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O Faul, F., Erdfelder, E., Lang, A-G., & Buchner, A. (2007). G*Power 3: A flexible statistical power

analysis program for the social, behavioral, and biomedical sciences. Behavior Rgséirch
Methods, 39, 175-191
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Alpha (a)

.01
.05
.15
.20

.99
.95
.90
.85
.80

Two sided Test

Z

2.576
1.960
1.645
1.282

2.326
1.645
1.282
1.036
.842

Zy g

One Sided Test
Zl—a

2.326
1.645
1.282
0.842

Table entry
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n =
t 1-percent Drop

In Some papers, the attrition rate is an estimate that does not distinguish between attrition that results from dropping o
and attrition that results from other reasons, such as students being retained, moving to other schools, or graduati
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Smith, P. G., & Day, N. E. (1984). The design of case-control studies: the influence of
confounding and interaction effects. International journal of epidemiology, 13(3), 356-365.
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Krejcie, R. V., & Morgan, D. W. (1970). Determining sample size for research activities. O
Educational and psychological measurement, 30(3), 607-610.
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1 G*Power 3.1.9.4 = X M
File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

critical t = 1.75305 )

Test family Statistical test

t tests v Means: Difference fram constant (one sample case) v

Type of power analysis

A priori: Compute required sample size - given «, power, and effect size v
Input Parameters Qutput Parameters

Tail(s) One 57 Noncentrality parameter & 2.6666668
Determine == Effect size d 0.6666667 Critical t 1.7530504
o err prab 0.05 Df 15
Power (1-B err prob) 0.8 Total sample size 16
0.8155664

Actual power Mean HO 100

Mean H1 110

SDo 15

Calculate Effect size d 0.6666667

[ Calculate and transfer to main window

Close

X-Y plot for a range of values Calculate
S ™ Lalal == ™
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Search |[SEgER G

Select a Procedure

Category B Means > One Mean > T-Test (Inequality) (7) =| & £

Favorites Recent Show All

A :
One-Sample T-Tests [:, iﬂf« gir;gSample T-Tests using Effect

- Q Equivalence
- @ GEE

- @ Group-Sequential

... Q Means =
EI O One Mean Tests for One Mean (Simulation)
‘CP

Wilcoxon Signed-Rank Tests

........ .;'__:‘,1 T-Test (Inequality)

........ @ ZTest (nequality)
-------- @ nNonparametric

Size Reestimation of One-Sample Mean (Simulation)

Conditional Power and Sample . Group-Sequential T-Tests for One
T-Tests .

-------- . Non-Mormal Data

-------- @ cConfidence Interval

-------- @ Non-Inferiority

........ @ superiority by a Margin
-------- @ Equivalence

........ @ siratified

........ @ wuttiple Testing

-------- @ Groun-Seauential

Multiple Testing for One Mean
(One-Sample or Paired Data)
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Design

Reports
Plots

Plot Text

Solve For: Sample Size

Test

Alternative Hypothesis:

Population Size:

One-Sided (H1: p > p0) ~

Power and Alpha
Power: 0.8 ¥
Alpha: 0.05 ¥
Effect Size
Means
p0 (Null or Baseline Mean): 100 ¥
pl (Actual Mean): 110 ¥
Standard Deviation
o (Standard Deviation): 15 ¥
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Dropout-Inflated Sample Size

Dropout-
Inflated Expected
Enrollment Number of
Sample Size Sample Size Dropouts
Dropout Rate N N’ D
20% 16 20 4

Dropout Rate  The percentage of subjects (or items) that are expected to be lost at random during the course of the study and for whom no
response data will be collected (i.e., will be treated as "missing"). Abbreviated as DR.

N The evaluable sample size at which power is computed. If N subjects are evaluated out of the N' subjects that are enrolled in
the study, the design will achieve the stated power.
N' The total number of subjects that should be enrolled in the study in order to obtain N evaluable subjects, based on the

assumed dropout rate. After solving for N, N' is calculated by inflating N using the formula N'= N / (1 - DR), with N' always
rounded up. (See Julious, S.A. (2010) pages 52-53, or Chow, S.C., Shao, J., Wang, H., and Lokhnygina, Y. (2018) pages
32-33)

D The expected number of dropouts. D=N"- N.

Dropout Summary Statement

Anticipating a 20% dropout rate, 20 subjects should be enrolled to obtain a final sample size of 16 subjects.
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B G*Power 3.1.94 X
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses
critical N = 8
0.2 4
0.15 4
0.1 4
0.05 4
0
0
Test family Statistical test
Exact v Proportion: Difference from constant (binomial test, one sample case) hd
Type of power analysis
A priori: Compute required sample size - given «, power, and effect size v
Input Parameters Qutput Parameters
Tail(s) One v Lower critical N 8.0000000
Determine == Effect size g 0.3000000 Upper critical N 8.0000000
o err prob 0.05 Total sample size 21
Power (1-B err prob) 0.9 Actual power 0.9053764
Constant proportion 0.2 Actual ot 0.0430526
Options X-Y plot for a range of values

Calc P2 from ...

() Difference P2 - P1

() Ratio P2/P1
o 0Odds ratio

Calculate

Proportions
P1 0.2
P2 0.5
Sync values
Effect size g 0.3

[

Calculate and transfer to main window

Close

«al

1100%

M

=)
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PASS 2023 Home

Home View Procedures Tools Window Help

Options Web
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Favorites Recent Loaded Output Gallery

Select a Procedure

Proportions > One Proportion (25)

Category =
Favorites Recent Show All
-------- () Pilot Studies

-------- @ Post-Marketing Surveillance

= @ Proportions

[+ | One Proportion

- O Two Correlated (Paired) Proportions
B O Two Independent Proportions

[ O Two Proportions (Cluster-Randomiz.
@) Multiple Proportions

-------- O Multiple Proportions (Cluster-Rando
[ O Cross-Over (2x2) Design

[ O Cross-Over (Williams) Design

........ ) Contingency Table (Chi-Square Tes
-------- ) Repeated Measures

Tests for One Proportion

Acceptance Sampling for
Aftributes with Optimum Number of
Nonconformities

Acceptance Sampling for
Aftributes with Fixed
Nonconformities

Reliability Demonstration Tests of
One Proportion with Adverse
Events

Tests for One Proportion using
Effect Size

Acceptance Sampling for
Aftributes with Zero
Nonconformities

Reliability Demonstration Tests of
One Proportion

Conditional Power and Sample
Size Reestimation of Tests for One
Proportion
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Calculate ‘ Design

(PASS 11331 o 3) o 295 5 (390
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Design

Reports

Plots

Comparative Plots

Plot Text

Solve For: Sample Size ~

Power Calculation

Power Calculation Method: Binomial Enumeration ~
Max n for Binomial Enumeration: |10000 v
Test
Alternative Hypothesis: One-Sided v
Test Type: Exact Test v

N (Population Size):

Power and Alpha

Power: 0.90 v ¥

Alpha: 0.05 v ¥
Effect Size

Input Type: Proportions v

PO (Null Proportion): 0.2 v ¥

P1 (Alternative Proportion): 0.5 v ¥
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Tests for One Proportion

Numeric Results for Testing One Proportion using the Exact Test

Solve For: Sample Size
Alternative Hypothesis: One-Sided (HO: P =P0 vs. H1: P > P0)

Proportion Proportion
Given HO Given H1 Difference Target Actual Reject HO
Power* n PO P1 P1-P0O Alpha Alpha* IfRz2
0.90538 21 0.2 0.5 0.3 0.05 0.04305 8

* Power and actual alpha were computed using binomial enumeration of all possible outcomes.

Power The probability of rejecting a false null hypothesis when the alternative hypothesis is true.
n The size of the sample drawn from the population.

PO The value of the population proportion under the null hypothesis.

P1 The value of the population proportion under the alternative hypothesis.

P1-PO The difference to be detected by the study.

Alpha The probability of rejecting a true null hypothesis.

Target Alpha  The significance level that the study design is meant to achieve.
Actual Alpha The significance level that is actually achieved by the design.
Reject HO If...  Gives the critical value(s) for the test.

