: Arcsine transformation

Difference between two proportions

(independent samples z test)

HO: |pl - p2| >= margin

HH H= = H

HA: |pl - p2| < margin

=

S

Statistical power = 0.8
2585
# n2 = 2585

nl

Alternative = “equivalent”
Non-centrality parameter = -2.926
Type I error rate = 0.05

Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Burada, istatistiksel giicii hesaplamak icin her bir grupta 50
kisinin yeterli olmayacag: verilen hatadan goriilmektedir (Error: design is not feasible).

Ayrica, %80 istatistiksel gii¢ ile esdegerlik testi igin her bir gruptan 2585 katilimc1 gerekmektedir.
Tek Ortalamanin Bir Sabitle Karsilastirmasi

Kitlede ortalamasi y ve varyansi g2 olan rassal bir X degiskeni oldugu farz edilsin. Biiyiikligii
n olan bir 6rneklemden X degiskeni icin x;, x;, x5, ..., x,, degerleri gozlensin. X’in ortalamasimin tahmin

edicisi

n
g = 35
H=52.% (35)
i=1
ve X’in varyansinin tahmin edicisi
n
A2 1 7)) 2
¢ =n_1Z(xi—u) (36)
i=
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seklinde hesaplanir. f'in standart hatasi ise

SH(@) = 37)

§|| =N

seklinde ifade edilir.

Tek yonlii hipotez testi: Kitledeki u ortalamasinin sabit bir degerden (1) daha kiiciik ya da daha biiyiik

oldugu diistintiliiyorsa, yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi kurulur:
Ho: u = po (yada p < po)
Ha: p < po (yadap > py)

Test istatistigi

, _Ape _ Ak
SH(R) g (38)
Vn

seklinde hesaplanir. Istatistiksel gii¢ hesaplamasi igin Denklem 7 ve 8 kullarulir. Daha sonra Denklem

9’daki islem uygulandiktan sonra, en kiigiik gerekli 6rneklem biiytiikliigii

3 (za + 25)262

= (39)
(@ — po)?

seklinde hesaplanir.

Ornek: Bir aragtirmaci, COVID-19 déneminde iiniversite grencilerinin depresyon seviyesinin ortalama
diizey kabul edilebilecek 21 puandan daha yiiksek olup olmadigini bulmak istemektedir. Arastirma icin
kullanilacak Beck Depresyon Envanteri (BDE; Beck, Ward, Mendelson, Mock ve Erbaugh, 1961) 21
maddeden olusmaktadir. Hisli (1989) 21 puan alan iiniversite dgrencilerinin orta diizey seviyesinde
depresyon belirtileri gosterdiklerini ifade etmektedir. O halde p, = 21 olarak tanimlanabilir. Ayrica,
Hisli (1989) tiniversite oOgrencilerinin depresyon puanlarinin standart sapmasmi 6.75 olarak
raporlamistir. Ortalama diizeyden iki birimlik artisin (21 +2), en kii¢iik anlamli fark oldugu farz edilirse,
50 katilimc ile elde edilen istatistiksel giic ya da %80 gli¢ icin gerekli orneklem biiyiikliigii

alternative="greater" olacak sekilde tanimlanarak

pPWrss.z.mean (mu = , mul = , sd = 0
alpha = , N = , alternative = '"greater")
# One mean compared to a constant
# (one sample z test)
# HO: mu = mu0

# HA: mu > muO

# Statistical power = 0.674
# n = 50
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# ______________________________
# Alternative = “greater”
# Non-centrality parameter = 2.095

# Type I error rate = 0.05
# Type II error rate = 0.326

pwWrss.z.mean (mu = , mu0 = , sd = ,
alpha = , power = , alternative = "greater")

One mean compared to a constant

#
# (one sample z test)
# HO: mu = muO

#

HA: mu > muO

# ______________________________

# Statistical power = 0.8

# n =71

# ______________________________

# Alternative = “greater”

# Non-centrality parameter = 2.486
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonugclar elde edilir. Goriildiigii tizere, 50 katihmar ile tek yonlii hipotez testinin
giicli %67.4 olarak bulunmustur. Ayrica daha fazla katilimcidan veri toplamak miimkiin ise, hipotez

testini %80 istatistiksel giic ile gerceklestirmek icin en az 71 katilimciya ihtiyac oldugu goriilmektedir.

Cift yonlii hipotez testi: Kitledeki y ortalamasinin sabit bir degere (i) esit olmadig1 arastirildiginda,

yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi kurulur:
Ho: u = pyo
Ha: U * Ho

Test istatistigi Denklem 38’deki gibi hesaplanir. Istatistiksel gii¢ hesaplamast icin ise Denklem

7 ve 8 kullanilir ve 6rneklem biiytikligii

(2aja+2 )26'2
n=;£_l7_ (40)
(4 — po)

seklinde hesaplanir.

Ornek: Bir arastirmaci, COVID-19 déneminde iiniversite grencilerinin depresyon seviyesinin ortalama
diizey kabul edilebilecek 21 puandan farkli oldugunu kamitlanmaya calismaktadir. Bir 6nceki d6rnekte
oldugu gibi, en kiigiik anlamli farkin 2 birim oldugu farz edilirse (yani depresyon diizeyi 19 birim
olabilecegi gibi 23 birim de olabilir) 50 katilimci ile elde edilecek istatistiksel gii¢ ya da %80 giic igin

orneklem biiyiikliigii alternative="not equal" olacak sekilde tanimlanarak
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pwrss.z.mean (mu = , mu0 = , sd = ,
alpha = , N = , alternative = "not equal")
# One mean compared to a constant
# (one sample z test)
# HO: mu = muO
# HA: mu != mul
# ______________________________
# Statistical power = 0.554
# n = 50
# ______________________________
# Alternative = “not equal”
# Non-centrality parameter = 2.095
# Type I error rate = 0.05
# Type II error rate = 0.446
pwrss.z.mean (mu = , mul0 = , sd = ,
alpha = , power = , alternative = "not equal")

One mean compared to a constant
(one sample z test)

#
#
# HO: mu = mul
#

HA: mu != muO
# ______________________________
# Statistical power = 0.8
# n = 90
o
# Alternative = “not equal”
# Non-centrality parameter = 2.802
# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Goriildiigii {izere, 50 katilimci ile ¢ift yonlii hipotez testinin
glicli %55.4 olarak bulunmustur. Ayrica daha fazla katilimcidan veri toplamak miimkiin ise, hipotez

testini %80 istatistiksel giic ile gergeklestirmek icin en az 90 katilimciya ihtiyag vardir.

Asag1 olmama (non-inferiority) ya da iistiinlitk (superiority) hipotez testi: Bir sinir deger (§) goz
ontinde bulundurularak, kitledeki u ortalamasinin sabit bir degerinden (u,) daha asagi olmama ya da
daha iistiin olma durumu sz konusu oldugunda kullanilir. Asag1 olmama (non-inferiority) testi igin,
degiskenin yiiksek degerlerinin olumlu bir olguyu ifade ettigi durumlarda (6rn. basari testi puani) sinir

degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: U — Ug < o)

Ha:pp—pyg>6
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ya da degiskenin yiiksek degerlerinin olumsuz bir olguyu ifade ettigi durumlarda sinr degeri

genellikle pozitiftir (6rn. depresyon puani) ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi

olusturulur:
Ho: U — Uy > 6
Hap—py <6

Ustiinliik (superiority) testi icin, degiskenin yiiksek degerlerinin olumlu bir olguyu ifade ettigi
durumlarda (6rn. basar: testi puani) sinir degeri genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha)

hipotezleri asagidaki gibi olusturulur:
Hop—py <6
Ha:pp—pyg>6

ya da degiskenin yiiksek degerlerinin olumsuz bir olguyu ifade ettigi durumlarda (6rn. depresyon

puani) siir degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi

olusturulur:
Ho: H— Uy = 0
Hap—pp <6

Hem asag1 olmama (non-inferiority) hem de {istiinliik (superiority) testleri igin hesaplanan test istatistigi

= po—86 fp—py—9

TTSH® G
7n

o

(41)

seklinde ifade edilir. Istatistiksel gii¢ hesaplamasi icin Denklem 7 ve 8 kullamilir. En kiiciik gerekli

orneklem biiytikliigii

3 (za + 23)262

=¢ B 42
(@ —po —6)? “

seklinde hesaplanir.

Ornek: Bir aragtirmaci, COVID-19 déneminde ortaokul 6grencilerinin psikolojik saglamlik seviyelerinin
COVID-19 o6ncesinde yayinlanan bir makaledeki degerden pratik anlamda daha az olup olmadigin
bulmaya calismaktadir. Alternatif hipotezin 6ne siirdiigii ortalama ile yokluk hipotezi degeri farkinn
pratik anlamda smir degeri § = -2 olarak belirlenmistir. Daha 6nce yapilan ¢alismada psikolojik
saglamligin ortalama degeri 49 birim ve psikolojik saglamlik puanlarinin standart sapmasi 7.59 olarak
rapor edilmistir (Arslan, 2015). Orneklemden elde edilecek beklenen ortalamanin 51 birim oldugu farz
edilirse, 50 katilimci ile elde edilecek istatistiksel gii¢ ya da %80 gii¢ icin orneklem biiyiikligi

margin=-2 ve alternative="non-inferior" olacak sekilde tanimlanarak

2232



KEFAD Cilt 24, Say1 3, 2023

pwrss.z.mean (mu = , mu0 = , sd = , margin = -2,

alpha = , N = , alternative = "non-inferior")
One mean compared to a constant
(one sample z test)

HO: mu - mu0O <= margin

H= = H

HA: mu - mu0O > margin

# Statistical power = 0.981
# n = 50

£

Alternative = “non-inferior”
Non-centrality parameter = 3.727

Type I error rate = 0.05

H= H= o

Type II error rate = 0.019

pwrss.z.mean (mu = , mu0 = , sd = , margin = -2,
alpha = , power = , alternative = "non-inferior")
One mean compared to a constant
(one sample z test)

#
#
# HO: mu - muO <= margin
#

HA: mu - mu0O > margin
# ______________________________
# Statistical power = 0.8
# n = 23
B
# Alternative = “non-inferior”
# Non-centrality parameter = 2.486
# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir. Sonug olarak, 50 katilimai ile non-inferiority hipotez testinin giici %98.1 olarak
bulunmustur. Ayrica, hipotez testini %80 istatistiksel glic ile gerceklestirmek i¢in ise sadece 23 katilimc1

yeterlidir.

Esdegerlik (equivalence) hipotez testi: Bir sinir deger goz oniinde bulundurularak (6), kitledeki p
ortalamasinin sabit bir degere (u,) esdeger olmasi s6z konusu ise, yokluk (Ho) ve alternatif (Ha)

hipotezleri asagidaki gibi olusturulur:
Ho: |u— uol = 6
Ha: lp—pol <6

Test istatistigi
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_la—ml =8 _la—ml =8
SH)

(43)

3N

seklinde hesaplanir. Istatistiksel gii¢ hesaplamasi i¢in Denklem 17 ve 18 kullanilir ve &rneklem

biiytikliigii ise

(2 + 2872) 6
n=-tat %) 9 (44)
(14 — pol — 6)?

seklinde hesaplanir.

Ornek: Bir aragtirmaci, ortaokul grencilerinin psikolojik saglamlik seviyelerinin COVID-19 éncesinde
yayinlanan bir makaledeki degere esdeger olup olmadig1 bulmaya calismaktadir. Burada § yine pratik
anlamda farkin sinir degerdir. Esdegerlik hipotez testinde § = 1 olmasi su anlama gelir; 6rneklemden
elde edilen |1 — u,| farki 1 birimden az olmalidir ki esdegerlik one siiriilebilsin. O halde, 50 katilimci ile
elde edilen istatistiksel giic ya da %80 gii¢ icin Orneklem biiylikliigii margin=1 ve

alternative="equivalent" olacak sekilde tanimlanarak

pwrss.z.mean (mu = , mu0 = , sd = , margin = 1,
alpha = , n = , alternative = "equivalent")

# Error: design is not feasible

pwrss.z.mean (mu = , mu0 = , sd = , margin = 1,
alpha = , power = , alternative = "equivalent")
One mean compared to a constant

#
# (one sample z test)
i
i

HO: |mu - muO| >= margin
HA: |mu - muO| < margin
# ______________________________
# Statistical power = 0.8
# n = 494
# ______________________________
# Alternative = “equivalent”
# Non-centrality parameter = 2.926
# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Yukaridaki ¢iktida verilen hata (Error: design is not
feasible) istatistiksel giicii 50 kisi ile belirleyebilmenin miimkiin olmadigmi gostermektedir. Ote
yandan, %80 gii¢ ile esdegerlik hipotez testini gerceklestirmek igin en az 494 kisi gerektigi de

hesaplanmustir.
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iki Ortalama Farki
Bir zaman kesitinde iki gruba ait 6l¢iimlerin ortalamalari veya aym gruba ait iki farkli zamanda
yapilan Ol¢iimlerin ortalamalari karsilastirilmak istenebilir. Bir zaman kesitinde iki gruba ait
ortalamalar1 karsilastirmak i¢in bagimsiz 6rneklemler t testi, aynmi grubun iki farkli zamana ait

ortalamalar1 karsilastirmak igin ise bagimli 6rneklemler ¢ testi kullanilir.

Bagimsiz 6rneklemler ¢ testi: Birinci grup igin ortalamasi y; ve varyansi of olan rassal bir X; degiskeni,
ikinci grup igin ise ortalamasi p, ve varyansi o7 olan rassal bir X, degiskeni diisiiniilstin. Buiytikliigii
n, olan bir 6rneklemde X, ile ilgili x11, X1, X13, ..., X1, degerleri, biiylikliiii n, olan bir 6rneklemde X,

ile ilgili x54, X0y, X0z, ..., X2y, degerleri gozlensin. X; ve X, in ortalamalarinin tahmin edicileri
210 X22, X723 21, 1 2

ni
1
=—) Xy (45)
n, 4
i=1
nz
1
Ao =— ) Xy (46)
n; 4
i=1
varyanslarinin tahmin edicileri ise
ni
67 = ) oy~ )’ (47)
1 1 1i — M
™ i=1
1 <
67 = ——= ) (o — )’ (48)
i

seklinde hesaplanir. fi; — fi,’in standart hatasi ise
é é
SH( =) = |——+— (49)

formiiliinden elde edilir.

Tek yonlii hipotez testi: Kitledeki bir grubun ortalamasinin (u;) diger grubun (u,) ortalamasindan daha
kiiciik ya da daha biiyiik oldugu diisiiniiltiyorsa, yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki

gibi kurulur:

Ho: py = pp (yadapy < pp)

Ha: iy < pp (yadapy > )
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Test istatistigi
et S el
= SHG ) =
(A1 — f2) &7 . 87 (50)
ng Ny

seklinde hesaplanur. Istatiksel giicii hesaplamak icin

v=ny+n,—2 (51)
t, = 71 (a, v; 0) (52)
1-8=1—-®.(t;,v;t) (53)

denklemleri kullanilir. Burada v serbestlik derecesini ifade etmektedir ve Denklem 51’de oldugu gibi

hesaplanur. Ikinci grup igin drneklem biiyiikliigiinii hesaplamak igin

ty +tg = P71 (a,v;0) + BF1(B,v;0) (54)
A~ 2
A (s )
ny,=(ty +t L
2 «F (A1 — A2)?

denklemleri kullanilir. Birinci grubun 6rneklem biiytikliigii, ¥ = n, /n, seklinde tanimlandigindan, n, =
n,k kullanilarak hesaplanabilir. Standardize ortalama farki olarak Cohen d kullanilarak istatistiksel gii¢
ve Orneklem biiyiikliigli hesaplamalar1 yapilacaksa f; =d, g, =0, 6,2 =1 ve 6, =1 seklindeki

tanimlanmalidir (varsayilan ayarlar bu sekildedir).

Ornek: Bir arastirmaci, COVID-19 déneminde {iniversitelerde okuyan kiz 6grencilerin depresyon
seviyelerinin erkeklere kiyasla daha yiiksek oldugunu 6ne siirmektedir. Daha 6nceki calismalardan
depresyon puanlarinin standart sapmasinin 6.75 oldugunu raporlanmistir (Hisli, 1989). Bu deger, iki
grubun verisi birlikte kullanilarak hesaplandigindan havuzlamis (birlestirilmis) standart sapma olarak
diisiiniilebilir. Yine en kiiciik anlamli ortalama farkinin 2 birim oldugu farz edilirse (kizlar igin 26
erkekler icin ise 24), 50’ser katilimai ile elde edilecek istatistiksel gii¢c ya da %80 gii¢ i¢in 6rneklem

bliytikliigli alternative="greater" olacak sekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , D = , alternative = '"greater")

# Difference between two means

# (independent samples t test)

# HO: mul = mu?2

# HA: mul > mu?2
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# Statistical power = 0.431

# nl = 50
# n2 = 50
# ______________________________
# Alternative = “greater”
# Degrees of freedom = 98
# Non-centrality parameter = 1.481
# Type I error rate = 0.05
# Type II error rate = 0.569
pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , power = , alternative = "greater")

Difference between two means

#
# (independent samples t test)
# HO: mul = mu2

#

HA: mul > mu2
# Statistical power = 0.8

# nl = 142
# n2 = 142

=

Alternative = “greater”
Degrees of freedom = 281.2
Non-centrality parameter = 2.493

Type I error rate = 0.05

e

Type II error rate = 0.2

seklinde hesaplanir. kappa=1 argiiman kiz katilimcilarin erkek katilimecilara oranini belirtmektedir
(n1/n2). sdl argiiman birinci grubun standart sapmasini temsil ettigi gibi birlestirilmis verinin ortak
standart sapmasinu (pooled standard deviation) da ifade edebilir ¢linkii iki grubun standart sapmasi esit
oldugunda ortak standart sapma gruplardan birinin standart sapmasina esit olur (varsayilan ayarlarda
ikinci grubun standart sapmasi birinci grubun standart sapmasina esittir). Elde edilen sonuglara gore,
her bir grupta 50’ser katilimc ile aradaki iki birimlik fark %43.1 gii¢ orani ile tespit edilebilir. Sayet,
daha fazla katihmci se¢gme olanag var ise, her bir grup icin 142 katilimcr ile iki birimlik fark %80 giig ile

tespit edilebilir.

Cift yonlii hipotez testi: Kitledeki bir grubun ortalamasinn (y;) diger grubun (u,) ortalamasina esit

olmadig diisiiniilityorsa, yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:

Ho: g = pp

Harpy #wy
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Test istatistigi Denklem 50 ile aymidir. Farkli olarak, kestirilecek fi; degeri, i, degerinin hem
solunda hem de saginda olma ihmali géz oniinde bulunduruldugu icin ¢ift kuyruk hipotez testi

gerceklestirilir. Bundan dolayi, a yerine a/2 kullanilir. Istatistiksel glic

te = O (a/2,v;0) (56)
1-p=1-(ty,v;t) + Pp(—ty,v;0) (57)
olarak, drneklem biiytikliigii ise
tas2 +tg = ®;1(a/2,v;0) + ®;1(B,v;0) (58)
6_ 2

(s 0| (59)

Ny = (g2 t1 YR

? @2 TF (11 — f12)?

seklinde hesaplanir.

Ornek: Bir arastirmaci, kizlarin depresyon seviyelerinin erkeklere esit olup olmadigmi bulmaya
calismaktadir. Burada en kiigiik anlamli farkin 2 birim oldugu farz edilsin (kizlar i¢in 26 erkekler igin
ise 24). Her bir grupta 50’ser katilimai ile elde edilecek istatistiksel gli¢ ya da %80 gii¢ igin orneklem

bliytikliigli alternative="not equal" olacak sekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , h = , alternative = "not equal")
# Difference between two means
# (independent samples t test)
# HO: mul = mu?2

# HA: mul != mu2

# ______________________________

# Statistical power = 0.311

# nl = 50

# n2 = 50

# ______________________________

# Alternative = “not equal”

# Degrees of freedom = 98

# Non-centrality parameter = 1.481

# Type I error rate = 0.05

# Type II error rate = 0.689

pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , power = , alternative = "not equal")

# Difference between two means

# (independent samples t test)
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# HO: mul = mu2

# HA: mul != mu?2

# ______________________________
# Statistical power = 0.8

# nl = 180

# n2 = 180

# ______________________________
# Alternative = “not equal”

# Degrees of freedom = 357.56

# Non-centrality parameter = 2.809
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Hesaplamalara gore, her bir grupta 50’ser katilima ile
aradaki iki birimlik fark %31.1 gii¢ oranu ile tespit edilebilir. Sayet, daha fazla katilimc1 se¢me imkam
var ise, hipotez testini %80 gii¢ oran ile kestirmek icin her bir grupta en az 179 katilimciya ihtiyag

oldugu anlasilmaktadir.

