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Goal: Trek out into the weeds to wrangle advanced power analysis

7 Fundamentals of power analysis: ‘tapping into the roots’

@ Overview of basic methods: ‘if'it’s easy, leaf it alone’

@ More difficult experimental designs: ‘thorny problems in my side’
7 Ways to deal with problems: ‘from floundering to flowering’

@ Other resources that are out there: ‘releasing seeds on the wind’

Before Moving On:

Pre-test: https://und.qualtrics.com/jfe/form/SV _cTMHCNZ2G2MrpPo

R code: https://med.und.edu/daccota/ files/docs/berdc_docs/advanced power analysis rcode.txt



https://und.qualtrics.com/jfe/form/SV_cTMHCNZ2G2MrpP0
https://med.und.edu/daccota/_files/docs/berdc_docs/advanced_power_analysis_rcode.txt
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7 Why run power analysis?
7 When to do something else

Already generated data
Limited Study Types

Resource Equation Model [1]

“This method is called ‘resource equation’ method. This method is
used when it is not possible to assume about effect size, to get an
idea about standard deviation as no previous findings are available
or when multiple endpoints are measured or complex statistical
procedure is used for analysis.”

Sample size formulas for three ANOVA designs

ANOVA design Application Minimum
n/group
One-way ANOVA Group comparison 10/k+1
One within factor, One group, repeated 10/(r— 1) +
repeated-measures measurements 12b
ANOVA
One-between, one Group comparison, 10/kr + 17
within factor, repeated- repeated
measures ANOVA measurements

Maximum

H/group
20k+1
20/(r— 1)+

12k

20k +1°

Open in a separate window

k= number of groups. n = number of subjects per group. N = total number of subjects. r =

number of repeated measurements.

*n = N, because only one group is involved,

b must be multiplied by 7 whenever the experiment involves sacrificing the animals at each

measurement
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@ Core Components

Z Sample Size
@ Effect Size E
? Significance Level |\_

\

’ Table 10.3. Cohen's effect size benchmarks [2,]
Power Statistical method Effect size measures Suggested guidelines for effect size
Small Medium Large

t-test d 0.20 0.50 0.80

ANOVA f 0.10 0.25 0.40

Linear models f2 0.02 0.15 0.35

a — O ° 05 Test of proportions h 0.20 0.50 0.80

Chi-square w 0.10 0.30 0.50

0.80

power
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Leaty basics

fity G*Power 3.1.9.4 - X
’ File Edit View Tests Calculator Help
- ‘ : ; : ; Central and noncentral distributions  Protocol of power analyses
critical t =1.97897
- - N
/ »
0.3 b A
\
4 A
— / \
0.2 4 /! \
! \
A
— 4 A"
0.1 / [ N
— s = ~
- -~ 4 2 R S~ ~
0 A= . _ T —_— r _ —— ; v r —
=3 -2 -1 o 1 2 3 4 5
Test family Statistical test
ttests ~ Means: Difference between two independent means (two groups) ~
1=
— Type of power analysis ® o sne
A priori: Compute required sample size - given o, power, and effect size ~ Mean group 1 I:I
Input Parameters Cutput Parameters
- / Tail(s) | Two ~ Noncentrality parameter & 2.8284271 5D o within each group
Determine == Effect size d Critical t 1.9789706 O - 2
nl=n
b Df 126 -
S Mean group 1 =]
Power (1-p err prob) Sample size group 1 64
Mean group 2 6
Allocation ratio N2 /N1 Sample size group 2 64
SD o group 1 2
Total sample size 128 < =
l Actual power 0.8014596 SDogroup 2 2
o e
— .
— - _
Calculate Effect size d m
—
| Calculate and transfer to main window |
Close
X-Y plot for a range of values
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7 ANOVA

. 2
A (1-72)
_ 05 /0%

(1 —(a%/d?)
_ S$S./SS;
Al (1 —(5S./SS;

Leaty basics

)

.