Summary Statements

A single-group design will be used to test whether the proportion is greater than 0.2 (HO: P = 0.2 versus H1: P >
0.2). The comparison will be made using a one-sided, one-sample exact test, with a target Type | error rate (a) of
0.05. To detect a difference (P1 - P0) of 0.3 with 90% power, 21 subjects will be needed. The sample size was
computed using PASS 2023, version 23.0.2.

e
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B G*Power3.1.94 = X
File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

critical x2 = 11.0705
0.15 4
0.1 4
I
0.05 1 e ———
- = -~
A S
- ~ Tt —— I =]
0 = T T T T T T ——= 1 Number of cells 45
0 5 10 15 20 25 30 35 40 45
Cell p(HO) piH1)
Test family Statistical test
X2 tests v Goodness-of-fit tests: Contingency tables ~ L 028 02
Type of power analysis | o 025 02
A priori: Compute required sample size - given o, power, and effect size v 3 025 03
Input Parameters Output Parameters b 023
Determine => Effect size w 0.2000000 Noncentrality parameter A 16.4800000
 err prob 0.05 Critical x2 11.0704977
Power (1-B err proh) 0.9 Total sample size 412
Df 5 Actual power 0.9002115 0.25 0.25
Equal p(HO) Equal p(H1)
Normalize p(HO) Normalize p(H1)
Auto calc last cell Auto calc last cell
Calculate Effect size w 0.2

[ Calculate and transfer to main window

Close

X-Y plot for a range of values Calculate
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Search [EREEERGUT

Proportions > Multiple Proportions > One-Way Designs (1)

Favorites Recent Show All

[ O Two Correlated (Paired) Proportion:
[=as O Two Independent Proportions

[ O Twao Proportions (Cluster-Randomiz
B O Multiple Proportions

-------- () One-Way Designs

-------- . Correlated Proportions

-------- @ Multi-Arm Tests vs. a Control
-------- . Trend Tests

-------- . Simon Phase Il Designs

-------- . Ordered Categories

........ @ Dose-Finding

-------- O Multiple Proportions (Cluster-Rando

sts for Multiple Proportions in a

Te!
One-Way Design

Click to load procedure. Right-click to add to favorites or view
procedure documentation.
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Design Solve For: Sample Size v

Reports Power and Alpha

Plots Power: 0.90 v ¥
Alpha: 0.05 v ¥

Plot Text

Group Allocation

G (Number of Groups):

Group Allocation Input Type: Equal (N1 = N2 = - = NG) ~

Effect Size

P1, P2, ..., PG (Group Proportions)
Pi's Input Type: P1, P2, ..., PG ~

P1, P2, ..., PG: |D.2 0.30.30.2 v
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Tests for Multiple Proportions in a One-Way Design

Numeric Results

Solve For: Sample Size
Number of Groups: 4
Group
Total Subject Group Effect
Subjects Alloc Proportions Size
Count Set Set Cramer's
Power N ri Pi \" Alpha
0.20081 1060 ri(1) Pi(1) 0.06684 0.05
Item Values
ri(1) 025,025 025025
Pi(1) 02 03,03,02
Power The probability of rejecting a false null hypothesis when the altemative hypothesis is true.
N The total number of subjects in the study.
ri Group Subject Allocation Set. Gives the name and number of the set containing the s ubject allocation proportion of each group.
Pi Group Proportions Set Gives the name and number of the set containing the proportion respons & for each group.

Cramers V A measure of the effect size It is the association between the outcome variable and the grouping variable. It is the proportion of
the maximum variation in the outcome variable accounted for by the grouping variable.
Alpha The probability of rejecting a true null hypothesis.

Summary Statements

A sample of 1060 subjects, divided among 4 groups, achieves a power of 0.90081. This power assumes a
chi-squared test from an analysis with 3 degrees of freedom is used at a significance level of 0.05. The group
subject counts are 0.25, 0.25, 0.25, 0.25. The group proportions under the alternative hypothesis are 0.2, 0.3, 0.3,
0.2. The effect size is 0.06684.
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By G*Power 3.1.9.4 = X
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses t
critical t = 2.0003
VAN
/ A
0.3 / \
7 N\
’ \ |
0.2 4 /7 AY
\
/ \
0.14 g \\ ]
//B 2 S
. _-oT PN ~<_ |
2 0 2 4 6 .
Test family Statistical test
t tests v Means: Difference between two independent means (two groups) b
Type of power analysis O nl !=n2
A priori: Compute required sample size - given o, power, and effect size b Mean group 1 0
Input Parameters Output Parameters Mean group 2 1
Tail(s) Two ~ Noncentrality parameter & 3.3382801 SD o within each group 0.5
Determine == Effect size d 0.8479240 Critical t 2.0002978
o err prob 0.05 Df 60 ° nl =n2
— = M 1 74.1
Power (1-B err prob) 0.9 Sample size group 1 31 SN
Allocation ratio N2 /N1 1 Sample size group 2 31 Mean group 2 803
Total sample size 62 sD o group 1 6.3
Actual power 0.9073188 SD o group 2 8.2
Calculate Effect size d 0.847924
[ Calculate and transfer to main window
Close
X-Y plot for a range of values Calculate

-
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Means > Two Independent Means > T-Test (Inequality) (25)

Favorites Recent

@ Group-Sequential
E\@ Means
EEI---O One Mean
EH---O Paired Means
(= e Two Independent Means
) T-Test (Inequality)
- @ Z-Test (Inequality)
. Nonparametric
@ Ratio Test
' Non-Normal Data
. Confidence Interval
. Non-Inferionty
. Superiority by a Margin
. Equivalence
@ Cluster-Randomized
. Multicenter-Randomized
- @ Stratified
. Repeated Measures
. Group-Sequential
@ Multtiple Testing
. Conditional Power

.. @ Pilnt Shudies
|

Show All

w0

-Port Mode!
T’ve‘ -
L )

Db

Two-Sample T-Tests Assuming
Equal Variance

Tests for Two Means (Simulation)

IMann-Whitney U or Wilcoxon
Rank-Sum Tests (Moether)

Stratified Wilcoxon-Mann-Whitney
(van Elteren) Test

Tests for Two Groups Assuming a
Two-Part Model with Detection
Limits

Tests for Fold Change of Two
Means (Log-Normal Data)

Mixed Models Tests for Two Means

*

weonst Two-Sample T-Tests Allowing
Unequal Variance

'\.T. \

)

-

N AN et Two-Sample T-Tests using Effect

Size

Click to load procedure. Right-click to add to favorites or view
Tests for Two Ordered Ci Procedure documentation.

Variables (Proportional Odds)

IMann-Whitney U or Wilcoxon
Rank-Sum Tests (Guenther)

Tests for Two Means Assuming

T Equal Variances using a Bayesian
~ Approach

(Log-Normal Data)

Tests for Two Means in a
Cluster-Randomized Design

Q;@@ ) Mixed Models Tests for Two

Means in a 2-1 avel Hierarchiral

Tests for the Ratio of Two Means

atics

g
BE

Norm

IMann-Whitney U or Wilcoxon
Rank-Sum Tests (Simulation)

Tests for Two Groups Assuming a
Two-Part Model

Tests for the Ratio of Two Means
(Normal Data)

Multiple Testing for Two Means

Mixed Models Tests for Two

Means in a 2-1 avel Hierarchical

UDOE
—
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Design

Reports

Plots

Plot Text

Solve For: Sample Size

Test Direction

~
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Alternative Hypothesis:

Power and Alpha

Two-Sided ~

Power: 0.90 v ¥
Alpha: 0.05 v ¥
Sample Size
Group Allocation: Equal (N1 = N2)
Effect Size
Input Type: Means ~
Means
pi: 74.1 ~ ¥
y2: 80.3 v ¥
Standard Deviations
ol: 6.3 v ¥
a2: 8.2 v ¥

|
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Two-Sample T-Tests Allowing Unequal Variance

Numeric Results for an Unequal-Variance T-Test

Solve For: Sample Size
Difference: & =p1-p2
Hypotheses: H0:8=0 vs. H1:8#0

Target Actual
Power Power N1 N2 N M1 H2 [+ o1 o2 Alpha

0.9 0.90672 31 31 62 741 80.3 -6.2 6.3 8.2 0.05

Target Power  The desired power value (or values) entered in the procedure. Power is the probability of rejecting a false null hypothesis.
Actual Power  The power obtained in this scenario. Because N1 and N2 are discrete, this value is often (slightly) larger than the target

power.
N1 and N2 The number of items sampled from each population.