Asagr olmama (non-inferiority) ya da iistiinliik (superiority) hipotez testi: Asagl olmama (non-
inferiority) hipotez testinde, kitledeki iki grubun ortalamalarmin farki (u; — u;) 0'mn solundaki sinir
degerden (6 negatif) daha biiyiik oldugu, ya da 0'1n sagindaki sinir degerinden (6 pozitif) daha kiiciik
oldugu diisiintiliir. Degiskenin yiiksek degerlerinin olumlu bir olguyu ifade ettigi durumlarda (6rn.
basari testi puani) sinir degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki

gibi olusturulur:
Ho: U1 — Up <6
Ha:py —p, >96

ya da degiskenin yiiksek degerlerinin olumsuz bir olguyu ifade ettigi durumlarda (6rn. depresyon

puani) smir degeri genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi

olusturulur:
Ho:ppy —pp, =6
HA: l’tl - ‘uz < 5

Ustiinliik (superiority) hipotez testinde ise kitledeki iki grubun ortalamalari farki (u; — pt;) 0'm
solundaki sinir degerinden (6 negatif) daha kiiciik oldugu, ya da 0'mn sagindaki sinir degerinden (4
pozitif) daha biiyiik oldugu diisiiniiliir. Degiskenin yiiksek degerlerinin olumlu bir olguyu ifade ettigi
durumlarda (6rn. basar: testi puani) sinir degeri genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha)

hipotezleri asagidaki gibi olusturulur:
Ho: U1 — Up <6

HA:”I_#2>6
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ya da degiskenin yiiksek degerlerinin olumsuz bir olguyu ifade ettigi durumlarda (6rn. depresyon
puani) sinur degeri genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi

olusturulur:
Ho: U1 — Up = 5
Harpy —pu, <96

Hem asag1 olmama (non-inferiority) hem de {istiinliik (superiority) testleri igin test istatistigi

=8 _—f—8

= SH ~ _ ~ =
(A1 — f2) 8% . &0 (60)
n n,

seklinde hesaplanir. Istatiksel giicii hesaplamak igin Denklem 52 ve 53 kullanilir. Denklem 54’teki islem

uygulandiktan sonra, ikinci grup icin drneklem biiytikliigii

A 2
0. A 61
%4_ 022 (61)

2
m = (et )| G-y~

seklinde hesaplanir. Tkinci grup igin 6rneklem biiyiikliigii n, = kn, esitliginden elde edilir.

Ornek: Bir aragtirmaci, COVID-19 déneminde ortaokullardaki kiz égrencilerin psikolojik saglamlik
seviyelerinin erkek katilimcilara kiyasla daha yiiksek oldugunu &ne siirmektedir. Tki ortalama
arasindaki fark 6 =-1 olsa bile pratik anlamda , "in ,’den daha az olmadig farz edilsin. Her bir gruptan
50 katilimci olacak sekilde istatistiksel gii¢ ya da %80 gii¢ i¢in drneklem biiyiikliigii margin=-1 ve

alternative="non-inferior" olacak gsekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , margin = -1,
alpha = , n = , alternative = "non-inferior")
Difference between two means
(independent samples t test)

#
#
# HO: mul - mu2 <= margin
#

HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.625
# nl = 50
# n2 = 50
# ______________________________
# Alternative = “non-inferior”
# Degrees of freedom = 98
# Non-centrality parameter = 1.976
# Type I error rate = 0.05
# Type II error rate = 0.375
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pwrss.t.2means (mul = , mu2 = , sdl = , margin -1,
alpha = , power = , alternative = "non-inferior")
Difference between two means
(independent samples t test)

#
#
# HO: mul - mu2 <= margin
#

HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.8
# nl = 80
# n2 = 80
# ______________________________
# Alternative = “non-inferior”
# Degrees of freedom = 157.82
# Non-centrality parameter = 2.498
# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir ve sonugclar elde edilir. Goriildiigii gibi, her bir grupta 50’ser katilima ile non-
inferiority hipotez testi %62.5 gilic orani ile gergeklestirilebilir. Sayet daha fazla katihmc1 segmek

miimkiin ise %80 gii¢ orani i¢in her bir grupta an ez 80 katilimci gerekmektedir.

Simdi de, kiz 6grencilerin psikolojik saglamlik seviyelerinin erkek &grencilere kiyasen pratik
anlamda daha yiiksek oldugu one siiriilsiin. Iki ortalama arasindaki fark § = 1’den biiyiik olmali ki
pratik anlamda u,’in p,’den daha yiiksek oldugu kabul edilsin. Yine her bir gruptan 50’ser katilimci
olacak sekilde istatistiksel gii¢ ya da %80 giic i¢in 6rneklem biiyiikliigii alternative="superior"

olacak sekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , margin = 1,
alpha = , h = , alternative = "superior")

# Difference between two means (independent samples t test)

# HO: mul - mu2 <= margin
# HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.161
nl = 50
# n2 = 50
# ______________________________
# Alternative = “superior”
# Degrees of freedom = 98
# Non-centrality parameter = 0.659
# Type I error rate = 0.05
# Type II error rate = 0.839
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pwrss.t.2means (mul = , mu2 = , sdl = , margin = 1,

alpha = , power = , alternative = "superior")
# Difference between two means (independent samples t test)
# HO: mul - mu2 <= margin

# HA: mul - mu2 > margin

# Statistical power = 0.8
# nl = 714
# n2 = 714

# ______________________________

# Alternative = “superior”

# Degrees of freedom = 1424.16

# Non-centrality parameter = 2.488
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Her bir gruptan 50’ser katilimci ile elde edilen istatistiksel
gii¢ oran1 %16.1'dir. Sayet daha fazla katiimcr se¢gmek miimkiin ise %80 gii¢ orani igin her bir grupta

en az 713 katilima gereklidir.

Esdegerlik (equivalence) hipotez testi: Esdegerlik hipotez testinde, kitledeki iki grubun ortalamalar1
farkinin mutlak degerinin (|u; — p,|) simir degerden (6 her zaman pozitif) daha kiigiik oldugu

diistintiliir. Yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: |uy —pal =6
Ha: lpy —pp| <6

Test istatistigi

| =l =8 _ | — M| =6

= SH N . =
(1 — f2) 87 & (62)
ny n;

seklinde hesaplanur. Istatiksel giic

t, = P71 (a,v; 0) (63)
1-p=2(1-@(t;,v;0) -1 (64)

olarak, 6rneklem biiytikliigii ise
te +tg = O (a,v;0) + D7 (B/2,v;0) (65)
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01 ~ 2
——+6
- 2 Kk 2
e = (et ) | G =57 e

seklinde hesaplanur.

Ornek: Bir aragtirmaci, kiz dgrencilerin psikolojik saglamlik seviyelerinin erkek &grencilerinkine
esdeger oldugunu one siirmektedir. Iki ortalama arasindaki fark 1’den (6 = 1) kiigiik oldugu siirece
pratik anlamda p;’in p,’e esdeger oldugu kabul edilsin. Yine her bir grupta 50’ser katiima olacak
sekilde istatistiksel gilic ya da %80 gilic igin Orneklem biyiikligi margin=1 ve

alternative="equivalent" olacak sekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , margin = 1,
alpha = , n2 = , alternative = "equivalent")

# Error: design is not feasible

pwrss.t.2means (mul = , mu2 = , sdl = , margin ,

alpha = , power = , alternative = "equivalent")
# Difference between two means (independent samples t test)
# HO: |mul - mu2| >= margin

# HA: |mul - mu2| < margin

# ______________________________

# Statistical power = 0.8

# nl = 988

# n2 = 988
o

# Alternative = “equivalent”

# Degrees of freedom = 1973

# Non-centrality parameter = 2.928
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, her bir grupta 50’ser katilimcinin olmasi giig
oranini hesaplamak igin yeterli degildir. Bu durum verilen hatadan goriilmektedir (Error: design
is not feasible). Ote yandan, %80 giic ile esdegerlik test edilmek isteniyorsa her bir grupta en az

988’er kisi gerekmektedir.

Bagimli drneklemler ¢ testi: Bir grup i¢in birinci zaman dilimindeki 6lgiilen rassal bir X; degiskenin
ortalama degeri y, ve varyansi ¢f, ikinci zaman diliminde tekrar 6lgiilen bu degiskeninin (X,) ortalama
degeri u, ve varyansi of olarak kabul edilsin. X; ve X, 6l¢timleri aynu bireylere ait oldugu icin bu iki
degisken arasinda iliski bulunmaktadir. Biiyiikliigii n olan bir 6rneklemde birinci zaman diliminde X;
ile ilgili x41, X12, X13, ..., X1, degerleri, ikinci zaman diliminde ise X, ile ilgili x,1, X5, X33, ..., X2, degerleri

gozlensin. X; ve X,’in ortalamalarmin tahmin edicileri
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n
1
=0 ) (67)
i=1
n
2, = 1 68
Uy = ;Z X2i (68)
i=1
varyanslariin tahmin edicileri ise
n
~ 2 1 A N2
0" = g )G o) (69)
i=1
n
~ 2 1 A N2
& = — Zl(le- ~ ) (70)
=

olarak ifade edilir. i; — fi, farkinin standart hatasi ise

~ 2 ~ 2 A A
[} +0'2 _20'10'2T12 (71)

SH(y — f2) = \/

n

seklinde hesaplanir. Burada ry,, X; ve X, arasindaki korelasyon olup

1 . .
012 n—1 YimaCGoay = ) (e — A2)

T, = 6,6, 1 o . 1 o, . (72)
lei:1(x1i —fy) n—1 Y (g — 1)

seklinde tanimlanir.

Tek yonlii hipotez testi: Kitlede bir degiskenin birinci zaman dilimindeki ortalamasinin (y;) ikinci
zaman dilimindeki ortalamasindan (u,) daha kiigiik ya da daha biiyiik oldugu diisiiniiliiyorsa, yokluk

(Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:

Ho: py = pp (yada py < pp)
Ha:py < pp (yadapy > py)
Test istatistigi
fir — i, i — iy

SH(f1y = f1;) \/5—12 + 6,2 — 26,671, (73)
n
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seklinde tanimlanur. Istatiksel glig, serbestlik derecesi v = n — 1 tamimlanarak Denklem 52 ve 53’de

oldugu gibi hesaplamur. Denklem 56’daki islem yapildiktan sonra, en kiiglik gerekli &rneklem

buytkliagi
~ 2 A~ 2 A A
2 0-1 + 0-2 - 20‘10‘2T12 (74)
n= (et ts) ( G — ) )

seklinde hesaplanir. Standardize ortalama farki olarak Cohen d kullanilacaksa, istatistiksel gii¢ ve

orneklem biiyiikliigii hesaplamalarinda @, = d, fi, =0, 6, = \[1/2(1 —1y,) ve 6,° = J1/2(1 —115)

tanimlamalar1 yapilir.

Ornek: Bir arastirmaci, COVID-19 déneminde {iniversitelerde okuyan ogrencilerin depresyon
seviyelerini diistirmek icin bilissel davramigsal psikoterapiye dayanan bir haftalik program
diizenlemeyi diisiinmektedir. Arastirmaci, bu programin basinda ve sonunda katilimcilarin depresyon
seviyeleri Olgecektir (On test ve son test). Bulus ve Koyuncu (2021) psikolojik danismanlik alaninda
bilissel olmayan ¢iktilar icin 6n testin son testteki varyansin 0.29'unu agikladigim raporlamislardir
(rZ = 0.29). Bu determinasyon katsayisi on test ve son test arasindaki korelasyonun r;, = 1/0.29 = 0.54
oldugunu gostermektedir. Ayrica, daha onceki ¢alismalardan depresyon puanlarmin standart
sapmasinin 6.75 civarinda oldugunu bilinmektedir (Hisli, 1989). Depresyon belirtilerinde en kiigiik
anlamli azalmanin 2 birim oldugu farz edilirse (6n test ortalamasi 26 ve son test ortalamasi 24 puan), 50
katilimcar ile elde edilecek istatistiksel gii¢ ya da %80 giic i¢in drneklem biiyiikliigii paired=TRUE ve

alternative="greater" olacak sekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , n = ,
paired = TRUE, paired.r = , alternative = "greater")

# Difference between two means

# (paired samples t test)

# HO: mul = mu2

# HA: mul > mu2

# ______________________________

# Statistical power = 0.695

# n = 50

# ______________________________

# Alternative = “greater”

# Degrees of freedom = 49

# Non-centrality parameter = 2.184

# Type I error rate = 0.05

# Type II error rate = 0.305

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , power = 0
paired = TRUE, paired.r = , alternative = "greater")

# Difference between two means
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=

(paired samples t test)
# HO: mul = mu2
# HA: mul > mu?2

# ______________________________

# Statistical power = 0.8

# n = 67

# ______________________________

# Alternative = “greater”

# Degrees of freedom = 65.31

# Non-centrality parameter = 2.516
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Daha 6nce belirtildigi tizere, sd1 argiimarn birinci grubun
standart sapmasimi temsil ettigi gibi birlestirilmis verinin ortak standart sapmasin (pooled standard
deviation) da ifade edebilir ¢iinkii varsayilan ayarlarda ikinci grubun standart sapmas: birinci grubun
standart sapmasina esitlenmistir. Buradaki hesaplamaya gore, 50 katilimcar ile iki birimlik fark %69.5
glic oran ile tespit edilebilir. Ayrica, sayet daha fazla katilimc1 segmek miimkiin ise, %80 gii¢ oran1 igin
en az 67 katilimcrya ihtiya¢ duyuldugu goriilmektedir. Depresyon seviyesinde bir artis beklenseydi,
yani On test puanlar1 ortalamasinin son test puanlari ortalamasindan daha diisiik oldugunu bulunmaya

calisilsaydi alternative="1ess" argiimanin kullanilacakt.

Cift yonlii hipotez testi: Kitlede bir degiskenin birinci zaman dilimindeki ortalamasin (y,) ikinci
zaman dilimindeki ortalamasindan (u,) farkli oldugu diisiiniilityorsa, yokluk (Ho) ve alternatif (Ha)

hipotezleri asagidaki gibi olusturulur:

Ho: g = pp

Harpy # g

Test istatistigi Denklem 73’teki ile benzerdir. Farkl olarak, kestirilecek fi; degeri, fI, degerinin
hem solunda hem de saginda olma ihmali g6z dniinde bulunduruldugu icin ¢ift kuyruk hipotez testi
gerceklestirilir. Bundan dolayi, @ yerine a/2 kullanilir. Istatiksel giig, serbestlik derecesi v =n—1

tanimlanarak Denklem 56 ve 57’de oldugu gibi hesaplanir. Denklem 54'te a yerine a/2 ve v=n—1

tanimlanarak islem yapildiktan sonra, 6rneklem biiyiikliigii

A~ 2 ~ 2 A A

2 (01" + 6,7 — 2616,14, (75)

n =tz +5) < i — )? )
seklinde hesaplanir.

Ornek: Bir 6nceki ornek baglaminda, depresyon seviyesinde bir diisiis olma ihtimali olabilecegi gibi bir
yiikselme ihtimali de s6z konusu oldugunda, 50 katilimar ile elde edilecek istatistiksel gii¢ ya da %80

gii¢ icin 6rneklem biiyiikliigii alternative="not equal" olacak sekilde tanimlanarak
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pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , N = ,
paired = TRUE, paired.r = , alternative = "not equal")

# Difference between two means

# (paired samples t test)

# HO: mul = mu2

# HA: mul != mu?2

# ______________________________

# Statistical power = 0.572

# n = 50

# ______________________________

# Alternative = “not equal”

# Degrees of freedom = 49

# Non-centrality parameter = 2.184

# Type I error rate = 0.05

# Type II error rate = 0.428

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , power = p
paired = TRUE, paired.r = , alternative = "not equal")

# Difference between two means

# (paired samples t test)

# HO: mul = mu2

# HA: mul != mu2

# ______________________________

Statistical power = 0.8

# n = 85

# ______________________________

# Alternative = “not equal”

# Degrees of freedom = 83.21

# Non-centrality parameter = 2.835

# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, 50 katilimai ile aradaki iki birimlik fark %57.2
giic orani ile tespit edilebilir. Sayet, daha fazla katilimci se¢me olanag: var ise, %80 gii¢ oran1 i¢in en az

85 katilimciya ihtiyag vardir.

Asa$r olmama (non-inferiority) ya da iistiinliik (superiority) hipotez testi: Asagl olmama (non-
inferiority) hipotez testinde bir degiskenin birinci zaman ve ikinci zaman dilimindeki ortalama farkin
(41 — pz) 0'm solundaki sinur degerinden (6 negatif) daha biiyiik oldugu ya da 0'm sagindaki simir
degerinden (§ pozitif) daha kiiciik oldugu diisiiniildiigiinde kullanilir. Degiskenin yiiksek degerlerinin
olumlu bir olguyu ifade ettigi durumlarda (6rn. bagar testi puani) simir degeri genellikle negatiftir

yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:

HO:Ml_#zg(s
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HA: #1 - Mz > 5

ya da degiskenin yiiksek degerlerinin olumsuz (6rn. depresyon puani) bir olguyu ifade ettigi
durumlarda sinur degeri genellikle pozitiftir yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi

olusturulur:
Hopy —p, =296
Harpy —pu, <96

Ustiinliik (superiority) hipotez testinde ise bu farkin (u; — ;) 0'm solundaki simir degerinden (&
negatif) daha kiiciik oldugu, ya da 0'mn sagindaki smir degerinden (6 pozitif) daha biiyiik oldugu
diistiniiliir. Degiskenin yiiksek degerlerinin olumlu bir olguyu ifade ettigi durumlarda smur degeri

genellikle pozitiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho: U1 — Up <6
Harpy —p, >96

ya da degiskenin yiiksek degerlerinin olumsuz bir olguyu ifade ettigi durumlarda sinr degeri

genellikle negatiftir ve yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Ho:ppy —pp, =6
Ha: U1 — Up <é

Hem asag1 olmama (non-inferiority) hem de tistiinliik (superiority) hipotez testleri icin test

istatistigi
N Pk P — =6
SH(d; — fiz) \/612 + 622 — 2640,1y, (76)
n

seklinde hesaplanir. Istatiksel giig, serbestlik derecesi v =n — 1 tanimlanarak Denklem 52 ve 53'te

oldugu gibi hesaplanir. Denklem 54’te v =n—1 tarumlanip islem yapildiktan sonra, 6rneklem

biytikligii ise
~ 2 A~ 2 PPN
2 (6" +6,° — 201021"12) (77)
n=|(t,+t¢ —~ —~
(a '8) < (A — Az — 6)?
seklinde hesaplanir.

Ornek: Bir 6nceki 6rnek tekrardan ele alinsin fakat bu sefer hipotez testi su sekilde ifade edilsin: On test
ile son test arasindaki fark -1’den biiyiik oldugu siirece depresyon diizeyinde bir artisin olmadig: farz
edilsin (smir deger 6 = —1). Baska bir deyisle, on testin son testten biiyiik oldugu ve 6n testin son testten

en fazla 1 puan kiigiik olmasi durumunda depresyon diizeyinde artis olmadigr diisiiniilsiin. Elli
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katilima ile elde edilecek istatistiksel gii¢ ya da %80 gii¢ icin 6rneklem biiyiikliigii margin=-1 ve

alternative="non-inferior" olacak sekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , N = ,
paired = TRUE, paired.r = 7
alternative = "non-inferior", margin = -1)

Difference between two means

(paired samples t test)

HO: mul - mu2 <= margin

H H= =

HA: mul - mu2 > margin

=+

# Statistical power = 0.944
# n = 50

=

Alternative = “non-inferior”
Degrees of freedom = 49
Non-centrality parameter = 3.276

Type I error rate = 0.05

e

Type II error rate = 0.056

pwrss.t.2means (mul = , mu2 = , sdl , alpha = , power = ,

paired = TRUE, paired.r 0
alternative = "non-inferior", margin = -1)
Difference between two means
(paired samples t test)

#
#
# HO: mul - mu2 <= margin
#

HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.8
# n = 31
B
# Alternative = “non-inferior”
# Degrees of freedom = 29.34
# Non-centrality parameter = 2.552
# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, sinir degeri -1 olacak sekilde, 50 katilimc ile 6n
test ve son test ortalamalar1 arasindaki iki birimlik fark %94.4 gii¢ orani ile tespit edilebilir. Ayrica, %80

gii¢ orani i¢in 31 katilimcinin yeterli oldugu hesaplanmaistir.

Simdi de, On test ile son test arasindaki fark 1’den biiyiik oldugu siirece depresyon diizeyinde

bir azalma meydana geldigi farz edilsin (sir deger 6 = 1). Elli katilimai ile elde edilecek istatistiksel
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giic ya da %80 giic i¢in 6rneklem biiyiikliigiimargin=1 ve alternative="superior" olacak sekilde

tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , n = ,
paired = TRUE, paired.r = ,
alternative = "superior", margin = 1)

# Difference between two means

# (paired samples t test)

# HO: mul - mu2 <= margin

# HA: mul - mu2 > margin

# ______________________________

# Statistical power = 0.285

# n = 50

# ______________________________

# Alternative = “superior”

# Degrees of freedom = 49

# Non-centrality parameter = 1.092

# Type I error rate = 0.05

# Type II error rate = 0.715

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , power = ,
paired = TRUE, paired.r = ,
alternative = "superior", margin = 1)

Difference between two means
(paired samples t test)

#
#
# HO: mul - mu2 <= margin
#

HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.8
# n = 261
o
# Alternative = “superior”
# Degrees of freedom = 259.67
# Non-centrality parameter = 2.494
# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, sinir degeri 1 olacak sekilde, elli katilimcr ile 6n
test ve son test ortalamalar: arasindaki iki birimlik fark %28.5 giic oranu ile tespit edilebilir. Sayet daha

fazla katiimci se¢me olanag var ise, %80 gii¢ oran1 i¢in en az 261 katilimciya ihtiyag vardir.