NORTH DAKOTA.

Type of power analysis

fry G*Power3.1.94 — *
File Edit View Tests Calculator Help
Central and noncentral distributions  Protocol of power analyses
critical F = 3.15041
15
0.8 4
0.5
0.4
0.2 4
0 =
0 2 4 & 3 10 12
Test family Statistical test
F tests ~ ANOVA: Fixed effects, omnibus, one-way ~

A priori: Compute required sample size - given o, pcmy—
Input Parameters utput Parameters

‘-\

Determine =z Effect size f 04082483 MNoncentrality parameter X 10.5000005
o err prob 0.05 Critical F 3.1504113

Power (1-B err prob) 0.80 Numerator df 2

Number of groups 3 Denominator df B0

Total sample size 63

Actual power 0.8147697

X-Y plot for a range of values

Calculate |

Select pfpcedure

Effect side from variance E , '

T A

@ Fromyvariances

ined by special effect |:|

riance within groups

variance ex

O Direct

Calculate

s oz

| Calculate and transfer to main window |

Close

e ———

S/35S _
(-(5/35) ~

\

0143 /9 ¥s7= 0.3
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o G-Power 3,104 — B3
File Edit View Tests Calculator Help

—l

Central and noncentral distributions protocol of power analyses

critical F = 2.89158

@ Regression

f2 =

RZ
(1-R2)

Test family

Statistical test

Ftests ~ | |Linear multiple regression: Fixed model, R? deviation from zero ~

Type of power analysis

A priori: Compute required sample size - given o, power, and effect size ~
@ From correlation coefficient
Input Output Parameters
Squared multiple correlation
Determine => ect size 2 0.3333333 Noncentrality parametar A 123333321 A C
o err prob 0.05 Critical F 2.8915635
er (1= err prob) 0.80 — 3 O From predictor correlations
umber of predictors 3 Denominator df 33 Mumber of predictors 3
Total sample size 37 Squared multiple correlation p2 ?
Actual power 0.8018830
AB A —

Calculate

[ Calculate and transfer to main window |

Close

X-Y plot for a range of values

Calculate

Leaty basics

ity GPower 3.1.9.4

- X
File Edit View Tests Calculator Help
Central and noncentral distributions  protocol of power analyses
critical F = 3.01599
0.8
0.6
0.4
0.2
.
& T T === T
5 10 15 20
Test family Statistical test
Ftests v Linear multiple regression: Fixed model, R? increase v
Type of power analysis
A priori: Compute required sample size - given o, power, and effect size v
Input Parameters , Qutput Parameters
Determine => Effectsize s | 0.03445. Noncentrality parameter & 15.5517428
o err prob 0.05 Critical F 3.0159903
Power (1-B err prob) 0.95 Numerator df 2
Number of tested predictors. 2 Denominator df 445
Total number of predictors 5 Total sample size 451
Actual power 0.9500508

®  From variances

Variance explained by specialeffect | | 0.02]

Residual varian

O Direct

Calculate

Calculate and tranflfer to main window |

/ Close

L
O 49-0-40_| 9.22

. - [ =

-

C—
—

0.59
0. 03
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7 Repeated Measures
ANOVA

@ (Generalized and Mixed
Models

7 Longitudinal data and
Survival Analysis

@ Structural Equation and
Latent Class Mixed Models
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Flowering

7 Repeated Measures ANOVA

Settings G*Power [4] WebPower [5] \
Test ANOVA: Repeated wp.rmanova (type=°‘0’)
measures, between-factors | between effects
Alpha 0.05 0.05
Baseline M1 M2 M3
Power 0.80 0.80
f
Group number 3 3 C = .'II K , between effect
Measurements 4 4 V 1+ (& -1
Corr. among rep. 0.5 0.5
= -1)* =
Nonsphericity corr. | N/A N/A C = sqrt(4/(1+(4-1) o.5))/ 1.264911
Effect size 0.25 0.25 * 1.264911 - *need to divide by 3 evenly
Total Sample size | 102 99.4047 -> 100 -> 102*
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7 Repeated Measures ANOVA

