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About this manual
Congratulations on your purchase of the PASS package! PASS offers:

e Easy parameter entry.

e A comprehensive list of power analysis routines that are accurate and verified, yet are
quick and easy to learn and use.

e Straightforward procedures for creating paper printouts and file copies of both the
numerical and graphical reports.

Our goal is that with the help of these user's guides, you will be up and running on PASS

quickly. After reading the quick start manual (at the front of User's Guide I) you will only

need to refer to the chapters corresponding to the procedures you want to use. The

discussion of each procedure includes one or more tutorials that will take you step-by-

step through the tasks necessary to run the procedure.

I believe you will find that these user’s guides provides a quick, easy, efficient, and
effective way for first-time PASS users to get up and running.

I look forward to any suggestions you have to improve the usefulness of this manual
and/or the PASS system. Meanwhile, good computing!

Jerry Hintze, Author



PASS License Agreement

Important: The enclosed Power Analysis and Sample Size software program (PASS) is licensed by NCSS to customers for
their use only on the terms set forth below. Purchasing the system indicates your acceptance of these terms.

1. LICENSE. NCSS hereby agrees to grant you a non-exclusive license to use the accompanying PASS program
subject to the terms and restrictions set forth in this License Agreement.

2. COPYRIGHT. PASS and its documentation are copyrighted. You may not copy or otherwise reproduce any part of
PASS or its documentation, except that you may load PASS into a computer as an essential step in executing it on the
computer and make backup copies for your use on the same computer.

3. BACKUP POLICY. PASS may be backed up by you for your use on the same machine for which PASS was
purchased.

4. RESTRICTIONS ON USE AND TRANSFER. The original and any backup copies of PASS and its documentation
are to be used only in connection with a single user. This user may load PASS onto several machines for his/her
convenience (such as a desktop and laptop computer), but only for use by the licensee. You may physically transfer PASS
from one computer to another, provided that PASS is used in connection with only one user. You may not distribute copies
of PASS or its documentation to others. You may transfer this license together with the original and all backup copies of
PASS and its documentation, provided that the transferee agrees to be bound by the terms of this License Agreement.
PASS licenses may not be transferred more frequently than once in twelve months. Neither PASS nor its documentation
may be modified or translated without written permission from NCSS.

You may not use, copy, modify, or transfer PASS, or any copy, modification, or merged portion, in whole or in part,
except as expressly provided for in this license.

5. NO WARRANTY OF PERFORMANCE. NCSS does not and cannot warrant the performance or results that may
be obtained by using PASS. Accordingly, PASS and its documentation are licensed "as is" without warranty as to their
performance, merchantability, or fitness for any particular purpose. The entire risk as to the results and performance of
PASS is assumed by you. Should PASS prove defective, you (and not NCSS or its dealer) assume the entire cost of all
necessary servicing, repair, or correction.

6. LIMITED WARRANTY ON CD. To the original licensee only, NCSS warrants the medium on which PASS is
recorded to be free from defects in materials and faulty workmanship under normal use and service for a period of ninety
days from the date PASS is delivered. If, during this ninety-day period, a defect in a cd should occur, the cd may be
returned to NCSS at its address, or to the dealer from which PASS was purchased, and PASS will replace the cd without
charge to you, provided that you have sent a copy of your receipt for PASS. Your sole and exclusive remedy in the event
of a defect is expressly limited to the replacement of the cd as provided above.

Any implied warranties of merchantability and fitness for a particular purpose are limited in duration to a period of
ninety (90) days from the date of delivery. If the failure of a cd has resulted from accident, abuse, or misapplication of the
cd, NCSS shall have no responsibility to replace the cd under the terms of this limited warranty. This limited warranty
gives you specific legal rights, and you may also have other rights which vary from state to state.

7. LIMITATION OF LIABILITY. Neither NCSS nor anyone else who has been involved in the creation, production,
or delivery of PASS shall be liable for any direct, incidental, or consequential damages, such as, but not limited to, loss of
anticipated profits or benefits, resulting from the use of PASS or arising out of any breach of any warranty. Some states do
not allow the exclusion or limitation of direct, incidental, or consequential damages, so the above limitation may not apply
to you.

8. TERM. The license is effective until terminated. You may terminate it at any time by destroying PASS and
documentation together with all copies, modifications, and merged portions in any form. It will also terminate if you fail to
comply with any term or condition of this License Agreement. You agree upon such termination to destroy PASS and
documentation together with all copies, modifications, and merged portions in any form.



9. YOUR USE OF PASS ACKNOWLEDGES that you have read this customer license agreement and agree to its
terms. You further agree that the license agreement is the complete and exclusive statement of the agreement between us
and supersedes any proposal or prior agreement, oral or written, and any other communications between us relating to the
subject matter of this agreement.

Dr. Jerry L. Hintze & NCSS, Kaysville, Utah

Preface

PASS (Power Analysis and Sample Size) is an advanced, easy-to-use statistical analysis software
package. The system was designed and written by Dr. Jerry L. Hintze over the last fifteen years.
Dr. Hintze drew upon his experience both in teaching statistics at the university level and in
various types of statistical consulting.

The present version, written for 32-bit versions of Microsoft Windows (98, 2000, ME, NT, XP,
etc.) computer systems, is the result of several iterations. Experience over the years with several
different types of users has helped the program evolve into its present form.

NCSS maintains a website at WWW.NCSS.COM where we make the latest edition of PASS
available for free downloading. The software is password protected, so only users with valid
serial numbers may use this downloaded edition. We hope that you will download the latest

edition routinely and thus avoid any bugs that have been corrected since you purchased your

copy.

We believe PASS to be an accurate, exciting, easy-to-use program. If you find any portion which
you feel needs to be changed, please let us know. Also, we openly welcome suggestions for
additions and enhancements.

Verification

All calculations used in this program have been extensively tested and verified. First, they have
been verified against the original journal article or textbook that contained the formulas. Second,
they have been verified against second and third sources when these exist.
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CHAPTER 1

Installation

Before you install

1. Check system requirements

PASS runs on 32-bit Windows systems. This includes Windows 98, Windows ME, Windows NT 4.0,
Windows 2000, and Windows XP. The recommended minimum system is a Pentium PC with 64 MB
of memory.

PASS takes up about 80 MB of disk space. Once installed, PASS also requires about 20 MB of
temporary disk space while it is running.

2. Find a home for PASS

Before you start installing, decide on a folder where you want to install PASS. By default, the setup
program will install PASS in the NCSS97 (or NCSS2000) folder of your C drive. You may change
this during the installation, but not after.

3. If you have a previous NCSS

PASS and NCSS have been combined into one physical program. Access to each program is
controlled by separate serial numbers. If you have a serial number for PASS, but not for NCSS,
NCSS will work as a demo for 30 days from the time the first procedure is accessed.

If NCSS s already installed on your system, instruct the installation program to place this new
version in the same folder as your previous version (usually \Program FilesS\NCSS97). All appropriate
files will be replaced.

What install does

The installation procedure (Setup) creates the necessary folders and copies the PASS/NCSS program
from the installation file, called SETUP.EXE, to those folders. The files in SETUP.EXE are
compressed, so the installation program decompresses these files as it copies them to your hard disk.

The folders created by Setup are (either NCSS97 or NCSS2000 may be substituted below):
\NCSS97 (or your substitute folder) contains most of the program files.

\NCSS97\DATA contains the database files used by the tutorials. We recommend creating a sub-
folder of this folder to contain the data for each project you work on. For example, you might create a
folder called \NCSS\DATA\Projectl.
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\NCSS97\JUNK contains temporary files used by the program while it is running. Under normal
operation, PASS will automatically delete temporary files. After finishing PASS, you can delete any
files left in this folder.

\NCSS97\REPORT is the default folder in which to save your output. You can save the reports to any
folder you wish.

\NCSS97\SETTINGS contains the files used to store your template files. These files are used by the
PASS template system which is described in a later chapter.

\NCSS97\STS contains all labels, text, and online messages.
\NCSS97\PDF contains printable copies of the documentation in Acrobat PDF format.

Setup places a file called NCSS97.INI in your windows folder. This file contains all default settings,
paths, and constants that are used by the system. This file is documented in README.WRI. The
settings in this file may be viewed and edited by selecting Edit then Options from the spreadsheet
menu.

Installing PASS and NCSS

This section gives instructions for installing PASS and NCSS on your computer system. You must use
the NCSS/PASS setup program to install PASS and NCSS. The files are compressed, so you cannot
simply copy the files to your hard drive.

After running the Setup program, you should read the README.WRI file for late-breaking information
before starting the program.

Follow these basic steps to install PASS on your computer system.

Step  Notes

1. Make sure that you are using a 32-bit version of windows such as Windows 98, Windows
Me, Windows NT 4.0, Windows 2000, or Windows XP.

2. If you are installing from a CD, insert the CD in the CD drive. The installation program

should start automatically. If it does not, on the Start menu, select the Run command. Enter
'D:Setup'. You may have to substitute the appropriate letter for your CD drive if it is not D. If
you are installing from a download, simply run the downloaded file (SETUP.EXE).

3. Once Setup starts, follow the instructions on the screen. PASS will be installed in the drive
and folder you designate.

If something goes wrong

The installation procedure is automatic. If something goes wrong during installation, delete the
\NCSS97 folder and start the installation process at the beginning. If trouble persists, contact our
technical support staff as indicated below.
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Starting PASS

PASS may be started using your keyboard or your mouse using the same techniques that you use to
start any other Windows application. You can start PASS by selecting NCSS from your Start menu
using standard mouse or keyboard operations.

The first time you run PASS, enter your serial number in the pop-up window that appears when the
program begins. If you have entered a serial number for PASS only (not for NCSS), the PASS Home
window will appear.

o PASS Home - Power Analysis and Sample Size [- [O[X]

Qutline Means Proportions Regression Survival Other Window Help

B| ViewPocedue | @@ We| BEsmrmnrm | 5|z
&Ll @ Corelation # || This routine calculates power
and sample size for testing
<kl @ Diagnostic Tests (ROC Curves) the equality of the means of
two independent groups. The
9 @ Eguivalence and Nonrnferiority Tests parametars are stated in
terms of the difference
&kl @  Group-Seguential Tests hetween the means.
4F & Incidence Rates
= & heans
[ @ OneMean
=l @ TwoMeans
= @ Independent
Mo e cquality using Differences (Mormal Date
E‘z Inequality using Differences (Exponential
E‘; Inequality using Differences (Simulation)
E‘;‘ Inequality using Ratios
"',E'zn Man-Interiority using Differences
2R on-Inferiority using FRatios
W
e — - R
< >
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If you have entered serial numbers for both PASS and NCSS, the NCSS spreadsheet window will
appear.

= NCSS Data - [Untitled] - [BX]

File Edit Data Analysis Graphics PASS Window Help
S

Dl=sa s =@u-F-8 -O8ds Vs

C1 Cc2 C3 c4 Cs C6 Cc7 cs c9 -

EEIR
P2

{0
P2

L
K

Varisble Info / Sheetl /

1 1

To bring up the PASS Home window, click on the bull's-eye icon or select 'PASS Home' from the
Window menu.

Forcing the PASS Home screen to appear at startup

You can force the PASS Home window to appear when the program is run by taking the following
steps:

1. From the spreadsheet select Edit, then Options from the menus. Or, from the PASS Home
window select Other, then Options from the menus.

2. Click on View tab.
3. Check the 'Show PASS Home Window' option.
4. Press the Ok button.

This will force the PASS Home window to appear first. You can view the spreadsheet at any time by
clicking the yellow and orange dice icon or by selecting 'Data (Spreadsheet)’ from the Window menu.
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Obtaining Help
Online Help

To help you learn and use PASS efficiently, the material in the manuals is included in an online help
system. To access this help system, select Help from the Help menu. When the help system is
displayed, press the 'Contents' button at the top left of the window. This will display the following
window with which you can browse the help system.

Help Topics: NCSS and PASS Contents EE|

Contents | Index | Find |

Click a topic. and then click Display. Or click another tab. such as Index

@ NCSS ~
[ PASS
@ Basics
@ ntroduction to Fower Analysis
@& Corelation
@ Correlation and Regressian
e Diagnostic Tests (ROC)
Qﬂl keans
@ One Mean
'Ill Twio Means

m
g Inequality using Differences (Normal Data)

e Inequality using Differences (Simulation)

& Inequality using Differences (Exponential Data)
Equivalence using Difference (Simulation)

& Inequality using Ratios

& Mon-nferiority using the tean Difference

2 Mon-nteriority using the Mean Ratio

E s lmmen neinm thie bdaan Didaronen

Close | Print... Cancel

Using Help

There are a few key features of our help system that, if you understand, will let you use the online
help more efficiently. First, the Contents button brings up the table of contents of the help system.
Use the Contents button to quickly navigate through the Help system. Second, each chapter was
designed to be easily navigated. You can then proceed through a chapter section by section using the
period and comma keys on your keyboard. Finally, you can use the Index and Find buttons to bring up
an index of subjects.
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Printing Documentation

Obtaining a printed copy of the documentation is easy. Select 'View PDF File' from the Help menu.
This will load and display the appropriate PDF file. From there, you can easily print a copy.

Technical Support

To help us answer your questions more accurately, we may need to know about your computer system.
Please have pertinent information about your computer and operating system available.

You can contact our technical support by calling (801) 546-0445 between 8 a.m. and 5 p.m. (MST). You
can contact us by email at support@ncss.com. Our goal is to respond to email within 24 hours.



CHAPTER 2

Running PASS

About this chapter

This chapter will show you how to start up and run a power analysis of the two-sample t test. It will
give you a brief introduction to the windows used in PASS: the PASS Home window, the procedure
window, and the output window.

Starting PASS

To start PASS, select NCSS-PASS from the Windows Start menu or double-click the NCSS/PASS
icon. If you are licensed for PASS, but now for NCSS, the following PASS Home window will
appear.

© PASS Home - Power Analysis and Sample...r:]@:\g}

Qutline Means Proportions Regression Survival Other Window Help

Survival and Relighility
Regression (v is a Function of ®X's)

Yariances

B Wiew Procedura ‘ g ﬂ" hEls: EE;‘EE? 'Illl'ﬂzg c%‘m‘lll;:‘g‘ tI:El "I‘ETZ‘

okl g These routines perform
power analysis and calculate

4k @ Diagnostic Tests (ROC Curves) sample size fortests of
various types of correlation

4 @ Equivalence and Monrinferiarity Tests coefficients. Help Me

& @ Group-Seguential Tests

a9k @  Incidence Rates

gr @ Means

qr @ Froportions

spf- @

el @

el @

apf- @

Helps and Aids

This window gives you access to all of the PASS procedures. Clicking on the plus sign or double-
clicking on a phrase will expand the list so that you can see the procedures in that group. To load a
specific procedure window, double-click on it or highlight it and click the View Procedure button.
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If you have previously installed NCSS, the NCSS Data window will appear first.

% NCSS Data - [Untitled] CBX
File Edit Data Analysis Graphics PASS Window Help

]=|=a] 5|nej-[F[=[6] 0o g e [

C1 Cc2 C3 c4 Cs C6 Cc7 cs c9 -

mm
mE
MeC

P

{0
P2

T}
-1
KMC

“ariahle Info

1 1

Sheet] /

To bring up the PASS Home window, click on the bull's-eye icon or select ‘PASS Home’ from the
Window menu.

The two-sample t-test is a procedure to test the inequality of two means from independent samples.
Take the following steps to load this procedure. Expand the Means topic by double-clicking on the
word ‘Means’. Drilling down, double-click on “Two Means’, and then on ‘Independent’. The first
topic in the list is ‘Inequality using Differences (Normal Data)’. This is the two-sample t-test. Double-
click it.

@ PASS Home - Power Analysis and Sample Size [= [O]X]

QOutline Means Proportions Regression Survival Other Window Help

B| viewProcedwe | @@ W B LR85
4 @ Eguivalence and Mon-Inferiority Tests ||| This routing
calculates power
abl- @  Group-Sequential Tests and sample size for
testing the equality
ap @  Incidence Rates pfthemeansnftwu
independent
=/ @ Means groups. The
parameters are
[ @ One Mean stated in terms of
the difference
=/ @ TwiaMeans ~ | betweenthe means.

= @ Independent

Inequality using Differences (Mormal Data)

[
TT2

E‘z Inequality using Differences (Exponential Data)
,E'; Inequality using Differences (Simulation)
E‘;‘ Ineguality using Ratios

I'IEI' | - - . .
s Mon-nferiarity using Differences

| ¢
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The ‘PASS: Means: 2: Inequality [Differences]” window will appear. Procedure windows let you
specify, save, load, edit, and run an analysis.

We will run a power analysis using the default values except that the value of Mean2 will be 2 and

the value of S1 will be 3.