Esdegerlik (equivalence) hipotez testi: Esdegerlik hipotez testinde, 6l¢iimlerin ortalama farkinin (u; —

U;) 0'm solundaki simir degerinden (6 negatif) daha biiyiik oldugu, ya da 0'in sagindaki smir
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degerinden (8§ pozitif) daha kiiglik oldugu diisiiniiliir. Bu durumda, yokluk (Ho) ve alternatif (Ha)

hipotezleri asagidaki gibi olugturulur:
Ho: |y —pal = 6

Ha: |y —pal <6

Test istatistigi
N T
SH(f, — f2) \/&12 + 6,2 — 26,6,11, (78)
n

seklinde elde edilir. Istatiksel glic Denklem 63 ve 64’te serbestlik derecesi v =n — 1 tamimlanarak
hesaplanir. Denklem 65'te serbestlik derecesi v =n—1 olarak tamimlanip gerekli diizenlemeler

yapildiktan sonra 6érneklem biiytikliigii

A~ 2 ~ 2 A A
2 0'1 + 0'2 - 2010'27”12) (79)
n=(ty,+t ~ ~
(ta* 512 < (1As = | = 67

seklinde hesaplanir.

Ornek: Bir onceki 6rnek baglaminda, 6n test ile son test arasindaki farkin mutlak degeri 1’den kiigiik
oldugu siirece depresyon diizeyinde bir degisme meydana gelmedigi farz edilsin (smir deger § = 1).
Elli katilimar ile elde edilen istatistiksel gii¢ ya da %80 gii¢ icin 6rneklem biiyiikliigii margin=1 ve

alternative="equivalent" olacak sekilde tanimlanarak

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , N = ,
paired = TRUE, paired.r = v
alternative = "equivalent", margin = 1)

# Error: design is not feasible

pwrss.t.2means (mul = , mu2 = , sdl , alpha , power = ,
paired = TRUE, paired.r = p
alternative = "equivalent", margin = 1)

Difference between two means

(paired samples t test)

HO: |mul - mu2| >= margin

H= e 3 =

HA: |mul - mu2| < margin

# Alternative = “equivalent”
# Degrees of freedom = 359.59

# Non-centrality parameter = 2.933
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# Type I error rate = 0.05
# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Burada 50 kisilik 6rneklem biiytikliigiiniin gii¢ oranini
hesaplamak ic¢in yeterli olmadig1 verilen hatadan goriilmektedir (Error: design 1is not
feasible). Ayrica, %80 gii¢ oramu ile esdegerlik tespit edilecekse en az 361 kisi gerektigi

hesaplanmustir.
Tek Bir Korelasyonunun Sabitle Karsilastirilmas:

Tki degisken arasindaki Pearson korelasyonunun () belirli sabit bir deger (r,) ile
karsilagtirilmasi, Fisher doniistimii uygulandiktan sonra z testi ile yapilir (Cohen, 1988). Fisher

dontisiimleri asagidaki gibi elde edilir:

A—ll (1+f) (80)
2= 17
1 1+ (81)
Z = 7log (1 - ro)
Test istatistigi ise
Z—z
,=iz% (82)
1
n—3

seklinde ifade edilir. Burada n 6rneklem biytikliigtid{ir.

Tek yonlii hipotez testi: Tek yonlii hipotez testi, kitlede iki degisken arasindaki r korelasyonunun sabit
bir degerden (r,) daha kiiciik ya da daha biiyiik oldugu diisiiniilityorsa kullanilir. Yokluk (Ho) ve

alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Hor =1y (yadar <)
Ha:r <1y (yadar > 1)

Istatistiksel gii¢ Denklem 7 ve 8 kullanilarak hesaplanr. Denklem 9’daki islem yapildiktan

sonra, orneklem biiyiikliigii

poZatz) o (83)
(Z — 20)?

seklinde hesaplanir. pwrss R paketinde r, = 0 varsayilan ayardir. Boylece, korelasyonun sifirdan
biiytiik, kiigiik veya farkli oldugunu bulmaya galisan bir aragtirmaci genellikle kodlarda bu tanimlamay1

yapmaya gerek duymaz.
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Ornek: Bir arastirmac, isbirlikgi 6§renme ortami ve okul aidiyeti arasinda pozitif bir iliskinin oldugunu
one siirmektedir. Daha 6nce yapilan bir arastirmada, isbirlik¢i 6grenme ortamu ile okul aidiyeti arasinda
0.24 blyiikliigiinde pozitif bir iliski oldugu bulunmustur (Ozcan ve Bulus, 2022). Beklenen korelasyon
degeri hakkinda herhangi bir bilgi mevcut degilse Cohen (1988) ya da Gignac ve Szodorai (2016)
smiflamalar1 kullanilabilir. Elli katilimar ile istatistiksel gii¢ ya da %80 giig i¢in orneklem biiyiikliigii

alternative="greater" olacak sekilde tanimlanarak

pwrss.z.corr(r = , N = , alternative = "greater")

# One correlation compared to a constant (one sample z test)
# HO: r = r0

# HA: r > r0

# ______________________________

# Statistical power = 0.513

# n = 50

# ______________________________

# Alternative = “greater”

# Non-centrality parameter = 1.678

# Type I error rate = 0.05

# Type II error rate = 0.487

pwWrss.z.corr(r = , power = , alternative = "greater")

# One correlation compared to a constant (one sample z test)
# HO: r = r0
# HA: r > r0

# ______________________________

# Statistical power = 0.8

# n = 107
o

# Alternative = “greater”

# Non-centrality parameter = 2.486
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir. Sonuglara gore, orta diizeyde kabul edilebilecek r = 0.24 korelasyon katsayisinin
0’dan biiyiik oldugunu bulmaya ¢alisan bir arastirmaci 50 kisi ile hipotez testini %51.3 gli¢ oranu ile test
edebilir. Diger taraftan, ¢calismaya daha fazla katiimci alma olanag1 varsa %80 gii¢ oraru ile hipotez

testini gerceklestirmek i¢in en az 107 katilimciya gerek oldugu goriilmektedir.

Cift yonlii hipotez testi: Kitledeki r korelasyonunun sabit bir korelasyon degerinden (ry) farkl oldugu

diisiiniilityorsa, yokluk (Ho) ve alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Hor=r,

Ha:r # 1,
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Istatistiksel gii¢ Denklem 11 ve 12’teki gibi hesaplanir. Denklem 9'da « yerine a/2 konularak

gerekli diizenlemeler yapildiktan sonra 6rneklem biiytikliigii

2
_ (22 +2) (84)
n= G —2)? +3

denkleminden elde edilir.

Ornek: Bir 6nceki ornek baglaminda, sayet arastirmaci igbirlik¢i 6grenme ortami ve okul aidiyeti
arasindaki iliskinin 0’dan farklhi oldugunu kamitlamaya calisiyorsa alternative="not equal"

olacak sekilde tanimlama yapmalidir.

Bu durumda hesaplamalar

pwrss.z.corr(r = , N = , alternative = "not equal")
# One correlation compared to a constant
# (one sample z test)

# HO: r = r0

# HA: r != r0

# ______________________________

# Statistical power = 0.389

# n = 50
o

# Alternative = “not equal”

# Non-centrality parameter = 1.678
# Type I error rate = 0.05

# Type II error rate = 0.611

pwrss.z.corr(r = , power = , alternative = "not equal")
# One correlation compared to a constant
# (one sample z test)

# HO: r = r0

# HA: r != r0
o
# Statistical power = 0.8

# n = 135
o

Alternative = “not equal”

#
# Non-centrality parameter = 2.802
# Type I error rate = 0.05

#

Type II error rate = 0.2

seklinde yapilir. Elde edilen sonuglara gore, orta diizeyde kabul edilebilecek r = 0.24 korelasyon

katsayisinin 0’dan farkli oldugunu bulmaya ¢alisan bir arastirmaci 50 kisi ile hipotez testini %38.9 gii¢
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oraniile test edebilir. Ayrica, ¢alismaya daha fazla katilimci alma olanagi varsa %80 gii¢ orani ile hipotez

testini gerceklestirmek i¢in en az 135 katilimciya gerek vardir.
iki Korelasyon Farki

Biiyiikliigii n, olan 6rneklemde iki degisken arasindaki Pearson korelasyonu # ile, biiytikliigii
n, olan drneklemde iki degisken arasindaki Pearson korelasyonu #, ile gosterilsin. #; ve 7, korelasyon

katsayilar1 arasindaki fark, Fisher doniisiimii uygulanarak, z testi ile test edilir (Cohen, 1988). Buna gore

2 = 7log (1) (85)
1= 2% 1,
1 1+# (86)
2 =3%(1=,)
2=5%8\1 %,
olarak tanimlandiginda, test istatistigi
O (87)
1 1
n1 - 3 + nz - 3

seklinde ifade edilir.

Tek yonlii hipotez testi: Kitlede birbirinden bagimsiz iki Pearson korelasyonu degerinden birinin ()
digerinden (r,) daha kiiciik ya da daha biiyiik oldugu diistiniildiigiinde kullanilir. Yokluk (Ho) ve

alternatif (Ha) hipotezleri asagidaki gibi olusturulur:
Hor =21, (yadan <1y)
Hairy <1y (yadarn > 1)

Istatistiksel giic Denklem 7 ve 8 kullanilarak hesaplanir. Denklem 9'daki islem

gergeklestirdikten sonra, ikinci grup icin 6rneklem biiytikligi

1 1 ) (21—22)2_0

f(nZ):(Kn2—3+n2—3 _(Za+zﬁ)2_

(88)
denkleminden R programindaki uniroot () kok bulma algoritmasi kullanilarak elde edilir. k¥ = n,/n,

oldugu daha 6nce belirtilmisti; o halde birinci grup i¢in n; = kn, esitliginden bulunur.

Ornek: Bireyci toplumlarda isbirlikgi 9grenme ortami ve okul aidiyeti arasinda r; = 0.23 biiyiikliigiinde
pozitif bir iliskinin oldugunu ve kolektivist toplumlarda isbirlik¢i 6grenme ortami ve okul aidiyeti
arasinda r, = 0.25 biiyiikliiglinde pozitif bir iliskinin oldugu daha 6nceki ¢alismalardan bilinmektedir
(Ozcan ve Bulus, 2022). Her bir gruptan 50’ser kisilik bir 6rneklem ile istatistiksel gii¢ ya da %80 giig

i¢in drneklem biiyiikliigii alternative="1ess" olacak sekilde tanimlanarak
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pwrss.z.2corrs(rl = , r2 = ,
n2 = , alternative = "less")

# Difference between two correlations

# (independent samples z test)

# HO: rl = r2

# HA: rl < r2

# ______________________________

# Statistical power = 0.062

# nl = 50

# n2 = 50

# ______________________________

Alternative = “less”

Non-centrality parameter = -0.103

#
#
# Type I error rate = 0.05
# 0.938

Type II error rate

pwrss.z.2corrs (rl = ; 2 = ’

power , alternative = "less")

Difference between two correlations

#
# (independent samples z test)
# HO: rl=r2

# HA: rl < r2

# Statistical power = 0.8

# nl = 27455

# n2 = 27455

Alternative = “less”
Non-centrality parameter = -2.486
Type I error rate = 0.05

Type II error rate = 0.2

seklinde hesaplanabilir. Sonuglara gore, bireyci toplumlardaki korelasyonun (r; = 0.23) kolektivist
toplumlardaki (r; = 0.25) korelasyondan daha diisiik oldugunu ve 0.02 birimlik bir farkin pratikte
anlaml oldugunu iddia eden bir arastirmaci, her bir grupta 50’ser kisi ile hipotez testini %6.2 gii¢ orani
ile test edebilir. Hipotez testini %80 gii¢ orani ile gergeklestirmek icin her bir gruptan en az 27455

katilimciya ihtiyag vardir.

Cift yonlii hipotez testi: Kitlede birbirinden bagimsiz iki Pearson korelasyonu degerinden birinin ()
digerine (r;) esit olmadigr distintildiigiinde kullanulir. Yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:

Ho: "n=n
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Ha: 11 * I

Istatistiksel glic Denklem 11 ve 12 kullanilarak hesaplanur. Denklem 9’da a yerine a/2

yerlestirilip gerekli islemler yapildiktan sonra, ikinci gruba ait 6rneklem biiyiikliigii

.32
1 1 3) (z, — z,) - ©0)

Fo) = (33 - ot n)

denkleminden R programindaki uniroot () kok bulma algoritmas: kullanilarak bulunur. ¥ = n;/n,

oldugundan birinci grup i¢in 6rneklem biiytiikliigii n; = kn, esitliginden bulunur.

Ornek: Bir dnceki 6rnek tekrardan ele alinsin fakat bu sefer, bireyci toplumlarda isbirlik¢i 6grenme
ortam1 ve okul aidiyeti arasinda r; = 0.23 biiytkliigiinde pozitif bir iliski olabilecegi gibi r; = 0.27
biiytikliigiinde pozitif bir iliski de olabilir. Bir baska deyisle, r; ve r, arasindaki 0.02 birimlik fark negatif
ya da pozitif olabilir. Her bir gruptan 50’ser kisilik bir 6rneklem ile istatistiksel gii¢ ya da %80 giic icin

orneklem biiytikliigli alternative="not equal" olacak sekilde tanumlanarak

pwrss.z.2corrs(rl , r2 = ,
n2 = , alternative = "not equal")
Difference between two correlations

#
# (independent samples z test)
# HO: rl = r2

#

HA: rl !'= 12
# ______________________________
# Statistical power = 0.051
# nl = 50
# n2 = 50
# ______________________________
# Alternative = “not equal”
# Non-centrality parameter = -0.103
# Type I error rate = 0.05
# Type II error rate = 0.949
pwrss.z.2corrs(rl = , r2 = 0
power = , alternative = "not equal")
# Difference between two correlations
# (independent samples z test)
# HO: rl = r2
# HA: rl != r2
# ______________________________

# Statistical power = 0.8
# nl = 34854
# n2 = 34854
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# Alternative = “not equal”

# Non-centrality parameter = -2.802
# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanir ve sonuglar elde edilir. Buna gore, bireyci toplumlardaki korelasyonun kolektivist
toplumlardaki korelasyondan farkhi oldugunu ve 0.02 birimlik bir farkin pratikte anlamli oldugunu
iddia eden bir arastirmaci, her bir grupta 50’ser kisi ile hipotez testini %5.1 gii¢ oranu ile test edebilir.
Hipotez testini %80 gii¢ orani ile gerceklestirmek icin her bir gruptan en az 34854 katilimciya gerek

vardir.
Coklu Dogrusal Regresyonda R? (veya AR?)

lgili tiim degiskenler regresyon modeline eklenip yordanan degiskendeki aciklanan varyans
orani arastirilabilecegi gibi, degiskenler set halinde eklenip (hiyerarsik regresyon analizi) agiklanan

varyanstaki degisim de arastirilabilir. Yokluk (Ho) ve alternatif (Ha) hipotezleri
Ho: AR? =0
Ha: AR? > 0

seklinde gosterilir. Agiklanan varyansin aciklanamayan varyansa orani

AR?

= 91
1—AR? e

f2

seklinde ifade edilir (Cohen f?; Cohen, 1988). Gozlem sayisi 1 olan bir orneklemde, toplamda k adet

yordayict degiskenden m adetinin incelenecek degisken seti oldugu farz edilsin. Test istatistigi
A=f*n (92)

olarak ifade edilir. Yokluk hipotezi dogru oldugunda bu istatistik merkezi 0, pay i¢in serbestlik derecesi
u = m ve payda icin serbestlik derecesi v = n — k — 1 olan F dagilimini izler. Alternatif hipotez dogru
oldugunda ise istatistik aymni serbestlik derecelerine sahip fakat merkezi A olan F dagilimini izler. F
dagiminin kiimiilatif dagilm fonksiyonu @ ile, ters kiimiilatif dagilm fonksiyonu ise ®z' ile

gosterilirse istatiksel giicii hesaplamak igin
F, = 5 (a,u,v; 0) (93)
1-0=>(F,u,v; 1) (94)

denklemleri kullanilir. Orneklem biiyiikliigiinii hesaplamak igin Denklem 94 yeniden diizenlenip

asagidaki gibi yazilir:
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f(n) =op(F,u,v; )+ —-1=0 (95)

Daha sonra, R programindaki uniroot () kok bulma algoritmas: kullanilarak belirlenen giic

oranina denk gelen 6rneklem biiyiikliigii bulunur.

Ornek: Bir arastirmaci, COVID-19 déneminde, demografik 6zelliklerin (yas ve cinsiyet) 6tesinde, bazi
savunma mekanizmalarinin (arkadaslariyla konusma, egzersiz, sosyal medya, kitap okuma, hobi, dini
aktiviteler, alkol ve COVID-19 ile ilgili arastirmalar) psikosomatik belirtiler tizerindeki etkisini bulmak
istemektedir. Daha Once yapilan benzer arastirmalar, regresyon modeline sadece yas ve cinsiyet
eklendiginde (m = 2) psikosomatik belirtilerdeki varyansin sadece 0.01'nin ag¢iklandigini, yas ve cinsiyet
ile birlikte sekiz savunma mekanizmasi eklendiginde ise (k=8 +2) psikosomatik belirtilerdeki varyansin
%24’niin agiklandigimi bulmuslardir (Otanga ve digerleri., 2022). Modele sekiz degisken eklendiginde
agiklanan varyans degisimi AR* = 0.024 — 0.01 = 0.23 olur. Burada agiklanan varyans degisimini tespit

etmeye calisan bir arastirmaci 50 kisi ile gii¢ oranin1 ya da %80 gii¢ icin gerekli 6rneklem biiytikliigiinii

pwrss.f.reg(k = , m =8, n = , r2 = )

# R-squared change in hierarchical linear regression (F test)
# HO: r2 = 0

# HA: r2 > 0

B
# Statistical power = 0.701

# n = 50

# ______________________________

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 39
# Non-centrality parameter = 14.935

# Type I error rate = 0.05

# Type II error rate = 0.299

pwrss.f.reg(k = , m = 8, power = , r2 = )

# R-squared change in hierarchical linear regression (F test)
# HO: r2 = 0

# HA: r2 > 0

# Statistical power = 0.8

# n = 59

# ______________________________

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 25.385
# Non-centrality parameter = 10.868

# Type I error rate = 0.05

# Type II error rate = 0.2
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kodlarmi kullanarak hesaplayabilir. Sonuglara gore, arastirmact 50 katilimei ile hipotez testini %70.1
giic oran ile gerceklestirilebilir. Ote yandan, hipotez testini %80 giig orar ile gergeklestirmek igin en az

59 katihmai gereklidir.

Sayet, aragtirmacinin odak noktasi iki model arasindaki AR? (k = 10, m = 8) farki degil de tek

modelde R? degerinin (k = 10) 0’dan farkin test etmek ise rneklem biiytikliigii

pwrss.f.reg(k = , power = , r2 = )

# R-squared compared to 0 in linear regression (F test)
# HO: r2 = 0

# HA: r2 > 0

# ______________________________

# Statistical power = 0.8

# n = 62

B o

# Numerator degrees of freedom = 10

# Denominator degrees of freedom = 50.168
# Non-centrality parameter = 19.316

# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplanabilirdi.
Varyans ve Kovaryans Analizi (ANOVA ve ANCOVA)

Iki ya da fazla grup séz konusu oldugunda ve en az iki grup ortalamasi arasinda bir farkin olup
olmadig1 arastirilmak istendiginde ANOVA (Varyans Analizi) testi kullanilir. Ortalamalar arasi
farklara bakilirken 6n test gibi es degiskenler de modele eklenebilir. Bu durumda ise ANCOVA

(Kovaryans Analizi) testi kullanilir.