: . —
Settlngs G"Power WebPower C = ||'III 1I_k , within and between-within effects
Test ANOVA: Repeated wp.rmanova (type=1) \

measures, within-effects within effects

c =sqrt (4/(1-0.5) = 2.83

Alpha 0.05 0.05 :
Power 0.80 0.80
Group number 3 3
Measurements 4 4
Corr. among rep. 0.5 0.5
Nonsphericity corr. |1 1
Effect size 0.25 0.25 ¥ 2.83 &
Total Sample size | 24 23.23 -> 24
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7 Repeated Measures ANOVA

Superpower [6]

Flowering

)

.

NORTH DAKOTA.

design <- "3b*3b"
n <- 20
mu <- c(20, 20, 20, 20, 2@, 20, 20, 20, 25)
# Enter means in the order that matches the labels below.
sd <- 5
labelnames <- c("Factor_A", "al", "a2", "a3",
"Factor_B", "b1", "b2", "b3") #

# the Label names should be in the order of the means specified above.

design_result <- ANOVA_design(design = design,

n=n,
mu = mu,
sd = sd,

labelnames = labelnames)

plot(design_result)

Means for each condition in the design

Means for each condition in the design

25

plot_power(design_result, min_n = 28, max_n = 188)

design <- "4b*3b"

n<- 15
mu <- (20, 20, 20, 20, 19, 21, 20, 18, 22, 20, 17,
sd =- 5

lTabelnames «<- c("Repeats™, "TO", "T1", "T2", "T3",

"Groups™, "gl", "g2", "g3")

23)

254 —_ —_ — 1 1 1
Factor_B Groups
& ot D o
g & w 20 @ & a ey & i
b3 & -
=5
20 @ & & @D & &
15 —r - - -
15 — —_ — — —_ -
a1 a2 a3 To T 2 T3
Factor_A Repeats
100 1009
90 90
20 20
I - 701 -
60 E 60 @
50 g 201 E';..
40 | 01 :
20 > 301
20 20
] T ————————
18 13— | Desired Power Not Reached |
100 1009
a0 901
80 80
L 70 - L 704
g 2 @ 604 o
£ 50 g £ soq g
o 40 i o 404 H
30 301
20 20
10 104
0 9
100 100
90 901
7 g 80 2
70 g 704 <
80 I fo] :
3 = 50 =
40 = 401 g
30 g el B
b I 201 s
10 © 304
0 o]

50
Sample size per condition

75

100

25

50 75
Sample size per condition
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7 Generalized and Mixed Models

Model R tools [7, 8] SAS tools [9-13]

General linear model (LM) Package ‘pwr’ PROC POWER

Generalized linear model (GLM) Package ‘pwr’ PROC POWER

Linear mixed model (LMM) Package ‘simr’ PROC GLMPOWER/POWER
Generalized linear mixed model (GLMM) Package ‘simr’ PROC GLMPOWER/POWER

o J‘L\S7l CoUeS ;Qr
) b CXO‘M/(Oj
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7 Generalized and Mixed Models
General linear model (LM) & Generalized linear model (GLM)

>pwrgiml <- pwr.f2.test(u=1, 2 =0.02, >ssgglm1 <-round((pwrglm1$v+2)/2,0)
sig.level = 0.05, power=0.80)

>ssgglm1 #sample size per group
>pwrglm1 #power calculation

Multiple regression power calculation 197
u=1
v=392.373
f2=0.02

sig.level =0.15
power = (0.8
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7 Generalized and Mixed Models

Linear Mixed Model (LMM) [8]

TTTTTTTTTTTT

NORTH DAKOTA.

