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Hypothesis testing

Truth In the population

H, (False) Ho(True)
Reject Correct Type | error
hypothesis
Accept Type Il error correct

Results in the hypothesis
study
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R 15800 5 K], agbils B
» https://cran.r-project.org/




R)Oﬁg.oﬁp.?owbu

pWr =5, »
» install.packages("pwr") &= coas

» library("pwr") g1,




Senid 52,3591 32 (612 Aigad x>
» pwr.p.test(h =, sig.level =, power =, alternative =)

h Effect size
sig.level Significance level (Type | error probability)
power Power of test (1 minus Type Il error probability)

alternative a character string specifying the alternative

hypothesis, must be one of "two.sided" (default),
"greater" or "less"




Effect size ,.3G o;lul

Effect size calculation
* h=2*asin(sqrt(p,))-2*asin(sqrt(p,))

* p,=proportion 1
* p,=proportion 2




Results:

> #sample number
> pwr.p.test(h=0.2, sig.level=0.05, power=0.80, alternative="two.sided")

proportion power calculation for binomial distribution (arcsine transformation)

h=0.2
- Round up to 197

sig.level = 0.05
power = 0.8
alternative = two.sided




[

You are interested in determining if the male incidence rate proportion of cancer in North
Dakota is higher than the US average (prop=0.00490). You find trial data cancer prevalence
of 0.00495.

* h=2*asin(sqrt(0.00495))-2*asin(sqrt(0.00490))=0.0007
* pwr.p.test(h=0.0007, sig.level=0.05, power=0.80, alternative="greater")
* n=12617464->12,617,464 samples




Y

You are interested in determining if the female incidence rate proportion of cancer in North
Dakota is lower than the US average (prop=0.00420).

* Guess a very low effect size (0.001)
* pwr.p.test(h=-0.001, sig.level=0.05, power=0.80, alternative="less")
* n=6182557 -> 6,182,557 samples

\ 7
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» pwr.t.test(d=,sig.level=,power=,type=“one-sample”,alternative=)

d=effect size
sig.level=significant level
power=power of test
type=type of test

30




Results:

> #sample number
> pwr.t.test(d=0.50, sig.level=0.05, power=0.80, type="one.sample", alternative="two.sided")

One-sample t test power calculation

Round up to 34

d=0.5
sig.level = 0.05
power = 0.8
alternative = two.sided




[

You are interested in determining if the average sleep time change in a year for
college freshman is different from zero. You collect the following data of sleep
change (in hours).

Sleep

-0.55 0.4 2.6 0.65 -0.23 0.21 -4.3 2 -1.7 -1.8
Change

* Effect size =(Mean,,-Mean,,)/SD
* Two-tailed test
* pwr.t.test(d=-0.137 sig.level=0.05, power=0.80, type="one.sample", alternative="two.sided")
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» pwr.t.test(d=,sig.level=,power=,,type="two.sample",alternative=)




Results:

> #sample number
> pwr.t.test(d=0.5, sig.level=0.05, power=0.80, type="two.sample", alternative="greater")

Two-sample t test power calculation

9 Round up to 51, per group

d=0.5
sig.level = 0.05
power = 0.8
alternative = greater

MNOTE: n is number in *each™ group




Vb

You are interested in determining if the average protein level in blood different
between men and women. You collected the following trial data on protein
level (grams/deciliter).

Male Protein 1.8 5.8 7.1 4.6 5.5 2.4 8.3 1.2

Female Protein 95 2.6 3.7 4.7 6.4 8.4 3.1 1.4

\

+ Effect size = (Meany;-Meanyg)/ SDpgoeq =(4.59-4.98)/ v((2.58°+ 2.88%)/2) = -0.14

two-tailed test

pwr.t.test(d=-0.14, sig.level=0.05, power=0.80, type="two.sample", alternative="two-sided")

n = 801.87 -> 802 samples per group




Y

You are interested in determining if the average glucose level in blood is lower
in men than women

* Guessed a small effect (0.20), then used a one-tailed test

* pwr.t.test(d=-0.20, sig.level=0.05, power=0.80, type="two.sample", alternative="less")

* n=309.8-> 310 samples per group
\ 4
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» pwr.anova.test(k =, f =, sig.level =, power =)

37
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You are interested in determining there is a difference in
weight lost between 4 different surgery options. You collect

the following trial data of weight lost in pounds (shown on

right)

N? =SSy ear / SSiors = 37-12/(37.12+57.22) =0.39
f=v((0.39/(1-0.39 ) =0.81

4 groups

pwr.anova.test(k =4 , f =0.81, sig.level=0.05 , power =0.80 )
n= 5.29 -> 6samples per group (24 total)

ﬁ

6.3

2.8

7.8

7.9

4.9

9.9

4.1

3.9

6.3

6.9

Option 3

5.1

2.9

3.6

5.7

4.5

Option 4

1.0

2.8

4.8

3.9

1.6



Y

You are interested in determining if there is a difference in
white blood cell counts between 5 different medication
regimes.

* Guessed a medium effect size (0.25)
* 5 groups

 pwr.anova.test(k =5, f =0.25, sig.level=0.05 , power =0.80 )
* n=39.15-> 40 samples per group (200 total)



1 One Mean T-test Yes pwr.t.test

2 Two Means T-test Yes pwr.t.test

3 Paired T-test Yes pwr.t.test

4 One-way ANOVA Yes pwr.anova.test

5 Single Proportion Test Yes pwr.p.test

6 Two Proportions Test Yes pwr.2p.test

7 Chi-Squared Test Yes pwr.chisg.test

8 Simple Linear Regression Yes pwr.f2.test

9 Multiple Linear Regression Yes pwr.f2.test

10 Correlation Yes pwr.r.test

11 One Mean Wilcoxon Test Yes* pwer.t.test + 15%
12 Mann-Whitney Test Yes* pwer.t.test + 15%
13 Paired Wilcoxon Test Yes* pwr pwer.t.test + 15%
14 Kruskal Wallace Test Yes* pwr pwr.anova.test + 15%
15 Repeated Measures ANOVA Yes Wp.rmanova

16 Multi-way ANOVA (1 Category of interest) Yes wp.kanova

17 Multi-way ANOVA (>1 Category of interest) Yes wp.kanova

18 MNon-Parametric Regression (Logistic) Yes wp.logistic

19 MNon-Parametric Regression (Poisson) Yes Wp.poisson

20 Multilevel modeling: CRT Yes wp.crt2arm/wp.cri3arm
21 Multilevel modeling: MRT Yes wp.mrt2arm/wp.mrt3arm
22 GLMM Yesh n/a

*-parametric test with non-parametric correction
A-detailed in future Module
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» Shein-Chung Chow, Jun Shao, Hansheng Wang, Yuliya

Lokhnygina (2020) Sample Size Calculations in Clinical
Research,3rd Edition, Chapman and Hall/CRC.

» Sample Size Calculation with R
Dr. Mark Williamson, Statistician
Biostatistics, Epidemiology, and Research Design Core



https://www.routledge.com/search?author=Shein-Chung%20Chow
https://www.routledge.com/search?author=Jun%20Shao
https://www.routledge.com/search?author=Hansheng%20Wang
https://www.routledge.com/search?author=Yuliya%20Lokhnygina
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