N The total sample size. N = N1 + N2.

u1and p2 The assumed population means.

1d] The difference between population means at which power and sample size calculations are made. &= p1 - p2.
o1 and g2 The assumed population standard deviations for groups 1 and 2, respectively.

Alpha The probability of rejecting a true null hypothesis.

Summary Statements

A parallel two-group design will be used to test whether the Group 1 mean is different from the Group 2 mean
(HO: p1 -p2 =0 versus H1: u1 - y2 # 0). The comparison will be made using a two-sided, two-sample,
unequal-variance t-test (Welch, 1938), with a Type | error rate (a) of 0.05. The standard deviation for Group 1 is
assumed to be 6.3 and the standard deviation for Group 2 is assumed to be 8.2. To detect a difference in means
of u1 -2 =74.1 - 80.3 = -6.2 with 90% power, the number of needed subjects will be 31 in Group 1 and 31 in
Group 2. The sample size was computed using PASS 2023, version 23.0.2.
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fity G*Power 3.1.9.4 = X
File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

Test family Statistical test
Exact v Proportions: Inequality, two independent groups (Fisher's exact test) v

Type of power analysis

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

Input Parameters Qutput Parameters
Tail(s) Two ~ Sample size group 1 100
Determine == Proportion pl 0.16 Sample size group 2 100
Proportion p2 0.34 Total sample size 200
o err prob 0.05 Actual power 0.8039614
Power (1-B err prab) 0.8 Actual o 0.0342323

Allocation ratio N2/N1 1

Onfionc Y_V nlat faor a ranca nf valitac aleculata
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Proportions > Two Independent Proportions (54)

Search |[SeEgEREU]

Favorites Recent Show All

. Proportions

@& One Proportion

1@ Two Correlated (Paired) Proportion
[+ Two Independent Proportions

[=as 6 Two Proportions (Cluster-Randomiz
- @) Multiple Proportions

-------- 6 Multiple Praportions (Cluster-Rando
1 @& Cross-Over (2x2) Design

[=as 6 Cross-Over (Wiliams) Design

-------- O Contingency Table (Chi-Square Tes
-------- 6 Repeated Measures

|

[ 6 Mixed Models
........ @ Stratified

I' Tests for Two Proportions
fato | Tests for Vaccine Efficacy with
Composite Efficacy Measure
using the Ratio of Two Means

i.f*parmmr .
a0 L Tests for Two Groups Assuming a

| Two-Part Model

o

woro Non-Zero Null Tests for the
ois . Difference Between Two
Proportions

:;,fm

e

i

Tig-Part Model

4

Not 2
Rotios

Tests for Two Proportions using
Effect Size

Tests for Vaccine Efficacy with
Composite Efficacy Measure
using the Difference of Two
Means

Tests for Two Groups Assuming a
Two-Part Model with Detection
Limits

Non-Unity Null Tests for the Ratio
of Two Proportions

Fisher's Exact Test for Two
Proportions

Tests for Vaccine Efficacy with
Extremely Low Incidence

Conditional Power and Sample

Difference Between Two
Proportions

Ratio of Two Proportions

Size Reestimation of Tests for the

MNon-Unity Null Tests for the Odds
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Design

Solve For: Sample Size ~ 1 = Treatment

2 = Control
Power Calculation
Power Calculation Method: Binomial Enumeration v
Binomial Enumeration Options
Maximum N1 or N2 for Binomial Enumeration: |5000 W
Zero Count Adjustment Method: Add to zero cells only ~
Zero Count Adjustment Value: 0.0001 w
Test
Alternative Hypothesis: Two-Sided ~
Test Type: Fisher's Exact Test ~
Power and Alpha
Power: 0.80 v ¥
Alpha: 0.05 v ¥
Sample Size
Group Allocation: Equal (N1 = N2) ~
Effect Size
. N ']
Input Type: Proportions v
P1 (Group 1 Proportion|H1): 0.16 v ¥
P2 (Group 2 Proportion): 0.34 v ¥
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Numeric Results for Testing Two Proportions using Fisher's Exact Test

Solve For: Sample Size
Hypotheses: HO:P1-P2=0 vs. H1:P1-P2#0

Target Actual Diff Target Actual
Power Power* N1 N2 N P1 P2 01 Alpha Alpha*t
0.8 0.80396 100 100 200 0.16 0.34 -0.18 0.05 0.03423

* Power and actual alpha were computed using binomial enumeration of all possible outcomes.

T Warning: When solving for sample size with power computed using binomial enumeration, the target alpha level is not guaranteed. Actual
alpha may be greater than target alpha in some cases. We suggest that you investigate sample sizes near the solution to find designs with an
actual alpha you are willing to tolerate.

Target Power  The desired power value (or values) enterad in the procedure. Power is the probability of rejecting a false null hypothesis.
Actual Power  The power obfained in this scenario. Because N1 and N2 are discrete, this value is often (slightly) larger than the target

power.

N1 and N2 The number of items sampled from each population.

N The total sample size. N = N1 + N2.

P1 The proportion for Group 1 at which power and sample size calculations are made. This is the treatment or experimental
group.

P2 The proportion for Group 2. This is the standard, reference, or control group.

01 The difference assumed for power and sample size calculations. 81 = P1-P2.

Target Alpha  The input probability of rejecting a true null hypothesis. Actual Alpha is the value of alpha that is actually achieved.

Summary Statements

A parallel two-group design will be used to test whether the Group 1 (treatment) proportion (P1) is different from
the Group 2 (control) proportion (P2) (HO: P1 - P2 = 0 versus H1: P1 - P2 # 0). The comparison will be made
using a two-sided, two-sample Fisher's Exact Test, with a Type | error rate (a) of 0.05. The control group
proportion (P2) is assumed to be 0.34. To detect a proportion difference (P1 - P2) of -0.18 (or P1 of 0.16) with
80% power, the number of subjects needed will be 100 in Group 1 (treatment) and 100 in Group 2 (control). The
sample size was computed using PASS 2023, version 23.0.2.
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B G*Power 3.1.9.4 = X
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses
critical F = 3.40283
0.8 4 !
€
0.6
|
0.4 [
|
0.2
SN (. !
0 e e -
0 é ]'0 ]'5 2'0 Select procedure
Effect size from means &2
Test family Statistical test
F tests v ANOVA: Fixed effects, omnibus, one-way v =]
Number of groups 3 =
Type of power analysis - 497
A priori: Compute required sample size - given «, power, and effect size v SID) @ LT @) G .
Group Mean Size ‘
Input Parameters Qutput Parameters | J
Determine == Effect size f 0.7485943 Noncentrality parameter A 15.1306225 1 14
o err prob 0.05 Critical F 3.4028261 2 914 14
Power (1-B err prob) 0.9 Numerator df 2 . 527 1a
Number of groups 3 Denominator df 24
Total sample size 27
Actual power 0.9145527
— Equal n 5
Total sample size 42
Calculate Effect size f  0.7485943
Calculate and transfer to main window
Close

P T
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Select a Procedure oot ee (Wl Enter a Keyword

Category = Means > Multi-Factor Designs (ANOVA) (6) i

Favorites Recent Show All
| Fered | Fied

9 Equivalence 6'6 Factorial Analysis of Variance I,l-(\_ ’1‘/:3"‘ Factorial Analysis of Variance

| 7 using Effect Size
@© GEE ~

9 Group-Sequential
@ Means Click to load procedure. Right-click to add to favorites or view
. procedure documentation. andomized Block Analysis of
= 0 One Mean .

ariance
- e Paired Means
- 0 Two Independent Means

(e e R

(i,

Repeoted Meosures Mixed Modets

H

H

H

- @ Two Means (Cluster-Randomized D ) " Repeated Measures Analysis M Mixed Models (Simulation)
H 0 Multiple Means {Cluster-Randomize: | b )