Number of obs: 480, groups: Sentence, 24; ID, 20

y ~ (1 | Sentence) + (1 | ID) + Group * SentenceType + WordOrder

Power for model comparison, (95% confidence interval):
30.00% (11.89, 54.28)

Power for model comparison, (95% confidence interval):

25.00% ( 8.66, 49.10)

100%
R R e ;-7
60% 7
] .
g ’
[N .
40% | J
,f
,f
7
20% 4 |/
0% T T T T T T
20 40 80 80 100 120

number of levels in Sentence

100%

60% —

power

40%

0% - |

”
”~
-’-
1"'
'f
'f
20% - ."
'/
.
.

L S K G

40 60 80

number of levels in ID

100 120
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7 Generalized and Mixed Models

Family: binomial ( logit)

Generalized Linear Mixed Model (GLMM) [8]

40.00% (19.12, 63.95)

Power for predictor 'ConditionTest', (95% confidence interval):

TTTTTTTTTTTT

NORTH DAKOTA.

Formula:y ~ (1 | Subject) + (1 | Item) + Condition
Number of obs: 200, groups: Subject, 10; Item, 10

100%

80% -

60%

power

40%

20%

power

0% T T T T T
10 15 20 25 30

number of levels in ltem

100%

A

60%

40%

20% —

60% —

power

40% - ¢

20%

100% — _,.J J J»
B0% —-------mmmmmm- e
J,,
'.f
,/

0% ——

0%

1 1 1 1
20 25 30 35 40

number of levels in Subject

T T T T T
10 15 20 25 30

number of levels in Subject
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7 Longitudinal data and Survival Analysis N = 416
. . n =208, 208
Longitudinal data (package ‘longpower’)
#General sigma2 =1
>lmmpower(delta=1.5, t = seq(0,1.5,0.25), sig.level = 0.05
sig2.i = 55, sig2.s = 24, sig2.e = 10, ‘ power = 0.8
cov.s.i=0.8*sqrt(55)*sqrt(24), power = 0.80) delta = 1.5 alternative = two.sided
sigma2=1
>Immpower(n=208, t = seq(0,1.5,0.25), sig.level = 0.05 ‘
sig2.i = 55, sig2.s = 24, sig2.e = 10, power=0.8 delta = 1.5
cov.s.i=0.8*sqrt(55)*sqrt(24), power = 0.80) alternative = two.sided sigma2 =1
sig.level = 0.05
>Immpower(beta = 5, pct.change = 0.30, t = seq(0,1.5,0.25), power = 0.8
sig2.i = 55, sig2.s = 24, sig2.e = 10, alternative = two.sided
cov.s.i=0.8*sqrt(55)*sqrt(24), power = 0.80) beta =5

NOTE: N is *total* sample size and n is sample size in *each* group
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Flowering

7 Longitudinal data and Survival Analysis

Longitudinal data (package ‘longpower’)
#General Cont.

TTTTTTTTTTTT

NORTH DAKOTA.

>fm1 <- Imer(Reaction ~ Days + (Days | Subject), sleepstudy) N =136.94

>lmmpower(fm1, pct.change = 0.30, t = seq(0,9,1), power =0.80) | n=68.46999, 68.46999

>fm2 <- Ime(Reaction ~ Days, random=~Days | Subject, sleepstudy) | N = 136.9388

>Immpower(fm2, pct.change = 0.30, t = seq(0,9,1), power =0.80) | n = 68.46938, 68.46938

>fm3 <- Ime(Reaction ~ Days, random=~1|Subject, sleepstudy) #random intercept only
>lmmpower(fm3, pct.change = 0.30, t = seq(0,9,1), power = 0.80)

>fm4 <- gee(Reaction ~ Days, id = Subject, data = sleepstudy, corstr = "exchangeable")
>lmmpower(fm4, pct.change = 0.30, t = seq(0,9,1), power = 0.80)

N =37.06643
n=18.53322,18.53322

N =37.69
n=18.845, 18.845
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7 Longitudinal data and Survival Analysis