@ PASS: Means: 2: Inequality [Differences]

[ Known Std Deviati

File Run Analysis Graphics PASS Window Help
(> o=@ Of el @< ==z g
Symbals 2 | Background | Abbreviations | Template FIND (SOLVE FOR):
Poled | aes | @ | symeos1 R e
Data | Options | Feports | Plot Setup
Find (Sakse For): Alternative Hypothesis: Zliztaﬁ;:aetc;hui?] it?]éh\efepn?égra?iirof the
|Eleta and Power ﬂ |Ha: Meanl <> Mean? ﬂ plot.
Meanl (Mean of Group 1): Monparametric Adjustment:
|D ﬂ |Ign0re ﬂ
Mean? (Mean of Group 2): Alpha (Significance Lewvel):
i = e <
N1 (Sample Size Group 1): Beta (1-Fower):
[5ta 45 by 10 > | oo |
MNE (Sarmple Size Group 2): 51 (Std Deviation Group 1): ﬂ
|Use R ~| =]
R (Sample Allocation Ratio): 52 (Std Deviation Group 2):
1o > = =]

Template Id:

Feset ‘ Guide Me ‘

1 Click the ‘Reset’
button to set all
options to their
default values.

2 Click the ‘Guide Me’
button to have PASS
prompt you for the
necessary options.

@ PASS: Means: 2: Inequality [Differences]

-

File Run Analysis Graphics PASS Window Help
(> |n|=a O& B8 8 < =wes sl ¢
Symbols 2 | Background | Abbreviations | Template
PlotText | Axes | D |  Symbals1 ond plots,
Data | Options | Reports | Plot Setup
Find {Salve For): Alternative Hypothesis
|Betaand Fower ﬂ |Ha: keanl <> Mean2 ﬂ
heanl (Mean of Group 13: Monparametric Adjustment
b ~] ~
Mean? (Mean of Group 23: Alpha (Significance Level):
i o <]
M1 (Sample Size Group 1): Beta (1-Power):
|50 48 by 10 ~|  |ozo ~]
MNZ (Sample Size Group 2): 51 (Std Deviation Group 13 AE—_
|Use R ~| | ~]
R (Sample Allocation Ratio): S2 (Std Deviation Group 2):
1o ~| = |

Template Id:

Fun this procedure with the current
settings and view the output report

Feset | Last | N et |

3 Click the ‘Next’
button twice to move
to the Mean2 option.

4 Enter ‘2'.

5 Click the ‘Next’
button six times to
move to the S1
option.

— 6 Enter ‘3.

7 Click the ‘Next’
button twice more.
The Next button will
change to the Run
button.
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The completed window will appear as follows.

@ PASS: Means: 2: Inequality [Differences]

File Rum Analysis Graphics PASS Window Help
[» |D[=u O a g < o=z v
Syrmhbols 2 | Background | Abbreviations | Template =2 (Std Deviation):
Enter an estimate of the standard

[l | A_ZBS | E | Sy el L deviation of group 2. The standard

Data | Options | Reports | Flot Setup dewviation mustbe a positive
Find (Soke For): Alternative Hypothesis: IleIETe
|Eleta and Power b |Ha: heanl <> kean b Enter 31 if wouwantto use the

| th fi 1.
keanl (Mean of Group 1): MNonpararnetric Adjustment: some valus(s) as those for group
|D - ||gngre - Press the 'SD' button to oltain help
L on estimating the standard
tean? (Mean of Group 2): Alpha (Significance Lewvel): deviation.
2 - 05 -
| J | J “rou can enter a range of values
M1 (Sample Size Group 1): Beta (1-Fower): suchas 1.230r1t010by 1.
|5 10 45 by 10 - |0.z0 =
M2 (Sample Size Group 2): 51 (Std Deviation Group 1): =D 8 Click the ‘Run’ button
|Use R E2NE 3 to calculate the
F (Sample Allocation Ratio): 52 (Std Deviation Group 2): power ana|y5is and
o ~ = =~ display the following
[ Known Std Deviation report
Template Id: Feset | Last | Fiun |

: NCSS Output - [PASS: Means: 2: Inequality [Differences] Output] _: The Output window

% File Edit View Format Window Help _lalx di
: — isplays the output of
?‘W‘ﬂ‘ﬁ‘@l‘ %||%|ﬁ|n| F‘ﬂ|ﬂ @|_|gg E Spﬂz.ghrﬂzglpﬂzk CEK|LE; g|1ﬂ2| the power analys|s_ It
Two-Sample T-Test Power Analysis i P
Page/Date/Time 1 10:22:02 AM serves as a mm"\_"/ord
i processor—allowing
Numeric Results for Two-Sample T-Test . .
Null Hypothesis: Mean1=Mean2._ Altemative Hypothesis: Mean1<>Mean2 you to view, edit, save,
The standard deviations were assumed to be unknown and equal and print your output
Allocation

Power N1 N2 Ratio Alpha Beta Mean1 Mean2 81 82
0.15387 5 5 1000 005000 084613 00 20 30 30 You may want to scroll
042206 15 15 1.000 0.05000 057794 00 20 30 30 down to view the graph
063673 25 25 1.000 0.05000 0.36327 00 20 30 3.0
0.78504 3 35 1000 005000  0.21496 00 20 30 30 at the end of the report.
0.87852 45 45 1.000 0.05000 0.12148 0.0 20 30 30
References When you are finished,
Machin, D., Campbell, M., Fayers, P., and Pinol, A. 1997. Sample Size Tables for Clinical Studies, 2nd H
Edition. Blackwell Science. Malden, MA. you can quit PASS by
Zar, Jerrold H. 1984. Biostatistical Analysis (Second Edition). Prentice-Hall. Englewood Cliffs, New Jersey. se|ect|ng Exit from the
Report Definitions F"e menu.

Power is the probability of rejecting a false null hypothesis. Power should be close to one

N1 and N2 are the number of tems sampled from each population. To conserve resources, they should be small.

Alpha is the probability of rejecting a true null hypothesis. It should be small.

Beta is the probability of accepting a false null hypothesis. It should be small.

Mean1 is the mean of populations 1 and 2 under the null hypothesis of equality -

Page 142 Line 2 Caol 21
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CHAPTER 3

PASS Home
Window

Introduction

The PASS Home window lets you quickly and easily find the appropriate procedure to be loaded.
Using an outline format, it lists every procedure in PASS along with a brief statement that
describes what the procedure is for and when it might be used.

The PASS Home window also lets you configure the eight procedure buttons that appear on the
toolbars of the Data, Output, and Procedure windows. These buttons give you immediate access
to your favorite procedures.

@ PASS Home - Power Analysis and Sample...r:]@:\g}

Qutline Means Proportions Regression Survival Other Window Help
ﬂ Wiew Procedure ‘ i E & | O |EER 2Ee pE's‘E'ﬁ‘ o} ‘TETZ‘ ﬂ
k|- @&  Correlation These routines perform
power analysis and calculate
<F|- @ Diagnostic Tests (ROC Curves) sarmple size for various
equivalence and
=|- and Non-Inferiarity Tests narirferiority tests.
4=
ak/ @ Propotions
qk @ Group-Segquential Tests
ae[ @  Incidence Rates
el @ Means
k[~ @ Proporions
gr @ Survival and Reliability
- @  Regression (Yis a Function of X's)
ak[- @  Wariances
a9kl @  Helps and Aids
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Using the PASS Home

The PASS Home window is easy to use. It is loaded automatically if you are registered for PASS,

but not NCSS. If you are registered for NCSS, press the bulls-eye icon ®| center top of the
spreadsheet to load the PASS Home window. Alternatively, you can select the PASS Home
option from the Window menu.

The PASS Home window has a set of menus, a toolbar, and a large display area. On the left side
of the display area is an outline list of all the procedures in PASS. On the right side of the display
area is the immediate help area that displays a brief statement explaining the currently selected
item to the left.

Menus

Outline Menu

Collapse Outline
This option collapses the outline so that only the main heading is displayed.

Expand to First Level

This option expands the outline so that the main headings and first-level subheadings are
displayed.

Expand All

This option completely expands the outline so that all entries are displayed.

Bold Text
This option toggles the bolding of the text.

Goto Selected Procedure
This option loads the currently selected procedure’s window.

Close
This option closes the PASS Home window.

Window Menu

This menu allows you to open other windows in the PASS/NCSS system such as the Data
window or the Output window.

Help Menu

This menu allows you to view the help system, modify your serial numbers, and load various
portions of the printable (PDF) documentation.
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Toolbar

The toolbar gives you one-click access to several of the menu items. The menu item assigned to
each button on the toolbar is displayed when the mouse is held over the button for a few seconds.

B| vewpocesws | @8] W] & 2% 8/8 o

The action caused by each of these icons is discussed next.

[

B2

E[EIR TEIR

PX| P2

B ‘This icon toggles the bolding of the text in the outline window.

HiewProcedure | This jcon causes the window of the currently selected procedure to be
displayed. You can accomplish the same action by double-clicking on the procedure name.

= This icon causes the NCSS spreadsheet window to be displayed. You will find this useful
when working with procedures that use the spreadsheet, such as the Repeated Measures ANOVA
procedure.

This icon causes the output window to be displayed.

E This icon closes all windows and exits the program.
o

Roc2

EEIR PEIE

MAN P2 P2

Elwl 3o

“““ Eﬁ‘ oL ‘T"| These buttons show up on all toolbars throughout the NCSS/PASS
system. Clicking on them with the left mouse button will display that procedure. Clicking on one
of these buttons with the right mouse button changes the button to the highlighted procedure.

E This icon loads the help system.
This icon loads the file containing this chapter in PDF format.

Customizing the Toolbars

The eight procedure buttons that show up on all toolbars throughout the program may be changed
here. The process of assigning one of these eight buttons a new procedure is as follows:

1 Find and select the procedure in the outline section (left-side of main window) of the PASS
Home window.

2 Click on the button you want to assign the procedure to with the right-mouse button.

That’s it. The icon of the selected procedure will now appear in all toolbars throughout the
program.
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Outline

The outline expands and contracts as you either click on a plus or minus sign, or double-click on
a topic. This gives you quick, intuitive access to all of the procedures in PASS.

4 @ Correlation M
= @ Diagnostic Tests (ROC Curves)
=/ @& Eqguivalence and Mon-Inferiarity Tests
= & Means
g @ One Mean
= @ Twolndependent Means
"'E‘z" MNon-Inferiority using Differences
B o n-Inferiority
“ME;’ Equivalence using Differences
“ME; Equivalence using Differences (Simulation)
“Mmz“ Equivalence using Ratios
gk @  Two Correlated (Paired) Means
ap @ Two Means from a 2x2 Cross-Over Design
gF - @ Two Means from a High-Order Cross-Ower Design
gp @ Proportions
dp/ @ Group-Sequential Tests “

In the example shown here, we clicked on “Equivalence and Non-Inferiority Tests”, then on
“Means”, then on “Two Independent Means”, and finally on “Non-Inferiority using Ratios” to
highlight it. If we double-clicked on “Non-Inferiority using Ratios”, that procedure would be
displayed.
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CHAPTER 4

Procedure Window

Introduction

All PASS procedures are controlled by a procedure window that contains all of the settings, options,
and parameters that control the input and output of the program. These options are separated into
groups called panels. A particular panel is viewed by pressing the corresponding tab that appears near
the top of the window. For example, in the window below, the Data panel is active. Other panels are
Options, Reports, and Plot Setup.

The values of all options available for a procedure are referred to as a template. A template may be
stored for future use in a template file. By creating and saving template files (often referred to as
templates), you can tailor each procedure to your own specific needs. For example, you may want to
your plots to be bar charts. This capability can be saved as a template. Each time you use a procedure,
you simply load your template and run the analysis you have preset. You do not have to set all the
options every time. The specific operations needed to do these are shown later.

Note that at most six procedure windows can be opened at a time. Also note that you can widen the
window to increase the size of the immediate help window by dragging the corners of the window.

@ PASS: Means: 2: Inequality [Differences]

File Run Analysis Graphics PASS Window Help
[» [D=a O8 8 8 < 2=t ss a5
Symhbaols 2 | Background | Abbreviations | Template FIND (SOLVE FOR):
Plot Text | Axes i | Syiaals 1 fSD?liﬁ?gtrhrr?spuafrt?;n.Zttﬁretropt;?asrﬁ;gfs.
Data | Options Reports | Flot Setup
Find (Salve For): Alternative Hypothesis: Zjigj;zﬁ;tc;hoii iti;h\ezepn?ézra?iesrof the
|Eleta and Power ﬂ |Ha: heanl <> bean2 ﬂ plot.
Meanl (Mean of Group 1): Monparametric Adjustment:
|D j |Ign0re ﬂ
hMean2 (Mean of Group 2): Alpha (Significance Level):
i ~] s |
M1 (Sample Size Group 1) Beta (1-Fower):
|50 45 ey 10 ~| |nzo ~|
M2 (Sample Size Group 2): 51 (Std Dewiation Group 13 ﬂ
|Use = j |1 ﬂ
R (Sample Allocation Ratio): 52 (Std Deviation Group 2):
[t ~| ~|
Template |d: Reset Guide Me
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Default Template
Whenever you close a procedure, the current settings are automatically saved in a default template

file named default. This template file is automatically loaded when the procedure is next opened. This
allows you to continue using the template without resetting all of the options.

Procedure Window Anatomy

This section explains the various objects found on the template.

Menus. The

menus let you
move to other
windows.

Run. Clicking
this button runs
the program
and generates
output.

Options. These
fields set values
that control the
analysis.

© PASS: Means: 2: Inequality [Differences]

Eile Run Analysis Graphics PASS Window Help

Tabs. The tabs let

you view different
groups of options.

~Immediate Help.
This box displays
a brief help
message about
the field that the
over-which the
mouse is currently
positioned.

;IJJJ (ol - JETE IRl it PPN ]
Symhols 2 Background | Abhrevigtions | Template FWD (SOLVE FOR):
(PSerd Axes ‘ <+—* { s L farin terms’unfthe nlh:a:p‘;a;:‘at::;
Data ‘ DOptions Reports | Flot Setup
Find (Solve For): Alternative Hypothesis: ygg;;?;hw
‘Eela and Power ﬂ |Ha' Meanl < Mean2 j plot
Weanl (Mean of Groug 1) MNonparametric Adjustment
‘D ﬂ |Ign0re j
Weanz (Mean of Group 2) Alpha (Significance Level),
i = =
M1 (Sample Size Group 1): Beta (1-Power):
L [5t0 45 by 10 ~| oo =]
M2 (Sample Size Group 2): 51 (Std Deviation Group 1) ﬂ
‘Use 24 ﬂ |1 j
R (Sample Allocation Ratio) S2 (Std Deviation Group 2):
[0 B E =]
[~ Fnowm Std Devistion
Template Id: ‘ o Fieget ‘ Guide Me ‘
Template Id. This Reset. This button Guide Me. This

box can contain a
phrase that
identifies this
template.

resets all options
under all tabs to
their default
values.

button instructs
the program to
step you through
the main options
that must be set
for an analysis.



Chapter 4 Procedure Window 17

Menus

The menus provide a convenient way to transfer from module to module within the PASS system.
Each set of menus will be briefly described here.

File Menu

The File Menu is used for initializing, loading, and saving a copy of a template. Each set of options
for a procedure, called a template, may be saved for future use. In this way, you do not have to set the
options every time you use a procedure. Instead, you set the options the first time, save them as a
template, and re-use the template whenever you re-use the procedure.

New Template (Reset)

This menu item resets all options to their default values. It performs the same function as the Reset
buttons.

Open Template Panel

This option sets the Template panel as the active procedure panel. The Template panel lets you load
or save template files. It displays all templates associated with this procedure along with the Template
Id (the optional phrase at the bottom of the window).

Save Template
(button)

© PASS: Means: Correlated: Equivalence (Simul... Q@@

File Run Analysis Graphics PASS Window Help
[ » |D=al Q8 8 g = esals 8k 25 To save a template, enter
PlotText | e | 3D | Symbols1 | (QUICKACCESS the name you want to
Data |  opons | PRepots | Phtgenp || BUTTOM give the template file in
Symbols 2 | Background | Abbreviations programmakle button the F||e Name bOX YOU
loads the specified '
File Name Template Directary procedure. Click using may also enter an

default

d:\0a?0hsettingsh* 201

the left mouse button to
load the procedure.
Click using the right

identifying phrase in the
box at the bottom of the

mouse buttan to assign
another procedure to
this button.

Template Files

Template Id's . . . .
window since this will be

displayed along side of

Power at“Various Sample Sizes

Example? Finding the Sample Size . .
Example3 Comparing Test Statistics the file names. Flna“y,
Example4 “alidation: Power = 0.80

press the Save Template
button to save the file.

Note that there is no
automatic connection
between the template in
memory and the copy on
the disk. If you want to save the changes you have made to a template, you must use the Save
Template option to save them.