Bu hesaplamalarda Cohen f? etki biiyiikliigii olarak kullanabilecegi gibi kismi n? (eta-kare)
degeri de kullanilabilir. Raporlamalarda daha ¢ok n? degeri kullanildig1 i¢in buradaki hesaplamalarda
da bu etki biiyiikltigii tiirti kullanilacaktir. Yokluk (Ho) ve alternatif (Ha) hipotezlerini asagidaki gibi

olusturulur:
Ho:n* =0 (yada f* = 0)
Ha:n? >0 (yada f% > 0)

Yordanan degiskenin gruplar (ya da grup etkilesimleri) tarafindan agtklanan varyansinin kalan

varyansa orani

f2= (%)
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seklinde hesaplanir (Cohen, 1988). Toplamda n tane katilimcidan veri toplandig, incelenecek faktoriin
k tane gruptan olustugu, gruplarin ortalamasmin p tane es degisken kullanilarak diizeltildigi farz

edilsin. Bu durumda, test istatistigi
A=f?n (97)

olarak ifade edilir. Yokluk hipotezi dogru oldugunda bu istatistik merkezi 0, pay i¢in serbestlik derecesi
u =k —1 ve payda igin serbestlik derecesi v =n —k —p olan F dagilimin izler. Alternatif hipotez
dogru oldugunda ise istatistik aymi serbestlik derecelerine sahip fakat merkezi A olan F dagilimini izler.
Es degiskenler modele eklenmediginde, yani p = 0 oldugunda, grup kargilastirmalar1 ANOVA modeli
kullanilarak yapilir. Sayet n?ya da f? diizeltilmis ortalama farklarindan elde edilmiglerse p > 0
olmalidir. Bu durumda kullanilan model ANCOVA modelidir. ANOVA ya da ANCOVA modeli birden
fazla faktdrden olusabilir (tek faktor, iki faktorlii veya ti¢ faktorlii), bu faktorlerden her biri farkli sayida

gruplardan olusabilir ve bu faktdrler aras: etkilesimler incelenmek istenebilir.

Istatiksel gii¢ Denklem 93 ve 94 kullanilarak hesaplanir. Orneklem biiyiikliigiinii hesaplamak
igin ise R programindaki uniroot () koék bulma algoritmas: kullanilarak Denklem 95teki sarti

saglayan n belirlenir.

Ornek: Aslan (2019) argiimantasyona dayali dgretim ve senaryo temelli 6grenme yontemlerinin
etkililiklerini bulmaya calistig1 arastirmasinda ANCOVA testini uygulamis ve gruplar (iki deney bir
kontrol) igin n? degerini 0.14 olarak bulmustur. Toplamda 50 katilima ile gii¢ oran1 veya %80 giig i¢in

gerekli toplam orneklem biiytikliigii

pwrss.f.ancova(etaz2 = , N = ,
n.way = 1, n.levels = 3, n.covariates = 1)
# One-way Analysis of Covariance (ANCOVA)
# HO: 'eta2' or 'f2' =0
# HA: 'eta2' or 'f2' > 0

# Factor A: 3 levels

# Given eta2 = 0.14 or f2 = 0.163
# Statistical power = 0.695

# Numerator degrees of freedom = 2
# Denominator degrees of freedom = 46

# Non-centrality parameter = 8.14

pwrss.f.ancova (eta2 = , power = ,

n.way = 1, n.levels = 3, n.covariates = 1)
# One-way Analysis of Covariance (ANCOVA)
# HO: 'eta2' or 'f2' =0
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# HA: 'etal2' or 'f2' > 0

# Factor A: 3 levels

# Numerator degrees of freedom = 2
# Denominator degrees of freedom = 58.33

# Non-centrality parameter = 10.15

seklinde hesaplanir ve sonuglar elde edilir. Sadece 6n testin es degisken olarak modele eklendigi
diisiiniilerek n.covariates=1 olarak tamimlanmistir. n.levels argiimani faktoriin ka¢ tane
diizeyden (gruptan) olustugunu tanumlamak igin kullanilir; faktor iki deney bir kontrol gruplardan
olustugu i¢in 3 olarak tanimlanmistir. Bunlara ek olarak, iki faktorlit ANOVA ya da ANCOVA analizleri
i¢in Ornek tanimlamalar su sekilde yapilabilir: n.levels=c (3, 2). Bu tamimlama, ANOVA ya da
ANCOVA modelinde iki faktoriin kullanilacagini, birinci faktoriin 3 diizeyden (gruptan) ve ikinci

faktoriin iki diizeyden (gruptan) olustugunu ifade etmektedir.
Tekrarli Ol¢iimler Varyans Analizi (Repeated Measures ANOVA)

Iki ya da daha fazla gruptan iki ya da daha fazla zaman noktasinda tekrarli &lgiim alindig
diisiiniilsiin. Zaman etkisi kontrol edildiginde en az iki grup ortalamasi arasinda bir fark oldugu, grup
etkisi kontrol edildiginde en az iki zaman noktas1 arasinda bir fark oldugu ya da grup ve zaman
etkilesimi oldugu diistiniildiigiinde tekrarl Slgiimler ANOVA kullanilir. Cohen f? etki biiyiikligii
olarak kullanabilecegi gibi kismi n? degeri de kullanulabilir. Yokluk (Ho) ve alternatif (Ha) hipotezleri

asagidaki gibi olusturulur:
Ho: n* = 0 (yada f% = 0)
Ha:n? > 0 (yada f? > 0)

Toplamda n tane katilimcidan veri toplandigy, incelenecek faktoriin k tane gruptan olustugu ve

m tane Ol¢iim yapildig farz edilsin. Bu durumda, gruplar arasi etkinin test istatistigi

1= f? (ﬁ) ne (98)

seklinde ifade edilir. Zaman etkisi veya grup x zaman etkilesiminin test istatistigi ise

/1=f2( m

1= p) ne (99)

olarak ifade edilir. € kiiresellik diizeltme faktoriidiir ve 1/(m — 1) ve 1 arasinda degerler alir. Grup

etkileri i¢in; yokluk hipotezi dogru oldugunda bu istatistik merkezi 0, pay igin serbestlik derecesi u =
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k —1 ve payda icin serbestlik derecesi v =n —k olan F dagilimin izler; alternatif hipotez dogru
oldugunda ise istatistik ayni serbestlik derecelerine sahip fakat merkezi A (Denklem 98) olan F

dagilimimni izler.

Zaman etkisi i¢in; yokluk hipotezi dogru oldugunda bu istatistik merkezi 0, pay i¢in serbestlik
derecesi u = (m — 1)e ve payda icin serbestlik derecesi v = (n — k)(m — 1)e olan F dagilimiru izler;
alternatif hipotez dogru oldugunda ise istatistik ayni serbestlik derecelerine sahip fakat merkezi A

(Denklem 99) olan F dagilimin izler.

Grup ve zaman etkilesimi i¢in; yokluk hipotezi dogru oldugunda bu istatistik merkezi 0, pay
i¢in serbestlik derecesi u = (k — 1)(m — 1)€ ve payda igin serbestlik derecesi v = (n — k)(im — 1)e olan
F dagilimini izler; alternatif hipotez dogru oldugunda ise istatistik ayni serbestlik derecelerine sahip

fakat merkezi 4 (Denklem 99) olan F dagilimini izler.

Istatiksel giic Denklem 93 ve 94 kullanilarak hesaplanabilir. Orneklem biiyiikliigiinii
hesaplamak icin ise R programindaki uniroot () kék bulma algoritmasi kullanilarak Denklem 95’teki

sart1 saglayan n belirlenir.

Ornek: Kartal ve digerleri. (2016) okul &ncesi ve birinci siniflarin fonolojik farkindaliklarini arttirmay1
hedefleyen iki farkl1 deney grubu (smif i¢i oyun veya bilgisayar destekli) ve bir de kontrol grubu
olusturup ii¢ zaman noktasinda ol¢iimler gerceklestirmistir (on-test, son-test ve izleme testi). Kartal ve
digerleri. (2016) okul éncesi grubunda 53 katilimciy1 incelemis, zaman etkisini 7% = 0.56, grup etkisini
nZ = 0.47 ve zaman x grup etkilesimini ise nZ,; = 0.10 bulmustur. Oncelikli olarak, gruplar arasi farklar
tespit etmek isteyen bir arastirmaci, 53 katilimcar ile testin istatistiksel giiciinii ve %80 istatistiksel gilic

i¢in drneklem biiyiikliigiinii

e grup etkisi --———---------—- i
pwrss.f.rmanova (etaz2 = , Corr.rm = 0

n.levels = 3, n.rm = 3,

alpha = , n = , type = "between")

# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3
# ______________________________

# Statistical power = 1
# Total n = 53

# Type of the effect = “between”
# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 50
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# Non-centrality parameter = 70.5
# Type I error rate = 0.05
# Type II error rate = 0

pwrss.f.rmanova (etaz2 = , Corr.rm = ,
n.levels = 3, n.rm = 3,
alpha = , power = , type = "between")

# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

b
# Number of levels (groups) = 3

# Number of measurement time points = 3
B

# Statistical power = 0.8

# Total n = 11

# ______________________________

# Type of the effect = “between”

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 7.871
# Non-centrality parameter = 14.46

# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplayabilir. Sonuglardan goriildiigii tizere, arastirmaci gruplar arasi farklari tespit
edebilmek i¢in 53 katihmcidan veri toplayacak olursa hipotez testinin sahip olacag gii¢ oran %100 iken,

%80 gii¢ orani ile hipotez testini gergeklestirmek igin sadece 11 katilimciya ihtiyact vardir.

Grup etkisinden bagimsiz olarak, zamana bagli bir farklilifi tespit etmeye calisan bir
arastirmact 53 katilmac ile testin istatistiksel giiclinii ve %80 istatistiksel gii¢ igin Orneklem

biiytikliigiini ise

it Zaman @tkigl =====s=s======= ##
pwrss.f.rmanova (eta2 = , COorr.rm = ,

n.levels = 3, n.rm = 3,

alpha = , D = , type = "within")

# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3
# ______________________________

# Statistical power = 1
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# ______________________________
# Type of the effect = “within”
# Numerator degrees of freedom = 2
# Denominator degrees of freedom = 100
# Non-centrality parameter = 404.727
# Type I error rate = 0.05
# Type II error rate = 0
pwrss.f.rmanova (etaz2 = , Corr.rm = ,
n.levels = 3, n.rm = 3,
alpha = , power = , type = "within")

# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3
# ______________________________

# Statistical power = 0.8

# Total n = 5

# ______________________________

# Type of the effect = “within”

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 2.826
# Non-centrality parameter = 33.699

# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplayabilir. Sonuglara gore, arastirmact zamana bagh farklar: tespit edebilmek igin 53
katilimcidan veri toplayacak olursa hipotez testinin sahip olacag: gii¢ oran1 %100 iken, %80 gli¢ oramn

ile hipotez testini gerceklestirmek i¢in sadece 5 katilimciya ihtiyaci vardir.

Son olarak, grup ve zaman etkilesimini tespit etmeye calisan bir arastirmaci 53 katilimai ile

testin istatistiksel giiclinii ve %80 istatistiksel gii¢ i¢in 6rneklem biiyiikligiinii

##-———- grup x zaman etkilesimi etkisi —-—--—-—- ##
pwrss.f.rmanova (eta2 = , cCorr.rm = ,

n.levels = 3, n.rm = 3,

alpha = , D = , type = "interaction")

# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

# Number of levels (groups) = 3
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# Number of measurement time points = 3

# Statistical power = 0.999

# Total n = 53

# ______________________________

# Type of the effect = “interaction”

# Numerator degrees of freedom = 4

# Denominator degrees of freedom = 100

# Non-centrality parameter = 35.333

# Type I error rate = 0.05

# Type II error rate = 0.001

pwrss.f.rmanova (eta2 = , COrr.rm = ,
n.levels = 35, n.rm = 3,
alpha = , power = , type = "interaction")

# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

B
# Number of levels (groups) = 3

# Number of measurement time points = 3
# ______________________________

# Statistical power = 0.8

# Total n = 21

# ______________________________

# Type of the effect=“interaction”

# Numerator degrees of freedom = 4

# Denominator degrees of freedom = 34.973
# Non-centrality parameter = 13.658

# Type I error rate = 0.05

# Type II error rate = 0.2

seklinde hesaplayabilir. Hesaplamalara gore, arastirmaci grup ve zaman etkilesimini tespit edebilmek
i¢in 53 katihmcidan veri toplayacak olursa hipotez testinin sahip olacag: gii¢ orani %99.9 iken, %80 gii¢

orani ile hipotez testini gerceklestirmek i¢in sadece 21 katilimciya ihtiyaci vardir.
Karmasik Arastirma Desenlerinde Yeni Yaklasimlar

Son zamanlarda gii¢ analizi programlarinda hizli bir artis yasanmaktadir. Ozellikle, deneysel,
yari-deneysel, ve zayif deneysel calisma (basit ve ¢ok diizeyli) alanlarinda gii¢ orani ve drneklem
bliytikliigtinii hesaplamalari icin formdiiller tiiretilmis (Bloom, 1995, 2006, 2012; Bulus, 2022; Bulus ve
Dong, 2021; Cattaneo, Titiunik, ve Vazquez-Bare, 2019; Dong ve digerleri., 2021; Hedges ve Rhoads,
2010; Kelcey ve digerleri.,, 2017a, 2017b; Konstantopoulos, 2008a, 2008b; Schochet, 2008, 2009; ve
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digerleri) ve bu formiiller Excel dosyalarinda (Dong ve Maynard, 2013), R paketlerinde (Bulus ve Dong,
2021; Bulus ve digerleri., 2021; Cattaneo ve digerleri., 2019), ve web uygulamalarinda (bkz. Tablo 1)

arastirmacilarin kolay erisimine sunulmustur.

Bunlarin yani sira, deneysel ¢alismalarda sadece miidahale etkisi degil, miidahale etkisinde
diizenleyici ve aracilik rolii olan degiskenler icin de gii¢ oran1 ve 6rneklem biiyiikliigii hesaplamalar:
yapilabilir. Bilindigi kadariyla hesaplama programi olarak bu ii¢iinii de kapsamli bir sekilde uygulayan

sadece PowerUp! Excel dosyalar1 (https://www.causalevaluation.org/power-analysis.html) ve

PowerUpR paketi (Bulus ve digerleri., 2021) bulunmaktadir.

Tablo 1. Web Tabanli Bazi A¢ik Erisim Gii¢ Analizi Programlar

Aciklama Link
https://pwrss.shinyapps.io/index/

Genel amagli hipotez testleri https://pwrss.shinyapps.io/lang-en/
https://pwrss.shinyapps.io/lang-tr/

Genel amagli hipotez testleri http://biostatapps.inonu.edu.tr/WSSPAS/

Genel amagli hipotez testleri http://powerandsamplesize.com/

Genel amagli hipotez testleri https://webpower.psychstat.org/wiki/models/index/

Cok diizeyli seckisiz deneysel desenler  https://powerupr.shinyapps.io/index/
Cok diizeyli regresyon siireksizligi

https://cosa.shinyapps.io/index/

tasarimlari
Yapisal Esitlik Modellemesi https://yilinandrewang.shinyapps.io/pwrSEM/
Aracilik Analizi https://davidakenny.shinyapps.io/MedPower/

Wang ve Rhemtulla (2021) yapisal esitlik modellemesinde (YEM) tahmin edilen parametrelerin
gii¢ oranin1 hesaplamak icin Monte-Carlo (MC) simiilasyonuna dayali R tabanli pwrSEM uygulamasin
gelistirmislerdir. Yine Mplus (Muthén ve Muthén, 1998-2015) programindaki MONTECARLO komutu
ile herhangi bir modelde istenilen herhangi bir parametrenin gii¢ oram1 hesaplanabilir. Daha basit
aracilik modelleri igin David A. Kenny'nin web uygulamasi da kullanlabilir (bkz. Tablo 1). Diizenleyici
degiskenlerin ilgilenildigi basit regresyon modellerinde ise R programinda InteractionPoweR paketi

kullanigh olabilir (Baranger ve digerleri., 2022).


https://www.causalevaluation.org/power-analysis.html
https://pwrss.shinyapps.io/index/
https://pwrss.shinyapps.io/lang-en/
https://pwrss.shinyapps.io/lang-tr/
https://powerupr.shinyapps.io/index/
https://cosa.shinyapps.io/index/
https://yilinandrewang.shinyapps.io/pwrSEM/
https://davidakenny.shinyapps.io/MedPower/
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Introduction

The population is the community encompassing the entire set of subjects that interest the
researcher. Since resources are limited, reaching all the units that make up the population is often almost
impossible. Therefore, data from a subset that contains and represents characteristics of the sample is
collected and analyzed. This representative subset smaller than the population, which is more
economical and manageable, is called a sample. One of the fundamental problems of statistics is the
question of what the minimum sample size should be to make reliable inferences. Before examining this

problem in depth, it is necessary to explain some basic concepts in statistics.

The value of any feature (variable or relationship between variables) in the population is called
a parameter, and the value obtained from the sample is called a statistic. The statistic obtained from the
sample is an estimate of the population parameter. Since not all units in the population are selected, we
cannot claim that the statistic and parameter will be the same; nonetheless, these two values are
expected to be close. Moreover, when a new sample is selected, the statistic may be different from the
earlier one and may vary from one sample to another. These deviations from the population parameter
are due to sampling error and are expressed as standard errors of statistics when statistical models are

correctly specified.

In scientific studies, the standard error of a statistic is reported together with the statistic
obtained from the sample. If information about the standard error is available, a sample size that will
keep the standard error at a reasonable level may be determined prior to the study. It is impossible to
obtain a sample of an infinite number of units. A sample consisting of a single unit or in which a single
observation was made is also unacceptable. An unduly small sample makes it difficult to detect
important effects (or differences) in practice. Therefore, the resources are wasted, and the participants
take unnecessary risks. In an unduly large sample, too many resources are used to find insignificant
effects in practice, and too many participants may take unnecessary risks. For ethical and economic
reasons, it is necessary to determine the sample size to keep the standard error reasonable. The

minimum required sample size for research is determined via statistical power analysis.
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It is crucial to perform statistical power analysis in line with international standards for
reporting scientific studies (e.g., What Works Clearinghouse, Strengthening the Reporting of Observational
Studies in Epidemiology, Consolidated Standards of Reporting Trials). Although there are numerous sources
on power analysis in the literature (e.g., Aberson, 2019; Cohen, 1988; Hedberg, 2017; Liu, 2013; Myors
et al,, 2023; Zhang and Yuan, 2018), this issue is not given enough importance in Tiirkiye, especially in
the field of social sciences and humanities. Examining a representative sample of experimental studies
reported in the educational and psychological sciences in Tiirkiye between 2010 and 2020, Bulus and
Koyuncu (2021) found that none of the 155 experimental studies included power analysis calculations
to determine the sample size. Similarly, Sevgin and Cetin (2017) randomly selected three of the journals
in the field of educational sciences in Tiirkiye. They examined 25 quantitative studies published in these

journals between 2014 and 2016, and as a result, none of them performed a power analysis.

Although there have been recent initiatives in Tiirkiye to provide open-access power analysis
calculation tools, especially in biostatistics (e.g., Arslan et al., 2018), these endeavors are not reflected in
education and behavioral sciences. Therefore, this study aims to explain the theoretical foundations and
computational approach of statistical power analysis in light of commonly used hypothesis tests and

provide practical examples from education and behavioral sciences.
Parameters to Consider in Power Analysis

We need objective criteria to determine the sample size to keep the standard error at a
reasonable level by power analysis. These can be listed as type I error, type II error, the direction of
hypothesis testing, a minimum effect that is important in a practical sense, a cutoff below which any

effect would be ignorable in a practical sense (margin), and type of hypothesis test.
Type I and Type II Error

Since the population parameter is not known in reality, the alternative hypothesis (H,) may be
true, as well as the null hypothesis (H,). There may be inference errors depending on which one is true.
The null hypothesis may be true in the population but rejected in the sample, or the null hypothesis
may not be rejected in the sample while the alternative hypothesis is true in the population. Inferring
the presence of an effect in the sample that is not present in the population (H, is true, H, is false), i.e.,
falsely rejecting the null hypothesis, is called a type I error (a). In cases where there are no multiple
comparisons and multiple outcomes, it is usually specified as a = 0.05. This value means, for example,
that when 100 samples are drawn hypothetically, we can tolerate committing type I errors in up to 5 of

them.

Inferring that there is no effect in the sample, whereas the effect exists in the population (H, is
false, Hy is true), i.e., failing to reject the null hypothesis falsely, is called a type II error (). It is often
specified as # = 0.20. This value means that out of 100 hypothetical samples, we can tolerate committing

type Il errors in up to 20 of them. Statistical power (1 - B) is the probability of inferring that an effect that
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exists in the population also exists in the sample (H, is false, Hy is true). For example, when statistical
power is 0.80, it means that out of 100 hypothetical samples, we conclude that the effect exists in at least

80 of them.
Direction of Hypothesis Testing

When performing hypothesis tests, the ratio of an estimate minus the reference value (often, the
value of the null) to the estimate’s standard error is called a fest statistic (e.g., observed or calculated z
or t value). The test statistic is compared to a cutoff value (e.g., critical z or ¢ value) corresponding to a
given distribution's type I error rate (e.g., standard normal distribution or ¢ distribution). The decision

to reject or fail to reject the null hypothesis relies on comparing the test statistics and the critical value.