Longitudinal data (package ‘longpower’)
#An Alzheimer's Disease example using ADAS-cog pilot estimates
>sig2.i <- 55 #var of random intercept
>sig2.s <- 24 #var of random slope
>sig2.e <- 10 #residual var
>cov.s.i <- 0.8*sqrt(sig2.i)*sqrt(sig2.s) #covariance of slope and intercept
>cov.t <- function(tl, t2, sig2.i, sig2.s, cov.s.i){sig2.i + t1*t2*sig2.s + (t1+t2)*cov.s.i}
>t <- seq(0,1.5,0.25) #vector of time points
>n <- length(t)
>R <- outer(t, t, function(x,y){cov.t(x,y, sig2.i, sig2.s, cov.s.i)})
>R <- R + diag(sig2.e, n, n) #marginal model working correlation matrix

N =414.6202
n=207.3101, 207.3101

N =414.6202
n=207.3101, 207.3101

>diggle.linear.power(delta=1.5, t=t, R=R, sig.level=0.05, power=0.80)
>edland.linear.power(delta=1.5, t=t, sig2.s = 24, sig2.e = 10, sig.level=0.05, power = 0.80)
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Flowering

7 Longitudinal data and Survival Analysis

Survival analysis (package ‘powerSurvEpi’)

#Deaths required for Cox Propo. Hazards regression w/ 2 covariates
>X1 <- c(rep(1, 39), rep(0, 61)) #generate a mock pilot data set
>set.seed(123456)
>X2 <- sample(c(0, 1), 100, replace = TRUE)
>res <- numDEpi(X1 = X1, X2 = X2,

power = 0.8, theta = 2, alpha = 0.05)

>print(res)
>psi <- 0.505 #proportion of subjects died of the disease of interest
>ceiling(resSD / psi) #total number of subjects required to achieve the desired power

TTTTTTTTTTTT

NORTH DAKOTA.

SD
[1] 70

137
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Flowering

7 Longitudinal data and Survival Analysis

Survival analysis (package ‘powerSurvEpi’)

#Power Calc. in Analysis of Survival Data for Clinical Trials
>data(Oph)
>resA <- powerCT(formula=Surv(times, status)~group, dat=0ph,
nE=200, nC=200, RR=0.70, alpha=0.05)
>resB <- powerCT(formula=Surv(times, status)~group, dat=Oph,
nE=250, nC=250, RR=0.70, alpha=0.05)
>resC <- powerCT(formula=Surv(times, status)™~group, dat=0Oph,
nE=300, nC=300, RR=0.70, alpha=0.05)
>resA; resB; resC
#Sample size calc. in Analysis of Survival Data for Clinical Trials
>resD <- ssizeCT(formula = Surv(times, status) ~ group, dat = Oph,
power =0.8, k=1, RR =0.7, alpha = 0.05)
>resD

Spower
[1] 0.638356

Spower
[1] 0.7347367

Spower
[1] 0.8089775

Sssize
nE nC
294 294
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7 Structural Equation and Latent Class Mixed Models

Structural Equation Models (package ‘semPower’) [14]

>ap <- semPower.aPriori(effect = .10, effect.measure = 'RMSEA’,
alpha = .05, power = .80, df = 100)

>summary(ap)

Required Num Observations 42

>ap2 <- semPower.aPriori(effect = .10, effect.measure = "F0",
alpha = .05, power = .80, df = 100)
>summary(ap2)

Density

Required Num Observations 407

>ap3 <- semPower.aPriori(effect = 1.0, effect.measure = "F0",
alpha = .05, power = .80, df = 100)

0000 0005 0010 0015 0020 0.025

L
|
N i)
[ \
! 4
i L
[ L
i)
L
r 1)
i *
L
Jr Y
f \
1 "\
L3 b
|
'
k |

>summary(ap3) Required Num Observations 42 50 100 150 200

Chi-Square
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7 Structural Equation and Latent Class Mixed Models
Structural Equation Models (package ‘semPower’) [14]
>semPower.powerPlot.byN(effect = .10,