Load Template ‘ Save Template ‘

Template Id:| Feset | Guide Me |

Load Template (button)

To load a template file, select it from the list of files given in the Template Files box. Once the
desired file is selected, press the Load Template button to load the template.
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Save Template

This option saves the current option settings to the template file that is currently specified in the File
Name option of the Template panel. You can be viewing any panel of the procedure when you issue
this command—you do not have to be viewing the Template panel.

The template files are stored in the Settings folder. You can erase any unwanted template files by
deleting them from this folder using the Windows Explorer program.

The template files for each procedure have different file name extensions. Thus, you can use the same
name for a template saved from the T-Test procedure as for a template saved from the Multiple
Regression procedure. For example, if the ‘Save Template’ command is issued in the window shown
above, the current settings will be saved in a file called ‘default.201’ in the Settings folder.

The Save button on the toolbar provides this same operation. It may be more convenient than
selecting this menu item.

Close Procedure
This option closes this procedure window.

Printer Setup
This option lets you set various printer options.

Exit NCSS and PASS

This option terminates the NCSS/PASS system. Before using this option, you should save all
datasheets, templates, and output documents that you want to keep.

Run Menu

This menu controls the execution of the program.

Run Procedure

The Run Procedure option runs the analysis, displaying the output in the Output document of the
word processor. After you have set all options to their appropriate values, select this option to
perform the analysis.

Note that the procedure may also be run by pressing the F9 function key or by pressing the left-most
key on the toolbar (the dark-blue-arrow button).

Abort

After starting a procedure, you may find that it is taking longer than you anticipated to finish. You
can stop the running of the procedure by pressing this button. The red stop-sign icon that appears on
the top right of the screen may be pressed for the same purpose.

Analysis and Graphics Menus

These menus allow you to transfer to various NCSS procedures. You can load these procedure
windows, but when you try to run them, you will receive an error message indicating that you do not
have a license for this procedure (unless you have purchased a license for NCSS).
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PASS Menu

This menu allows you to directly load any of the various PASS procedures.

Window Menu

This menu lets you display any of the other windows in the NCSS/PASS system that are currently
open such as the Output window, the Data (Spreadsheet) window, the Navigator window, or any
procedure windows.

Output

Select this option to display the output window.

Data (Spreadsheet)
Select this option to display the NCSS spreadsheet.

Navigator
Select this option to display the NCSS navigator window.

Reset Window Positions

Occasionally, NCSS/PASS windows will be loaded, but will not display. This menu item will load
the Options window to a tab that will let you reset the position of all program windows.

Help Menu

This menu gives you access to the PASS documentation.

Help...

This option loads the help system. Once loaded, press the Contents button to obtain a table of
contents window.

About...

This option show you which products are licensed and when your version was released.

Serial Numbers...

This option loads the serial number screen. Use this when you need to change one of your serial
numbers.

View PDF File...
This option loads the PDF file that documents this procedure. This file may then be printed.
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Toolbar

The toolbar is a series of small buttons that appear just below the menus at the top of the procedure
window. Each of these buttons provides quick access to a menu item.

Run.Run Open. PASS Output. Navigator. Help.
the current Loada Home. Load the Load the Load the
procedure template Load the Output NCSS help
and file. PASS window. Navigator system.
generate Home window.

the output. Window. /

» D=a O 8 9w 2lEwwels as 2=
Reset. Set Save. Spreadsheet. Filter. Procedures (8). PDF.
all options  Save the Load the Load the Customizable Load the
to their current  NCSS NCSS buttons that will appropriate
default settings Spread-sheet datafilter  jump to the user- PDF file for
values. toa window. window. designated viewing and
template procedures. printing.

file.

Important Tip for PASS Users

The Procedures (8) buttons are a series of eight buttons that can be changed to your favorite
procedures by right clicking on any of these buttons.
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The Panel Tabs

The procedure window contains several sets of options (panels). Each panel is displayed by clicking
on the appropriate tab. We will now describe the purpose and operation of each panel.

Data tab

This tab displays most of the options specific to the procedure. This is where you set the values of
power, sample size, alpha, etc. These options are described in detail in the chapters corresponding to
each procedure. Once you have set the options, click the Run button to generate the output.

© PASS: Means: 2: Inequality [Differences] | Enteri ng Multi P le
Fle Run Arlalysis Graphics PASS ﬂinch)\uw1 ..ﬂ,e'f- i Val u es
[ > |oj=/a] O/# 8 @< awwals sl ¢
Symbols2 | Background | Abbrevigtions | Template E‘WDEE?hOLVE FOF:)' 0 b solved In most cases, bOXES that are extra
Polot | Ame | | smeesy || Siesmncesesned |G :
Data ‘ Options | Reports | Plot Setup f ! LG e Wlde aIIOW you 1_:0 enter mUItIpIe
Find (Sohve For): Alternative Hypothesis: lezt;;;?dmé?w\igsepn?ézqn;iirufIhe ValueS When thlS IS done, a
|Beta and Power | |Ha:Meant © Meanz ] plot Separate analysis |S made for each
‘h;earﬂ (Mean of Group 1) ﬂ i:lgmnn:rzramem:Adjustment j Combinatlon Of a” multlple
Mean? (Mean of Group 2) Alpha (Significance Lewvel) ValueS FOI’ example, If yOU enter
I =l s = four sample sizes and three alpha

e e = values, the resulting report will
M2 (Sample Size Group 2): 51 (Std Deviation Group 1): ﬂ Contaln 3 X 4 = 12 rOWSI one for
UseR = [ each combination.

R (Sample Allocation Ratia) 52 (Std Deviation Group 2):

o =] [ =] You can enter multiple options

I~ Kazwn 5t Dovieior using list or the to-by syntax. The
to-by syntax is most easily
described by an example.

The to-by phrase 20 to 100 by 20

Ternplate |d: ‘ Rzt Guide Me ‘

is translated to the values: 20,40,60,80,100.

Find (Solve For)

Specify the parameter that is to be solved for in terms of the other parameters. For example, you
might want to solve for power or sample size.

In most cases, the algorithm for the calculating the power is programmed within PASS. When other
parameters (such as sample size or difference) are selected, a binary search is conducted using the
power algorithm. These searches can be time consuming, so the best place to start is with this option
set to ‘Beta and Power’.
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Options tab

The Options window presents the parameters that control the searching process.

@ PASS: Proportions: Inequality (Offset) [Propo... = [O]X]
Graphic.s PASS Window Help

File Run Analysis

[» D % azeiwale s oo
Abbreviations | | Template rAAXIMILIM
ITERATIONS:
Axes | Kin] . | Symbals 1 | Symbols 2 | Background Specify the maximum
Data || Options | PRspors | PiotSetp | PlotText nurmber of iterations
hefore the search for
aximurm N1 or N2 Exact: the criterion of interest
is aborted
‘100 ﬂ is al
awirmurm lterations: U r.”ax“'.”“m.
nurnber of iterations is
‘599 j reached without
. convergence, the
Zero Count Adj. Method: criterion is left blank.
Addto zero cells onl v
‘ b J RECOMMENDED:
Zero Count Adj. Walue: 00 (or mare)
|0.0001 |
Template Id: ‘ Reset Guide Me

Reports tab

This tab displays the options that control the output reports.

© PASS: Proportions: Inequality (Offset) [Proporti... [= [O]X]
Graphics PASS Window Help

[ » [o|=|al JJJJA

File Run  Analysis

Abbreviations |

s
M2E

1|E|n EER
P2 P2

p{o
P2

Cux|ll'lg E T’l‘2‘ ?|.|

Template

[v Show Numeric Report

[v Show Definitions

[v Show Plots

| Show Comparative Flots
[v Show References

Repoart Title

[~ Show Comparative Reports |1

Summary Statement Riows:

Axes | 3o | Symhbols 1 ‘ Symbols 2 | Background
Data | Options ‘ Plot Setup | Flot Text
Report Frobakility Decimals: Froportion Decimals:
1 =] s id
Flot Probahility Decimals Ratio Decimals:
12 =l Is [

[~

Template Id |

DECIMALS

Specify the number of
decimal places displayed
inthese numbers on the
repons and plots.

Reset | Guide Me |

Maximum lterations.

This option specifies the
maximum number of
iterations before a search for
the parameter of interest is
halted. When the maximum
number of iterations is
reached without convergence,
the criterion is left blank. We
recommend that at least 500
iterations be specified.

Decimals

These options set the number of
decimal places in
corresponding values of the
numeric and graphic output.

Summary Statement

Rows

The Summary Statement is a
paragraph that can be output for
each row of the report. When
you do not need this output,
you can reduce the number of
rows accordingly. To eliminate
the text output completely, set
this value to zero.

Show ...

These options control whether the corresponding item is displayed in the output.



Chapter 4 Procedure Window 23

Plot Setup tab

This tab displays options that control the plots, including which parameters are shown on the axes and

the type of plot that is displayed.

© PASS: Proportions: Inequality (Offset) [Proporti... Q@@

&lsl8lgl @

Horizontal Axis
Parameter

File Run Analysis Graphics PASS Window Help
[ » Iol=la| O® a8 g % & B
Abbreviations | | | | Template
Axes | aD | Symbals 1 ‘ Symbols 2 | Background
Data | Dptions | Reports | | Plot Text
Horizontal Axis Parameter: Chart Type:
|Autamatic ﬂ ‘Line ﬂ
Legend Pararmeter: Bar Chart Options:
|Automatic ﬂ ‘ED - Flat ﬂ
; Line Chart Options:
[ Interactive Format ‘Lines 2 Symbols ﬂ
[v' Show Betaas Power
Surface Char Options:
‘Sun‘ace Ornly ﬂ
Template Id: |

This option selects which
of the parameters from
the Data tab is displayed
across the horizontal axis.
Note that you cannot
select the parameter that
was listed in the Find
option. Also, you would
normally only select a
parameter that has
multiple entries.

HORIZOMNTAL AXIS
PARAMETER:

Select the parameter
displayed on the
HORIZONTAL AxIS of the
plot. This cannot be the
parameter thatwas sohed
for. Choosing 'Automatic'
selects the parameter with
the mostwalues from those
awvailable

When this option is set to
Automatic, the parameter
with the most values is

Reset

Guide Me |

Legend Parameter

selected.

A separate line is drawn for each value of this parameter. The lines are labeled in the legend. When
this option is set to Automatic, the parameter with the second most values is selected.

Show Beta as Power

This option controls whether Beta or Power is displayed on the plots.

Chart Type

This option controls the type of chart that is displayed. Bar charts, line charts, and surface charts are

available.

Bar Chart Options

These chart types are available when Chart Type is set to Bar.

Bar Chart - 3D

Bar Chart

W oo1

0.05

Alpha
Power

0.10

20 40 80 120
N1 N1

Bar Chart - 3D - Flat

0.5
H o001

0.4 1]

03 0.05

Alpha
Power
Alpha

02 } 0.10
01

0.0
20 40 80 120

N1
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Line Chart Options

These chart types are available when Chart Type is set to Line.

Power

Power

0.5+

0.3

0.2+

0.0

Line Chart - Lines

10

0.51

0.4+

0.0

Alpha

Line Chart - Lines & Symbols

v

Surface Charts
These chart types are available when Chart Type is set to Surface.

Power

Power

Surface Chart - Lines

Surface Chart - Lines & Surface

N1

120 0.10

Alpha

Alpha

Alpha

~0.01

~ 0.05

A 0.01

@ 0.05

v 0.10

Power

Power

Line Chart - Symbols

0.5+
v
0.4+
=
o 0.3t =
8 v s
T o2t <
Vo om N
0.1+m
A A
0.0 t t {
10 60 110 160
N1
Line Chart - Tape
0.5
0.4
-
0.3
9]
2 0.2
o
o
0.1
0.0
10
60 110
160
N1
Surface Chart - Surface
]
<
=3
<
N1
Surface Chart - Lines, Surface, &
Walls
]
<
2
<

120 0.10
N1

A 0.01

= 0.05

v 0.10

Alpha

B 001

B o0.05
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Interactive Format
This option controls whether the plot may be reformatted interactively after it has been generated.
When checked, this option allows charts to be formatted interactively using the following window.

3D Scatter Plot Editing

View Help
<

[

»

=l W = B R e N T R R B =]

| 2[Q

Power

52=1.0 N2=N1 2-Sided T Test

N1

Power vs N1 by Alpha with M1=0.0 M2=1.0 S1=1.0

0001

Alpha

oo

4

|

Horizontal
30

Vertical Depth Perspective
0 100 50 DK

The four scroll bars around the edge of
this window control the vertical axis,
horizontal axis, depth, and perspective.
The current values of these parameters
are shown in the boxes at the bottom of
the screen.

Once you are finished editing chart,
click the Ok button to proceed.

Each of the buttons along the top of the Scatter Plot Editing Window will display a different tab of
the Graph Control window. Each tab provides options which allow detailed modification of the chart.

Graph Control X

Lakels

| Systerm | About

Markers ‘ Trends | Cverlay | Errar Bar | Background | Legend ‘
2D Gallery | 3D Gallery || Stde | Data | Tiles | Axis | 3D | Fomts |

W W W

Bar Tape Area

Scatter

o |

Cancel Apply Now Help

We will not document these options here since most
of them are not necessary to the running of PASS. If
you want to explore these options further, choose the
Help button at the bottom of the window. This will
bring up a special help system that describes all
graphics options in detail.
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Plot Text tab

This window controls the titles and labels of the plots.

© PASS: Means: 2: Inequality [Differences] NS Plot Title - Legend
File Run Analysis Graphics PASS Window Help Label
[» [oj=a] O& 8 8 < i8R ali 88 ¢ : .
Data ‘ Dptions | Reports | Flot Setup FLOT (TOF) TITLE: The tltle and Iabel OptlonS
Symbols 2 | Background | Abbreviations | Template PSR EIEAEITES SpeCify the text, COIOr, and
) - | D |  Symbols1 If 'default is enterad, an font size of the
Calor Fort Size:  Bold appropriate title will be d |
- . . o generated. corresponding value
et e R dis Iaped on %he lot
Horizontal (Bottom) Lakel: Color: Font Size: ™ Bold ;Lei;naaa(gt;:naggrg;h ofthe p y p '
|default - ﬂ 10 > [ talics .
Warical (Leff) Label: Calor: Rotation: TI C km ar k N U m b er
|default - ﬂ Up - ROtatl on
Legend (Right) Label: Caolor: Fotation: . ) .
fdefoul T This option specifies
Tickmark Number Fotation Color Font Size ™ Bald Whether the I‘eference
Horizontal ~ M =] ot values are shown vertical
Legend: % Vart Calar: Font Size: [ Bold or horizontal.
Maderight > [0 ~| [l o
[ Color Legend as Symbols 1 Legend
| e | Gt | This option sets the
: ese uice Me .-
MO position of the legend
% Vert

Specify the size of the legend area as a percentage of the maximum possible. This option lets you
shrink a legend that is too large

Color Legend as Symbols

Normally, text in the legend is displayed using the color selected by the Color option. This option
indicates that each legend entry is to be displayed in the corresponding group color.
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Axes tab

This tab displays options that control the chart axes.

=1Ll Vertical /

© PASS: Means: 2: Inequality [Differences]

File Run Analysis Graphics PASS Window Help H .
— orizontal Range
[» |Dj=a] O @ @< Ae@was el ea - ‘~ang
Data | Options | Feports |  Plotsetup ;E\EE?AL (HORIZONTALY A This Optlor:] quIQnateS
Symbaols 2 | | Abbreviations | Termplate This option designates how hOW the minimum and
Flot Text | 3D |  Symbols1 the minirum and maximum maximum along this axis
along this axis are . .
YWertical Range: Haorizantal Range: specified. are SpeCIerd. Avallable
|M|n=Data Max=Data ﬂ |M|n=Data Max=Data ﬂ MIN=0, MAK=DATA Options are:
dinimum: Maximum: tdinimurm: M aEximum: [The exis minirum is st o
: : ° b zero. The maximum is inN= =
|g 1 |D 1 selected from the data Ml_n 0_’ MaX [_Data' The
values. The values of the axIs minimum IS set to
] - . tdinimum, baximurm, and - -
EumberoleckMarks J |N3umberofT|ckMarks. J Murber of Tick Marks are Zero. The maximum is
s selected from the data
Show Grid Lines On: Grid Line Style: Grid Color: —hAIN=0ATA, hAX=DATA
|Elath . j |D0t j ’— ﬂ Eloth_the miniraum gndthe Va_lu_es' The Vall'!es Of the
maximum of the axis are Minimum, Maximum,
] . determined from the data. .
e | SIS, | and Number of Tiek
Bath Ax - + taximurm, and Number of H
| - = J - Tick Marks are ignored. Marks are IgnOI‘ed.
[ —USER (GIVEMN BELOWY)
H This option lets vou setthe ¥
Template Id: | Reset | Guide Me |

Min=Data, Max=Data. Both the minimum and the maximum of the axis are determined from the
data. The values of the Minimum, Maximum, and Number of Tick Marks are ignored.