H
H
H
H

- 0 Cross-Over (2x2) Design
0 Cross-Over (Higher-Order) Design
- 0 Cross-Over (Williams) Design
- e One-Way Designs
) Multi-Factor Designs (ANOVA)
- e Multiple Comparisons
e Analysis of Covariance (ANCOVA)
- 0 Repeated Measures
- Mixed Models
- @ GEE
0 Multivariate Means
H e MNonparametric

0 Assurance
& .
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[==| Factorial Analysis of Variance

File View Run Procedures Tools Window Help

Reset Open Save As Report Options
Calculate
Design Solve For: Sample Size v Based On Term: All ~
Reports
Minimum Power: 0.95 s
Alpha for All Terms: 0.05 ~

Design and Effects

Number of Factors: 1 ~

Main Effects

Levels: Means:

A List of Means - [59.4 91.4 82.7 v

Standard Deviation

o (Std Dev of Subjects): |21.1 v
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Select a Procedure

Category = Proportions > Contingency Table (Chi-Square Tests) (2) = £h
Favorites Recent Show All
) cnr-square . Tests for Multiple Correlated
@ Equivalence 2| ¢ [12[n] Chi-Square Tests Proportions (McNemar-Bowker
@ Mixed Models (2-Level Hierarct D EIEIE Test of Symmetry)

- . Mixed Models (3-Level Hierarcr
. GEE

. Vaccine Efficacy
[H- 0 Multiple Proportions
e 6 Multiple Proportions (Cluster-Rando
(a2} 0 Cross-Over (2x2) Design
[ 0 Cross-Over (Wiliams) Design

(_:‘A Contingency Table (Chi-Square Tes
e Repeated Measures
&) GEE
[l @ Mixed Models
) Stratified
. e Trend

e Vaccine Efficacy
e O Ordered Categorical Data
- e Logistic Regression

e Kappa Rater Agreement
- Sensitivity and Specificity

) Bridging Studies
e Assurance
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Design

Reports
Plots

Plot Text

Solve For: Sample Size

A

Test

DF (Degrees of Freedom): 3 v ¥
Power and Alpha

Power: 0.90 v ¥

Alpha: 0.05 v ¥
Effect Size

W (Effect Size): 0.326301 v ¥
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= Chi-Square Effect Size Estimator

Contingency Table  Multinomial Test

Input
Enter Table Values as Counts or Percentages:
1 2 | 3 | 4] s s | 7 | 8| 9 | 1]
1 100 0 B
2 aL.7 8.3
3 76.2 23.8
4 70.6 29.4 3
5
6
;l' -
-
[ <] I [»]
Clear Table
Qutput
N: 400 Chi-Square: 42.588848
Rows: 4 DF: 3
Columns: 2 Prob Level: 0.000000
Effect Size (W):  0.326301

Table Values

The values entered in this table
may be used to calculate the
following for a contingency table:

e Chi-Square Test
Enter the frequency counts or
percentages in each cell.

» Effect Size Parameter
Enter the hypothesized frequency
counts or percentages in each
cell.

Example
You could enter percentage values
fora 2 x 4 table as

10, 20, 40, 30
20, 10, 50, 20

Notes

The effect size (W) is recomputed
each time you make a change to a
cell.

Blank cells are assumed to be zero.

y + Add to Favorites

Close
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Numeric Results for Chi-Square Test

Solve For: Sample Size

Power N w Chi-Square DF Alpha Beta
0.90211 134 0.3263 14.26729 3 0.05 0.09789

Power The probability of rejecting a false null hypothesis when the alternative hypothesisis true.

N The size ofthe sample drawn from the population. To conserve resources, it should be small.
w The effect size--a measure of the magnitude of the Chi-Square that isto be detected.

DF The degrees of freedom of the Chi-Square distribution.

Alpha  The probability of rejecting atrue null hypothesis.

Beta The probability of failling to reject the null hypothesis when the altemative hypothesis is true.

Summary Statements

A two-way classification design (or distribution goodness of fit design) will be used to test the independence of

two classification variables (or whether the table proportions are consistent with the expected values of a given

distribution). The comparison will be made using a Chi-Square test. To detect an effect size of 0.3263 with 90%
power, 3 degrees of freedom, and a Type | error rate (o) of 0.05, 134 subjects will be needed. The sample size

was computed using PASS 2023, version 23.0.2.
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fifs G*Power 3.1.9.4 X
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses
critical t = 1.76131
-2 0 2 4 6 8
Test family Statistical test
t tests v Means: Difference between two dependent means (matched pairs) b
Type of power analysis
A priori: Compute required sample size - given «, power, and effect size hd
Input Parameters Output Parameters
Tail(s) One ~ Noncentrality parameter & 3.5139311
Determine == Effect size dz 0.9072931 Critical t 1.7613101
o err prob 0.05 Df 14
Power (1-B err prob) 0.95 Total sample size 15
Actual power 0.9546912

X-Y plot for a range of values

Calculate

O From differences
Mean of difference

SD of difference

©  From group parameters

Mean group 1
Mean group 2
SD group 1
SD group 2

Carrelation between groups

Calculate Effect size dz

155
145
10.6
11.4
0.5

0.9072931

[ Calculate and transfer to main window

Close

T CArie

e
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Select a Procedure

LY=x: 1 Wl Eriter a Keyword

Category = Means > Paired Means (23) £
Favorites Recent Show All
A frored
== Q Equivalence 0 paired T-Tests -’\\ {.Tl \gfm Paired T-Tests using Effect Size
© cEE e
() Group-Sequential Click to load procedure. Right-dlick to add to favorites or view
o procedure documentation.
- @ Means .~ Tests for Paired Means T ATy VYNGR T U =T
O One Mean (Simulation) > Tests
=R Faired Means
@ T-Test (inequality)
n .
5 . . Tests for the Matched-Pair
- @ Z-Test (nequaiity) ?’é”#ilseaﬁsg'grfgaﬁgg '\DA::;; + Difference of Two Means in a
. Nonparametric p 2% Cluster-Randomized Design
. Confidence Interval
@ Non-erorty s CONGitional Power and Sample o2 Tests for Paired Means
. Superiority by a Margin ® %l%_:s{;eesllmahon of Paired (Simulation) (Legacy)
. Equivalence
. Cluster-Randomized
@ single-Case (AB)< Designs “ paired Z-Tests PFMM Paired Wilcoxon Signed-Rank
@ Multiple Testing Tests for Non-Inferiority
. Conditional Power
- O Two Independent Means
fi-- @) Two Means (Cluster-Randomized D s,: Paired Wilcoxon Signed-Rank {:"" Equivalence Tests for Paired
. . Tests for Superiority by a Margin = Means (Simulation)
23] e Multiple Means (Cluster-Randomize
2=} e Cross-Over (2x2) Design
- e Cross-Over (Higher-Order) Design
L M o e “ﬁ“ Confidence Intervals for Paired Confidence Intervals for Paired
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Calculate

Design

Reports
Plots

Plot Text

Solve For: Sample Size

Test

Alternative Hypothesis:

Population Size:

Power and Alpha

Two-Sided (H1: d = 0) ~

Power: 0.90 v ¥
Alpha: 0.05 v ¥
Effect Size
Mean
81 (Mean of Paired Differences): 10 v ¥

Standard Deviation
Standard Deviation Input Type:
Paired Variable SD's Entry:
ol (5D of Variable 1):

02 (5D of Variable 2):

p (Correlation Between Variables):

Enter the Paired Variable SD's and Correlation

Unequal (o1 # 02) ~

10.6 v ¥
11.4 v ¥
0.5 v ¥
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Numeric Results

Solve For: Sample Size
Hypotheses: H0:5=0 vs. H1:5#0

Mean of
Sample Paired Standard Deviation Effect
Size Differences Size

Power N o1 o1 g2 p a |81|/o Alpha Beta
0.90397 15 10 10.6 11.4 0.5 11.0218 0.90729 0.05 0.09603
Power The probability of rejecting a false null hypothesis when the alternative hypothesisis true.
N The sample size, the number of subjects (or pairs) in the study.
0 The population mean of paired differences.
o1 The value of the mean of paired differences at which power and sample size are calculated.
o1 The standard deviation of paired variable 1.
o2 The standard deviation of paired variable 2.
p The Pearson correlation between the two paired variables.
a The standard deviation of paired difierences, which was calculated from o1, 02, and p using the equation, o = 4[o12 + 022- 2po102].

|81/ The Effect Size, i.e., the relative magnifude of the effect
Alpha  The probability of rejecting a true null hypothesis.
Beta The probability of failing to reject the null hypothesis when the altemative hypothesis is true.