Power for RMSEA = 0.1 Power for FO =1

effect.measure = 'RMSEA’,
alpha = .05, df = 100,
power.min = .05, power.max = .99)

1.0
1.0

e

08
08
I

06
|
06
I

>semPower.powerPlot.byN(effect = 1.0,
effect.measure = "F0",
alpha =.05, df =100,
power.min = .05, power.max = .99)

FPower
Power

04
04

02
1
02
I

0o
|
0o
I
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7 Structural Equation and Latent Class Mixed Models

Latent ClaSS Mlxed MOdElS [15] Table 2. Minimum Sample Size Requirements per Group (n;) Under the Simulation Design.
When designing a Study, one common question is ‘“What Distinctness  Indicator Number of parameters G Minimum ng (Cu)  Minimum ng (Ci)
sample size do I need?” Du 6 15126 10 40 =100

. . 20 20 50

Unfortunately, there is no standard or simple answer to 2 2 40
. . 30 1} 40
this question. 50 0 20
100 1] 20

|2 2744 10 30 =100

20 20 30

25 20 30

* . * * . 30 i} 20

Ran simulations using models with different group s 5 20
? ? y 100 5 10

numbers, sc.1m1.)1es per group, complexity, distinctness, and o, . 5he o oo o
number of indicators 20 75 100
25 75 100

30 50 100

50 40 75

v} 30 50

) ) . . 12 27/44 10 =100 =100

The design yielded 384 (6 x 8 x 2 x 2 x 2) simulation 20 50 7S
conditions by crossing the five manipulated factors as 30 40 50
. . 50 30 40
previously described 100 0 10
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Seeds
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||| Methods organized by:

|| EBouation parameter |

#-Carrelatians Fisher's z test comparing one correlation to a Fisher's  test comparing two independent

Z Online Calculators [16-18

Exponential test comparing two independent

Filter methods here

Stat Graph Editor Toels Window Help Assistant

 Regresson slope, Cox madel Expunentl |  One-ay snalysis of variancs
- Standard deviztons - . =
- Survival rates Basic Statistics 4 0 e J 1) % ﬂ m ﬁ T E
1 ° ° i O;;:f:znces ® Two-way analysis of variance ® Repeated-measures analysis of variance F Reg ression v
e - x|l kT
r n 1 1 n = 1 o ; AN OVA i’
j &8 ® Test comparing one mean to a reference value ® Test comparing two independent means
DOE 3
Paired test comparing two correlated means, I
o Paired test comparing two correlated means,
O T specify standard deviation of the differences Control Charts >
- Y ° observations
Test of assodiation in 1:M matched Cochran-Mantel-Haenszel test of association Quality Tools L
case-control studies in stratified 2x2 tables R I bl tyfs . | »
a4 eliability/Surviva
Cochran-Armitage test for a inear trend in Binomial test comparing one proportion to a —
probabilty of response in 1X2 tables * reference value Multivariate 4
1 . . Tirme Series 4
o Score test comparing one proportion to 3 o Vald test comparing one proportion to a
Owe l \J I ] i 1 S 1 l ] : ! O e R Tables >
P & s
Chi-squared test comparing two independent Fisher's exact test comparing two independent Menparametrics ¥
proportions proportions
Equivalence Tests r
b [} ) ) ) Likelihood-ratio test comparing two McNemar's test comparing two correlated
P W‘ r Ana YS 1 s 1 n M 1 nlta EUSSIER e [ T Sy e S Power and Sample Size 3 I Sample Size for Estimation...
( ) ( 2 f I o

o McNemar's test comparing two correlated
proportions, specify marginal propartions

Chi-squared test comparing one standard

deviation to a reference value

@ Log-rark test comparing two survival rates

® F test comparing two independent variances

» Cox madel comparing one slope to a reference
value

F test comparing two independent standard
deviations

Chi-squared test comparing one variance to a
reference value

Untitled1 [DataSet0] - IBM SPSS Statistics Data Editor

Transform

Analyze  Graphs  Ulilities

Extensions

Help

c3 c4

1l Sample Size for Tolerance Intervals...