User. This option lets you set the Minimum, Maximum, and Number of Tick Marks to scale the axis.
These options determine which of the axes have grid lines displayed. This option is particularly useful
when you want to make sure that the axis displaying power values displays a grid between zero and
one.

Minimum and Maximum.

Specify the axis minimum or maximum to be used when the Vertical (or Horizontal) Range option is
set to User.

Number of Tick Marks

Specify the number of tick marks along this axis. This value is used when Vertical (or Horizontal)
Range is set to User.

Show Grid Lines On

These options determine which of the axes have grid lines displayed.

Grid Line Style
Specify the pattern of the line. This option only works when the line width is 20.

Grid Color
Specify the color of the grid line.
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Show Tick Marks On

These options control which of the axes have tick marks displayed.

Axis Color
Specify the color of the Axis line.

3D tab

This tab displays options that control the 3D charts.

@ PASS: Means: 2: Inequality [Differences]

- [O/X]

File Run Analysis Graphics PASS Window Help
[(» 0= O 8 < &g s s
Data ‘ Options ‘ Feports | Plot Setup WERTICAL ANGLE:
Sets the viewing angle (in
Symbols 2 ‘ Background | Template degrees) for 30 plots. The
Plat Text | Axes | Symbols 1 walue is the angle above or
below the middle ofthe plot
Harizantal Angle Wertical Angle Depth:
This option may be
‘30 ﬂ |D j |1 o ﬂ changed interactively when
X _ . the Interactive Format option
Perspective Projection Method: (see Plot Setup tah) is
‘50 ﬂ |Perspe|:t\ve j [ Thin*alls checked
Color Palette Wall Colar - Cage'Wall:  Cage Edge Range: -60 to 90.
Solid 16 - 3 | N
Color Min: Cage Flip
[32 ~| |FipBackand Sidewalls |
Calor hax:
127 -
Template |d: | Reset | Guide Me |

Horizontal Angle

This option sets the horizontal
viewing angle (in degrees) for
3D plots. It represents an angle
around the base of the plot.
The range of values is -180 to
180 degrees. This option may
be changed interactively when
the Interactive Format option is
checked.

Vertical Angle

This option sets the vertical
viewing angle (in degrees) for
3D plots. It represents an angle
above or below a point halfway
up the graph. Values may
range from -60 to 90 degrees.

This option may be changed interactively when the Interactive Format option is checked.

Depth

This option sets the projected depth of 3D plots. Depth is a percentage of 100, calculated to provide
equal increments in the X and Z directions. Values may range from 5 to 400. This option may be

changed interactively when the Interactive Format option is checked.

Perspective

This option sets the degree of perspective foreshortening in 3D plots. Perspective is the perceived
distance of the viewer from the graph. The range of values is 0 to 100. This option may be changed

interactively when the Interactive Format option is checked.

Projection Method
Sets the projection method of 3D-type charts.

Off
No graph is drawn.
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Isometric
The graph is drawn, but no perspective is attempted.

Perspective

The axes are tilted to give a 3D perspective to the plot.

Thin Walls

This option specifies whether the walls of the axis grid that form the background of the chart are thick
or thin.

Color Palette

Specify a color palette for the surface chart. Using a setting of, say, Black to Red will allow the
surface plot to show a continuous array of red hues from lowest to highest.

Wall Color
Specify the color of the wall.

Cage Wall
Specify the color of the cage (grid) wall.

Cage Edge
Specify the color of the cage (grid) edge.

Color Min

Specifies the number of the color to be associated with the lowest numerical value. Possible values
are 32 to 127. A value near 50 usually works well. Note that this option only works with 128-color
palettes.

Color Max

Specifies the number of the color to be associated with the largest numerical value. Possible values
are 32 to 127. A value near 120 usually works well. Note that this option only works with 128-color
palettes.

Cage Flip
This option controls whether the back and side walls of the graph cage are allowed to switch to the
opposite edge for better viewing as the graph is rotated.
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Symbols 1 and 2 tabs

These tabs specify the appearance of up to fifteen symbols. If more than fifteen symbols are needed,
the first fifteen are repeated.

& PASS: Means: 2: Inequality [Differences] M=]E3
FEile Run Analysis Graphics PASS Window Help

[» [D=la] O& 3 &< 2=

PEE| B

Cox

IRg

2|2 ¢|@|

Data | Options | Fiepars | Plat Setup FLOTTING SvMBOL
Selecta plotting symbaol.
Each symbol corresponds
to agroup. If there is only
one group, the first symbol

Symbol 1: Symbol 2: is uzad
B 3| [cicsFiled ~| I 3| squeerica ~
Symbol 3: Symbaol 4:
- ﬂ Triangle Up Filled + ﬂ Diamond Filled b
Symbol 5 Symbol B:

*| [TriengieOnFited ~ | [l 2! [cics ~
Symbol 7: Symbol 8:
- ﬂ Sguare hd - ﬂ Diamaond & X b

Symbol 9: Symbol Size:

- ﬁ |Square&>< j |?D j

Symhbols 2 | Background ‘ Abbreviations | Template
PlotText | Axes | ]

Template ld: | Feset | Guide Me |

Symbol

These options specify the color, size, and shape of the plotting symbols.

Background tab

These options specify the style and color of various portions of the graph.

© PASS: Means: 2: Inequality [Differences]

File Run Analysis Graphics PASS Window Help
[+ Joj=lu] ©|8]a 8w &ef=i|alsa/a] v/m)
Flot Text | Axes | i) |  symbols1 BACK STYLE:
Data | Options | Reports | Flot Setup g%ﬁggig?g&gg?UND
Symbols 2 Abbreviations | Template
Background Settings
Caolar. Style:

Entire Graph: ﬁ

Inside Graph: | ﬂ |N0ne j

Graph Title: | ﬂ |N0ne ﬂ

LefiTite: | #| [Nare <+

Right Title: | 3| [None  ~|

Bottom Title: | ﬂ |N0ne ﬂ

Legend: | ﬁ |None j

Template Id: Reset Guide Me
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Abbreviations tab

These tabs specify the abbreviations that are used for the parameters in the titles of the plots. It is
usually necessary to keep these abbreviations as short as possible since the title can only contain 80
characters.

@ PASS: Means: 2: Inequality [Differences]
File Run Analysis Graphics PASS Window Help

[» [0=la] O 8 %% &8s

40
P2

&8585 ¢B

[OFF
PlotText | Axes | i |  Symbols1 | ABBREVIATION:

. Enter the character(s) to be

it | Cypims | REgRiE | Pt Esp used for this pararmetar on

Symbols 2 | Background | Abbreviations | Template the plots in labels and titles.
Rememberthat plottitles

Test Title: Alpha: are limited to just 50

o characters, so bravity is

5|
ﬂ |Alpha ﬂ important here.
heant: Beta:
|M1 ﬂ |Eleta ﬂ
heanz: Sample Size Group 1:
M2 =] v =]
Standard Deviation 1: Sample Size Group Z:
81 | e kd
Standard Deviation 2: Power:
|82 ﬂ |Power ﬂ

Template Id: Reset Guide Me
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Template tab

This tab displays the options necessary to load and save templates. The template refers to the settings
of all options under all
tabs. Templates are stored

© PASS: Means: Correlated: Equivalence (Simul... [= [O|X]

File Run Analysis Graphics PASS Window Help in files in the Settings
[ > [z OS82 w &eefeilsals) ¢ 0 subdirectory.
PlotText | Axes | kin] | Symbols1 QUICK ACCESS
Data | Options | Feports | Plot Setup _?_EESOBT F | N
Symhbols 2 | Background | Ahbreviations programratle button e ame
loads the specified H H
File Name Template Directary procedure. Click using This box contains the

default

Template Files

d:\0a?0hsettingsh* 201

Template |d's

Examplel

Power at“Various Sample Sizes

the left mouse button to
load the procedure.
Click using the right
mouse buttan to assign
another procedure to
this button.

name of the template file.
Standard file naming
conventions must be
followed. A two or three

Example2 Finding the Sample Size Character flle extension iS
Example3 Comparing Test Statistics .
Example4 “alidation: Power = 0.80 Supp|led by PASS A”

you need to enter is the
file name.

Save Template

Load Template ‘

Template Id:| Feset | Guide Me |

Template Files

Select a template file from this list of previously saved templates. The file’s name will be entered in
the File Name box at the top of this window. You can then press the Load Template button to load the
settings stored in this file into this template or the Save Template button to save the settings.

Template Id’s

This box contains a list of the template id’s corresponding to the template name. Remember that the
template id is entered in the text box at the bottom of the window.

Load Template
This button will load the file whose name shows in the File Name box.

Save Template
This button will save the settings of the all options to the template file named in the File Name box.
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CHAPTER 5

Output Window

Introduction

PASS sends all statistics and graphics output to its built-in word processor from where they can
be viewed, edited, printed, or saved. Reports and graphs are saved in rich text format (RTF).
Since RTF is a standard document transfer format, these files may be loaded directly into your
word processor for further processing. You can also cut and paste data onto an NCSS datasheet
for further analysis. This chapter covers the basics of our built-in word processor.

Viewing the output

The output of the Examplel template of the Two-Sample T-Test program is shown below. The
output window is in full-screen mode. The screen will look similar to this. Note that the actual
size of your screen depends on the resolution of your monitor, so it may vary.

= NCSS Output - [PASS: Means: 2: Inequality [Differences] Output] E@@
% File Edit View Format Window Help -8 %

? 2@ S|0] #[B|@# | F|T| == o=QDS 2

Two-Sample T-Test Power Analysis ~

smr‘smr.'mg = | = ‘ = | = |
P2i P27| P2 | Gox|LRa| C1 |TT2

Numeric Results for Two-Sample T-Test
MNull Hypothesis: Mean1=Mean2. Altemative Hypothesis: Mean1<>Mean2
The standard deviations were assumed to be unknown and unequal

Allocation
Power N1 N2 Ratio Alpha Beta Mean1 Mean2 51 52
0.08825 5 5 1.00 0.01000 091175 20.900 17.800 3670 3.010
024642 10 10 100 001000 075358 20900 17.800 3670 3010
042417 15 15 1.00 0.01000 057583 20.900 17.800 3670 3.010
0.58661 20 20 1.00 0.01000 041339 20.900 17.800 3670 3.010
071790 25 25 1.00 0.01000 028210 20.900 17.800 3670 3.010
0.81541 30 30 1.00 0.01000 0.18459 20.900 17.800 3670 3.010
097513 50 50 100 001000 002487 20900 17.800 3670 3010

Power vs N1 by Alpha with M1=20.900 M2=17.800
S1=3.670 52=3.010 N2=N1 2-Sided T

0.8

0.64- e 0.01

Power
Alpha

044
- 005
02+

N1

FPage 141 Line 16 Col 1




34 Output Window

Documents

The PASS word processor maintains two documents: Output and Log. Although both of these
documents allow you to view your data, the Output document serves as a viewer while the Log
document serves as a recorder.

You can load additional documents as well. For example, you might want to view the output from
a previous analysis to compare the results with the current analysis. To do this, you open a third
document that is actually the log file from a previous analysis.

All PASS documents are stored in the RTF format. This is a common format that is used by most
word processors, including MS-Word and MS-Write. When you save a PASS report, you will be
able to load that report directly into your own word processor. All text, formatting, and graphics
will appear in your word processor ready for further editing. You can then save the document in
your word processor’s native format. In this way, you can easily transfer the output of a PASS
procedure to almost any format you desire.

Output Document

The Output document displays the output report from the current analysis. Whenever you run a
PASS procedure, the resulting reports and graphs are displayed in the Output document. Each
new run clears the existing Output document, so if you want to save a report, you must do so
before running the next report.

The Output document provides four main functions: display, print, save to the Log document, and
save as an RTF file.

Log Document

The Log document provides a place to store a permanent record of your analysis. Since the
Output document is erased by each new analysis, you need a place to store your permanent work.
The Log document serves this purpose. When you have a report or graph that you want to keep,
copy it from the Output document to the Log document.

The Log document provides four main word processing functions: load, display and edit, print,
and save. When you load a file into the Log document, you can add new output to it. In this way,
you can record your work on a project in a single file, even though your work on that project is
spread out over several days.

File Menu

The File Menu is used for opening, saving, and printing PASS word processor files. All options
apply to the currently active document (the document whose title bar is selected). We will now
discuss each of the options on this menu.

New

This option opens an empty document. You might use this when you want to make notes about
your analysis.

New Log

This option opens an empty log document. You might use this when you want to start a new
project.
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Open

This option opens an existing file. When this item is selected, the Open Report File dialog box
appears. Note that no connection is maintained between a loaded file and its image on the disk. If
you make changes to a file, you must save those changes to the disk.

Open Log

This option opens an existing log file. When this item is selected, the Open Report File dialog
box appears. The requested file is loaded into the Log document. Note that no connection is
maintained between a loaded file and its image on the disk. If you make changes to a file, you
must save those changes to the disk.

You might use this option when you want to continue using a certain file as the Log file.

Toggle Auto-Log

When Auto-Log is on, the contents of the Output document are automatically copied to the Log
document. The Output document remains unchanged. If you want to keep a copy of all the output
that has been placed in the Log document, you will still need to save it manually.

This function allows you to automatically save all output for further use.

Add Output to Log

Selecting this option copies the contents of the Output document to the Log document. The
Output document remains unchanged. This allows you to save the current output document for
further use.

Save As

This option lets you save the contents of the currently active document to a designated file using
the RTF format. Note that only the active document is saved. Also note that all file names should
have the “RTF” extension so that other systems can recognize their format.

Printer Setup
This option allows you to set printing options on your printer.

Print Preview

This option displays the output report as it will appear on the printed page. Use it to preview your
report before printing it out.

Print...

This option lets you print the entire document or a range of pages. When you select this option, a
Print Dialog box will appear that lets you control which pages are printed.

Close Document

Minimizes the document that is currently being viewed. Note that this option does not clear the
document, it simply minimizes it.

Exit
This option exits the NCSS/PASS system. All documents and databases are closed.
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Edit Menu

This menu contains options that let you edit a document.

Undo

This item reverses the last edit action. It is particularly useful for replacing something that was
accidentally deleted.

Cut

This item copies the currently selected text to the Windows clipboard and erases it from the
document. You can paste the information from the clipboard to a different location in the current
document, into another document, into a datasheet in the spreadsheet, or into another application.
The selected text is erased.

Copy

This item copies the currently selected text from the document to the Windows clipboard. You
can paste this information from the clipboard to a different location in the current document, into
another document, into a datasheet in the spreadsheet, or into another application. The selected
text is not modified.

Paste

This item copies the contents of the clipboard to the current document at the insertion point. This
command is especially useful for moving selected information from the Output document to the
Log document.

Select All

This item selects the entire document. Although you can select a portion of the document using
the mouse or a shift-arrow key, this is much faster if you want to select the entire document.

Toggle Page Break

Changes the status of the page break on the line at which the insertion point resides. If a page
break exists (shown by a horizontal line), it is removed. If a page break does not currently exist at
that point, one is added.

Note that PASS does not repaginate your document for you. Once you make changes, it will be
up to you to repaginate your document.

Find
This item opens the Search dialog box. You can specify text that you want to search for. This is
especially useful when you are looking for a certain topic or data value in a large report.

Find Next

This item continues finding the text you entered in the Search Dialog box.

Replace

This item opens the Search and Replace dialog box. This allows you to make repetitive changes.
For example, you might want to change the name of one of the variables to a more useful name.



Chapter 5 Output Window 37

Goto Section

This item does not modify the document. Instead, it lets you reposition the insertion point to one
of the major topics. When PASS runs a procedure, it stores the major report topics in this list box.
You can quickly position the view to a desired topic using this screen.

View Menu

The View Menu lets you designate which editing tools you want to use.

Ruler

This option controls whether the ruler and the tabs bar are displayed. The ruler displays the
physical dimensions of the document. The tabs bar, found just below the ruler bar, lets you set the
margins and tabs of your document. Only the currently selected part of your document is affected
by a change in the tabs and margins.

Format Toolbar

This option controls whether the Format Toolbar is displayed. The function of each of the buttons
is discussed below.

Status Bar
This option controls whether the Status Bar is displayed at the bottom of the output window.

Show All

Selecting this menu item causes the Ruler, Tabs Bar, Format Toolbar, and Status Bar to be
displayed.

Hide All

Selecting this menu item causes the Ruler, Tabs Bar, Format Toolbar, and Status Bar to be
hidden. This gives you more screen space to view your output.

Redraw

Occasionally the Output Window becomes cluttered. If this happens, select this option to
redisplay the output.

Format Menu

This menu lets you set the format for a selected block of text.

Font

This option displays the Replace Font dialog box, which lets you specify the font and style of the
selected text.
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Paragraph

This option displays the Paragraph dialog box, which lets you specify the tabs and margins of the
selected text.

Format Markers

Indicates whether the (usually hidden) tab arrows and the end-of-paragraph marks are displayed
in the document. Note that these characters are never printed.