The type I error rate is also a function of the directionality of the hypothesis test. In
unidirectional hypothesis testing, one believes that the estimate obtained from the sample is either less
or greater than the reference value suggested by the null hypothesis. In bidirectional hypothesis testing,
one believes that the estimate obtained from the sample is different from the reference value indicated
by the null hypothesis (could be less as well as greater). For example, presume that the type I error is
set at 0.05. For the unidirectional hypothesis test, the critical value is determined from a probability of
0.05. In this case, we believe that the critical value is on one side of the null distribution (one-tailed), and
the probability of observing test statistics on the null distribution equal or greater (or less) to the critical
value is 0.05. For the bidirectional hypothesis test, the critical value is determined from a probability of
0.025. In this case, we believe that the critical value is on two sides of the null distribution (two-tailed),
and the probability of observing test statistics on the null distribution equal or less than the critical value

on the left is 0.025 and equal or greater than the critical value on the right is 0.025.

While the value of 0 is often assigned to the null hypothesis (and is the default on most software
programs), there are cases where the reference value can be set to a small negligible value (a.k.a. margin)
that can be considered null in practical terms. In this line, non-inferiority (equal or greater in a practical
sense), superority (greater in a practical sense), and equivalence (equal in a practical sense) hypothesis
tests are primarily used in medical and pharmaceutical research but can also be helpful in educational,
behavioral, and social sciences. These types of tests influence the test statistics. Numerous sources are
available containing details and interpretations of such tests (e.g., Bokai, Hongyue, Xin, and

Changyong, 2017; CPMP, 1998, 2001; Serdar, Cihan, Yiicel and Serdar, 2021)
Smallest Meaningful Effect

We also need the smallest meaningful effect in practice to calculate the statistical power or
sample size. One can decide on the smallest meaningful effect based on results from existing studies,
experts, and reports. For example, the smallest meaningful effect can be related to the least but
significant improvement in the symptoms of patients with depression or the least but meaningful

improvement in the achievement of students.
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The practice of using effect sizes reported in previous studies in power calculations has been
criticized by some researchers (Bulus and Koyuncu, 2021; Gelman, 2019). An effect reported in previous
studies may not be the smallest meaningful effect. Nonetheless, the effect size reported in previous
studies can be used when investigating whether a new program is at least as effective as the older

program or when exploring the reproducibility of results in earlier studies.
Type of Hypothesis Test

Although the rationale to calculate statistical power or minimum required sample size is similar
regardless of the type of hypothesis test (¢, z, F, etc.), there are slight differences between them. We need
type I error, degrees of freedom, and direction or type of hypothesis test to determine the critical f value
(and to calculate statistical power). Iterative root-finding algorithms are used to calculate the sample
size because the critical ¢t value depends on the degrees of freedom, and the degrees of freedom depend
on the sample size. On the contrary, we need only the type I error and direction or type of hypothesis
test to determine the critical z value. Since the critical z value is not affected by the sample size, the
sample size is calculated directly by formula without the need for iterative root-finding algorithms. We
need type I error and degrees of freedom (for numerator and denominator) to find the critical F value
(and to calculate statistical power). However, iterative root-finding algorithms are used to determine
the sample size because the degrees of freedom for the numerator and denominator depend on the

number of groups or measurements and the sample size.
Statistical Power Analysis in R

Although there are many great programs for statistical power and sample size calculations (e.g.,
pwr R package, Champley et al,, 2020; G*Power, Erdfelder et al., 1996), the availability of web
applications in multiple languages makes pwrss R package an attractive option (Bulus, 2023). The

following code group can be used to install and activate the package in the R environment.

# Install
install.packages ("pwrss'")
# Activate

library(pwrss)

The following sections will explain the formulas and equations required for power analysis

and then show how to perform the calculations using practical examples.
Comparing a Single Proportion to a Constant

Comparison of a proportion (p) obtained from a sample with a fixed proportion (p,) can be
performed by the z test. The standard error can be formulated as SE(p) = m where 7 is the
sample size, however, the problem is that the standard error depends on the estimated proportion.
When the estimated proportion is p = 0.50, the standard error is relatively large. The standard error

becomes smaller towards extremes. Cohen (1988) transformed proportions using the inverse of the sine
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function to overcome this situation and proposed to perform statistical operations on these transformed

values. Inverse sine function transformation of an estimate p is
¢p = 2arcsin (p) 1)

The standard error of the transformed value is SE ((;5) = ,/1/n. Then, the test statistic is calculated as

n @

When the test statistic is known, statistical power can be easily calculated.

One-way hypothesis testing: Considering that a proportion in the population (p) is smaller or greater

than a fixed proportion (py), the null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: p = po (or p < po)
Ha: p <po (o1 p > po)

The inverse sine function transformations and test statistics are calculated as in Equations 3-6.

Test statistics is calculated as

¢p = 2arcsin (p) (3)
¢p, = 2arcsin (p,) (4)
h=¢5—¢p, )

L= h $p— by,
SH(R) — J1/n ©)

The critical value (z;) can be obtained as in Equation 7 by defining the type I error rate (@) in the inverse
cumulative density function of the standard normal distribution (® ;). The statistical power (1 — B) is
obtained as in Equation 8 by defining z and z, in the cumulative density function of the standard normal

distribution (®,) as
Z = CDZ_I((Z; 0) (7)
1-B=1-®,(z;2) 8)

To calculate the minimum required sample size, an estimated test statistic corresponding to the
desired type I error (a) and type II error (B) rates is calculated using Equation 9 (z = z, + z). Then, by

rearranging Equation 6 we can obtain Equation 10 as

Zq + 25 = ®;(a; 0) + @ (B; 0) 9)
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"= (Za + Zﬁ)z

10
(65— Bp,)” (10)

Example: A researcher wonders if the proportion of children with learning difficulties in primary
schools in a particular province is higher than that of the population, including all primary school
students in the country. To do this, they are planning to randomly select 50 students from a list of all
primary school pupils in the province. They will then calculate the proportion of children with learning
difficulties (p) and try to find out if this proportion is higher than the proportion in the population (p,).
The researcher will perform a one-way hypothesis test because they are convinced that his estimated

proportion is not likely to be lower than the reference value in the population.

It is known that the proportion of children with learning difficulties in the population is around
0.06 (MEB, 2021). One of the parameters that the researcher should estimate before proceeding with the
power analysis is the expected or minimum relevant proportion, and the other is how much type I error
should be. The type I error rate is commonly taken as 0.05. Assuming that the expected or minimum

relevant proportion is 0.10, with 50 participants, the statistical power is calculated as

pwrss.z.prop(p = , p0 = , alpha = 0
n = , alternative = "greater")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p = po

# HA: p > pO

# ______________________________

# Statistical power = 0.276

# n = 50

B o

# Alternative = “greater”

# Non-centrality parameter = 1.051

# Type I error rate = 0.05

# Type II error rate = 0.724

The power rate with 50 students is approximately 27.6%. A power rate of at least around 80% is widely
accepted in the social and behavioral sciences. However, suppose severe financial, time, and personnel
constraints or participants belong to a difficult-to-reach population. In that case, keeping the power rate
above at least 50% may be permissible, provided methodological quality is not compromised. In this
case, even if the study's results alone are unreliable, they may provide meaningful added value in

combination with other studies when used in a meta-analysis later.

After all, to obtain a statistical power of 80%, more than 50 participants are needed. The

minimum required sample size to meet these requirements is calculated as
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pwrss.z.prop(p = , p0 = , alpha = 0
power = , alternative = “greater”)

# Approach: Arcsine transformation

# One proportion compared to a constant (one sample z test)

# HO: p = pO

# HA: p > pO

# ______________________________

# Statistical power = 0.8

# n = 281

# ______________________________

# Alternative = “greater”

# Non-centrality parameter = 2.486

# Type I error rate = 0.05

# Type II error rate = 0.2

The minimum required sample size is 281. If one firmly believes that the estimated proportion is

expected to be smaller than the constant, they need to specify alternative="1ess".

Two-way hypothesis testing: In two-way hypothesis testing, one believes that the expected or
minimum relevant proportion (p) is different than the proportion in the population (p,). The null (Ho)

and alternative (Ha) hypotheses are formed as follows:

Ho: p =po

Ha: p # pg

The test statistic is the same as in Equation 6. However, to consider the bidirectional nature of
the hypothesis test, one should use a/2 instead of a. Moreover, bidirectional hypothesis testing differs

from one-way hypothesis testing in calculating statistical power. The critical value (z;) and the statistical

power (1 — ) are calculated as in Equations 11 and 12.

zx = ®;1(a/2;0) (11)

1-B=1=®,(z;2) + ®,(—2;2) (12)

The minimum required sample size is calculated as in Equations 9 and 10, but the type I error

rate should be specified as a/2 in the equations.

Example: Assume that a researcher is interested in whether the proportion of children with learning
disabilities in the province differs from that of the whole population. Assuming, as in the previous
example, that the estimated or minimum relevant proportion is 0.10, the statistical power with 50
participants or the minimum required sample size for a power rate of 80% is calculated by specifying

alternative="not equal" as

pwrss.z.prop(p = , PO = , alpha = , n = g
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alternative = "not equal")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p = pO

# HA: p != p0

# ______________________________

# Statistical power = 0.183

# n = 50

# ______________________________

# Alternative = “not equal”

# Non-centrality parameter = 1.051

# Type I error rate = 0.05

# Type II error rate = 0.817

pwrss.z.prop(p = , pO0 = , alpha = , power = o
alternative = "not equal")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p = p0

# HA: p !'= p0

# ______________________________

Statistical power = 0.8
n = 356

# ______________________________

# Alternative = “not equal”

# Non-centrality parameter = 2.802

# Type I error rate = 0.05

# Type II error rate = 0.2

In the one-way and two-way hypothesis tests described so far, the null hypothesis is rejected if
the p — p, difference is less than, greater than, or different from 0. Even if this difference is as small as
0.001, the null hypothesis is rejected as long as it is statistically significant. However, a minimal
difference that is statistically significant may not make sense in practice. From this point of view, one
can define a minimum value different from 0 called margin, and the hypothesis tests can be carried out
accordingly. The margin is usually denoted by the symbol § in the literature. Following this logic, there
are also different types of one-way hypothesis testing, which are primarily used in medical or
pharmaceutical research. The following paragraphs will describe one-way hypothesis tests of non-

inferiority, superiority, and two one-way hypothesis tests of equivalence.
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Non-inferiority or superiority hypothesis testing: For the non-inferiority test, the margin is
usually negative when higher proportions express a positive phenomenon (e.g., the proportion of gifted

students), and the null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: P — Po < 5
Ha:p—py>6

When higher proportions indicate a negative phenomenon (e.g., the proportion of students with
learning difficulties), the margin is usually positive, and the null (Ho) and alternative (Ha) hypotheses

are formed as follows:
HO: p - po 2 6
Ha: p—py <96

For the superiority test, the margin is usually positive in cases where higher proportions
indicate a positive phenomenon (e.g., the proportion of gifted students), and the null (Ho) and

alternative (Ha) hypotheses are formed as follows:
Ho: P — Do <4
Ha:p—py>6

When higher proportions express a negative phenomenon (e.g., the proportion of students with
learning difficulties), the margin is usually negative, and the null (Ho) and alternative (Ha) hypotheses

are constructed as follows:
HO: p - po 2 5
Ha:p—py <96

The test statistics for both non-inferiority and superiority test can be expressed as

$po+5 = 2 arcsin(p, + 6) (13)

h=¢s—dp+s (14)

~

= h =¢ﬁ_¢)po+6
SH(h) 1/n

(15)

Statistical power is calculated using Equations 7 and 8. The minimum required sample size is calculated

using Equation 9 as

_ (Za + Zﬁ)z

> (16)
(¢ﬁ - ¢P0+5)
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Example: A researcher wants to investigate whether the proportion of gifted children in a province is
less than the proportion in the population ratio (p, = 0.03) in a practical sense. The value obtained from
the sample can be slightly lower than the reference value (§ = —0.005). In this case, the researcher can
calculate the statistical power with 50 students or the minimum required sample size for a power rate

of 80% by defining margin=-0.005 and alternative="non-inferior" as

pwrss.z.prop(p = , p0 = , margin = - , alpha = ,
n = , alternative = "non-inferior")

Approach: Arcsine transformation

One proportion compared to a constant

(one sample z test)

HO: p - p0 <= margin

H= H= o 4

HA: p - p0O > margin

S

# Statistical power = 0.398
# n = 50

Alternative = “non-inferior”

#
# Non-centrality parameter = 1.387
# Type I error rate = 0.05

#

Type II error rate = 0.602

pwrss.z.prop(p = , p0 = , margin = - , alpha = 0
power = , alternative = "non-inferior")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: p - p0 <= margin

# HA: p - p0 > margin

B

# Statistical power = 0.8

# n = 161

# ______________________________

Alternative = “non-inferior”

#
# Non-centrality parameter = 2.486
# Type I error rate = 0.05

#

Type II error rate = 0.2

Per calculations, the statistical power with 50 participants is 39.8%. On the other hand, at least 161

participants are needed to perform this test with 80% statistical power.

Presume that the researcher wants to investigate whether the proportion of gifted children in a
province is practically higher than that of the general population. The value obtained from the sample

may be slightly higher than the reference value (6 = 0.005), but this may not be considered higher in
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practical terms. In this case, the researcher can find the statistical power with 50 students or the
minimum required sample size for a power rate of 80% by defining margin=0.005 and

alternative="superior" as

pwrss.z.prop (p , PO = , margin = , alpha 7
n = , alternative = "superior")

Approach: Arcsine transformation

One proportion compared to a constant

(one sample z test)

HO: p - p0 <= margin

HH H= = H

HA: p - p0 > margin

=

# Statistical power = 0.012
# n = 50

# Alternative = “superior”

# Non-centrality parameter = -0.615
# Type I error rate = 0.05
#

Type II error rate = 0.988

pwrss.z.prop(p = ; PO = , margin = , alpha = v
power = , alternative = "superior")

Approach: Arcsine transformation

One proportion compared to a constant

(one sample z test)

HO: p - p0 <= margin

HH= H= FH= H=

HA: p - p0 > margin

S

Alternative = “superior”
Non-centrality parameter = -2.486
Type I error rate = 0.05

Type II error rate = 0.2

The statistical power with 50 participants is quite low (1.2%). At least 818 participants are needed to

perform this test with 80% statistical power.

Equivalence hypothesis testing: Equivalence hypothesis testing is performed by using two one-way

hypothesis tests. In this case, the null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: [p —pol 2 6

Hatlp —pol < 8
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(17)

(18)

The test statistic (z) and the critical value (z;) are used to calculate the statistical power as

zx = 7 (; 0)
1-B=2(1-@,(z;2)—1
Then, the minimum required sample size is

Zq + 25/, = D71 (a; 0) + @1 (B/2;0)

"= (2a +252)"
(Ipp — ¢p0+5|)2

(19)

(20)

21

(22)

Example: Assume a researcher is investigating whether the proportion of gifted children in a province

is practically equal to the proportion in the population. The value obtained from the sample may be

slightly lower or higher than the population value (6 = 0.005) but will not be considered lower or higher

in practical terms. In this case, the statistical power with a sample size of 50 or the minimum required

sample size for a power rate of 80%

alternative="equivalent" as

is calculated by defining margin=0.005 and

pwrss.z.prop(p = , pO0 = , margin = , alpha
n = , alternative = "equivalent")

# Approach: Arcsine transformation

# Error: design is not feasible

pwrss.z.prop(p = , p0 = , margin = , alpha
power = , alternative = "equivalent")

# Approach: Arcsine transformation

# One proportion compared to a constant

# (one sample z test)

# HO: |p - pO| >= margin

# HA: |p - p0O| < margin

# ______________________________

# Statistical power = 0.8

# n = 1132

# ______________________________

# Alternative = “equivalent”
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# Non-centrality parameter = -2.926
# Type I error rate = 0.05

# Type II error rate = 0.2

At least 1132 students are required to perform this test with a power rate of 80%. When calculating the
statistical power in equivalence studies (the first code group), a warning may indicate that the design is

not feasible. It means that it is impossible to calculate the power rate with 50 students.
Comparing Two Proportions

The previous section discussed testing a proportion obtained from a single sample against a
constant value. Only a single proportion contributed to the standard error because the reference value
being compared is a constant and does not change depending on the sample. On the other hand, one
may want to compare two proportions from two different groups in a sample (e.g., p; and p,) or from
two different samples. In this case, since the proportions being compared are both estimated, both
contribute to the standard error of the difference. The variances of the estimates are p;(1 — ;) and

Po(1 — P,) respectively. Then, the standard error of difference can be stated as

p1(1 —p1) N p2(1 —P2)
ny n;

SE(P1 — D2) :\/ (23)
where n; and n, are sample sizes in the first and second groups. However, as mentioned in the previous
section, the standard error of the difference depends on the estimates themselves. Proportions are

transformed using the inverse sine function, and standard error is calculated as

¢p, = 2arcsin (p,) (24)
¢p, = 2arcsin (p,) (25)
h=¢s — ¢y, (26)

SE(R) = /ni + n—t 27)

One-way hypothesis testing: One-way hypothesis test is conducted if one believes that the proportion
of one group in the population (p;) is less or greater than the proportion of the other group (p,). The

null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: p; = p, (or py < p3)

Ha: py <p, (or p; > p5)

Test statistics is calculated as
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~

R b=y

Z = = 1 2
SE(h) 1 1
Jnt

Statistical power is calculated using Equations 7 and 8. After performing the operation in Equation 9,

(28)

the minimum required sample size is calculated as

(29)

2

_ (za+zﬂ)2 K+1
_(%1—%2)2( g )

where k is the ratio of the sample size of the first group to the sample size of the second group (n,/n,).

The sample size for the first group can be found via n; = n,k.

Example: A researcher is trying to find out whether the proportion of boys with learning disabilities in
primary schools in a particular province is higher than the proportion of girls with learning disabilities.
They aim to collect data from 100 people, 50 from each group. Assume that the expected proportion of
boys with learning disabilities (p,) is 0.08, while for girls (p,) it is 0.06. Statistical power with 50 students

in each group and the minimum required sample size for a power rate of 80% is calculated as

pwrss.z.2props(pl = , P2 = , alpha = 0
kappa = 1, n2 = , alternative = "greater")

# Approach: Arcsine transformation

# Difference between two proportions

# (independent samples z test)

# HO: pl = p2

# HA: pl > p2

# ______________________________

# Statistical power = 0.105

# nl = 50

# n2 = 50

# ______________________________

Alternative = “greater”

#
# Non-centrality parameter = 0.393
# Type I error rate = 0.05

#

Type II error rate = 0.895

PWrss.z.2props (pl = , P2 = , alpha = 0
kappa = 1, power = , alternative = "greater")
Approach: Arcsine transformation
Difference between two proportions
(independent samples z test)

HO: pl = p2

HH = = 4
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# Statistical power = 0.8

# nl = 2003

# n2 = 2003
o

# Alternative = “greater”

# Non-centrality parameter = 2.486
# Type I error rate = 0.05

# Type II error rate = 0.2

Unlike the previous exercises, the kappa=1 argument refers to the ratio of male and female participants
(n1/n2). Collecting data from only 100 participants is insufficient because the statistical power is
around 10.5%. If this test is to be performed with 80% power, data must be collected from 2003

participants from each group.

Two-way hypothesis testing: Two-way hypothesis testing can be performed if one believes that the
proportion of one group in the population is thought to be different from the proportion of the other

group. The null (Ho) and alternative (Ha) hypotheses are constructed as follows:
Ho: p; = p;
Ha: D1 * D2

The test statistic is calculated as in equation 28. Equations 11 and 12 are used to calculate the
statistical power. After using @ /2 in Equation 9, the minimum required sample size for the second group

is calculated as

(30)

_ (za/2 + z‘g)2 <K + 1)
, =

2
(¢ﬁ1 - ¢ﬁ2) K
Similarly, the sample size for the first group is calculated as n, = n; k.

Example: A researcher who is trying to find whether the proportion of boys with learning disabilities is
not equal to the proportion of girls with learning disabilities will perform a two-way hypothesis test.
Statistical power with 50 students in each group and minimum required sample size for a power rate of

80% can be found by specifying alternative="not equal" as

PWrss.z.2props (pl = , P2 = , alpha = ;
kappa = 1, n2 = , alternative = "not equal")
# Approach: Arcsine transformation
# Difference between two proportions
# (independent samples z test)
# HO: pl = p2
# HA: pl != p2
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# nl = 50

# n2 = 50

# ______________________________

# Alternative = “not equal”

# Non-centrality parameter = 0.393

# Type I error rate = 0.05

# Type II error rate = 0.932

pwrss.z.2props (pl = , P2 = , alpha = 7
kappa = 1, power = , alternative = "not equal")

# Approach: Arcsine transformation

# Difference between two proportions

# (independent samples z test)

# HO: pl = p2

# HA: pl != p2

# Statistical power = 0.8
# nl = 2543
n2 = 2543

=

Alternative = “not equal”
Non-centrality parameter = 2.802

Type I error rate = 0.05

N

Type II error rate = 0.2

The statistical power of the hypothesis test with 50 participants in each group is 6.8%. At least 2543
participants are needed in each group to perform this test with 80% statistical power. The previously

mentioned non-inferiority, superiority and equivalence hypothesis tests can also be established here.