Summary Statements

A paired design will be used to test whether the paired mean difference (3) is different from 0 (HO: & =0 versus
H1: 8 # 0). The comparison will be made using a two-sided, paired-difference t-test, with a Type | error rate (a) of
0.05. The underlying standard deviation of the paired difference distribution is assumed to be 11.0218 (calculated
using 01 =10.6, 02 = 11.4, p = 0.5, and the equation, ¢ = (012 + 622 - 2pa102]). To detecta paired mean
difference of 10 with 90% power, the number of needed pairs will be 15. The sample size was computed using
PASS 2023, version 23.0.2.
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No Lung Cancer Twin (Control) No Lung Cancer Twin (Control)
Lung Cancer Twin (Case) Smokes = Yes Smokes = No Total Lung Cancer Twin (Case) Smokes = Yes Smokes = No Total
Smokes = Yes 0.16 0.21 0.37 Smokes =Yes P11 P10 Pt
Smokes = No 0.04 0.59 0.63 Smokes = No PO1 POO 1-Pt

Total 0.20 0.80 0.63 Total Ps 1-Ps
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B G*Power 3.1.9.4 — X
File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

critical N = 12

0.25 4

0.2

0.15

0.1

0.05 4

0

0 2 4 6 8 10 12 14 16

Test family Statistical test
Exact K2 Proportions: Inequality, two dependent groups (McNemar) K2

Type of power analysis
A priori: Compute required sample size — given o, power, and effect size

Input Parameters Output Parameters
Tail(s) One =2 Lower critical N 12.0000000
Odds ratio 5.25 Upper critical N 12.0000000
o err prob 0.05 Total sample size 64
Power (1-B err prob) 0.9 Actual power 0.9011804
Prop discordant pairs 0.25 Actual o 0.0384064
Proportion p12 0.2100000
Proportion p21 w

Options X-Y plot for a range of values Calculate
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Select a Procedure

Category =]

(PASS 3138 oy dinlg 09,5 90 s duny Lo (490 )]

Proportions > Two Correlated (Paired) Proportions > Test (Inequality) (7) el |2

Favorites Recent Show All

[ O One Proportion

= O Twao Correlated (Paired) Proportion:
() Test (Inequality)

. Non-Inferiority

. Equivalence

- O Two Independent Proportions

- O Two Proportions (Cluster-Randomiz
7 &) Multiple Proportions

-------- O Multiple Proportions (Cluster-Rando
@) Cross-Over (2x2) Design

[=as O Cross-Over (Wiliams) Design

-------- O Contingency Table (Chi-Square Tes
-------- O Repeated Measures

o U OO |

& @ Mixed Models

I im.

—_——
Cose-Control

Click to load procedure. Right-click to add to favorites or view
procedure documentation.

x
R
Diffs

Tests for Two Correlated
Proportions in a Matched
Case-Control Design

Tests for Two Correlated
Proportions (McMemar Test)

Tests for Two Correlated
Proportions with Incomplete
Observations

Difference of Two Proportions in a
Cluster-Randomized Design

Tests for the Odds Ratio in a ~ wee | Tests for the Odds Ratio in a
Matched Case-Control Design with _o¢  Matched Case-Control Design with
a Binary X LM a Quantitative X

GEE Tests for Two Correlated
Proportions with Dropout
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Yt: Treatment Response

Design Solve For: Sample Size ~
Ys: Standard Response
Reports Power Calculation
Plots Power Calculation Method: Normal Approximation ~
Plot Text Test
Alternative Hypothesis: Two-Sided v

Power and Alpha

Power: 0.90 v ¥

Alpha: 0.05 v ¥
Effect Size

Probability Input Type: Off Diagonal (P01 and P10) ~

Off-Diagonal Probabilities (P01 and P10)

P01 and P10 Input Type: McNemar Odds Ratio (P10 / PO1)
McNemar QOdds Ratio (P10 / PO1):  5.25 v ¥
Proportion Discordant (P10 + P01): 0.25 v ¥
Annotation
STANDARD (Ys)
1(Yes) 0(No) Total
1(Yes) P11 P10 Pt
TREATMENT (Yt) Odds Ratio = P10 / PO1
0(No) PO1 P00 1-Pt

Total Ps 1-Ps 1
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Numeric Results

Solve For:

Sample Size

Alternative Hypothesis: Twe-Sided

Total Off-Diagonal

Sample Probabilities McNemar Proportion

Size —_— Difference Odds Ratio Discordant

Power* N P10 P01 P10 - P01 P10/ P01 P10 + P01
0.90114 87 0.21 0.04 0.17 5.25 0.25

* Power was computed using the normal approximation method (conditional).

Power

M

P10

P01

P10 -PO1
P10/ PO1
P10 + P01
Alpha

The probability of rejecting a false null hypothesis when the alternafive hypothesis is true.
The total number of subjects in the study.

The probability that the treatment response is "Yes" and the standard response is "No."
The probability that the treatment responseis "No" and the standard response is "Yes."
The difference between P10 and PO1. It is equal to the difference between Pt and Ps.
The McNemar odds ratio. It is not equal to the regular odds ratio between Pt and Ps.
Proportion Discordant. The sum of the o off-diagonal elements, P10 and PO1.

The probability of rejecting a true null hypothesis.
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Select a Procedure Search [SNGECEG AR

Category S| Means > Repeated Measures > Repeated Measures (6) = &

Favorites Recent Show All
Bipered i h i
-0 Equivalence "' Repeated Measures Analysis Y i Eg;iﬂ‘r’;“["]‘;ggeﬁ"s in a Repeated
m- () GEE v v T -
[ Q Group-Sequential
.. cated Measures
= ? hgall;; e O ‘T.M gis[t)? Jgr Two Groups of Pre-Post I:»:Lm W ‘_k: One-Way Repeated Measures
i@ Paired Means - o
[~ e Two Independent Means ) )
[ e Two Means (Cluster-Randomized D - %WT One-Way Repeated Measures ffp ?:=:_=i”f \ Confidence Intervals for One-Way
0o O Muttiple Means (Cluster-Randomize: b?@ Contrasts , T ‘C-f - ) Repeated Measures Contrasts
- e Cross-Over (2x2) Design
[~ O Cross-Over (Higher-Order) Design
- e Cross-Over (Wiliams) Design
[~ e One-Way Designs
-------- e Multi-Factor Designs (ANOVA)
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Design Report

Solve For: Sample Size

Multiply  Std Dev

Means of Standard Effect
By Effects Deviation Size

Term Test Power n N K om o om/c  Alpha Beta

B1(3) GGF 1.00000 94 282 1 1.17757 0.63246  1.8619 005 0.00000
HF F 1.00000 94 282 1 1.17757 0.63246  1.8619 0.05 0.00000
Box F 1.00000 94 282 1 1.17757 0.63246  1.8619 005 0.00000

W1(4) GGF 095371 94 282 1 0.11180 0.44721  0.2500 0.05 0.04629
HF F 0.95428 94 282 1 0.11180 0.44721  0.2500 0.05 0.04572
Box F 0.85383 94 282 1 0.11180 0.44721  0.2500 005 0.14617

B1*"W1 GGF 090026 94 282 1 0.11180 0.44721  0.2500 005 0.09974
HF F 0.90142 94 282 1 0.11180 0.44721  0.2500 0.05 0.09858
Box F 070195 94 282 1 0.11180 0.44721  0.2500 005 0.29805

Term The identifying label for the factor or interaction. For factors, the number of levels is also given in parentheses.