Window Menu

This menu lets you designate how you want the documents arranged on the screen and which
window you want displayed on top of your output desktop.

Cascade

This item arranges the documents in a cascading display from the upper left to the lower right of
the screen.

Tile Horizontally
This item arranges the documents horizontally down the word processor window.

Tile Vertically
This item arranges the documents vertically across the word processor window.

Arrange Icons

When a document is minimized, it is represented as an icon at the bottom of the word processor
window. This option arranges all document icons. It is usually applied when the word processor
window has been resized.

Current Output
This item causes the Output window to be displayed.

Log

This item causes the Log window to be displayed.

View Data (Spreadsheet)
Causes the Spreadsheet window to be displayed.

View Navigator
Causes the NCSS/PASS Navigator window to be displayed.
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Help Menu
This menu controls the display of the serial numbers and help system.

Help
This item displays the help system.

About

This item displays the release date and version number of your software.

Serial Numbers
This item displays the NCSS/PASS Registration window where your serial numbers can be
modified.

View PDF File...
This option loads the PDF file that documents this procedure. This file may then be printed.
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Toolbar

The toolbar is a series of small buttons that appear just below the menus at the top of the
procedure window. Each of these buttons provides quick access to a menu item.

Add Save Print Copy Find Marks Format Output PASS Navigator
to Pre- Bar Home
Log view

l l IiIEIl' EEI]I

?‘ﬁ‘m‘@‘@J $|||M|n| F|1T‘JJ @ = JJJ M%IE P rz pz cox |mg| C1 -1"1-2
A A A7
Open Print Cut Paste Undo Font Ruler Log Spread Programmable

Log sheet ‘Jump to’ Buttons
File
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CHAPTER 6

Introduction to
Power Analysis

Overview

A statistical test’s power is the probability that it will result in statistical significance. Since
statistical significance is the desired outcome of a study, planning to achieve high power is of
prime importance to the researcher. Because of its complexity, however, an analysis of power is
often omitted.

PASS calculates statistical power and determines sample sizes. It does so for a broad range of
statistical techniques, including the study of means, variances, proportions, survival curves,
correlations, bioequivalence, analysis of variance, log rank tests, multiple regression, and
contingency tables.

PASS was developed to meet several goals, including ease of learning, ease of use, accuracy,
completeness, interpretability, and appropriateness. It lets you study the influence of sample size,
effect size, variability, significance level, and power on your statistical analysis.
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Brief Introduction to Power Analysis

Statistical power analysis must be discussed in the context of statistical hypothesis testing. Hence,
this discussion starts with a brief introduction to statistical hypothesis testing, paying particular
attention to topics that relate to power analysis and sample size determination. Although the
theory behind hypothesis testing is general, its concepts can be reviewed by discussing simple
case: testing whether a proportion is greater than a known standard.

Following the usual terminology of statistical hypothesis testing, define two complementary
hypotheses

Hy,:P< PO vs. H;:P>P0

where P is the response proportion in the population of interest and PO is the known standard
value.

H, is called the null hypothesis because it specifies that the difference between the two
proportions is zero (null).

H, is called the alternative hypothesis. This is the hypothesis of interest to us. Our motivation for

conducting the study is to provide evidence that the alternative (or research) hypothesis is true.
We do this by showing that the null hypothesis is unlikely—thus establishing that the alternative
hypothesis (the only possibility left) is likely.

Outcomes from a statistical test may be categorized as follows:

1. Reject H, when H, is true. That is, conclude that H, is unlikely when it is true. This

constitutes a decision error known as the Type-I error. The probability of this error is alpha
() and is often referred to as the significance level of the hypothesis test.

2. Donotreject H, when H, is false. That is, conclude that H, is likely when it is false. This

constitutes a decision error known as the Type-11 error. The probability of this error is beta
(B). Power is 1— £ It is the probability of rejecting H, when it is false.

3. Reject H, when H, is false. This is a correct decision.

4. Do not reject H, when H, is true. This is also a correct decision.

The basic steps in conducting a study that is analyzed with a hypothesis test are:
1. Specify the statistical hypotheses, H, and H,.

2. Run the experiment on a given number of subjects.

3. Calculate the value of a test statistic, such as the sample proportion.

4

Determine whether the sample values favor H; or H,.
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Binomial Probability Table

In the current example, suppose that a random sample of ten individuals is selected, that is N =
10. The number of individuals, R, with the characteristic of interest is counted. Hence, R is the
test statistic. A table of binomial probabilities gives the probability that R takes on each of its
eleven possible values for various values for P.

P
R 101 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.349 |0.107 | 0.028 | 0.006 | 0.001 | 0.000 | 0.000 |0.000 |0.000
1 0.387 |0.376 | 0.121 | 0.040 |0.010 | 0.002 | 0.000 | 0.000 | 0.000
2 0.194 [0.302 |[0.233 [0.121 |[0.044 |0.011 |0.001 |0.000 |0.000
3 0.057 [0.201 |0.267 [0.215 [0.117 |0.042 | 0.009 |0.001 | 0.000
4 0.011 [0.088 |[0.200 [0.251 [0.205 |0.111 | 0.037 |0.006 | 0.000
) 0.001 |0.026 | 0.103 |0.201 |0.246 | 0.201 | 0.103 | 0.026 | 0.001
6 0.000 [0.006 |[0.037 [0.111 [0.205 |0.251 |0.200 [0.088 |0.011
7 0.000 [0.001 |[0.009 [0.042 |[0.117 |0.215 |0.267 |0.201 | 0.057
8 0.000 |0.000 |0.001 [0.011 |0.044 ]0.121 | 0.233 [0.302 |0.194
9 0.000 |0.000 | 0.000 |[0.002 |0.010 |0.040 |0.121 |[0.376 |0.387
10 | 0.000 | 0.000 | 0.000 |0.000 |0.001 |0.006 |[0.028 |0.107 | 0.349

Let us discuss in detail the interpretation of the values in this table for the simple case in which a
coin is flipped ten times and the number of heads is recorded. The column parameter P is the
probability of obtaining a head on any one toss of the coin. When dealing with coin tossing, one
would usually set P = 0.5, but this does not have to be the case. The row parameter R is the
number of heads obtained in ten tosses of a coin.

The body of the table gives the probability of obtaining a particular value of R. One way to
interpret this probability value is as follows: conduct a simulation in which this experiment is
repeated a million times for each value of P. Using the results of this simulation, calculate the
proportion of experiments that result in each value of R. This proportion is recorded in this table.
For example, when the probability of obtaining a head on a single toss of a coin is 0.5, ten flips of
a coin would result in five heads 24.6% of the time. That is, as the procedure is repeated (flipping
a coin ten times) over and over, 24.6% of the outcomes would be five heads.
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Calculating the Significance Level, Alpha

We will now explain how the above table is used to set the significance level (the probability of a
type-1 error) to a pre-specified value. Recall that a type-I error occurs when an experiment results
in the rejection of the null hypothesis when, in fact, the null hypothesis is true. By studying the
table, the impact of using different rejection regions can be determined. A rejection region is a
simple rule that states which values of the test statistic will result in the null hypothesis being
rejected.

For example, suppose we want to test PO = 0.5. That is, the null hypothesis is that P = 0.5 and the
alternative hypothesis is that P > 0.5. Suppose the rejection region is R equal to 8, 9, or 10. That
is, H, isrejected if R =8, 9, or 10. From the above table, the probability of obtaining 8, 9, or 10

heads in 10 tosses when P = 0.5 is calculated as follows:
P(R=8,9,10|P=05)=P(R=8|P=05)+P(R=9|P=05)+P(R=10|P=0.5)
=0.044 + 0.010 + 0.001 = 0.055.

That is, 5.5% of these coin tossing experiments using this decision rule result in a type-1 error. By
setting the rejection criterion to R = 8, 9, or 10, alpha has been set to 0.055.

It is extremely important to understand what alpha means, so we will go over its interpretation
again. If the probability of obtaining a head on a single toss of a coin is 0.5, then 5.5% of the
experiments that use the rejection criterion of R = 8, 9, or 10 will result in the false conclusion
that P > 0.5.

The key features of this definition that are often overlooked by researchers are:

1. The value of alpha is based on a particular value of P. Note that we used the assumption
“if the probability of obtaining a head is 0.5” in our calculation of alpha. Hence, if the actual
value of P is 0.4, our calculations based on the assumption that P is 0.5 are wrong.
Mathematicians call this a conditional probability since it is based on the condition that P is
0.5. Alphais 0.055 if P is 0.5.

Often, researchers think that setting alpha to 0.05 means that the probability of rejecting the
null hypothesis is 0.05. Can you see what is wrong with this statement? They have forgotten
to mention the key fact that this statement is based on the assumption that P is 0.5!

2. Alphais a statement about a proportion in multiple experiments. Alpha tells us what
percentage of a large number of experiments will result in 8, 9, or 10 heads. Alpha is a
statement about what to expect from future experiments. It is not a statement about P.
Occasionally, researchers conclude that the alpha level is the probability that P = 0.5. This is
not what is meant. Alpha is not a statement about P. It is a statement about future
experiments, given a particular value of P.

Interpreting P Values

The term alpha value is often used interchangeably with the term p value. Although these two
terms are closely related, there is an important distinction between them. A p value is the largest
value of alpha that would result in the rejection of the null hypothesis for a particular set of data.
Hence, while the value of alpha is set during the planning of an experiment, the p value is
calculated from the data after experiment has been run.
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Calculating Power and Beta

We will now explain how to calculate the power. Recall that power is the probability of rejecting
a false null hypothesis. A false H, means that P is some value other than PO. In order to compute

power, we must know the actual value of P.

Returning to our coin tossing example, suppose the actual value of P is 0.7. What is the power
and beta value of this testing procedure? The decision rule is to reject the null hypothesis when R
is 8, 9, or 10. From the above probability table, the probability of obtaining 8, 9, or 10 heads in
10 tosses of a coin when probability of a head is actually 0.7 is

P(R=8,9,10|P=07)=P(R=8|P=0.7)+P(R=9|P=0.7) +P(R=10|P =0.7)
=0.233 +0.121 + 0.028
=0.382

This is the power. The value of a type-I11 error is 1.000 - 0.382, which is 0.618. That is, if P is 0.7,
then 38.2% of these coin tossing experiments will reject H, , while 61.8% of them will result in a

type-1l error.

It is extremely important to understand what beta means, so we will go over its interpretation
again. If the probability of obtaining a head on the toss of a coin is 0.7, then 61.8% of the
experiments that use the rejection criterion of R = 8, 9, or 10 will result in the false conclusion
that P = 0.5.

The key features of this definition that are often overlooked by researchers are:

1. The value of beta is based on a particular value of P. Note that we used the assumption “if
the probability of obtaining a head is 0.7 in our calculation of beta. Hence, if the actual value
of P is 0.6, our calculation based on the assumption that P was 0.7 is wrong.

2. Betais a statement about the proportion of experiments. Beta tells us what percentage of
a large number of experiments will result in 8, 9, or 10 heads. Beta is a statement about what
we can expect from future experiments. It is not a statement about P.

3. Beta depends on the value of alpha. Since the rejection region (8, 9, or 10 heads) depends
on the value of alpha, beta depends on alpha.

4. You cannot make both errors at the same time. A type-11 error can only occur when a
type-1 error did not occur, and vice versa.

Specifying Alternative Values of the Parameters

We have noted a great deal of confusion about specifying the values of the parameters under the
alternative hypothesis. The alternative hypothesis is usually that the value of one parameter is
different from another. The hypothesis does not usually specify how different. It simply gives the
direction of the difference. The power is calculated at specified alternative values. These values
should be considered as values at which the power is calculated, not as the true value.
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Effect Size

The effect size is the size of the change in the parameter of interest that can be detected by an
experiment. For example, in the coin tossing example, the parameter of interest is P, the
probability of a head. In calculating the sample size, we would need to state what the baseline
probability is (probably 0.5) and how large of a deviation from P that we want to detect with our
experiment. We would expect that it would take a much larger sample size to detect a deviation of
0.01 than it would to detect a deviation of 0.40.

Selecting an appropriate effect size is difficult because it is subjective. The question that must be
answered is: what size change in the parameter would be of interest? Note that, in power analysis,
the effect size is not the actual difference. Instead, the effect size is the change in the parameter
that is of interest or is to be detected. This is a fundamental concept that is often forgotten after
the experiment is run.

After an experiment is run that leads to non-significance, researchers often ask, “What was the
experiment’s power?” and “How large of a sample size would have been needed to detect
significance?” To compute the power or sample size, they set the effect size equal to the amount
that was seen in their experiment. This is incorrect. When performing a power analysis after an
experiment has completed, the effect size is still the change in the parameter that would be of
interest to other scientists. It is not the change that was actually observed!

Often, the effect size is stated as a percentage change rather than an absolute change. If this is the
case, you must convert the percentage change to an absolute change. For example, suppose that
you are designing an experiment to determine if tossing a particular coin has exactly a 50%
chance of yielding a head. That is, PO is 0.50. Suppose your gambling friends are interested in
whether a certain coin has a 10% greater chance. That is, they are concerned with the case where
P is 0.55 or greater. The effect size is |0.50 - 0.55| or 0.05.

Types of Power Analyses

There are several types of power analyses. Often, power analysis is performed during the design
phase of a study to determine the sample size. This type of study would determine the value of N
for set values of alpha and beta. Another type of power analysis is a post hoc analysis, which is
done after the study is concluded. A post hoc analysis studies such questions as:

1. What sample size would have been needed to detect a specific effect size?
2. What is the smallest effect size that could be detected with this sample size?
3. What was the power of the test procedure?

These and similar questions may be answered using power analysis. By considering these kinds
of questions after a study is concluded, you can gain important insights into how to make your
research more efficient and effective.
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Nuisance Parameters

Statistical hypotheses usually make statements about one or more parameters from a set of one or
more probability distributions. Often, the hypotheses leave other parameters of the probability
distribution unspecified. These unspecified parameters are called ‘nuisance’ parameters.

For example, a common clinical hypothesis is that the response proportions of two drugs are
equal. The null hypothesis is that the difference between these two drugs is zero. The alternative
is that the difference is non-zero. Note that the actual values of the two proportions are not stated
in the hypothesis—just their difference. The actual values of the proportions will be needed to
compute the power. That is, different powers will result for the case when P1 = 0.05 and P2 =
0.25 and for the case P1 = 0.50 and P2 = 0.70. In this example, the proportion difference (D = P1
— P2) is the parameter of interest. The baseline proportion, P1, is a nuisance parameter.

Another example of a nuisance parameter occurs when using the t-test to test whether the mean is
equal to a particular value. When computing the power or sample size for this test, the hypothesis
specifies the value of the mean. However, the value of the standard deviation is also required. In
this case, the standard deviation is a nuisance parameter.

When performing a power analysis, you should state all your assumptions, including the values of
any nuisance parameters that were used. When you do not have any idea as to reasonable values
for nuisance parameters, you should use a range of possible values so that you can analyze how
sensitive the results are to the values of the nuisance parameters. Also, do not be tempted to use
the nuisance parameter’s value from a previous (or pilot) study. Instead, a reasonable strategy is
to compute a confidence interval and use the confidence limit that results in the largest sample
size.

Choice of Test Statistics

Many hypothesis tests can be tested with a variety of test statistics. For example, statisticians
often have to decide between the t-test and the Wilcoxon test when testing means. Similarly,
when testing whether two proportions are equal, they have to decide whether to use a z-test or an
exact test. If they choose a z-test, they have to decide whether to apply a continuity correction.

In most cases, each test statistic will have a different power. Thus, it should be obvious that you
must compute the power of the test statistic that will be used in the analysis. A sample size based
on the t-test will not be accurate for a nonparametric test.

The next question is usually “Which test statistic should I use?” You might say “They one that

requires the smallest sample size.” However, other issues besides power must be considered. For
example, consideration must be given to whether the assumptions of the test statistic will be met
be the data. If your data is binary, it is probably unreasonable to assume that they are continuous.

These are simple principles, but they are often overlooked.
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Types of Hypotheses

Hypothesis tests work this way. If the null hypothesis if rejected, the alternative hypothesis is
concluded to be true. However, if null hypothesis is not rejected, no conclusion is reached--the
null hypothesis is not concluded to be true. The only way that a conclusion is reach is if the null
hypothesis is rejected.

Because of this, it is very important that the null and alternative hypotheses be constructed so that
the conclusion of interest is associated with the alternative hypothesis. That way, if the null
hypothesis is rejected, the study reaches the desired conclusion.

There are several types of hypotheses. These include inequality, equivalence, non-inferiority, and
superiority hypotheses. In the statistical literature, these terms are used with completely different

meanings, so it is important to define what is meant by each. We have tried to adopted names that
are associated with the alternative hypothesis, since this is the hypothesis of interest.