Non-inferiority or superiority hypothesis testing: Non-inferiority or superiority hypothesis
testing can be used when the proportion of one group in the population is believed to be equally good
or better than the proportion of the other group while considering a margin (§). For the non-inferiority
test, the margin is usually negative when higher proportions indicate a positive phenomenon (e.g., the
proportion of gifted students), and the null (Ho) and alternative (Ha) hypotheses are constructed as

follows:
HO: P1 — D2 < 6
HA: pl - pz > 6

In cases where higher proportions indicate a negative phenomenon (e.g., the proportion of students
with learning difficulties), the margin is usually positive, and the null (Ho) and alternative (Ha)

hypotheses are formed as follows:

HO:pl_p226
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HA: pl - pz < 6

For the superiority test, the margin is usually positive in cases where higher proportions
indicate a positive phenomenon (e.g., the proportion of gifted students), and the null (HO) and

alternative (HA) hypotheses are formed as follows:
Ho: P1— D2 <6
HA: pl - pz > 6

In cases where higher proportions indicate a negative phenomenon (e.g., the proportion of students
with learning difficulties), the margin is usually negative, and the null (HO) and alternative (HA)

hypotheses are constructed as follows:
Ho: P1 — D2 >4
Ha: P1— P2 )

Test statistics calculated for both non-inferiority and superiority tests can be expressed as

Lo 6 = Doy (3D
SE(h) 1 1
n Ty

Equations 7 and 8 are used to calculate the statistical power. After the operation in Equation 9 is

performed, the minimum required sample size for the second group is

(32)

(zo + ZB)Z K+ 1)
n;

= 2
(@5, = bp,v0) * F
Similarly, the sample size for the first group is calculated as n; = n;xk.

Example: A researcher wants to investigate whether the proportion of gifted boys in a province is
practically lower than that of gifted girls. They will declare a practical difference if the difference
between the two proportions is less than § = -0.005. In this case, the statistical power of 50 participants
from each group or the sample size for 80% statistical power is found by defining margin=-0.005 and

alternative="non-inferior" as

PWrss.z.2props (pl = , P2 = , alpha = , margin = - 0
kappa = 1, n2 = , alternative = "non-inferior")

# Approach: Arcsine transformation

# Difference between two proportions

# (independent samples z test)

# HO: pl - p2 <= margin

# HA: pl - p2 > margin
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# Statistical power = 0.366

# nl = 50
# n2 = 50
# ______________________________
# Alternative = “non-inferior”
# Non-centrality parameter = 1.302
# Type I error rate = 0.05
# Type II error rate = 0.634
pwrss.z.2props(pl = , P2 = , alpha = , margin = - 7
kappa = 1, power = , alternative = "non-inferior")
# Approach: Arcsine transformation
# Difference between two proportions
# (independent samples z test)
# HO: pl - p2 <= margin
# HA: pl - p2 margin
# ______________________________
# Statistical power = 0.8
nl = 183
n2 = 183
# ______________________________
# Alternative = “non-inferior”
# Non-centrality parameter = 2.486
# Type I error rate = 0.05
# Type II error rate = 0.2

The statistical power for non-inferiority hypothesis testing with 50 participants in each group is 36.6%.

At least 183 participants from each group are needed to achieve a power rate of 80%.

Presume that the researcher will investigate whether the proportion of gifted boys in a province
is practically higher than that of gifted girls. They will reject the null when the difference between the
two proportions is greater than § = 0.01. Statistical power with 50 participants from each group or the

sample size for 80% power rate is found by defining margin=0.01 and alternative="superior"

as

PWrss.z.2props (pl = , P2 = , alpha = , margin = 0
kappa = 1, n2 = , alternative = "superior")

# Approach: Arcsine transformation

# Difference between two proportions

# (independent samples z test)

# HO: pl - p2 <= margin

# HA: pl - p2 > margin
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# nl = 50

# n2 = 50

# ______________________________

# Alternative = “superior”

# Non-centrality parameter = -0.113

# Type I error rate = 0.05

# Type II error rate = 0.961

pwrss.z.2props (pl = ; P2 = , alpha = , margin = ;
kappa = 1, power = , alternative = "superior")

Approach: Arcsine transformation
Difference between two proportions
(independent samples z test)

HO: pl - p2 <= margin

HH H = o

HA: pl - p2 > margin

=

# Statistical power = 0.8
# nl = 1866
n2 = 1866

S

Alternative = “superior”
Non-centrality parameter = -2.486

Type I error rate = 0.05

N

Type II error rate = 0.2

The power of the superiority hypothesis test with 50 participants in each group is only 2%. At least 1866
participants in each group are needed to perform this test with 80% statistical power. Note that the

difference between non-inferiority and superiority is how margin (§) is defined.

Equivalence hypothesis testing: Equivalence hypothesis testing is conducted when one believes that
the proportion of one group in the population is equal to that of the other group while considering the

margin (6). The null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: Ip; —p,| =6
Ha: |py —p2l <6

Test statistics is calculated as

L= h _ |p5, — bp,+5] (33)
SE(h) 1 1
n Ty

Equations 19 and 20 are used to calculate the statistical power. After the operation in Equation 9 is

performed, the minimum required sample size is
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2
. 1
- (2q + 2p) 2<K+ ) (34)
(Ipp, — Pp,+5l) K

Similarly, the sample size for the first group can be found as n; = n,k.

Example: A researcher wants to investigate whether the proportion of gifted boys in a province is
practically equivalent to the proportion of gifted girls. The researcher can tolerate a difference between
the two proportions as much as +0.01, yet they would claim equivalence. Again, the statistical power
with 50 participants from each group or the sample size for 80% power is calculated via defining

margin=0.01 and alternative="equivalent" as

pwrss.z.2props (pl , P2 = , alpha = , margin = 7
nz2 = , kappa = 1, alternative = "equivalent'")
# Approach: Arcsine transformation

# Error: design is not feasible

pwrss.z.2props (pl = , P2 = , alpha = , Mmargin = 0
kappa = 1, power = , alternative = "equivalent")

# Approach: Arcsine transformation

# Difference between two proportions

# (independent samples z test)

# HO: |pl - p2| >= margin

# HA: |pl - p2| < margin

# Statistical power = 0.8
# nl = 2585
# n2 = 2585

Alternative = “equivalent”
Non-centrality parameter = -2.926

Type I error rate = 0.05

N

Type II error rate = 0.2

The error in the first code chunk means it would not be sufficient to calculate the statistical power with
50 people in each group. In addition, 2585 participants from each group are required for the equivalence

test with 80% statistical power.
Comparing a Single Mean to a Constant

Suppose there is a random variable X in the population with a mean u and variance 6% and
X1, X2, X3, ..., X, values are observed in the sample. The mean and variance can be estimated via Equation

35 and 36
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n
1
p=->x (35)
i=1
n
52 = 2> o= ) 6)
n—1¢ ¢
=1
The standard error is expressed as
. G
SE(f) = —= (37)

Vn

One-way hypothesis testing: If one believes that the mean in the population (u) is less or greater than

a constant (yy), the null (Ho) and alternative (Ha) hypotheses are established as follows:
Ho: u = po (or p < o)
Ha:p < o (or g > o)

The test statistics is calculated as

(38)

Statistical power is calculated using Equations 7 and 8. The minimum required sample size is calculated
as

22
. (za + ZB) é (39)

(@ — po)?
Example: A researcher wants to find out whether the depression level of college students during
COVID-19 is higher than 21 points (which can be considered a moderate level). The Beck Depression
Inventory (BDE; Beck, Ward, Mendelson, Mock, and Erbaugh, 1961) consists of 21 items. Hisli (1989)
stated that university students who scored 21 showed signs of moderate depression. Then, the reference
value can be set to y, = 21. Furthermore, Hisli (1989) found that the standard deviation of BDE scores of
university students was 6.75. Assuming that a two-unit increase from the reference value (the moderate
level), ie., 23, is the minimum effect that is important for practice, the statistical power with 50

participants or the sample size for 80% power is calculated via defining alternative="greater" as
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pwrss.z.mean (mu = , mu0 = , sd = ,
alpha = , N = , alternative = '"greater")
# One mean compared to a constant
# (one sample z test)
# HO: mu = mul
# HA: mu > muO
# ______________________________
# Statistical power = 0.674
# n = 50
# ______________________________
# Alternative = “greater”
# Non-centrality parameter = 2.095
# Type I error rate = 0.05
# Type II error rate = 0.326
pwrss.z.mean (mu = , mul0 = , sd = ,
alpha = , power = , alternative = "greater")

# One mean compared to a constant
# (one sample z test)

# HO: mu = mul
#

HA: mu > muO

# ______________________________

# Statistical power = 0.8

# n =171
o

# Alternative = “greater”

# Non-centrality parameter = 2.486
# Type I error rate = 0.05

# Type II error rate = 0.2

The power rate with 50 participants is 67.4%. In addition, if it is possible to collect data from more
participants, at least 71 participants are needed to perform the hypothesis test with 80% statistical

power.

Two-way hypothesis testing: A two-way hypothesis testing can be conducted when one believes that
the population mean (u) is not equal to a constant value (u,). The null (Ho) and alternative (Ha)

hypotheses are established as follows:
Ho: = pyo
Ha: U * Ho

The test statistic is calculated as in Equation 38. Equations 7 and 8 are used to calculate statistical

power. The sample size is calculated as
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(le/Z + Zﬁ)za'z
n=la2 %) 0 (40)
(@ = o)
Example: A researcher tries to prove that the level of depression in college participants during COVID-
19 differs from the moderate level of 21 points. Assuming, as in the previous example, that the minimum
significant difference is two units (i.e., the level of depression can be 19 units or 23 units), the statistical
power with 50 participants or the sample size for 80% power is found by defining alternative="not

equal" as

pwrss.z.mean (mu = , mu0 = , sd = ,
alpha = , D= , alternative = "not equal')
One mean compared to a constant
(one sample z test)

#
#
# HO: mu = mul
#

HA: mu != muO
o
# Statistical power = 0.554
# n = 50
o

Alternative = “not equal”

#
# Non-centrality parameter = 2.095
# Type I error rate = 0.05

#

Type II error rate = 0.446

pWrss.z.mean (mu = , mul = , sd = ,
alpha = , power = , alternative = "not equal")
One mean compared to a constant
(one sample z test)

#
#
# HO: mu = mul
#

HA: mu != muO
o
# Statistical power = 0.8
# n = 90
o

Alternative = “not equal”

#
# Non-centrality parameter = 2.802
# Type I error rate = 0.05

#

Type II error rate = 0.2

The power of the two-way hypothesis test with 50 participants is 55.4%. At least 90 participants are

needed to perform the hypothesis test with 80% statistical power.
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Non-inferiority or superiority hypothesis testing: Non-inferiority or superiority hypothesis testing is
used when the mean in the population (1) is thought to be not less than or greater than a constant value
(to) in the population while considering a margin (6). For the non-inferiority test, where higher values
of a variable indicate a positive phenomenon (e.g., achievement test score), the margin is usually

negative, and the null (Ho) and alternative (Ha) hypotheses are formed as follows:
Hop—py <6
Ha:pp—py>6

Where high values of the variable indicate a negative phenomenon (e.g., depression score), the margin

is usually positive, and the null (Ho) and alternative (Ha) hypotheses are constructed as follows:
Ho: U — Uy = 0
Hap—pg<é

For the superiority test, where high values of the variable indicate a positive phenomenon (e.g.,
achievement test score), the margin is usually positive, and the null (Ho) and alternative (Ha) hypotheses

are constructed as follows:
Hop—py <6
Harpp—pyg>6

In cases where high values of the variable indicate a negative phenomenon (e.g., depression score), the
margin is usually negative, and the null (Ho) and alternative (Ha) hypotheses are constructed as

follows:

Ho: H— Uy =6

Ha:pp—pp <6
Test statistics for both non-inferiority and superiority tests is calculated as
_ﬁ_ﬂo_a_ A—po—96

TTTSE@® T 6 (41)
N

Equations 7 and 8 are used for statistical power calculation. The minimum required sample size is

calculated as

2z, +25)°62
_(a ﬁ)

=% P/ 42
T @

Example: A researcher is trying to determine whether secondary school students' psychological
resilience levels during COVID-19 are practically less than the value in a pre-COVID-19 article. They

will reject the null hypothesis if the difference between the sample estimate and the constant value



Bulus, M., & Polat, C.

exceeds -2. In the previous study, the average value of psychological resilience was determined as 49
units, and the standard deviation of psychological resilience scores was 7.59 (Arslan, 2015). Assuming
that the expected mean is 51 units, statistical power with 50 participants or the minimum required
sample size for a power rate of 80% is calculated by defining margin=-2 ve alternative="non-

inferior" as

pwrss.z.mean (mu = , mul = , sd = , margin = -2,
alpha = , n = , alternative = "non-inferior")
# One mean compared to a constant
# (one sample z test)
# HO: mu - mu0 <= margin
# HA: mu - mu0 > margin
# ______________________________
# Statistical power = 0.981
# n = 50
# ______________________________

# Alternative = “non-inferior”

# Non-centrality parameter = 3.727
# Type I error rate = 0.05
#

Type II error rate = 0.019

pwrss.z.mean (mu = , mu0 = , sd = , margin = =2,
alpha = , power = , alternative = "non-inferior")
# One mean compared to a constant
# (one sample z test)
# HO: mu - mu0 <= margin

# HA: mu - mu0 > margin

# Statistical power = 0.8
= 23

S
=]

Alternative = “non-inferior”
Non-centrality parameter = 2.486

Type I error rate = 0.05

N

Type II error rate = 0.2

As a result, the power of the non-inferiority hypothesis test with 50 participants is 98.1%. At least 23

participants are required to perform the hypothesis test with 80% statistical power.

Equivalence hypothesis testing: Equivalence hypothesis testing can be considered when one believes
that there is no difference between the population value (u) and the fixed values (1) while considering

a margin (8). The null (Ho) and alternative (Ha) hypotheses are formed as follows:

Ho: |u— uol 2 6
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Ha: lp—pol <6

Test statistics is calculated as

=|ﬁ"ﬂoy_5::|ﬁ"#0|_5

SE(R) (43)

0
n

Equations 17 and 18 are used for statistical power calculation. The minimum required sample size is

calculated via

252
:(za+zﬁ/2) o (44)
(1 — ol — 8)?
Example: A researcher is trying to determine whether the psychological resilience levels of middle
school students equal the value in a pre-COVID-19 article. They will reject the null hypothesis if the
difference between the sample estimate and the constant value is greater than -1 and less than 1.
Statistical power with 50 participants or the minimum required sample size for a power rate of 80% is

calculated by defining margin=2 ve alternative="equivalent" as

pwrss.z.mean (mu = , mu0 = , sd = , margin = 1,

alpha = , N = , alternative = "equivalent")

# Error: design is not feasible

pwrss.z.mean (mu = , mul = , sd = , margin = 1,
alpha = , power = , alternative = "equivalent")
One mean compared to a constant

#
# (one sample z test)
i
i

HO: |mu - muO| >= margin
HA: |mu - muO| < margin
# ______________________________
# Statistical power = 0.8
# n = 494
# ______________________________
# Alternative = “equivalent”
# Non-centrality parameter = 2.926
# Type I error rate = 0.05
# Type II error rate = 0.2

The error given in the above output shows that it is impossible to determine the statistical power with
a sample of 50 participants. At least 494 participants are required to perform the equivalence hypothesis

test with 80% power.
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Comparing Two Means

The independent samples t-test is used to compare the means of the two groups in cross-

sectional data, and the dependent samples (matched pairs) t-test is used to compare the means of the

same group at two different time points.

Independent samples t-test: Consider a random variable X; with a mean g, and variance of for the

first group, a random variable X, with a mean p, and variance o7 for the second group. Assume that,

in the sample, n; observations are realized for X; (x11,X12,X13, ., X15,) in the first group and n,

observations are realized for X; (x1, X2, X23, -, X2p,) in the second group. Means are estimated via

ni
R 1
b= ) X
ny 4 ¢
i=1
nz
R 1
Hp = — X2
n, ‘

and variances are estimated via

1 <
512 = Z(xu' - .121)2
i=1

n1_1

1 <
522 = Z(xzz - ﬁz)z
i=1

n, —1

Then, the standard error of the difference is calculated as

~ 2
01

SE(py =) = |—+—

ny

A2
02

n;

(45)

(46)

(47)

(48)

(49)

One-way hypothesis testing: One-way hypothesis testing is used if one believes that the mean of one

group in the population (y,) is less or greater than the mean of the other group (u,). The null (Ho) and

alternative (Ha) hypotheses are established as follows:
Ho: py = pp (or py < i)

Ha: py < (or uy > )

Test statistics is calculated as
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¢ = A — _
SE( — ) (50)
Then, statistical power is calculated as
v=n,+n,—2 (1)
t, = 71 (a, v; 0) (52)
1-8=1-,(t,v;t) (53)
where v refers to the degrees of freedom. The sample size is calculated as
te +tp = O (e, v;0) + ©71(B,v; 0) (54)
2 %2 +6,° (53)
n, = (tq + tg) G i)t

Since k = n, /n,, the sample size for the first group is obtained via n, = n,x. If statistical power or
sample size calculations rely on the standardized mean difference such as Cohen’s d, specify fi; = d,
f, =0, 6,°=1 and 6,° = 1. In the pwrss package, the default values of the pwrss.t.2means ()

function arguments are set to facilitate standardized definition.

Example: A researcher is trying to find out whether female students studying at universities during
COVID-19 have higher levels of depression compared to boys. It is known from previous studies that
the standard deviation of depression scores in the total sample (girls + boys) is 6.75 (Hisli, 1989). Again,
assuming that the minimum meaningful difference is two units (26 for girls and 24 for boys), the
statistical power with 50 participants in each group, or the sample size for 80% power is calculated via

defining alternative="greater" as

pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , h = , alternative = "greater")

# Difference between two means

# (independent samples t test)

# HO: mul = mu2

# HA: mul > mu2

# ______________________________

# Statistical power = 0.431

# nl = 50

# n2 = 50

# ______________________________

# Alternative = “greater”
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Degrees of freedom = 98

#
# Non-centrality parameter = 1.481
# Type I error rate = 0.05

#

Type II error rate = 0.569
pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , power = , alternative = '"greater")

Difference between two means

#
# (independent samples t test)
# HO: mul = mu2

#

HA: mul > mu?2

# Statistical power = 0.8
# nl = 142

# n2 = 142

# ______________________________

# Alternative = “greater”

# Degrees of freedom = 281.2

# Non-centrality parameter = 2.493
# Type I error rate = 0.05

# Type II error rate = 0.2

The kappa=1 argument refers to the ratio of female participants to male participants (n1/n2). The
sdl argument represents the standard deviation of the first group as well as the pooled standard
deviation of the combined data because when the standard deviation of two groups is equal, the pooled
standard deviation is similar to the standard deviation of one of the groups (by default, the standard
deviation of the second group is equal to the standard deviation of the first group). Statistical power
was found to be 43.1%. The hypothesis test can be conducted with a power rate of 80% when there are

142 participants in each group.

Two-way hypothesis testing: Two-way hypothesis testing is used if one believes that the mean of one
group in the population (y,) is not equal to the mean of the other group (u,). The null (Ho) and

alternative (Ha) hypotheses are constructed as follows:
Ho: py = pp
Har wy # 1y

The test statistic is the same as Equation 50. In contrast, since a two-tailed hypothesis test is

carried out, one should specify a/2 for the type I error rate. Statistical power is calculated as

t, = ®71(a/2,v;0) (56)
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1=B=1=Du(ty,vit) + Pp(—ty, v;t) (57)

The minimum required sample size can be found from

tass + tg = @7 (a/2,v;0) + ®;1(B,v; 0) 58
/ B
A~ 2
01 ~ 2
-~ +6
2 K 2
n, = (tg, +t — 59)
2 ( a/? B) 4y — f12)? (

Example: A researcher is trying to find out whether girls' depression levels are equal to boys'. Suppose
the smallest meaningful difference is two units (26 for girls and 24 for boys). Statistical power with 50
participants in each group or the sample size for a power rate of 80% is calculated by defining

alternative="not equal" as

pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , n = , alternative = "not equal")
# Difference between two means
# (independent samples t test)
# HO: mul = mu2

# HA: mul != mu2

# ______________________________

# Statistical power = 0.311

# nl = 50

# n2 = 50

# ______________________________

# Alternative = “not equal”

# Degrees of freedom = 98

# Non-centrality parameter = 1.481

# Type I error rate = 0.05

# Type II error rate = 0.689

pwrss.t.2means (mul = , mu2 = , sdl = , kappa = 1,
alpha = , power = , alternative = "not equal")

Difference between two means

#
# (independent samples t test)
# HO: mul = mu2

#

HA: mul != mu2
# ______________________________
# Statistical power = 0.8
# nl = 180
# n2 = 180
# ______________________________

# Alternative = “not equal”
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Degrees of freedom = 357.56

#
# Non-centrality parameter = 2.809
# Type I error rate = 0.05

#

Type II error rate = 0.2

The power rate with 50 participants in each group is 31.1%. Furthermore, at least 179 participants in

each group are needed to conduct the hypothesis test with 80% power.