1-Sample Z...
1-Sample t...
0. 2-3amplet...
|\ Pairedt...

1 Proportion...
2 Proportions...
1-5ample Poisson Rate...

: 2-5ample Poisson Rate...

1 Variance...

. 2 Variances...

J Power Analysis P | Means b

One-Sample T Test
ﬂ Paired-Samples T Test

Equivalence Tests

£ One-Way ANOVA...

I"1 2-Level Factorial Design...

@ Plackett-Burman Design...
[0 General Full Factorial Design...

| Reports Proportions

Descriptive Statistics
r wvar

E Independent-Samples T Test
& one-way ANOVA

P
Correlations  F
}

Compare Means Regression

A . .

General Linear Model




DaCCoTA

DAKOTA CANCER COLLABORATIVE
ON TRANSLATIONAL ACTIVITY

Seeds

@ Other R Packages: Recommendations

Table 10.4. Specialized power-analysis packages

[2]

Package

Purpose

asypow
/" longpower
PwrGSD
pamm

\./ powerSurvEpi
powerMediation
powerpkg

powerGWASinteraction

pedantics

gdp

ssize.fdr

Power calculations via asymptotic likelihood ratio methods
Sample-size calculations for longitudinal data

Power analysis for group sequential designs

Power analysis for random effects in mixed models

Power and sample-size calculations for survival analysis in
epidemiological studies

Power and sample-size calculations for mediation effects in
linear, logistic, Poisson, and cox regression

Power analyses for the affected sib pair and the TDT
(transmission disequilibrium test) design

Power calculations for interactions for GWAS

Functions to facilitate power analyses for genetic studies of
natural populations

Functions for power and sample-size calculations in case-
cohort designs

Sample-size calculations for microarray experiments

v

.

NORTH DAKOTA.
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@ Other R Packages: ‘Power Analysis’ in name/description

"GRS.test ----- > GRS Test for Portfolio Efficiency, Its Statistical Power Analysis, and Optimal Significance Level Calculation"
"metapower ----- > Power Analysis for Meta-Analysis"

"MKpower ----- > Power Analysis and Sample Size Calculation"

"powerAnalysis ----- > Power Analysis in Experimental Design"

"powerCompRisk ----- > Power Analysis Tool for Joint Testing Hazards with Competing Risks Data"

"powerLATE ----- > Generalized Power Analysis for LATE"

"PowerUpR ----- > Power Analysis Tools for Multilevel Randomized Experiments"

PWrAB ----- > Power Analysis for AB Testing"

"smartsizer ----- > Power Analysis for a SMART Design"

"sparrpowR ----- > Power Analysis to Detect Spatial Relative Risk Clusters"
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@ Other R Packages: ‘Power’ in name/description

"bayescount ----- > Power Calculations and Bayesian Analysis of Count Distributions and FECRT Data using MCMC"
"BayesianPower ----- > Sample Size and Power for Comparing Inequality Constrained Hypotheses"
"BetaPASS ----- > Calculate Power and Sample Size with Beta Regression"

"bimetallic ----- > Power for SNP analyses using silver standard cases"

"clusterPower ----- > Power Calculations for Cluster-Randomized and Cluster-Randomized Crossover Trials"
"CoRpower ----- > Power Calculations for Assessing Correlates of Risk in Clinical Efficacy Trials"

"CP ----- > Conditional Power Calculations"

"DelayedEffect.Design ----- > Sample Size and Power Calculations using the APPLE and SEPPLE Methods"
"FDRsampsize ----- > Compute Sample Size that Meets Requirements for Average Power and FDR"