It is important to note that even though two sets of hypotheses may be similar, they often will
have different power and sample size requirements. For example, an equivalence test (see below)
appears to be the simple reverse of a two-sided test of inequality, yet the equivalence test requires
a much larger sample size to achieve the same power as the inequality test. Hence, you cannot
select the sample size for an inequality test and then later decide to run an equivalence test.

Each of the sections to follow will give a brief definition along with an example based on the
difference between two proportions.

Inequality Hypothesis

The term “inequality’ is represents the classical one-sided and two-sided hypotheses in which the
alternative hypothesis is simply that the two values are unequal. These hypotheses are called tests
of superiority by Julious (2004), emphasizing the one-sided versions.

Two-Sided

When the null hypothesis is rejected, the conclusion is simply that the two parameters are
unequal. No statement is made about how different. For example, 0.501 and 0.500 are unequal, as
are 0.500 and 0.800. Obviously, even though the former are different, the difference is not large
enough to be of practical importance in most situations.

Hyop,—p,=0vs. H:p,—p,#00or H:p,—p,<00r p—p,>0

One-Sided

These tests offer a little more information than the two sided tests since the direction of the
difference is given. Again, no indication is made about how much higher (or lower) the superior
value is to the inferior.

Hop,— P, <0vs.H:p—p,>00r Hy:p,—p,20vs. H;:p, —p, <0
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Non-Inferiority Hypothesis

These tests are a special case of the one-sided inequality tests. The term ‘non-inferiority’ is used
to indicate that one treatment is not worse than another treatment. That is, one proportion is not
less than another proportion by more than a trivial amount called the ‘margin of equivalence’.

For example, suppose that a new drug is being developed that is less expensive and has fewer side
effects than the standard drug. Producers must show that its effectiveness is no worse than the
drug it is to replace.

When testing two proportions in which a higher proportion is better, the non-inferiority of
treatment 1 as compared to treatment 2 is expressed as

Hop,—p,<-0 vs. Hip—p,>-0or Hi:p,<p,—8 vs.H;:ip, > p, -0

where ¢ > 0 is called the margin of equivalence. Note that when H, is rejected, the conclusion
is that the first proportion is not less than the second proportion by more than ¢&.

Perhaps an example will help introduce this type of test. Suppose that the current treatment for a
disease works 70% of the time. Unfortunately, this treatment is expensive and occasionally
exhibits serious side-effects. A promising new treatment has been developed to the point where it
can be tested. One of the first questions that must be answered is whether the new treatment is as
good as the current treatment. In other words, do at least 70% of subjects respond to the new
treatment?

Because of the many benefits of the new treatment, clinicians are willing to adopt the new
treatment even if it is slightly less effective than the current treatment. They must determine,
however, how much less effective the new treatment can be and still be adopted. Should it be
adopted if 69% respond? 68%? 65%7? 60%? There is a percentage below 70% at which the
difference between the two treatments is no longer considered ignorable. After thoughtful
discussion with several clinicians, it is decided that if a response of at least 63% is achieved, the
new treatment will be adopted. The difference between these two percentages is called the margin
of equivalence. The margin of equivalence in this example is 7% (which is ten percent of the
original 70%).

The developers must design an experiment to test the hypothesis that the response rate of the new
treatment is at least 0.63. The statistical hypothesis to be tested is
H,:p,— p, <007 versus H:p,— p, >-0.07

Notice that when the null hypothesis is rejected, the conclusion is that the response rate is at least
0.63. Note that even though the response rate of the current treatment is 0.70, the hypothesis test
is about a response rate of 0.63. Also, notice that a rejection of the null hypothesis results in the
conclusion of interest.
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Superiority Hypothesis

These tests are a special case of the one-sided inequality tests. The term “superiority’ is used to
indicate that one treatment is better than another by more than a trivial amount called the ‘margin
of equivalence’. For example, suppose that a new drug is being developed that is thought to have
superior performance to the existing drug. Producers must show that its effectiveness is better
than the drug it is to replace.

When testing two proportions in which a higher proportion is better, the superiority of treatment 1
over treatment 2 is expressed as

Ho:p,—p, <o vs. Hip—p, >0 or Hiip < p,+J vs.Hip, > p, +0

where ¢ > 0 is called the margin of equivalence. Note that when H, is rejected, the conclusion
is that the first proportion is higher than the second proportion by more than &

Equivalence Hypothesis

The term ‘equivalence’ is used here to represent tests designed to show that response rates of two
treatments do not differ by more than a trivial amount called the ‘margin of equivalence’. These
tests are the reverse of the two-sided inequality test.

The typical set of hypotheses are
Hop—p, <4 0rp—p, 29, vs.Hi:o < p—p, <4
where 6, <0and &, > 0 are called the equivalence limits.

Suppose 70% of subjects with a certain disease respond to a certain drug. The company that
produces the drug has decided to open a new facility in another city. They must show that the
drug produced in the new facility is equivalent (all most the same) as that produced in existing
facilities. After thoughtful discussion with several clinicians and regulatory agencies, it is decided
that if the response rate of the drug produced at the new facility is between 65% and 75%, the
new facility will go into production. In this case, the margin of equivalence is 5%.

The statistical hypothesis to be tested is
Ho:|p, — P, > 005 vs. H,:|p, — p,| < 0.05
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Chapter 7

Proportions

Introduction

This chapter introduces power analysis and sample size calculation for proportions. When the
response is binary, the results for each group may be summarized as proportions. Usually,
hypothesis tests are conducted to compare two proportions.

There are many issues that must be considered when designing experiments that use proportions.
For example, will the proportions be analyzed directly, or will they be converted into differences,
ratios, or odds ratios? Which test statistic will be used? Will the design use independent groups or
will subjects be measured twice? Will the study have an active control?

The various answers to these and other questions result in a large number of situations. This
chapter will introduce you to the issues that are common to all the tests of proportions.

Designs

There are several experimental designs for comparing two proportions. You can you a one-
sample design to compare a sample proportion to a specific value. You can compare proportions
from two independent samples using independent, stratified, cluster-randomized, or group-
sequential designs. You can compare two correlated proportions. And finally, you can compare
several categories in a contingency table.

Comparing Proportions

Two proportions may be compared by considering their difference, ratio, or odds ratio. Each of
these cases may lead to different test statistics with different powers and sample size
requirements.

Assume that p, is the response proportion of the experimental group and p, is the response
proportion of the control (standard or reference) group. Mathematically, these alternative
parameterizations are

Parameter Computation

Difference o=p,— P,

Ratio ¢=p,/p,
Odds Ratio = M
P /(1_ pz)

Once you know p, and p,, you can calculate any of these values, and you can easily change

from once parameterization to another. Thus, the choice of which parameter you use may seem
arbitrary. However, since different parameterizations lead to different test statistics, the choice
can lead to a different power and sample size. These parameterizations will be discussed next.
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Difference

The difference 6 = p, — p, is perhaps the most common method of comparing two proportions.
This parameter is easy to interpret and communicate. It gives the absolute impact of the treatment.
However, there are subtle difficulties that can arise with its use.

One difficulty occurs when the event of interest is rare. If a difference of 0.001 is reported for an
event with a baseline probability of 0.40, we would dismiss this as being trivial. That is, there is
usually little interest in a treatment that decreases the probability from 0.400 to 0.399. However,
if the baseline probability of a disease is 0.002, a 0.001 decrease in the disease probability would
represent a 50% reduction. Thus, the interpretation of the difference depends on the baseline
probability of the event.

When planning studies, the value of p, is usually known and the power is calculated at various
values of 6. The value of p, is then calculated using p, = p, + o . Because of the requirement
that 0 < p, <1, the values of ¢ are restricted to the interval — p, <d <1-p,,not —1<d<1
as you might expect. Likewise, the values of p, are restrictedto 0 < p, <1-¢ if 6 >0 and

-o<p,<lif 6<0.

Because typical values of & are usually between -0.2 and 0.2, the allowable values of p, are
restricted to be between 0.2 and 0.8. When the values of p, are outside this range, it may be
more convenient to use the odds ratio.

Ratio
The (risk) ratio, ¢ = p, / p,, gives the relative change in the probability of the outcome under

each of the hypothesized values. This parameter is direct and easy to interpret. To compare the
ratio with the difference, examine the case where p, =0.1437 and p, = 0.0793. One should

consider which number is more enlightening, 6 =-0.0644, or ¢ =55.18%. In many cases, the
relative change (the ratio) is easier to interpret that the absolute change (the difference).

When planning studies, the value of p, is usually known and the power is calculated at various
values of ¢. The value of p, is then calculated using p, = p, x o . Because of the requirement
that 0 < p, <1, the values of ¢ are restricted to the interval 0 < ¢ <1/ p,,not 0 < ¢ < o0 as
you might expect. Likewise, the values of p, are restrictedto 0 < p, <1/ ¢ if ¢ >1 and
O<p,<lif p<1.

Because typical values of ¢ are usually between 0.5 and 1.5, the values of p, are restricted to be
between 0 and 0.667. When the values of p, are outside this range, it may be more convenient to
use the odds ratio.
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Odds Ratio

Chances are usually communicated as long-term proportions or probabilities. In betting, chances
are often given as odds. For example, the odds of a horse winning a race might be set at 10-to-1
or 3-to-2. Odds can easily be translated into probabilities, and vice versa. An odds of 3-to-2
means that the event is expected to occur three out of five times. That is, an odds of 3-to-2 (1.5)
translates to a probability of winning of 0.60.

The odds of an event are calculated by dividing the event risk by the non-event risk. Thus the
odds are

Odds, = - L and Odds, = - P,

Py P,

For example, if p is 0.6, the odds are 0.6/0.4 = 1.5. Rather than represent the odds as a decimal
amount, it is re-scaled into whole numbers. Thus, instead of presenting the odds as 1.5-to-1, they
present as 3-to-2.

Two odds could be compared by considering their difference, but it is more convenient in many
situations to form their ratio. Thus, another way to compare proportions is to compute the ratio of
their odds. The odds ratio is

_ Odds,
Y= 0dds,

1-p

P,
1-p,
Unlike the difference and the ratio, the odds ratio is not restricted by the value of p,. The range

of possible values of the odds ratio is — o < y < oo. Because of the freedom in specifying the

parameters, the odds ratio is a popular parameterization, even though it is not as easy to interpret
as the difference and the ratio.
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Specifying the Proportions — Very Important!
It is important to understand the interpretation of p, and p, within PASS. Suppose p,
represents the proportion in the treatment group and p, represents the proportion in the control

group. In most hypothesis tests, these values are equal under the null hypothesis and different
under the alternative hypothesis. Thus, under the null hypothesis, all that is needed is the value of
p, or p,, but not both. Under the alternative hypothesis, both values are necessary. So, when the

input screen asks for p, and the difference, these values should be interpreted as follows. The
value of p, is actually the value of both p, and p, under H,.Under H,, the value of p, is
calculated from p, and o using the formula p, = p, + 0.

Also, it is important to understand what we mean by ‘under H,’ in the above discussion. Notice
that H, does not specify the exact value of p, . Instead, it specifies a range of values. For
example, H, mightbe p, > p, or p, — p, > & . However, even though H, gives a range of
values for p,, the power is computed at a specific value of p; .

Selecting an appropriate value for p, must be done very carefully. We recommend the following
approach. Select a value of p, that represents the change from p, that you want the experiment

to detect. When you calculate a sample size, it is interpreted as the sample size necessary to detect
a difference of at least p, — p, when the significance level is « and the power is 1- £

The important point is that p, is not the value you anticipate obtaining from an experiment.
Instead, it is that value of p, at which you want to compute the power. This is a very important

distinction! This is why, when investigating the power after an experiment is run, we recommend
that you do not simply plug in the values of p, and p, from that experiment. Rather, you use

values that represent the size of the difference that you want to detect.
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Chapter 8

Means

Introduction

This chapter introduces power analysis and sample size calculation for tests that compare means.
In many situations, the results for each treatment group are summarized as means. There are
many issues that must be considered when designing experiments for comparing means. For
example, are the means independent or correlated? Which test statistic to use? Will a parametric
or nonparametric test be used? Are the data normally distributed? Are there more than two
treatment groups? The answers to these and other questions result in a large number of situations.

Specifying the Means

Assume that g4 is the mean of an experimental group and z, is the mean of a control (standard
or reference) group. Suppose o represents their difference. That is, & = z4 — £, . In most
hypothesis tests, the null hypothesis (H,) is 6 = 0 and the alternative hypothesis ( H,) is

0 # 0. Since H, assumes that 6 = 0, all that is really needed to compute the power is the value
of & under H,. So, when the input screen asks for £, and s, , these values should be interpreted
as follows. The value of g4 is actually the value of both z4 and £, under H,. Under H,, the
values of z4 and g, provide the value of ¢ at which the power is calculated.

The above discussion is summarized in the following chart.
Input Parameter  Under H, Under H,

Meanl Y7y M
Mean2 ignored yA

Also, it is important to understand what we mean by ‘under H,’ in the above discussion. H,

defines a range of values for o at which the power can be computed. To compute the power, the
specific values of 6 must be determined. Thus, there is not a single power value. Instead, there
are an infinite number of power values possible, depending on the value of 6.

Selecting an appropriate value for g must be done very carefully. We recommend the following
approach. Select a value of 4 that represents the change from g, that you want the experiment

to detect. When you calculate a sample size, it is interpreted as the sample size necessary to detect
a difference of at least & when the significance level is « and the power is 1—- .

It is important to realize that & is not the value you anticipate obtaining from the experiment.
Instead, it is that value of & at which you want to compute the power. This is a very important
distinction! This is why, when investigating the power after an experiment is run, we recommend
that you do not simply plug in the values of g4 and g, from that experiment. Rather, you use

values that represent the size of the difference that you want to detect.
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Specifying the Standard Deviation

Usually, statistical hypotheses about the means make no direct statement about the standard
deviation. However, the standard deviation is a parameter in the normal distribution, so its value
must be specified. For this reason, it is called a nuisance parameter.

Even though it is not of primary interest, an estimate of the standard deviation is necessary to
perform a power analysis. Finding such an estimate is difficult not only because it is required
before the data are available, but also because the physical interpretation of the standard deviation
is vague. How do you estimate a quantity without data and without a clear understanding of what
it is? This section will try to help.

Understanding the Standard Deviation

The standard deviation has two general interpretations. First, it is similar to the average absolute
difference between each observation and the mean. Second, it is the average absolute difference
between every pair of observations.

The standard deviation of a population of values is calculated using the formula

where N is the number of items in the population, X is the variable being measured, and s, is the

mean of X. This formula indicates that the standard deviation is the square root of an average of
the squared differences between each value and the mean. The differences are squared to remove
the sign so that negative values will not cancel out positive values. After summing up these
squared differences and dividing by N, the square root is taken to put the result back in the
original scale. Bottom line—the standard deviation can be thought of as the average absolute
difference between the data values and their mean.

Estimating the Standard Deviation

Our task is to find a rough estimate of the standard deviation to use in a power analysis. Several
possible methods could be used. These include using the results of a previous study or a pilot
study, using the range, using the coefficient of variation, etc. PASS includes a Standard Deviation
Estimator procedure that will help you obtain a standard deviation estimate based on these
methods. It is loaded from the PASS-Other menu. Remember that as the standard deviation
increases, the power decreases. Hence, an increase in the standard deviation will cause an
increase in the sample size. To be conservative in sample size calculation, you should use a large
value for the standard deviation.
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Simulation

Most of the formulas used in PASS were derived by analytic methods. That is, based on a series
of assumptions, a formula for the power and sample size is derived mathematically. This formula
is then programmed and made available in PASS. Unfortunately, the formula is only as realistic
as the assumptions upon which it is based. If the assumptions are inaccurate in a certain situation,
the power calculations may also be inaccurate. An alternative to using analytic methods is to use
simulation (or Monte Carlo) techniques. Because of the speed of modern computers, simulations
can now be run in minutes that would have taken days or weeks only a few years ago.

In power analysis, simulation refers to the process of generating several thousand random
samples that follow a particular distribution, calculating the test statistic from each sample, and
tabulating the distribution of these test statistics so that the significance level and power of the
procedure may be estimated.

The steps to a simulation study are

1. Specify how the study is carried out. This includes specifying the randomization procedure, the
test statistic that is used, and the significance level that will be used.

2. Generate random samples from the distributions specified by the null hypothesis. Calculate each
test statistic from the simulated data and determine if the null hypothesis is accepted or rejected.
Tabulate the number of rejections and use this to calculate the test’s significance level.

3. Generate random samples from the distributions specified by the alternative hypothesis.
Calculate the test statistics from the simulated data and determine if the null hypothesis is
accepted or rejected. Tabulate the number of rejections and use this to calculate the test’s power.

4. Repeat steps 2 and 3 several thousand times, tabulating the number of times the simulated data
leads to a rejection of the null hypothesis. The significance level is the proportion of simulated
samples in step 2 that lead to rejection. The power is the proportion of simulated samples in step
3 that lead to rejection.
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How Large Should the Simulation Be?