Test Identifies the test statistic for which the poweris calkulated.

Power The computed power for the term.

n The number of subjects per group.

N The total number of subjects in the study.

K The means were muliiplied by this value.

am Standard Deviation of Effects. This value represents the magnitude of differences among the means for the term.

o Standard Deviation. The random variation against which om is compared in the F test.

om/g  Effect Size. An index of the size ofthe mean differences relative to the standard deviafion.
Alpha  The probability of rejecting a true null hypothesis.
Beta The probability of failing to reject the null hypothesis when the altemative hypothesis is true.

P
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Select a Procedure SNl Enter 2 Keyword
Category = Means > Repeated Measures > Repeated Measures (6) S| |
Favorites Recent Show All
:m'ﬂi‘wemf ' : Tests for Two Means in a Repeated
e i - il
# @ Equivalence ; Repeated Measures Analysis : ) Measures Design
7O GEE - . :
ER @ Group-Sequential
=) Means RepereSore
; e One Mean Q ‘TM ;is;sr; Jgr Two Groups of Pre-Post A .'_l":“;'f’l“’r . One-Way Repeated Measures

H e Paired Means
H e Two Independent Means

A
A
A
[ e Two Means (Cluster-Randomized D o One-Way Repeat easures oy Confidence Intervals for One-Way
- @ Muttiple Means (Cluster-Randomize: QYQ Contrasts _ J ‘c: - _ Repeated Measures Contrasts
=
=
=
=

Repeated Measures Repeated Measures
= e —pm—

i &) Cross-Over (2x2) Design

- O Cross-Over (Higher-Order) Design
- O Cross-Over (Williams) Design

- e One-Way Designs

brom e Multi-Factor Designs (ANOWVA)

- e Multiple Comparisons

brom e Analysis of Covariance (ANCOVA)
e Repeated Measures

E ) Repeated Measures

. Cross-Over Designs

@ WMixed Models

@ GEE
-

(]

1]
L
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Time 1 Measurements Time 2 Measurements
Group 1: X11 ~ N[p11, o(T1)] Group 1: X12 ~ N[p12, o(T2)]
Group 2: X21 ~ N[p21, o(T1)] Group 2: X22 ~ N[p22, o(T2)]

61=u12-pu11 (change in group 1)
62 =22 - 21 (change in group 2)
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Design Solve For: Sample Size ~
Reports Test
Plots Test Type: T-Test
Alternative Hypothesis: : -Si
Plot Text yp! Ha: & # 0 (Two-Sided)

Power and Alpha

Power: 0.90 ~

<«

Alpha: 0.05 v

<«

Sample Size

Group Allocation: Equal (N1 = N2) W
Effect Size
Means
O (Difference Between Group Mean Changes): 1.14 v ¥

Standard Deviations

o(T1) (SD of Measurements at Time 1): 3.015 v ¥ g

a(T2) (SD of Measurements at Time 2): 2.635 v ¥
Correlation

p (Correlation Between Measurements): 0.6 v ¥
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Tests for Two Groups of Pre-Post Scores

Numeric Results for Comparing Mean Change in a Repeated Measures Design

Solve For: Sample Size
Test Type:  T-Test
Hypotheses: H0:5=0 vs. H1:8=0

Target Actual

Power Power N1 N2 N (] o(T1) o(T2) [} o (Diff) Alpha

0.9 0.90247 107 107 214 1.14 3.015 2.635 06 2.54951 0.05

Target Power The desired power value (or values) entered in the procedure. Power is the probability of rejecting a false null hypothesis.

Actual Power The power obtained inthis scenario. Because N1 and N2 are discrete, this value is often (slightly) larger than the target
power.

N1 and N2 The number of items sampled from each population.

N The total sample size. N = N1 +N2.

o The mean change of group 2 minus the mean change of group 1 assuming the aliernative hypothesis.

The correlation between a pair of observations made on the same subject. G(Diff) is the standard deviation of the paired
differenc es, assumed equal for the two groups.
Alpha The probability of rejecting atrue null hypothesis.

o(T1)and o(T2) The standard deviations of measurements at time 1 and time 2, respectively.
p

Summary Statements

A parallel two-group repeated-measures design with 2 measurements on each subject (e.g., pre-score and
post-score) will be used to test whether the Group 1 pre-/post- mean difference is different from the Group 2
pre-/post- mean difference (HO: & =0 versus H1: & # 0). The comparison will be made using a two-sided,
two-sample t-test, based on the difference of the means of pre-/post- differences of each group, with a Type |
error rate (a) of 0.05. The standard deviation of measurements at the first time point is assumed to be 3.015, the
standard deviation of measurements at the second time point is assumed to be 2.635, and the correlation
between measurement pairs is assumed to be 0.6. To detect a difference (of differences) of 1.14 with 90% power,
the number of subjects needed will be 107 in Group 1 and 107 in Group 2. The sample size was computed using

PASS 2023, version 23.0.2.
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HO: There is no correlation (p = 0)

H1: There is a correlation (p = 0)

(Zl__ a+Zq_ B)
1 + 7., +3
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B G*Power 3.1.9.4 — X
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses
critical t = 1.993
-~
// N
0.3+ ’ N
/
I \
/ \
0.2 4 \
/
7 AY
\
0.1 BN\, « N
NN
-~ \k ~=
0 T = T
-2 0 2 4
Test family Statistical test
1t tests ™ Correlation: Point biserial model 87
Type of power analysis
A priori: Compute required sample size - given «, power, and effect size v
Input Parameters Qutput Parameters
Tail(s) Two v Noncentrality parameter & 3.6679459
Determine == Effect size |p| 0.3900000 Critical t 1.9929971
o err prob 0.05 Df 73
Power (1-B err prob) 0.95 Total sample size 75
Actual power 0.9514736

Y_V mlet far 3 ranaa ~F valias




OlP 3 (o X 90 PR Cymeld

(PASS 1381 6 y3) Sowod yg05]

Select a Procedure Search EEEEE

Category = Correlation > Correlation (11)
Favorites Recent Show All
@ L]
@ ] Sim . ® N "
T ® e® o . . F 9® o Pearson's Correlation Tests
£ 8 Assurance 08 C;; o, ,  Pearson's Correlation Tests .. .0. % o (Simulation)
Bayesian Approaches e @ . ®
F- () Bridging Studies
i . ) - . Click to load procedure_Riglyt-click to add to favorites or view
i Cluster-Randomized o . %e®°, Spearman's Rank Correlfion Tasis documaniption® e Kendall's Tau-b Correlation Tests
&) Conditional Power s %% o (Simulstion) ‘g e v (Simulaiion)
@ L]
EEI""@ Confidence Intervals ° ’
[—j@ Correlation 8 .
P . Sim e 0 . . . _®
) Caorrelation .t a; o@ ® _Fr’::fr( éi;lc:mg?igﬁc)m of Correlation %o .oo ° Tests for Two Correlations
- @ Coefficient (Cronbach's) Alpha @‘9 o .9 <

a Infraclass Correlation

®

e Kappa Rater Agreement

® @
»© . Confidence Intervals for Pearson's

in' i Point Biserial Correlation Tests ° % :
6 Lin's Concordance Correlation J& dj) ° o Correlation
3 o

- @ Design of Experiments ®

[l
]

@ Equivalence

[
(s

2 L ]
- © CEE . Confidence Intervals for . . e ", Confidence Intervals for Kendall's
- 9 Group-Sequential © o Spearman's Rank Correlation . 8 ". “s o Tau-b Correlation
- a o
e © s ©
[ @ Means
9 Method Comparison 2
o
9 Microarray E Confidence Intervals for Point
. g Biserial Correlation
() Mixed Models

(]
s

[ 9 MNon-Inferiority
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Pearson's Correlation Tests

Numeric Results when H1: p0 # p1

Solve For: Sample Size

Power N Alpha Beta p0 p1
0.95072 79 0.05 0.04928 0 0.39

Power The probability of rejecting a false null hypothesis when the alternative hypothesis is frue.

M The size of the sample drawn from the population.

Alpha  The probability of rejecting a tnue null hypothesis.