"genpwr ----- > Power Calculations Under Genetic Model Misspecification"

"HierO ----- > A graphical user interface for calculating power and sample size for hierarchical data"

"HMP ----- > Hypothesis Testing and Power Calculations for Comparing Metagenomic Samples from HMP"
"ICC.Sample.Size ----- > Calculation of Sample Size and Power for ICC"

"JMdesign ----- > Joint Modeling of Longitudinal and Survival Data - Power Calculation"

"LPower ----- > Calculates Power, Sample Size, or Detectable Effect for Longitudinal Analyses"

"MIDN ----- > Nearly Exact Sample Size Calculation for Exact Powerful Nonrandomized Tests for Differences Between Binomial Proportions”
"MultiRR ----- > Bias, Precision, and Power for Multi-Level Random Regressions"

"npsurvss ----- > Sample Size and Power Calculation for Common Non-Parametric Tests in Survival Analysis"
"odr ----- > Optimal Design and Statistical Power of Multilevel Randomized Trials"

"pass.Ime ----- > Power and Sample Size for Linear Mixed Effect Models”

"PASSED ----- > Calculate Power and Sample Size for Two Sample Mean Tests"
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@ Other R Packages: ‘Power’ in name/description cont.

"PharmPow ----- > Pharmacometric Power calculations for mixed study designs"
"PoweR ----- > Computation of Power and Level Tables for Hypothesis Tests" / /

"Power2Stage ----- > Power and Sample-Size Distribution of 2-Stage Bioequivalence Studies"

"powerbydesign ----- > Power Estimates for ANOVA Designs"

"powerCompRisk ----- > Power Analysis Tool for Joint Testing Hazards with Competing Risks Data"

"powerEQTL ----- > Power and Sample Size Calculation for Bulk Tissue and Single-Cell eQTL Analysis" e O l/ ef-

"powerMediation ----- > Power/Sample Size Calculation for Mediation Analysis"

"PowerNormal ----- > Power Normal Distribution"

"PowerTOST ----- > Power and Sample Size for (Bio)Equivalence Studies"

"PowerUpR ----- > Power Analysis Tools for Multilevel Randomized Experiments" 50 R /)O C PO (05
"precisely ----- > Estimate Sample Size Based on Precision Rather than Power"

"PSS.Health ----- > Power and Sample Size for Health Researchers via Shiny"

"pwrFDR ----- > FDR Power"
"qcapower ----- > Estimate Power and Required Sample Size in QCA" / "/’O a

"rdpower ----- > Power Calculations for RD Designs"

"samplesizeCMH ----- > Power and Sample Size Calculation for the Cochran-Mantel-Haenszel Test"

"SteppedPower ----- > Power Calculation for Stepped Wedge Designs" \
"survSNP ----- > Power Calculations for SNP Studies with Censored Outcomes"

"swdpwr ----- > Power Calculation for Stepped Wedge Cluster Randomized Trials"

"TrendInTrend ----- > 0dds Ratio Estimation and Power Calculation for the Trend in Trend Model"

"wmwpow ----- > Precise and Accurate Power of the Wilcoxon-Mann-Whitney Rank-Sum Test for a Continuous Variable"
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@ Power analysis and sample size calculations are
fundamental for proper experimental design

@ Calculating effect size is a huge part of it

@ It can get tricky to understand what to do for advanced
experiment designs

7 Never fear, there are a bevy of methods to do just that

Please take the post-test and survey:
Post-test: https://und.qualtrics.com/jfe/form/SV_6Fq8AtCtgWoWihk
Survey: https://und.qualtrics.com/jfe/form/SV 6zkvRdWFIgsm36m



https://und.qualtrics.com/jfe/form/SV_6Fq8AtCtgWoW1hk
https://und.qualtrics.com/jfe/form/SV_6zkvRdWFlqsm36m
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