As the number of simulations is increased, the precision and running time of the simulation will
be increased also. This section provides a method for estimating of the number simulations
needed to achieve a given precision.

Each simulation iteration (or simulation) generates a binary outcome: either the null hypothesis is
rejected or not. Thus, the significance level and power estimates each follow the binomial
distribution. This knowledge makes it a simple matter to compute confidence intervals for the
significance level and power values.

The following table gives one-half the width of a 95% confidence interval for the power when the
estimated value is either 0.50 or 0.95.

Simulation Half-Width Half-Width
Size when when

M Power = 0.50 Power =0.95

100 0.100 0.044
500 0.045 0.019
1000 0.032 0.014
2000 0.022 0.010
5000 0.014 0.006
10000 0.010 0.004
50000 0.004 0.002
100000 0.003 0.001

Notice that a simulation size of 1000 gives a precision of plus or minus 0.014 when the true
power is 0.95. Also, as the simulation size is increased beyond 5000, there is only a small amount
of additional accuracy achieved. Since most sample-size studies require an accuracy of within one
or two percentage points, simulation sizes from 2000 to 10000 should be ample.

You are Running Two Simulations

It is important to realize that when you run a simulation in PASS, you are actually running two
separate simulations: one to estimate the significance level and the other to estimate the power.
The significance-level simulation is defined by the input parameters labeled ‘|HO’. The power
simulation is defined by the input parameters labeled ‘|H1’. Even though you have complete
flexibility as to what distributions you use in each of these simulations, it usually makes sense to
use the same distributions for both simulations—only changing the values of the means.

Unequal Standard Deviations

One of the subtle problems that can make the results of a simulation study misleading is to
specify unequal standard deviations unknowingly when you are investigating another feature,
such as the amount of skewness. It is well known that if the standard deviations differ (a situation
called heteroskedasticity), the accuracy of the significance level and power is doubtful. When
investigating the power of the t or F tests in non-normal situations, care must be taken to insure
that the standard deviations of the groups remain about the same. Otherwise, the effects of
skewness and heteroskedasticity cannot be separated.
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Finding the Hypothesized Means

It is important to set the mean difference of each simulation carefully. In the case of analytic
formulas, the mean difference is specified easily and directly. Usually, the mean difference is set
to zero under the null hypothesis and to a non-zero value under the alternative hypothesis. You
must make certain that you follow this pattern when setting up a simulation.

For most distributions, the means are set explicitedly (the exception is the multinomial
distribution, where this is impossible). Hence, for both the null and alternative simulations, it is
relatively simple to calculate the mean difference. You must do this! We will now present two
examples showing how this is done.

For the first example, consider the case of a simulation being run to compare two independent
group means using the two-sample t-test. Suppose the PASS setup is as follows. Note that N(40
2) stands for a normal distribution with a mean of 40 and a standard deviation of 2.

Mean Value
Distribution PASS Input of Simulated Data
Group 1 Distribution | HO N(40 2) 40.0
Group 2 Distribution | HO N(40 2) 40.0
Group 1 Distribution | H1 N(42 2) 42.0
Group 2 Distribution | H1 N(40 2) 40.0

The mean difference under HO is 40 — 40 = 0, which is as it should be. The mean difference under
H1 is 42 — 40 = 2. Hence, the power is being estimated for a mean difference of 2.

Next we will consider a more complicated example. Suppose the PASS setup is as follows. Note
that N(40 2)[70];K(0)[30] specifies a mixture distribution made up of 70% from a normal
distribution with a mean of 40 and a standard deviation of 2 and 30% from a constant distribution
with a value of 30.

Mean Value
Distribution PASS Input of Simulated Data
Group 1 Distribution | HO N(40 2) [70];K(0)[30] 40(0.7) + 30(0.3) = 37.0
Group 2 Distribution | HO N(40 2) [70];K(0)[30] 40(0.7) + 30(0.3) = 37.0
Group 1 Distribution | H1 N(42 2) [70];K(0)[30] 42(0.7) + 30(0.3) = 38.4
Group 2 Distribution | H1 N(40 2) [70];K(0)[30] 40(0.7) + 30(0.3) =37.0

The mean difference under HO is 37.0 — 37.0 = 0, which is as it should be for the null hypothesis.
The mean difference under H1 is 38.4 — 37.0 = 1.4. Hence, the power is being estimated by
simulation for a mean difference of 1.4.

You must always be aware of what the mean differences are under both the null and alternative
hypotheses.
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Adjusting the Significance Level

When faced with the task of designing an experiment that will have a specific significance level
for a situation that does not meet the usual assumptions, there are several possibilities.

1. A sstatistician could be hired to find an appropriate testing procedure.
2. A nonparametric test could be run that (hopefully) corrects for the implausible assumptions.

3. The regular parametric test could be run, relying on the test’s ‘robustness’ to correct for the
implausible assumptions.

4. A simulation study could be conducted to determine an appropriate adjustment to the
significance level so that the actual significance level is at the required value.

We will now present an example of how to do the simulation adjustment alluded to in item 4,
above.

The two-sample t-test is known to be robust to the violation of some assumptions, but it is
susceptible to inaccuracies when the data contain outliers. A mixture of two normal distributions
will be used to generate data with outliers. The mixture will draw 95% of the data from a normal
distribution with a mean of 0 and a standard deviation of 1. The other 5% of the data will come
from a normal distribution with a mean of zero and a standard deviation of 10. A simulation study
using 10,000 iterations and a sample size of 100 per group produced the following results when
the nominal significance level was set to 0.05.

Lower 95% Upper 95%
Nominal Actual Confidence Confidence

Alpha Alpha Limit Limit Power
0.050 0.045 0.041 0.049 0.816
0.055 0.051 0.047 0.055 0.843
0.060 0.057 0.053 0.062 0.835

The actual alpha level of the t-test is 0.045, which is below the target value of 0.50. When the
nominal alpha level is increased to 0.055, the actual alpha is 0.051—close to the desired level of
0.05. Hence, an adjustment could be applied as follows. Analyze the data with the two-sample t-
test even though they contain outliers. However, instead of using an alpha of 0.050, use an alpha
of 0.055. When this is done, the simulation shows that the actual alpha will be at the desired 0.05
level.

There is one limitation to this method: the resulting test procedure is not necessarily efficient.
That is, it may be possible to derive a testing procedure that is more efficient (requires a smaller
sample size to achieve the same power). For example, in this example, a test based on the
trimmed mean may be more efficient in the presence of outliers. However, if you do not have the
time or ability to derive an alternative test, this adjustment allows you to obtain reasonable testing
procedure that achieves a desired significance level and power.
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Chapter 100

One Proportion —
Inequality

Introduction

The One-Sample Proportion Test is used to assess whether a population proportion is
significantly different from a hypothesized value. This is called the hypothesis of inequality. The
hypotheses may be stated in terms of the proportions, their difference, their ratio, or their odds
ratio.

For example, suppose that the current treatment for a disease cures 62% of all cases. A new
treatment method has been proposed and studied. In a sample of 80 subjects with the disease that
were treated with the new method, 63 were cured. Do the results of this study support the claim
that the new method has a higher response rate than the existing method?

This procedure calculates sample size and statistical power for testing a single proportion using

either exact or approximate tests. Results are based on exact calculations using the binomial and
hypergeometric distributions. Because the analysis of several different test statistics is available,
their statistical power may be compared to find the most appropriate test for a given situation.

Some sample size programs use the normal approximation to the binomial distribution for power
and sample size estimates. This approximation is useful for rough hand calculations, but more
accurate results are easily obtainable with today’s software. When the normal approximation to
the binomial is used, issues such as the need for continuity correction come into play. We avoid
these issues by calculating exact results. Programs that use these approximations will often give
different answers. Our calculations are exact, not approximate.

Four Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, ratios of proportions, and odds ratios. Each
of these options is listed separately on the menus.
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Binomial Model

A binomial variable should exhibit the following four properties:
1. The variable is binary--it can take on one of two possible values.

2. The variable is observed a known number of times. Each observation or replication is called a
Bernoulli trial. The number of replications is n. The number of times that the outcome of interest
is observed is r. Thus r takes on the possible values 0, 1, 2, ..., n.

The probability, P, that the outcome of interest occurs is constant for each trial.

4. The trials are independent. The outcome of one trial does not influence the outcome of the
any other trial.

A binomial probability is calculated using the formula

b(r;n,P)= (nj P'(1-P)""

r

-

The Hypergeometric Model

When samples are taken without replacement from a population of known size, N, the hypergeometric
distribution should be used in place of the binomial distribution. The properties of a variable that is
distributed according to the hypergeometric distribution are

where

1. The variable is binary--it can take on one of two possible values.

2. The variable is observed a known number of times. Each observation or replication is called a
Bernoulli trial. The number of replications is n. The number of times that the outcome of interest
is observed is r. Thus r takes on the possible values 0, 1, 2, ..., n.

3. The total number of items is N. The proportion of items with the characteristic of interest is P.

The hypergeometric probability of obtaining exactly r of n items with the characteristic of interest

is calculated using
NP)( N — NP
)
N
("

Note that the quantity NP is rounded to the nearest integer.

h(r;N,n,P)=
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Test Procedure

The testing procedure is as follows. Let P represent the true probability that an item selected at
random from a population will have a characteristic of interest.

1.

State the hypotheses.

HO is the null hypothesis that the proportion is PO.

H1 is the alternative hypothesis that the proportion is P1.

Three sets of statistical hypotheses may be formulated:

1. HO:P = PO versus HL P = P1= PO. This hypothesis results in a two-tailed test.

2. HO:P < PO versus HL P = P1> PO. This hypothesis results in a one-tailed test.
3. HO:P>PO versus HL P = P1< PO. This hypothesis results in a one-tailed test.

Find the critical value.

For an upper-tailed test with a given sample size find the critical value, Pc, based on the
binomial (or hypergeometric) distribution, so that the probability of rejecting HO when HO is
true is equal to a specified significance level, « .

Evaluate the sample.

Select a sample of n items from the population and compute the sample proportion, p=r/n.
If p > Pc then reject the null hypothesis that P = PO in favor of an alternative hypothesis that
P =P1>PO0.

Calculate the power.

The power is the probability of rejecting HO when the true proportion is P1. That is, the
power is the probability that p > Pc calculated from a binomial (or hypergeometric)
distribution in which P = P1.

Similar steps are used for the lower-tail and two-tailed tests.
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Test Statistics

Many different test statistics have been proposed for testing a single proportion. Most of these were
proposed before computers or hand calculators were widely available. Although these legacy methods
are still presented in textbooks, their power and accuracy should be compared against modern exact
methods before they are adopted for serious research. To make this comparison easy, the power and
significance of several tests of a single proportion are available in this procedure.

Exact Binomial Test

The test statistic is r, the number of successes in n trials. This test should be the standard against
which other test statistics are judged. The significance level and power are computed by
enumerating the possible values of r, computing the probability of each value, and then
computing the corresponding value of the test statistic. Hence the values that are reported in the
output for these tests are exact, not approximate.

Z Tests

Several z statistics have been proposed that use the central limit theorem. This theorem states that for
large sample sizes, the distribution of the z statistic is approximately normal. All of these tests take the
following form:

Although these z tests were developed because the distribution of z is approximately normal in
large samples, the actual significance level and power can be computed exactly using the
binomial distribution.

We include four z tests which are based on two methods for computing s and whether a continuity
correction is applied.

Z Test using s(P0)
This test statistic uses the value of PO to compute s.

p—PO

z, =
JPO(L—PO)/n
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Z Test using s(P0) with Continuity Correction
This test statistic is similar to the one above except that a continuity correction is applied to make the
normal distribution more closely approximate the binomial distribution.

, (p-PO)+c
* JPO(L-PO)/n

where
-1 )
— if p> PO
2n P
C= 1 if p<PO
2n .
0 iflp—-P0O<—
[p-PO<

Z Test using s(P-hat)
This test statistic uses the value of p to compute s.
p—PO

l,=—F————
p(1-p)/n
Z Test using s(P-hat) with Continuity Correction

This test statistic is similar to the one above except that a continuity correction is applied to make the
normal distribution more closely approximate the binomial distribution.

_(p-PO)+c
p(l—-p)/n
where
%% if p> PO
C= 2_1n if p<PO
. 1
0 iflp-P0O<—
I |p |<2n
T Test

The one-sample t-test may be applied to this design. This is accomplished by considering the n trials
as the outcomes of a numeric variable in which a success is coded as a ‘1’ and a failure is coded as a

‘0’. The standard t-test may then be computed on these data values.
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Parameterizations of the Proportions

There are several ways to specify the proportions under the null and the alternative hypotheses.
The most direct is to simply give values for PO and P1. However, it is often more meaningful to
specify PO and then specify the alternative as the difference, the ratio, or the odds ratio. The value
of P1 is calculated from these values.

Mathematically, these alternative parameterizations are
Parameter Computation
Difference 0=P1-P0O
Ratio ¢=P1/ PO
P1/Q1 P1QO
Y= P0/0 PoQL

Odds Ratio

Difference

The (risk) difference, 6 = P1— PO, is perhaps the most direct method of comparison between
the two proportions. This parameter is easy to interpret and communicate. It gives the absolute
impact of the treatment. However, there are subtle difficulties that can arise with its interpretation.

One interpretation difficulty occurs when the event of interest is rare. If a difference of 0.001 is
reported for an event with a baseline probability of 0.40, we would dismiss this as being trivial.
That is, there is usually little interest in a treatment that decreases the probability from 0.400 to
0.399. However, if the baseline probability of a disease is 0.002, a 0.001 decrease in the disease
probability would represent a reduction of 50%. The interpretation depends on the baseline
probability of the event.

Ratio

The (risk) ratio, ¢ = P1/ PO, gives the relative change in the probability of the outcome under
each of the hypothesized values. This parameter is direct and easy to interpret. To compare the
ratio with the difference, examine the case where PO = 0.1437 and P1 = 0.0793. One should
consider which number is more enlightening, the difference of -0.0644, or the ratio of 55.18%. In
many cases, the ratio communicates the change in proportion in a manner that is more appropriate
than the difference.
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Odds Ratio

Chances are usually communicated as long-term proportions or probabilities. In betting, chances
are often given as odds. For example, the odds of a horse winning a race might be set at 10-to-1
or 3-to-2. Odds can easily be translated into probability. An odds of 3-to-2 means that the event is
expected to occur three out of five times. That is, an odds of 3-to-2 (1.5) translates to a
probability of winning of 0.60.

The odds of an event are calculated by dividing the event risk by the non-event risk. Thus the
odds are
Pl and O0 = _PO_

1-P1 1-PO
For example, if P1 is 0.60, the odds are 0.60/0.4 = 1.5. Rather than represent the odds as a
decimal amount, it is re-scaled into whole numbers. Thus, instead of saying the odds are 1.5-to-1,
we say they are 3-to-2.

Ol=

Thus, another way to compare proportions is to compute the ratio of their odds. The odds ratio of
two proportions is

_ot
00
P1

_1-P1
PO

1-PO

7
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Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter entitled Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers four procedures, each of which has different options.
This section documents options that are common to all four procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are PO, P1, Alpha, Beta, and n. Under most situations, you will select either
Beta or n.

Select n when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power.

n (Sample Size)
Enter a value (or range of values) for the sample size, n. This is the number of individuals
sampled in the study. Values must be integers greater than one.

You may enter a range such as 10, 50, 100 or 10 to 100 by 10.

N (Population Size)

Enter the total number of items in the population from which the sample of n items is selected.
Enter Infinite to signify an infinite population so that no correction factor is applied. An infinite
population is one in which the number in the population is large and unknown.

Note that N must be greater than n.

When samples are drawn from a very large (infinite) population, calculations are based on the
binomial distribution.

When samples are drawn from a population of known size, N, calculations are based on the
hypergeometric distribution.

Test Statistic in Report

Specify which test statistic will be used in reporting. Note that C.C. is short for Continuity
Correction. This refers to the adding or subtracting 1/(2n) to (or from) the numerator of the z-
value to bring the normal approximation closer to the binomial distribution.

In most situations, you would select the ‘Exact Test” option. The other options are provided for
comparative purposes.
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Null Proportion (PO)

Enter a value (or range of values) for the population proportion under the null hypothesis, PO.
This is the baseline proportion, the proportion that exists in the general population. The
proportion estimated from the data will be compared to this value by the statistical test.

Proportions must be between zero and one.
You may enter a range of values such as 0.1,0.2,0.3 or 0.1to 0.9 by 0.1.

Alpha (Significance Level)

This option specifies one or more values for alpha, which is the probability of a type-1 (false
positive) error. This error occurs when you reject the null hypothesis of equal proportions when
in fact they are equal.

Values must be between zero and one. The value of 0.05 is often used for two-sided hypotheses
while the value of 0.025 is used for a one-sided hypothesis. You should pick a value for alpha
that represents the risk of a type-1 you are willing to take in your experimental situation.