Beta The probability of failing to reject the null hypothesis when the alte mative hypothesis is true.
po The value of the population correlation under the null hypothesis.

p1 The value of the population corelation under the alternative hypothesis.

Summary Statements

A sample size of 79 achieves 85% power to detect a difference of -0.39 between the null hypothesis correlation of
0 and the alternative hypothesis correlation of 0.39 using a two-sided hypothesis test with a significance level of
0.05.

Dropout-Inflated Sample Size

Dropout-
Inflated Expected
Enroliment Number of
Sample Size Sample Size Dropouts
Dropout Rate N N' D
20% 79 99 20
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HO: s =0

H1: 5 =0

Y[X ~ N(Bg +B1X, 02)

T = (B1v5x)/ (\/RSS/(n _ 2)).

Power(A) = Pr(Reject Hy|B; = A) = Pr(|T| > th g1 s

51:A).

y
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¥ G*Power 3.1.9.4 — X | -
File Edit View Tests Calculator Help
Central and noncentral distributions Protocol of power analyses
critical t = 2.03452
- t
’ "\ {
0.3 4 /
/ © !
AN f
‘ \
0.2 4 / \
/ \ 1
/ \
0.1 B 4 o N
\( 2 ~ ~ I
o = . \L S~ -~ |
-2 0 2 4 6 8
Test family Statistical test I
1t tests ~ Linear bivariate regression: One group, size of slope A
Type of power analysis
A priori: Compute required sample size — given o, power, and effect size &7
Input Parameters Output Parameters
Tail(s) Two ~ Noncentrality parameter & 3.7704104
Determine =: Slope H1 0.3 Critical t 2T Input p, residual o, o_x => slope, oy
o err prob 0.05 Df 33
_— _——— A 0.5
. Correlation p
Power (1-B err prob) 0.95 Total sample size 35
Slope HO 0 Actual power 0.9553040 Std dev residual o 0.3
Std dev o_x 4.21 Std dev o_x 1
2.35
Std dev oy Std dev oy v
Calculate Slope H1 v
Calculate and transfer to main window
Close
X-Y plot for a range of values
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Select a Procedure

Search |[SREEERCUNGIG

Category = Regression > Simple Linear Regression (10)
Favorites Recent Show All
s-mmblmeor‘ / smgn’eurwar- - . . R R
) Means . . Simple Linear Regression ® e glzmple Linear Regression using
[ ] L ]
-------- Q Method Comparison . ° s *
-------- @ Microarray
jrm I — Uoeor —
- @ Mixod Modes :W l ] Non-Zero Null Tests for Simple :ww s gﬁ: f;[?nNe:I: ESt?{af:s:ion usin
Pl @ Non-Inferiority © L ww Linear Regression ° o [wwo| 2 P ©d ¢
3 () Nonparametric ® °
........ @ Nofmaliw
. . o R C— L :
-------- Q Pilot Studies Non-Inferionty Tests for Simple - = © Superiority by a Margin Tests for
________ @ Post-Marketing Surveillance Linear Regression ® " — Simple Linear Regression

i @ Proportions

-------- @ Quality Control

3 () Rates and Counts
=) Regression

() Simple Linear Regressian

O Multiple Regression
e Cox Regression
----- O Poisson Regression

-

© Equivalence Tests for Simple
Linear Regression

(-]
M‘H’}:,"f’—‘ Tests for the Difference Between
L]

Two Linear Regression Intercepts

L]
& *<% °. Tests for the Difference Between
2 7 e o Two Linear Regression Slopes
L]

Spke Lnear il )
5 Confidence Intervals for Linear

& Regression Slope
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Design Solve For: Sample Size ~ Model: Y =A +BX + e
Reports Power Calculation
Plots Power Calculation Method: Conditional
Plot Text Test
Alternative Hypothesis: Two-Sided (H1: B # 0) ~

Power and Alpha

Power: 0.95 v ¥
Alpha: 0.05 v ¥
Effect Size

Slope

B1 (Slope|H1): 0.3 v ¥

Standard Deviation of X
ox Input Type: ox (Std Dev of X) ~

«

ox (Std Dev of X): 4.21 ~

oe (Standard Deviation of Residuals)

oe Input Type: ov (Std Dev of Y) ~

«

oy (5td Dev of Y): 2.35 v
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Simple Linear Regression

Numeric Results

Solve For: Sample Size
Hypotheses: HO:B=0 vs. H1:B=0

Std
Std Std Dev
Sample Actual Dev Dev of
Size Slope of X of Y Resids
Power N B1 ox oY ge R? Alpha
0.9553 35 0.3 4.21 2.35 1.98175 0.28885 0.05
Power The probability of rejecting a false null hypothesis when the alternative hypothesis is frue.
N The size of the sample drawn from the population.
B1 The slope at which the power is calculated. The slope under the null hypothesis is assumed to be 0.
ox The standard deviation of the X values.
oy The standard deviation of Y (ignoring X).
oe The standard deviation of the residuals.
Rz The R-squared value when Y is regressed on X

Alpha  The probability of rejecting a true null hypothesis.

Summary Statements

A sample size of 35 achieves 96% power to detect a change in slope from 0 under the null hypothesis to 0.3
under the alternative hypothesis when the statistical hypothesis is two-sided, the significance level is 0.05, the
standard deviation of X is 4.21, the standard deviation of Y is 2.35, the standard deviation of residuals is 1.98175,
and R? is 0.28885.
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HO: By =B, = =Bn=0

H1: 5 =0

Yi = Bo + 1 X1+ + BuXmi + €

Yi = ﬁu + 51T1i + ot 5KTH1' + /1161;: + -+ quL'CL;: + e;

(R7c)/K
(1-RZ-R%.)/(N-K-L-1)

FK,N—K—L—l -
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K G*Power 3.1.9.4 — X
File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

critical F = 2.73002
0.6 1
0.4 4
1
0.2 -
- -"-'—'__—_'-'--._,,__
= ’\‘ ""‘-—yéj.(_ i TP i
— T e — — -
0 = T T T T T
0 2 4 5] 8 10
Test family Statistical test
F tests ~ Linear multiple regression: Fixed model, R? deviation from zera ~ ]

Type of power analysis

A priori: Compute required sample size - given o, power, and effect size =z
Input Parameters Output Parameters o FOID TR @R EEnt
Determine == Effect size f2 0.15 Noncentrality parameter A 11.5500000 ,quared multiple correlation p? 0.51
o err prob 0.05 Critical F 2.7300187
Power (1-B err prob) 0.8 Numerator df 3 ) From predictor correlations
Number of predictors 3 Denominator df 73 Number of predictors 6
Total sample size 77 ) .
_— Squared multiple correlation p? ¢
Actual power 0.8017655

Specify matrices

Calculate Effect size 2
Calculate and transfer to main window

Close

X-Y plot for a range of values Calculate
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Select a Procedure

Category = Regression > Multiple Regression > Multiple Regression (1)
Favorites Recent Show All
Multipie p{J/
e @ Means a ® ® Multiple Regression
-------- @ Method Comparison e °

-------- () Microarray

i () Mixed Models

F- () NonInferiority

- () Nonparametric

........ () Normality

........ () Pilot Studies

........ () Post-Marketing Surveillance
- Q Proportions

........ @ Quality Control

7 () Rates and Counts

5-(1) Regression

- O Simple Linear Regression
= &) Muliple Regression

() Multiple Regression
@ Effect Size
. Analysis of Covariance (ANCOY

.. @ Mediation Analysis
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Design

Reports

Plots

Plot Text

Design

T: Tested Variables

Solve For: Sample Size v .
C: Covariates (Controlled For or Held Constant)

Power Calculation

Power Calculation Method: Conditional (Recommended) - Uses R2 ~

Power and Alpha

Power: 0.90 v ¥
Alpha: 0.05 v ¥
Effect Size

T: Independent Variables Tested
K (Number Tested): 5 v

«

<«

R2(T|C) = R(T,C) - R(C): 0.3 v

C: Covariates (Independent Variables Controlled For)

L (Number of Covariates): 0 v ¥
R2(C): 0.3 v ¥
Notes

Regression Model: ¥ = fo + BaT1 + " + PKTK + MCat+ " + MCL + e

T1, *+, Tk are the K independent variables to be tested.
B, =+, Pr are the regression coefficients of the T's.
C1, =+, CL are the L covariates controlled for (adjusted for or held constant)

A1, =7, AL are the regression coefficients of the C's (not tested)
e is the error term (residual)
HO: R(T|C) =00r Bs =" =Pk =0 versus H1: R2(T|C) > 0 Or at least one pi # 0
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Multiple Regression

Numeric Results

Solve For: Sample Size
Power Method: Conditional (Recommended)
Number Number R? of R? of

Covariates Tested Covariates Tested
Power N L K R%(C) R%(T|C) Alpha Beta
0.90558 45 0 5 0 0.3 0.05 0.09442
Power  The probability of rejecting a false null hypothesis when the alternative hypothesis is frue.
M The number of observations on which the multiple regression is computed.
L The number of covariates (independent variables not tested for zero regression coefficients).
K The number of independent varables tested for zero coefficients.