Non-inferiority or superiority hypothesis testing: In the non-inferiority hypothesis test, the difference
between the means of the two groups in the population (¢, — p,) is considered to be greater than the
margin (&) on the left side of 0 (negative) or smaller than the margin (§) on the right side of 0 (positive).
In cases where higher values of a variable indicate a positive phenomenon (e.g., achievement test score),

the margin is usually negative. The null (Ho) and alternative (Ha) hypotheses are constructed as follows:
Ho: py —pu, <6
HA: U1 — Uy > 6

In cases where higher values of the variable indicate a negative phenomenon (e.g., depression score),

the margin is usually positive. The null (Ho) and alternative (Ha) hypotheses are constructed as follows:
Ho: U1 — Up = 0
Harpy —pu, <96

In the superiority hypothesis test, the difference in the mean of the two groups in the population
(41 — ) is thought to be smaller than the margin (§) on the left side of 0 (negative) or greater than the
margin (d) on the right side of 0 (positive). In cases where higher values of the variable indicate a
positive phenomenon (e.g., achievement test score), the margin is usually positive. The null (Ho) and

alternative (Ha) hypotheses are formed as follows:
Ho: U1 — Uy <6
Ha: U1 — Uy >0

In cases where higher values of the variable indicate a negative phenomenon (e.g., depression score),
the margin is usually negative, and the null (Ho) and alternative (Ha) hypotheses are constructed as

follows:
HO: l’ll - ,u.z 2 6
HA: l’ll - ‘u.z < 6

For both non-inferiority and superiority tests, the test statistics is calculated as
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t=.a1_.a2_8 _M-p—d
SE(fy — f12)

(60)

Equations 52 and 53 are used to calculate the statistical power. The minimum required sample size is

calculated as

A 2
) %_I_ 6_\22 (61)
n, = (tg +tp)

Example: A researcher is trying to determine whether female students' psychological resilience levels
in secondary schools are higher than male students' during COVID-19. Even if the difference between
the two means is -1, they will reject the null and conclude that the mean of the first group is higher.
Statistical power with 50 participants from each group or the minimum required sample size for a power

rate of 80% is calculated by defining margin=-1 ve alternative="non-inferior"as

pwrss.t.2means (mul = , mu2 = , sdl = , margin = -1,
alpha = , D= , alternative = "non-inferior")
Difference between two means

#
# (independent samples t test)
# HO: mul - mu2 <= margin

#

HA: mul - mu2 > margin

# Statistical power = 0.625
# nl = 50
n2 = 50

=

Alternative = “non-inferior”
Degrees of freedom = 98
Non-centrality parameter = 1.976

Type I error rate = 0.05

N

Type II error rate = 0.375

pwrss.t.2means (mul = , mu2 = , sdl = , margin -1,

alpha = , power = , alternative = "non-inferior")
Difference between two means
(independent samples t test)

HO: mul - mu2 <= margin

= = H=

HA: mul - mu2 > margin

=

Statistical power = 0.8
# nl = 80
# n2 80
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Alternative = “non-inferior”
Degrees of freedom = 157.82
Non-centrality parameter = 2.498

Type I error rate = 0.05

H= H= = 4

Type II error rate = 0.2

With 50 participants in each group, the non-inferiority hypothesis testing can be performed with a
power rate of 62.5%. Nonetheless, at least 80 participants in each group are required to conduct the

hypothesis test with a power rate of 80%.

In superiority hypothesis testing, the researcher would believe that the level of psychological
resilience of female students is practically higher than that of male students. The difference between the
two means should be greater than 1 to reject null and conclude that the mean of the first group is higher.
With 50 participants from each group, the statistical power is 16.1%. At least 714 participants in each

group are needed to conduct the superiority test with 80% power rate.

pwrss.t.2means (mul = , mu2 = , sdl = , margin = 1,
alpha = , h = , alternative = "superior")
Difference between two means

#
# (independent samples t test)
#
#

HO: mul - mu2 <= margin
HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.161
nl = 50
# n2 = 50
# ______________________________
# Alternative = “superior”
# Degrees of freedom = 98
# Non-centrality parameter = 0.659
# Type I error rate = 0.05
# Type II error rate = 0.839
pwrss.t.2means (mul = , mu2 = , sdl = , margin = 1,
alpha = , power = , alternative = "superior")

# Difference between two means
# (independent samples t test)
# HO: mul - mu2 <= margin
#

HA: mul - mu2 > margin
# Statistical power = 0.8

# nl = 714
# n2 = 714
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# ______________________________

# Alternative = “superior”

# Degrees of freedom = 1424.16

# Non-centrality parameter = 2.488
# Type I error rate = 0.05

# Type II error rate = 0.2

Equivalence hypothesis testing: In equivalence hypothesis testing, one believes that the absolute value
of the difference between the means of the two groups in the population (|y; — ;]) is smaller than some

margin (6). The null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: |uy —pzl =26
Ha:|py —pal <6

The test statistics can be calculated as

N AN e A
SEGih — iz)

(62)
Statistical power is calculated as
t,y = 7 (a,v; 0) (63)
1-p=2(1-@(t),v;t) — 1 (64)
and the minimum required sample size is calculated as
te +tgn = @ (@, v;0) + D1 (B/2,1;0) (65)
) &’ +6,°
ny = (toe +tg)2) X (66)

(181 = fio| = 6)?

Example: A researcher tries to find that female students' psychological resilience levels are equivalent
to male students'. They will reject null and claim equivalence when the difference between the two
means is less than 1 or greater than -1. The power rate cannot be calculated with 50 participants in each
group. The sample size for a power rate of 80% is calculated by defining margin=1 ve

alternative="equivalent" as

pwrss.t.2means (mul = , mu2 = , sdl = , margin = 1,
alpha = , D2 = , alternative = "equivalent")

# Error: design is not feasible

pwrss.t.2means (mul = , mu2 = , sdl = , margin = 1,
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alpha = , power = , alternative = "equivalent")
Difference between two means
(independent samples t test)

#
#
# HO: |mul - mu2| >= margin
#

HA: |mul - mu2| < margin
# ______________________________
# Statistical power = 0.8
# nl = 988
# n2 = 988
# ______________________________
# Alternative = “equivalent”
# Degrees of freedom = 1973
# Non-centrality parameter = 2.928
# Type I error rate = 0.05
# Type II error rate = 0.2

At least 988 participants are needed in each group to test equivalence with a power rate of 80%.

Dependent samples (matched pairs) t-test: Assume that a random variable measured at the first time
point (X;) has a mean of y, and a variance of of. Further, assume that the same variable is measured at
a second time point (X;) and it has a mean of y, and a variance of 6. X; and X, are dependent measures

because they are nested within the person.

Let xi4, %42, %13, ..., X1, be observed values for X; at the first time point and x,q,x5,, X33, ..., X5, are

observed values at the second time point. Their means are estimated as

=
ks
I
3|
INgb
=
=

(67)
i=1
n
2, = 68
Hy = EZ X2i (68)
i=1
and their variances are estimated as
n
~ 2 1 A )2
0 = g )G o) (69)
i=1
n
~ 2 1 A \2
6 = — Z(xzi - ) (70)
i=

The standard error of the difference (i, — fi,) is calculated with
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~ 2 A~ 2 A A
01"+ 6," — 26,651, 71)

SE(.a1_ﬁ2)=\/ n

where 77, is the correlation between X; and X, and defined as

1 A A
012 n—1 im1 Oy = A (i — )

12 =~ A
1 . 1 .
\/mZ?ﬂ(xN — f11)? sz?ﬂ(xﬂ — fiy)?

5,6, (72)

One-way hypothesis testing: One-way hypothesis testing is conducted if one believes that the mean of
a variable at the first time point is less or greater than the mean of the same variable at the second time

point. The null (Ho) and alternative (Ha) hypotheses are constructed as follows:
Ho: py = p, (or py < )

Ha: py <y (or uy > )
Test statistics is calculated as
ﬁl - .122 ﬁl - ﬁz

SE(fy — A2) \/512 + 6,7 — 26,6,11, (73)
n

The statistical power is calculated as in Equations 52 and 53 by defining the degree of freedom as v =

n — 1. The minimum required sample size is calculated as

ne(ta+e )2 (612 +6,% — 26162r12> (74)
— \‘ta B (4, — 4,)?
Ay — fAz)

When Cohen’s d is used as the standardized mean difference, the statistical power or the minimum
required sample size is calculated by defining f; =d, [, =0, 6,2 =J1/2(1 —=1y,) ve 6,° =

V1/2(1 —1yy).

Example: A researcher is planning to organize a one-week program based on cognitive behavioral
psychotherapy to reduce the depression levels of students studying at universities during the COVID-
19 pandemic. They will measure participants' depression levels at the beginning and end of the program
(pretest and posttest). Bulus and Koyuncu (2021) found that the pretest for non-cognitive outcomes in
the field of psychological counseling explained 0.29 of the variance in the posttest scores (15 = 0.29).
This coefficient of determination shows that the correlation between the pretest and the posttest scores
is 17, = /0,29 = 0,54. It is also known from previous studies that the standard deviation of depression
scores was around 6.75 (Hisli, 1989). Assuming that the minimum noteworthy reduction in depression
symptoms is two units (pretest mean of 26 and posttest mean of 24 points), statistical power with 50
participants or the minimum required sample size for a power rate of 80% is found by defining

paired=TRUE ve alternative="greater" as
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pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , N = ,
paired = TRUE, paired.r = , alternative = '"greater")
# Difference between two means
# (paired samples t test)
# HO: mul = mu2
# ha: mul > mu2
# ______________________________
# Statistical power = 0.695
# n = 50
# ______________________________
# Alternative = “greater”
# Degrees of freedom = 49
# Non-centrality parameter = 2.184
# Type I error rate = 0.05
# Type II error rate = 0.305
pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , power = p
paired = TRUE, paired.r = , alternative = "greater")

# Difference between two means
# (paired samples t test)
# HO: mul = mu2
# ha: mul > mu?2
# ______________________________

Statistical power = 0.8

n = 67
# ______________________________
# Alternative = “greater”
# Degrees of freedom = 65.31
# Non-centrality parameter = 2.516
# Type I error rate = 0.05
# Type II error rate = 0.2

As mentioned earlier, the sd1 argument can represent the standard deviation of the first group as well
as the pooled standard deviation of the combined data because, by default, the standard deviation of
the second group is equal to the standard deviation of the first group. According to this calculation, the
hypothesis test can be conducted with 69.5% power. At least 67 participants are needed to achieve a
power rate of 80%. If an increase in the level of depression is expected, that is, to find that the mean of
pretest scores was lower than the mean of the posttest scores, then the argument

alternative="1ess" should be used.

Two-way hypothesis testing: Two-way hypothesis testing is used when one believes that the mean of
a variable in the population in the first time point (u,) is different from the mean in the second time

point (u). The null (Ho) and alternative (Ha) hypotheses are formed as follows:
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The test statistic is similar to that in Equation 73. In contrast, since fi; could be higher as well

as lower than fi,, the type I error rate is set to a/2. The statistical power is calculated as in Equations 56

and 57 by defining the degree of freedom as v = n — 1. After modifying the type I error rate and

calculating degrees of freedom the sample size can be calculated from Equation 54 as

n=(ty,+ t,;)z <

A 2 A~ 2 A A
6,° + 6, —20102r12)

(A = f12)?

(75)

Example: Reconsider the previous example, but now the level of depression may decrease or increase.

The statistical power with 50 participants or the minimum required sample size for a power rate of 80%

is found by defining alternative="not equal" as

pwrss.t.2means (mul = , mu?2

=

HH= H FH= FH= =

paired = TRUE, paired.r

14

2.184

Difference between two means
(paired samples t test)
HO: mul = mu2
HA: mul != mu2
Statistical power = 0.572
n = 50
Alternative = “not equal”
Degrees of freedom = 49
Non-centrality parameter =
Type I error rate = 0.05
Type II error rate = 0.428

pwrss.t.2means (mul = , mu?2

H= ok S =

S

paired = TRUE, paired.r

14

Difference between two means
(paired samples t test)
HO: mul = mu2
HA: mul != mu2
Statistical power = 0.8
n = 85
Alternative = “not equal”

# Degrees of freedom = 83.21

# Non-centrality parameter =

2.835

14

14

4

14

alpha =

alternative

alpha =

alternative

n = ’

"not equal')

power = g

"not equal')
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# Type I error rate = 0.05
# Type II error rate = 0.2

The power rate is 57.2% with 50 participants. At least 85 participants are needed to achieve a power rate

of 80%.

Non-inferiority or superiority hypothesis testing: Non-inferiority hypothesis testing is used when one
believes that the mean difference between the first and second time point (u; — p,) is greater than the
margin (6) when it is on the left side of 0 (negative) or less than the margin when it is on the right side
of 0 (positive). In cases where higher values of a variable indicate a positive phenomenon (e.g.,
achievement test score), the margin is usually negative, and the null (Ho) and alternative (Ha)

hypotheses are formed as follows:
Hoppy —pp, <6
Harpy —p, >96

When higher values of the variable indicate a negative phenomenon (e.g., depression score), the margin

is usually positive, and the null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho:ppy —pp, =26
HA: U1 — Up < 5

Superiority hypothesis testing is used when one believes that the mean difference between the
first and second time points (u; — u,) is less than the margin (§) when it is on the left side of 0 (negative)
or greater than the margin when it is on the right side of 0 (positive). In cases where higher values of a
variable indicate a positive phenomenon (e.g., achievement test score), the margin is usually positive,

and the null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: U1 — Up <6
Ha:py —p, >96

When higher values of the variable indicate a negative phenomenon, the margin is usually negative,

and the null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: U1 — Up = 0
HA: Ui — Uy < 6

The test statistic is calculated as

=8 = =8
G 1) [o7e 6= ann, (76)
n
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The statistical power is calculated using Equations 52 and 53 by defining the degree of freedom as v =

n — 1. After specifying the degrees of freedom in Equation 54, the sample size is calculated as

A2 A2 _ona
01"+ 6," — 26,6,r 77
n=(ta+tﬂ)2(1 Fo2 1221z> 77)
(f — iz — 8)
Example: Revisiting the previous example, but now assuming that the researcher would conclude that
there is a decrease in the level of depression as long as the difference is greater than -1. Statistical power

with 50 participants or the minimum required sample size for a power rate of 80% is calculated by

defining margin=-1ve alternative="non-inferior" as

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , n = ,
paired = TRUE, paired.r = 7
alternative = "non-inferior", margin = -1)

Difference between two means

(paired samples t test)

HO: mul - mu2 <= margin

N

HA: mul - mu2 > margin

S

# Statistical power = 0.944
# n = 50

Alternative = “non-inferior”
Degrees of freedom = 49
Non-centrality parameter = 3.276

Type I error rate = 0.05

.

Type II error rate = 0.056

pwrss.t.2means (mul = , mu2 = , sdl , alpha = , power = ,

paired = TRUE, paired.r ;
alternative = "non-inferior", margin = -1)
Difference between two means
(paired samples t test)

#
#
# HO: mul - mu2 <= margin
#

HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.8
# n = 31
o
# Alternative = “non-inferior”
# Degrees of freedom = 29.34
# Non-centrality parameter = 2.552
# Type I error rate = 0.05
# Type II error rate = 0.2
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In conclusion, with 50 participants, considering a margin of -1, the difference of two units between the
mean pretest and mean posttest scores can be detected with 94.4% power rate. Only 31 participants are

needed for a power rate 80%.

Suppose that the researcher would conclude that there is a decrease in the level of depression
as long as the difference is greater than 1. Statistical power with 50 participants or the minimum
required sample size for a power rate of 80% is calculated by defining margin=1 ve

alternative="superior" as

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , n = ,
paired = TRUE, paired.r = ,
alternative = "superior", margin = 1)

# Difference between two means
# (paired samples t test)

# HO: mul - mu2 <= margin
#

HA: mul - mu2 > margin

# Statistical power = 0.285

=
=)

= 50

Alternative = “superior”
Degrees of freedom = 49
Non-centrality parameter = 1.092

Type I error rate = 0.05

= = F= =

Type II error rate = 0.715

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , power = 0
paired = TRUE, paired.r = p
alternative = "superior", margin = 1)
Difference between two means

#
# (paired samples t test)
#
#

HO: mul - mu2 <= margin

HA: mul - mu2 > margin
# ______________________________
# Statistical power = 0.8
# n = 261
# ______________________________
# Alternative = “superior”
# Degrees of freedom = 259.67
# Non-centrality parameter 2.494
# Type I error rate = 0.05
# Type II error rate = 0.2
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With 50 participants, the superiority test has a power rate of 28.5%. At least 261 participants are needed

to perform the test with 80% power rate.

Equivalence hypothesis testing: In equivalence hypothesis testing, one believes that there is no
difference between the means of two time points while considering a margin. The null hypothesis is
rejected when the difference is greater than the margin on the left side of 0 (negative) and smaller than
the margin on the right side of 0 (positive). The null (Ho) and alternative (Ha) hypotheses are formed

as follows:
Ho: [uy —pol =2 6
Ha:|py —pal <6

The test statistics is calculated as

=l =8 |y — fiz| =6
SE (1 — f12) \/612 + 6,2 — 26,611, (78)
n

Equations 63 and 64 are used to calculate the statistical power. After plugging v = n — 1 in Equation 65,

the sample size is calculated as

A2 A2 _oaa
2 0'1 + 0'2 - 2010'27”12) (79)
n=\(t,+t¢t ~ ~
(ta* 512 < (s = ] = 8)?
Example: Revisiting the previous example, assume that the researcher will conclude that there
is no change in the level of depression as long as the absolute value of the difference is smaller than 1.
Statistical power with 50 participants or the minimum required sample size for a power rate of 80% is

calculated by defining margin=1 ve alternative="equivalent" as

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , n = ,
paired = TRUE, paired.r = v
alternative = "equivalent", margin = 1)

# Error: design is not feasible

pwrss.t.2means (mul = , mu2 = , sdl = , alpha = , power = o
paired = TRUE, paired.r = P
alternative = "equivalent", margin = 1)

# Difference between two means
# (paired samples t test)
# HO: |mul - mu2| >= margin

# HA: |mul - mu2| < margin

# Statistical power = 0.8
# n = 361
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Alternative = “equivalent”
Degrees of freedom = 359.59
Non-centrality parameter = 2.933

Type I error rate = 0.05

O N

Type II error rate = 0.2

It is not possible to calculate the power rate with 50 participants. At least 361 participants are needed

to perform the equivalence test with 80% power rate.
Comparing Pearson’s Correlation against a Constant

The Fisher transformation is used to compare a correlation (#) against a constant (r;) (Cohen,

1988). The transformed values can be obtained via

A—ll (1+f) (80)
RV
1 1+ (81)
% = 7log (1 - ro)
The test statistic for the z-test is
Z—z
,= 2% (82)
1
n—3

where n is the sample size.

One-way hypothesis testing: One-way hypothesis testing is used when one believes that a correlation
between two variables in the population (7) is smaller or greater than a fixed value (;). The null (Ho)

and alternative (Ha) hypotheses are constructed as follows:
Hor=r (orr <r)
Ha:r <ry(orr >ry)

Statistical power is calculated using Equations 7 and 8. The sample size is calculated as

n = (Z(Z + Zﬁ)z

(83)
(2 — 2p)? 3

In pwrss R package, r, = 0 is by default but can be modified by the user. Thus, a researcher trying to

find out whether a correlation is greater than, less than, or not equal to zero does not need to specify ;.

Example: A researcher is trying to find whether there is a positive relationship between a collaborative

learning environment and school belonging. A previous study found a correlation of 0.24 between the
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collaborative learning environment and school belonging (Ozcan and Bulus, 2022). If there is no
evidence of an expected correlation value, the classifications of Cohen (1988) or Gignac and Szodorai
(2016) can be used. Statistical power with 50 participants or the minimum required sample size for a

power rate of 80% is calculated by defining alternative="greater" as

pwrss.z.corr(r = , D = , alternative = "greater")
# One correlation compared to a constant

# (one sample z test)

# HO: r = r0

# HA: r > r0

# ______________________________

# Statistical power = 0.513

# n = 50

# ______________________________

# Alternative = “greater”

# Non-centrality parameter = 1.678
# Type I error rate = 0.05

# Type II error rate = 0.487

pwrss.z.corr(r = , power = , alternative = "greater")
# One correlation compared to a constant

3 (one sample z test)

# HO: r = r0

# HA: r > r0

# ______________________________
Statistical power = 0.8
n = 107

# ______________________________

# Alternative = “greater”

# Non-centrality parameter = 2.486

# Type I error rate = 0.05

# Type II error rate = 0.2

Statistical power with 50 participants is 51.3%. At least 107 participants are needed to perform the

hypothesis test with a power rate of 80%.