R C) The R® achieved when only the control variables are included in the model.
RYT|C) The amountthat R*isincreased when the test variables are added to a model that contains the control variables. R¥T|C) = RYT,C)

-R2(C).
Alpha  The probability of rejecting a true null hypothesis.
Beta The probability of failing to reject the null hypothesis when the altemative hypothesis is true.

Summary Statements

In a study using the conditional power calculation method, a sample size of 45 achieves 91% power to detect an
R? of 0.3 attributed to 5 independent variable(s) using an F-Test with a significance level (alpha) of 0.05.
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HO: OR =1
H1: OR= 0
n, =kn,

2
Z  +127_

( 1 1 ] s
n, = +
kpl(l_ pl) pz (1_ pz) In(OR)

y

OR = pl(l_ p2)
pz(l_ pl)
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R - Risk of event in exposed group
Risk of event in unxposed group

VA Zl—ﬂ)z
2(VR -1)°

n, = Rn, =#events in exposed group

n, = = #of eventsin unexposed group

n, and n, are the number of events in the two groups
required to detect a relative risk of R with power 1-4
N =n,/z, = # subjects per group
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Rule-of-thumb

Coolley and Lohnes (1971) A minimum of 200 subjects for any
regression analysis

Schmidt (1971) A minimum subject-to-predictor ratio
ranging in value from 15-to-1 to 25-to-1.

Harris (1975) N > 50 +m

Tabachnickand Fidell(1989) N/m= 5 (bare minimum requirement)to 20

Green's (1991) N > 50 +8m (multiple correlation )

Green's (1991) N >104 + m (partial correlation)

Hair et al., 2018 The sample-to-variable ratio suggests a

minimum observation-to-variable ratio of
5:1, but ratios of 15:1 or 20:1 are

preferred


../Papers/regression.pdf
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Rule-of-thumb

Sample-to-item ratio (EFA and CFA)

Comrey and Lee (1992) 100:poor, 200:fair, 300:good, 500: very
good, 1000 or more: excelent

Gorsuch, 1983; Hatcher, 1994; Suhr, 2006 The ratio should not be less than 5-to-1

Costello & Osborne, 2005 20-to-1 ratio
Tabachnick & Fidell (2013) >300
Muthén and Muthén, 2002 N = 150 (A simple CFA with normally

distributed indicator variables and no
missing data)


../Papers/PSYCH_2018082315132922.pdf
../Papers/factor.pdf
../Papers/factor.pdf
../Papers/factor.pdf
../Papers/factor.pdf
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Rule-of-thumb

Sample-to-item ratio (structural equation

models)
Kline (2005)

Hair et al. (2010)

Kline (2016)

Kline (2016)

= Asample of 100 is considered small,
= Asample of 100 to 200 is medium,
= Asample over 200 is considered large.

= (Number of indicators + number of latent
variables) x (estimated parameters)

= Asample of 200 may be too small for a
complex model with non-normal
distributions, particularly for those using
estimation methods other than maximum
likelihood.

= Any sample below 100 cases may not be
recommended for any type of SEM technique
unless it analyses a very simple model.

https://www.danielsoper.com M/
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(Kutner, M. H., Nachtsheim, C. J., Neter, J., & Li, W. (2005). Applied linear statistical models.) .A.aj...i‘ ).L:.o
Green o 3l ooliwl Koo g, I

N > 50 + 8p where p is the number of predictors

Green, S.B. How many subjects does it take to do a regression analysis? Multivariate
Behavioral Research, 1991, 26, 499-510

Saws ganl ole Jlos o anlidi sy Jlow 2 ol . O 4y S ooels 3laasT Lole ol

Tinsley, Howard EA, and Steven D. Brown, eds. Handbook of applied multivariate statistics and mathematical modeli
Academic Press, 2000.

Lomax, Richard G., and Randall E. Schumacker. A beginner's guide to structural equation modeling. psychology
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Minimum n=10/k+1:04,5 s sl;L resource equation 5,559, whol »: Jlg> leﬁ

(Voou 3 jolns pus b pi) Curos 1) s0ges dl> 4o Arbitrary Approach 5,54, 0
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power twomeans 100 120 ,sd1(5) sd2(7) power(0.9
power twomeans 100 120 ,sd1(5) sd2(7) power( 0.8 0.9)

send selected to do-file editor CLwl 5l . review s - 3.5 ¢,
f,.uj\,,.a Cwds ) giwd | 5o nratio el ol b b}‘}f 99 O Lsad @~ ! adllas o Jf\
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power cox ,hratio(0.68)

power rsquared 0.1



OlP 3 (o X 90 PR Cymeld

aly s Ml | el b uile s S
power twoproportions 0.1, or(3)
power twoproportions 0.1, rr(3)
power twoproportions 0.1, diff(0.4)
di sqrt(4)
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power oneway 100 120 110, varerror(4900)
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RALLOC: Stata module to design randomized
controlled trials




Entry is arca A under the standard normal curve from — to z(A)

0 .5000 .5040 5080 5120 5199 .5239 5279 5319 5359
1 5398 5438 5478 5517 .5557 .5596 5636 5675 5714 5753
2 5793 5832 5871 5910 .5948 .5987 6026 6064 6103 6141
3 6179 6217. 6255 6293 6331 .6368 .6406 6443 .6480 6517
4 6554 6591 6628 6664 6700 6736 6772 6808 6844 6879
5 6915 6950 6985 7019 7054 7088 7123 7157 7190 7224
6 7257 7291 7324 71357 7389 .7422 7454 7486 7517 7549
i 7580 7611 7642 7673 7704 7734 7764 1794 7823 7852
8 7881 7910 7939 71967 7995 8023 8051 8078 8106 8133
.9 8159 8186 8212 8238 8264 .8289 8315 8340 .8365 .8389
1.0 8413 .8438 8461 8485 8508 8531 8554 8577 .8599 8621
1.1 8643 8665 8686 8708 8729 .8749 8770 8790 .8810 .8830
1.2 8849 .8869 8888 8907 .8925 .8944 8962 8980 .8997 9015
1.3 9032 9049 .9066 9082 9099 9115 9131 9147 9162 9177
14 0102 9207 9222 9234 Q251 92R5 9279 9292 0306 9319

15 9332 9345 9357 9370 9382
1.6 9452 9463 9474 9484 9495
1.7 9554 9564 9573 9582 9591
1.8 9641 9649 9656 9664 9671
1.9 9713 9719 9726 9732 9738
20 9772 9778 9783 9788 9793
21 9821 9826 9830 9834 9838
22 9861 9864 9868 9871 9875
23 9893 9896 9898 .9901 .9904
24 9918 9920 9922 .9925 .9927
25 9938 9940 9941 .9943 9945
2.6 .9953 9955 9956 9957 9959
2.7 .9965 9966 9967 9968 9969
28 9974 9975 9976 9977 9977
2.9 9981 9982 9982 .9983 .9984
3.0 9987 9987 9987 9988 9988
3.1 9990 9991 9991 9991 9992
32 9993 9993 9994 9994 9994
33 19995 9995 9995 9996 9996
3.4 9997 9997 9997 9997 9997
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