Two-way hypothesis testing: Two-way hypothesis testing is used when one believes that a correlation
in the population (r) is different from a fixed correlation value (rp). The null (Ho) and alternative (Ha)

hypotheses are constructed as follows:
Hor=r,
Ha:r #1,

Statistical power is calculated as in Equations 11 and 12. The sample size is calculated as
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_(zap + 2)’

84
G =) +3 (84)

Example: Revisiting the previous example, suppose the researcher is now trying to find out whether the
relationship between the collaborative learning environment and school belonging is different from 0.
Statistical power with 50 participants or the minimum required sample size for a power rate of 80% is

calculated by defining alternative="not equal" as

pwrss.z.corr(r = , N = , alternative = "not equal")
# One correlation compared to a constant
# (one sample z test)

# HO: r = r0

# HA: r != x0

# ______________________________

# Statistical power = 0.389

# n = 50
o

# Alternative = “not equal”

# Non-centrality parameter = 1.678
# Type I error rate = 0.05

# Type II error rate = 0.611

pWwrss.z.corr(r = , power = , alternative = "not equal")
# One correlation compared to a constant
# (one sample z test)

# HO: r = r0

# HA: r != r0
o
# Statistical power = 0.8

# n = 135
o

Alternative = “not equal”

#
# Non-centrality parameter = 2.802
# Type I error rate = 0.05

#

Type II error rate = 0.2

Statistical power with 50 participants is 38.9%. At least 135 participants are needed to perform the

hypothesis test with a power rate of 80%.
Comparing Two Pearson Correlations

Let #4 and 7, be two correlations in samples with size n; and n,, respectively. Fisher

transformation is used to compare and test the two correlation coefficients (Cohen, 1988):
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o1 1+ (85)
B =3l (1—f1)
, 1 1+% (86)
2, =7log (1 - f2>
The test statistics is
= 2 =2 (87)
1 1
Tll - 3 + le - 3

One-way hypothesis testing: One-way hypothesis testing is used when one believes that one of the
correlations is less or greater than the other in the population. The null (Ho) and alternative (Ha)

hypotheses are constructed as follows:
Horn 2nrn(orrg <1)
Harg <ny(orrg >1)

Statistical power is calculated using Equations 7 and 8. The minimum required sample size for

the second group is found by feeding

1 1 — 7,)?
) (2, — 23) _ (89)

f(nz)=(Kn2_3+n2_3 Tty

expression into the uniroot () function in R. Sample size for the first group is found from n; = kn,.

Example: It is known from previous studies that there is a positive relationship between collaborative
learning environment and school belonging in individualistic societies (r; = 0.23) and in collectivist
societies (r, = 0.25) (Ozcan and Bulus, 2022). Assuming that a difference of 0.02 in correlation
coefficients is significant in practice and that the correlation in individualistic communities is smaller,
statistical power with 50 participants or the minimum required sample size for a power rate of 80% is

calculated by defining alternative="1less" as

pwrss.z.2corrs(rl , 2 = ,
n2 = , alternative = "less")
# Difference between two correlations
3 (independent samples z test)
# HO: rl = r2
# HA: rl < r2

# ______________________________
# Statistical power = 0.062
# nl = 50

# n2 = 50
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# ______________________________
# Alternative = “less”
# Non-centrality parameter = -0.103
# Type I error rate = 0.05
# Type II error rate = 0.938
pwrss.z.2corrs(rl = , r2 = 0
power = , alternative = "less")

Difference between two correlations

#
# (independent samples z test)
# HO: rl = r2

#

# Statistical power = 0.8
# nl = 27455
# n2 = 27455

Alternative = “less”
Non-centrality parameter = -2.486

Type I error rate = 0.05

N

Type II error rate = 0.2

Statistical power with 50 participants in each group is 6.2%. At least 27455 participants are needed in

each group to perform the hypothesis test with a power rate of 80%.

Two-way hypothesis testing: Two-way hypothesis testing is used when one believes that two

correlations are not equal. The null (Ho) and alternative (Ha) hypotheses are constructed as follows:
Ho:rn=n
HA: 11 * )

Statistical power is calculated using Equations 11 and 12. The minimum required sample size

in the second group is found from

1 1 ) (zy — 2,)?

f(nZ):<Kn2—3+n2—3 =0 (0)

- s =
(Zas2 + 2)
by feeding the expression into uniroot () function in the R package. The minimum required sample

size for the first group is found from n; = kn,.

Example: Revisiting the previous example, suppose that the difference of 0.02 units between the two
correlations can be negative or positive. Statistical power with 50 participants in each group or the
minimum required sample size for a power rate of 80% is calculated by defining alternative="not

equal" as
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pwrss.z.2corrs(rl = , r2 = ,
n2 = , alternative = "not equal")

# Difference between two correlations

# (independent samples z test)

# HO: rl = r2

# HA: rl != r2

# ______________________________

# Statistical power = 0.051

# nl = 50

# n2 = 50

# ______________________________

# Alternative = “not equal”

# Non-centrality parameter = -0.103

# Type I error rate = 0.05

# Type II error rate = 0.949

pwrss.z.2corrs(rl = , r2 = 0
power = , alternative = "not equal")

# Difference between two correlations

# (independent samples z test)

# HO: rl = r2

# HA: rl != r2

# ______________________________

# Statistical power = 0.8

# nl = 34854

# n2 = 34854

# ______________________________

# Alternative = “not equal”

# Non-centrality parameter = -2.802

# Type I error rate = 0.05

#

Type II error rate = 0.2

Statistical power with 50 participants in each group is 5.1%. At least 34854 participants in each group

are needed to perform the hypothesis test with a power rate of 80%.

R? (or AR?) in Multiple Linear Regression

One may want to add all variables of interest to the regression model and investigate the

proportion of variance explained in the predicted variable (R?), or one may add variables in sets, one

step at a time (hierarchical regression analysis), and investigate the change in the variance explained (A

R?). The null (Ho) and alternative (Ha) hypotheses are formed as

Ho: AR = 0

Ha: AR? > 0
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The ratio of explained variance to the unexplained variance is stated in terms of Cohen’s f# (Cohen,

1988) as

AR?

= 91
1—AR? el

f2
Presume one is interested in m set of predictors out of a total of k predictors in a sample of 1 observations.

The test statistics is stated as
A= f%n (92)

When the null hypothesis is correct, the test statistic follows the central F distribution with u = m degrees
of freedom for the numerator and v = n - k - 1 degrees of freedom for the denominator. When the
alternative hypothesis is correct, the test statistic follows the F distribution with centrality parameter 4,
with the same degrees of freedom. For the F distribution, denoting the cumulative distribution function
with @, and the inverse cumulative distribution function with ®z?, the statistical power is calculated

as
F, = ®71(a,u,v; 0) (93)
1=B = Qp(Fpu,v; 1) (94)
To calculate the sample size, Equation 94 is revised and written as follows:
f(n) =p(Fouv; H+—-1=0 (95)

The sample size corresponding to the power rate is determined using the uniroot () function in R

program.

Example: A researcher wants to find out the effect of certain defense mechanisms during the COVID-19
pandemic (talking to friends, exercising, social media, reading books, hobbies, religious activities,
alcohol, and researching about COVID) on psychosomatic symptoms, beyond demographics (age and
gender). Previous studies on the same topic found that only when age and sex were added to the
regression model (m = 2), only 0.01% of the variance in psychosomatic symptoms was explained. In
contrast, when eight defense mechanisms were added along with age and sex (k =8 + 2), 24% of the
variance in psychosomatic symptoms was explained (Otanga et al., 2022). When eight variables are
added to the model, the change is AR? = 0.024 — 0.01 = 0.23. Statistical power with 50 participants or

the sample size for a power rate of 80% is

pwrss.f.reg(k = 8, = 50 0.23

# R-squared change in hierarchical linear regression (F test)
# HO: r2 = 0

# HA: r2 > 0
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# ______________________________

# Statistical power = 0.701

# n = 50

# ______________________________

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 39

# Non-centrality parameter = 14.935

# Type I error rate = 0.05

# Type II error rate = 0.299
pwrss.f.reg(k = 10, m = 8, power = 0.8, r2 = 0.23)
# R-squared change in hierarchical linear regression (F test)
# HO: r2 = 0

# HA: r2 > 0

# ______________________________

# Statistical power = 0.8

# n = 59

# ______________________________

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 25.385
# Non-centrality parameter = 10.868

# Type I error rate = 0.05

# Type II error rate = 0.2

Statistical power with 50 participants is 70.1%. At least 59 participants are needed to perform the
hypothesis test with a power rate of 80%. If a researcher is interested in all of the predictors, they will

need to run the following code to find the sample size

pwrss.f.reg(k = 10, power = 0.8, r2 = 0.24)

# R-squared compared to 0 in linear regression (F test)

# HO: r2 = 0

# HA: r2 > 0

# ______________________________
Statistical power = 0.8

# n = 62

# ______________________________

# Numerator degrees of freedom = 10

# Denominator degrees of freedom = 50.168

# Non-centrality parameter = 19.316

# Type I error rate = 0.05

# Type II error rate = 0.2
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Analysis of Variance and Covariance (ANOVA and ANCOVA)

One could be interested in testing the difference between at least two group means, for which
they can use Analysis of Variance (ANOVA). They may also adjust mean differences for covariates such
as pretest, for which they can use Analysis of Co-variance (ANCOVA). One can use Cohen’s f? or

(partial) n? as the effect size. The null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho:n?2 =0 (or f2 =0)
Ha:n? > 0 (or f2 > 0)

The ratio of the explained variance in the outcome by the groups (or group interactions) to the

remaining variance is (Cohen, 1988)

f2= (%)

Suppose that data are collected from n participants, that the factor consists of k groups, and that the

mean differences are corrected for p covariate. The test statistic is calculated as
A=fn ©7)

When the null hypothesis is correct, the test statistic follows the central F distribution with u =k - 1
degrees of freedom for the numerator and v =# - k - p degrees of freedom for the denominator. When
the alternative hypothesis is correct, the test statistic follows the F distribution with centrality parameter

A, with the same degrees of freedom.

The ANOVA or ANCOVA model may consist of more than one factor (single factor, two-factor, or three-
factor), each of these factors may include a different number of groups, and the interactions between
these factors may be of interest. The statistical power is calculated using Equations 93 and 94. Equation
95 is fed into the uniroot () function in the R program to find the sample size corresponding to the

desired power level.

Example: Aslan (2019) applied the ANCOVA test to find the effect of argumentation-based teaching and
scenario-based learning methods. They found n? = 0.14 for the groups (two treatment and one control
group). Statistical power with 50 participants across all groups or the total sample size for a power rate

of 80% is calculated as

pwrss.f.ancova (eta2 = , D = ,
n.way = 1, n.levels = 3, n.covariates = 1)
# One-way Analysis of Covariance (ANCOVA)
# HO: 'eta2' or 'f2' =0
# HA: 'eta2' or 'f2' > 0
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# Factor A: 3 levels

# Given eta2 = 0.14 or f2 = 0.163
# Statistical power = 0.695

# Numerator degrees of freedom = 2
# Denominator degrees of freedom = 46

# Non-centrality parameter = 8.14

pwrss.f.ancova(eta2 = , power = ,
n.way = 1, n.levels = 3, n.covariates = 1)
# One-way Analysis of Covariance (ANCOVA)
# HO: 'etal2' or 'f2' =0
# HA: 'eta2' or 'f2' > 0

# Factor A: 3 levels

e
# Numerator degrees of freedom = 2
# Denominator degrees of freedom = 58.33

# Non-centrality parameter = 10.15

n.covariates=1 specification indicates that only the pretest was added to the model as a covariate.
The n.levels argument is used to describe how many levels (groups) the factor consists of, which is
specified as three because there were two experiments and one control group. If there is more than one
factor, e.g., two-factor ANOVA or ANCOVA, the specification would be n.levels=c(3,2). This
specification indicates that there are two factors in the ANOVA or ANCOVA model and that the first

factor consists of three levels (groups), and the second factor consists of two levels (groups).

Repeated Measures Analysis of Variance (Repeated Measures ANOVA)

Repeated measures ANOVA is used when data are collected from the same subjects at multiple
time points (time as within factor) and from two or more groups (as between factor). If one is interested
in whether there is a difference between at least two group means while conditioning on time, whether
there is a difference between at least two time points while conditioning on the group membership, or
whether there is an interaction between group membership and time. Cohen’s f?2 or (partial) n? can be

used as the effect size measure. The null (Ho) and alternative (Ha) hypotheses are formed as follows:
Ho: n? = 0 (or f2 =0)

Ha:n? > 0 (or 2 > 0)
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Suppose that data are collected from n participants, that the group factor has k levels, and the

time factor has m points. In this case, the test statistics for the group factor is

1= f? (ﬁ) ne (98)

The test statistic for the time factor or group x time interaction is

A= f2 (1T:lp)ne (99)

€ is the sphericity correction factor which takes values between 1/(m — 1) and 1. For testing the group
factor, when the null hypothesis is correct, the test statistic follows the central F distribution with u =k -
1 degrees of freedom for the numerator and v = 1 - k degrees of freedom for the denominator. When the
alternative hypothesis is correct, the test statistic follows the F distribution with centrality parameter A

(Equation 98), with the same degrees of freedom.

For testing the time factor, when the null hypothesis is correct, the test statistic follows the
central F distribution with u = (m — 1)e degrees of freedom for the numerator and v = (n — k)(m — 1)e
degrees of freedom for the denominator. When the alternative hypothesis is correct, the test statistic

follows the F distribution with centrality parameter A (Equation 99), with the same degrees of freedom.

For testing the group x time interaction, when the null hypothesis is correct, the test statistic
follows the central F distribution with u = (k — 1)(m — 1)e degrees of freedom for the numerator and
v=(Mn-—k)(m— 1)e degrees of freedom for the denominator. When the alternative hypothesis is
correct, the test statistic follows the F distribution with centrality parameter 1 (Equation 99), with the

same degrees of freedom.

The statistical power is calculated using Equations 93 and 94. Equation 95 is fed into the

uniroot () function in the R program to calculate the sample size that satisfies the desired power level.

Example: Kartal et al. (2016) created two different experimental groups (in-class play or computer-
aided) and a control group aiming to increase the phonological awareness of preschool and first grades
and carried out measurements at three time points (pretest, posttest, and follow-up test). Kartal et al.
(2016) collected data from 53 participants and found that the effect of the time factor was n# = 0.56, the

effect of the group factor was nZ = 0.47, and the effect of the time x group interaction was n%,; = 0.10.

For the group factor, statistical power with 53 participants or sample size for a power rate of

80% is calculated as

i e e e JEOUP EGLIGEE =—====—========== ##
pwrss.f.rmanova (eta2 = , COrr.rm = P

n.levels = 3, n.rm = 3,

alpha = , N = ;, type = "between"
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# One-way repeated measures analysis of variance (F test)

# HO: eta2 = 0 (or f2 = 0)

# HA: eta2 > 0 (or f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3

# ______________________________

# Statistical power = 1

# Total n = 53

# ______________________________

# Type of the effect = “between”

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 50

# Non-centrality parameter = 70.5

# Type I error rate = 0.05

# Type II error rate = 0

pwrss.f.rmanova(eta2 = 0.47, corr.rm = .5,
n.levels = 35, n.rm = 3,
alpha = 0.05, power = 0.8, type = "between")

# One-way repeated measures analysis of variance (F test)

# HO: eta2 = 0 (or f2 = 0)

# HA: eta2 > 0 (or £f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3

# ______________________________

# Statistical power = 0.8

# Total n = 11

# ______________________________

# Type of the effect = “between”

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 7.871

# Non-centrality parameter = 14.46

# Type I error rate = 0.05

# Type II error rate = 0.2

Statistical power with 53 participants is 100%. At least 11 participants are needed to perform the

hypothesis test with a power rate of 80%.

For the time factor, statistical power with 53 participants or sample size for a power rate of 80%

is calculated as

—————————————— time effect ——=-===--=---—= ##

pwrss.f.rmanova(eta2 = 0.56, corr.rm = .5,
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w

n.levels = 3, n.rm = 3,
alpha = 0.05, n = 53, type = "within")

# One-way repeated measures analysis of variance (F test)

# HO: eta2 = 0 (or f2 = 0)

# HA: eta2 > 0 (or f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3
# ______________________________

I
=

# Statistical power

=

Total n = 53

=

Type of the effect = “within”
Numerator degrees of freedom = 2

100

Denominator degrees of freedom
Non-centrality parameter = 404.727
Type I error rate = 0.05

+H  H= FH FHF= H FH

Type II error rate = 0

pwrss.f.rmanova(eta2 = 0.56, corr.rm = .5,
n.levels = 3, n.rm = 3,
alpha = 0.05, power = 0.8, type = "within")

# One-way repeated measures analysis of variance (F test)

# HO: eta2 = 0 (or f2 = 0)

# HA: eta2 > 0 (or f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3
# ______________________________

Il
(@)
(00}

# Statistical power

# Total n = 5

# ______________________________

# Type of the effect = “within”

# Numerator degrees of freedom = 2

# Denominator degrees of freedom = 2.826
# Non-centrality parameter = 33.699

# Type I error rate = 0.05

# Type II error rate = 0.2

Statistical power with 53 participants is 100%. At least 5 participants are needed to perform the

hypothesis test with a power rate of 80%.

Finally, for the group x time interaction, statistical power with 53 participants or sample size for

a power rate of 80% is calculated as
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##————- Group X Time Interaction Effect -----—-- #4
pwrss.f.rmanova(eta2 = 0.1, corr.rm = .5,

n.levels = 3, n.rm = 3,

alpha = 0.05, n = 53, type = "interaction")

# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

# Number of levels (groups) = 3

# Number of measurement time points = 3

Statistical power = 0.999

S

Total n = 53

S

Type of the effect “interaction”
Numerator degrees of freedom = 4
Denominator degrees of freedom = 100
Non-centrality parameter = 35.333

Type I error rate = 0.05

HH = H H H H

Type II error rate = 0.001

pwrss.f.rmanova(eta2 = 0.10, corr.rm = .5,

3,

n.levels = 3, n.rm
alpha = 0.05, power = 0.8, type = "interaction")
# One-way repeated measures analysis of variance (F test)
# HO: eta2 = 0 (or f2 = 0)
# HA: eta2 > 0 (or f2 > 0)

# ______________________________

# Number of levels (groups) = 3

# Number of measurement time points = 3
# ______________________________

# Statistical power = 0.8
# Total n = 21

# ______________________________

# Type of the effect=“interaction”

# Numerator degrees of freedom = 4

# Denominator degrees of freedom = 34.973
# Non-centrality parameter = 13.658

# Type I error rate = 0.05

# Type II error rate = 0.2

Statistical power with 53 participants is 99.9%. At least 21 participants are needed to perform the

hypothesis test with a power rate of 80%.
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New Approaches in Complex Research Designs

Recently, there has been a rapid increase in power analysis programs. In particular, formulas
for calculating power were derived in the areas of experimental, quasi-experimental, and weak
experimental designs (simple and multilevel) (Bloom, 1995, 2006, 2012; Bulus, 2022; Bulus and Dong,
2021; Cattaneo, Titiunik, and Vazquez-Bare, 2019; Dong et al., 2021; Hedges and Rhoads, 2010; Kelcey
et al., 2017a, 2017b; Konstantopoulos, 2008a, 2008b; Schochet, 2008, 2009; and many others) and these
formulas are implemented in Excel files (Dong and Maynard, 2013), in R packages (Bulus and Dong,

2021; Bulus et al., 2021; Cattaneo et al., 2019), and web applications (see Table 1).

In addition, in experimental studies, one could be interested in moderators and mediators of
the intervention effect as well as the main effect. To our best knowledge, PowerUp! Excel files

(https://www.causalevaluation.org/power-analysis.html) and PowerUpR R package (Bulus et al., 2021)

is the only one that comprehensively implements all three design features for experimental designs.

Table 1. Some Web Based Open Access Power Analysis Programs

Explanation Link
https://pwrss.shinyapps.io/index/
General purpose hypothesis testing https://pwrss.shinyapps.io/lang-en/
https://pwrss.shinyapps.io/lang-tr/
General purpose hypothesis testing http://biostatapps.inonu.edu.tr/WSSPAS/
General purpose hypothesis testing http://powerandsamplesize.com/
General purpose hypothesis testing https://webpower.psychstat.org/wiki/models/index/
Mu-ltilevel randomized experimental https://powerupr.shinyapps.io/index/
designs
Mu.ltilevel regression  discontinuity https://cosa.shinyapps.io/index/
designs
Structural Equation Modeling https://yilinandrewang.shinyapps.io/pwrSEM/
Mediation Analysis https://davidakenny.shinyapps.io/MedPower/

Wang and Rhemtulla (2021) developed an R-based pwrSEM application based on Monte-Carlo
(MC) simulation to calculate the statistical power for structural parameters in structural equation
modeling (SEM). Similarly, the statistical power for any desired parameter in an SEM model can be
calculated with the MONTECARLO command in Mplus (Muthén and Muthén, 1998-2015) program. For
simpler mediation models, one can use David A. Kenny's web application (see Table 1). In simple
regression models where the effect of moderator variables is of interest, the InteractionPoweR R

program can be useful (Baranger et al., 2022).
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