Note that because of the discrete nature of the binomial distribution, the alpha level rarely will be
achieved exactly.

Beta (1 - Power)

This option specifies one or more values for beta, which is the probability of a type-I1 (false
negative) error. This error occurs when you fail to reject the null hypothesis of equal proportions
when in fact the proportions are different.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta, but
now 0.1 is more common. However, you should pick a value for beta that represents the risk of a
type-11 error you are willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power values of 0.95,
0.90, and 0.80, respectively.
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Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the
alternative proportion, P1. PO is the value of the proportion assumed by the null hypothesis and
P1 (or P) is the value of the proportion at which the power is calculated.

Alternative Hypothesis

This option specifies the alternative hypothesis, H1. This implicitly specifies the direction of the
hypothesis test. Note that the null hypothesis, HO, is the opposite of H1.

Note that P represents the actual value of the proportion and PO represents the specific value of
the proportion assumed by the null hypothesis, HO.

Possible selections are

H1: P <> PO. This is the most common selection. It yields the two-tailed test. Use this option
when you are testing whether the proportions are different, but you do not want to specify
beforehand which proportion is larger. By tradition, most studies are two-tailed unless there is a
strong reason to make them one-tailed.

H1: P < PO. This option yields a one-tailed test.
H1: P > PO. This option also yields a one-tailed test.

Alternative Proportion (P1)

Enter a value (or range of values) for the value of the binomial proportion at which the power is
calculated. This is labeled P1 on the screen. Power calculations assume that this is the true value
of the proportion.

This value cannot be equal to PO since, by definition, it must be an alternative.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — PO. PO is the value of the proportion assumed by the null hypothesis and P1 (or
P) is the value of the proportion at which the power is calculated. Once PO and the difference are
given, the value of P1 is found by the formula: P1 = difference + PO.

Alternative Hypothesis

This option specifies the alternative hypothesis, H1. This implicitly specifies the direction of the
hypothesis test. Note that the null hypothesis, HO, is the opposite of H1.

Possible selections are

H1: Difference <> 0. This is the most common selection. It yields the two-tailed test. Use this
option when you are testing whether the proportions are different, but you do not want to specify
beforehand which proportion is larger. By tradition, most studies are two-tailed unless there is a
strong reason to make them one-tailed.

H1: Difference < 0. This option yields a one-tailed test.

H1: Difference > 0. This option also yields a one-tailed test.

Alternative Difference (P1-PO)

This option implicitly specifies the value of P1 (the proportion at which the power is calculated)
by explicitly specifying the difference. The difference is used with PO to calculate the value of P1
using the formula, P1 = diff + PO.

Since P1 is a proportion, the difference must be between —P0 and 1 — P0O. By definition, the
difference cannot be zero since P1 is an ‘alternative’ to PO.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/PO0. PO is the value of the proportion assumed by the null hypothesis and P1 (or P) is the
value of the proportion at which the power is calculated. Once PO and the ratio are given, the
value of P1 is found by the formula: P1 = (P0) x (ratio).

Alternative Hypothesis

This option specifies the alternative hypothesis, H1. This implicitly specifies the direction of the
hypothesis test. Note that the null hypothesis, HO, is the opposite of H1.

Possible selections are

H1: Ratio <> 1. This is the most common selection. It yields the two-tailed test. Use this option
when you are testing whether the proportions are different, but you do not want to specify
beforehand which proportion is larger. By tradition, most studies are two-tailed unless there is a
strong reason to make them one-tailed.

H1: Ratio < 1. This option yields a one-tailed test.
H1: Ratio > 1. This option also yields a one-tailed test.

Alternative Ratio (P1/P0)

This option implicitly specifies the value of P1 (the proportion at which the power is calculated)
by explicitly specifying the ratio. The ratio is used with PO to calculate the value of P1 using the
formula, P1 = (P0) x (ratio).

Since P1 is a proportion, the ratio must be between 0 and 1 / ratio. By definition, the ratio cannot
be one since P1 is an ‘alternative’ to PO.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratio, O1 / O0 where O1 =P1/ (1 -P1) and O0 = P0/ (1 - P0). PO is the value of the proportion
assumed by the null hypothesis and P1 (or P) is the value of the proportion at which the power is
calculated. Once PO and the odds ratio are given, the value of P1 is found by the formulaP1 = A/
(1 + A) where A = (00) x (odds ratio).

Alternative Hypothesis

This option specifies the alternative hypothesis, H1. This implicitly specifies the direction of the
hypothesis test. Note that the null hypothesis, HO, is the opposite of H1.

Possible selections are

H1: Odds Ratio <> 1. This is the most common selection. It yields the two-tailed test. Use this
option when you are testing whether the proportions are different, but you do not want to specify
beforehand which proportion is larger. By tradition, most studies are two-tailed unless there is a
strong reason to make them one-tailed.

H1: Odds Ratio < 1. This option yields a one-tailed test.
H1: Odds Ratio > 1. This option also yields a one-tailed test.

Alternative Odds Ratio (O1/00)

This option implicitly specifies the value of P1 (the proportion at which the power is calculated)
by explicitly specifying the odds ratio. Since P1 is a proportion, the odds ratio must be greater
than zero. By definition, the odds ratio cannot be one since P1 is an “alternative’ to PO.
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Examplel - Finding the Power

Suppose 50% of patients with a certain type of cancer survive five years. A new treatment will be
adopted if it can increase this percentage to 60%. What power will be achieved if a historically
controlled trial has sample sizes of 50, 100, 200, 300, 500, or 800 and a significance level of
0.05? For comparative purposes, also calculate the power for alternative proportions of 55% and
65%.

Note: historically controlled means that no control group is formed for the current study. Instead,
the rates reported from previous studies or that are known to exist in the general population are
used. Because of the many advantages that occur when an actual control group is used,
historically controlled trials should only be used when a control group is either impossible to
obtain or unethical.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the proportion parameterization. You can then make the
following entries directly on your screen or you can load the template entitled Examplel by
clicking the Template tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power
Alternative Proportion (P1)................ 0.55 0.60 0.65

Null Proportion (PO) ...........c..oeeeeee. 0.50

L TR 50 100 200 300 500 800
N e Infinite

Test Statistic in Reports.................... Exact Test

Alternative Hypothesis ..................... H1: P <> PO

Alpha....cooo 0.05
Beta.......oooooii Ignored since this is the Find setting

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results when HO: P = PO versus H1: P = P<>P0
Test Statistic: Exact Test

Proportion Proportion

Given HO  Given H1 Target Actual Reject HO If
Power N (PO) (P1) Alpha Alpha Beta <=R|>=R
0.0788 50 0.5000 0.5500 0.0500 0.0328 0.9212 17|33
0.1352 100 0.5000 0.5500 0.0500 0.0352 0.8648 39|61
0.2620 200 0.5000 0.5500 0.0500 0.0400 0.7380 85|115
0.3867 300 0.5000 0.5500 0.0500 0.0431 0.6133 132|168
0.5895 500 0.5000 0.5500 0.0500 0.0441 0.4105 227|273
0.7932 800 0.5000 0.5500 0.0500 0.0438 0.2068 371|429
0.2371 50 0.5000 0.6000 0.0500 0.0328 0.7629 17|33
0.4621 100 0.5000 0.6000 0.0500 0.0352 0.5379 39|61
0.7868 200 0.5000 0.6000 0.0500 0.0400 0.2132 85|115
0.9291 300 0.5000 0.6000 0.0500 0.0431 0.0709 132|168
0.9937 500 0.5000 0.6000 0.0500 0.0441 0.0063 227|273
0.9999 800 0.5000 0.6000 0.0500 0.0438 0.0001 371]429
0.5060 50 0.5000 0.6500 0.0500 0.0328 0.4940 17|33
0.8276 100 0.5000 0.6500 0.0500 0.0352 0.1724 39|61
0.9884 200 0.5000 0.6500 0.0500 0.0400 0.0116 85|115
0.9995 300 0.5000 0.6500 0.0500 0.0431 0.0005 132|168
1.0000 500 0.5000 0.6500 0.0500 0.0441 0.0000 227|273
1.0000 800 0.5000 0.6500 0.0500 0.0438 0.0000 371|429

Report Definitions

Power is the probability of rejecting a false null hypothesis. It should be close to one.

N is the size of the sample drawn from the population. To conserve resources, it should be small.
Alpha is the probability of rejecting a true null hypothesis. It should be small.

Beta is the probability of accepting a false null hypothesis. It should be small.

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

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

Summary Statements

A sample size of 50 achieves 8% power to detect a difference (P1-P0) of 0.0500 using a
two-sided binomial test. The target significance level is 0.0500. The actual significance level
achieved by this test is 0.0328. These results assume that the population proportion under the
null hypothesis is 0.5000.

This report shows the values of each of the parameters, one scenario per row. Because of the
discrete nature of the binomial distribution, the stated (Target) alpha is usually greater than the
actual alpha. Hence, we also show the Actual Alpha along with the rejection region.

The symbol, R, stands for the number of items with the characteristic of interest out of the n items
sampled. Hence, for the scenario presented on the first line, an exact test does not exist for these
parameters at the target alpha of 0.05. The closest that can be achieved is an alpha of 0.0328. In
this case, we would reject the null hypothesis in any sample of size 50 in which the count of
individuals with the characteristic of interest is less than or equal to 17 or greater than or equal to
33.

The values from this table are plotted in the chart below.
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Plots Section

Power vs n by P1 with P0=0.5000 Alpha=0.05
2-Sided Exact
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This plot shows the relationship between power, sample size, and P1 in this example. We note
that 80% power is achieved with a sample size of about 200 when P1 is 0.60, which was the
specific value of interest.
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Example2 - Finding the Sample Size

Continuing with Examplel, suppose you want to study the impact of various choices for P1 on
sample size. Using a significance level of 0.05 and 90% power, find the sample size when P1 is
0.55, 0.60, 0.65, 0.70, 0.75, and 0.80. Assume that an exact, two-tailed binomial test will be used.

Setup

First, load the appropriate panel from the menus. This example uses the Proportions
parameterization. You can make these changes directly on your screen or you can load the
Example2 template by clicking the Template tab and loading this template.

Option Value

Data Tab

FINd .o n

Alternative Proportion (P1)................ 0.55 to 0.80 by 0.05
Null Proportion (PO)........cceeeeeeeeeennn. 0.50

L PSP PPPPPPPPPPPRN Ignored since this is the Find setting
N ettt Infinite

Test Statistic in Reports..................... Exact Test
Alternative Hypothesis ...................... H1: P <> PO

Alpha ... 0.05
Beta....ovvviiiieeeeee 0.10

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results when HO: P = PO versus H1: P <>P0

Proportion Proportion

Given HO  Given H1 Target Actual Reject HO If
Power N (PO) (P1) Alpha Alpha Beta <=R|>=R
0.9003 1055 0.5000 0.5500 0.0500 0.0487 0.0997 495|560
0.9022 263 0.5000 0.6000 0.0500 0.0483 0.0978 115|148
0.9015 114 0.5000 0.6500 0.0500 0.0487 0.0985 46|68
0.9100 65 0.5000 0.7000 0.0500 0.0464 0.0900 24|41
0.9195 42 0.5000 0.7500 0.0500 0.0436 0.0805 14|28
0.9100 28 0.5000 0.8000 0.0500 0.0357 0.0900 8|20

This report shows the sample sizes corresponding to various values of P1. Notice that a sample
size of only 28 is needed to detect the difference between 0.5 and 0.8, but a sample size of 1055 is
needed to detect a difference between 0.50 and 0.55.
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Example3 - Investigating the Saw-Tooth
Power Function

After releasing the first version of PASS, we received many inquiries about the strange shape of
the relationship between power and sample size when testing a single proportion using the exact
binomial test. This example will show why this strange shape occurs.

Setup

First, load the appropriate panel. This example uses the Proportions parameterization. This
section presents the values of each of the parameters needed to run this example. You can make
these changes directly on your screen or you can load the Example3 template by clicking the
Template tab and loading this template.

Option Value

Data Tab

FINd oo Beta and Power
Null Proportion (PO) .......ccceevierennens 0.60

Alternative Proportion (P1)................ 0.70

L PP PPPPPPPPPPPP 51to 60 by 1

N et Infinite
Alternative Hypothesis ...................... H1l: P <> PO
Alpha......oo s 0.05

Beta........oo e Ignored since this is the Find setting
Reports Tab

Test Statistic in Reports.................... Exact Test

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for HO: P = PO versus H1: P <>P0
Proportion Proportion

Given HO  Given H1 Target Actual Reject HO If
Power N (PO) (P1) Alpha Alpha Beta <=R|>=R
0.2966 51 0.6000 0.7000 0.0500 0.0443 0.7034 23|38
0.2669 52 0.6000 0.7000 0.0500 0.0328 0.7331 23|39
0.2393 53 0.6000 0.7000 0.0500 0.0348 0.7607 24]40
0.3124 54 0.6000 0.7000 0.0500 0.0371 0.6876 24140
0.2828 55 0.6000 0.7000 0.0500 0.0379 0.7172 25|41
0.2549 56 0.6000 0.7000 0.0500 0.0281 0.7451 25|42
0.3277 57 0.6000 0.7000 0.0500 0.0417 0.6723 26|42
0.2981 58 0.6000 0.7000 0.0500 0.0314 0.7019 26|43
0.2701 59 0.6000 0.7000 0.0500 0.0327 0.7299 27)44
0.3423 60 0.6000 0.7000 0.0500 0.0354 0.6577 27)44

This report shows the values of each of the parameters, one scenario per row. The values from
this table are plotted in the chart below.

Plots Section

Power vs n with P0=0.6000 P1=0.7000 Alpha=0.05
2-Sided Exact
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Notice that the power decreases as n increases from 51 to 52 and continues to decrease as n
increases to 53. Usually, the power increases as the sample size increases.

To understand why this happens, look at the last column and at the Actual Alpha column. Note
that at n = 51, the actual alpha is 0.0443 and at n = 52, the actual alpha has decreased to 0.0328.
Remember that as alpha decreases, power decreases as well. Hence, increasing the sample size
from 51 to 52 was not enough to counterbalance the effect on power of a decrease in alpha from
0.04428 to 0.03281. Hence, the power drops from 0.29656 to 0.26688.

This phenomenon usually occurs for relatively small values of n.
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Exampled - Step by Step Calculations

In this example, we will take you step by step through the calculations necessary to compute the
power of a specific scenario. We will set n = 10, PO = 0.50, P1 = 0.80, and alpha = 0.05. We will
compute the power of the two-tailed test.

Setup

First, load the appropriate panel from the menus. This example uses the Proportions
parameterization. This section presents the values of each of the parameters needed to run this
example. You can make these changes directly on your screen or you can load the Example4
template by clicking the Template tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power
Null Proportion (PO) ........ccccevveeviinnne 0.8

PO (Null Proportion) ..................o.... 0.5

L TP UUPPPPPPTPPTR 10

N e Infinite

Test Statistic in Reports.................... Exact Test
Alternative Hypothesis ..................... H1: P <> PO
Alpha.....ooo o 0.05
Beta.......oooooei Ignored since this is the Find setting
Reports Tab

Report Probability Decimals.............. 6

Proportion Decimals...........ccccccceeenne 6

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results when HO: P = PO versus H1: P <>P0.
Proportion Proportion

Given HO  Given H1 Target Actual Reject HO If
Power N (PO) (P1) Alpha Alpha Beta <=R|>=R
0.375814 10 0.500000 0.800000 0.050000 0.021484 0.624186 1|9

We will now proceed through the calculations necessary to compute this power value.
We first construct a table of binomial probabilities for n = 10 and p = 0.5 using the formula

b(r;10,05) = [1:)) 05'(1-05)""
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Binomial Probabilities forn =10and p =0.5

R Prob(r=R) Cumulative Total 1 - Cumulative Total
0 0.000977 0.000977 0.999023
1 0.009766 0.010742 0.989258
2 0.043945 0.054688 0.945313
3 0.117188 0.171875 0.828125
4 0.205078 0.376953 0.623047
5 0.246094 0.623047 0.376953
6 0.205078 0.828125 0.171875
7 0.117188 0.945313 0.054688
8 0.043945 0.989258 0.010742
9 0.009766 0.999023 0.000977
10 0.000977 1.000000 0.000000

When we construct a two-tailed test, we split the alpha value evenly between the two tails. Hence,
we place « /2 (or 0.025) in each tail. Moving down from the top, we find that the cumulative
probability is 0.010742 for R = 1 and 0.054688 for R = 2. Since 0.054688 is greater than 0.025,
we adopt R =1 as our lower rejection value. Likewise, we find that R = 9 is the upper rejection
value.

Our testing strategy is

1. Draw a sample of 10 items and count the number with the characteristic of interest. Call this
value r.

2. Ifr=0,1,9,or 10, reject the null hypothesis that p = 0.5 in favor of the alternative
hypothesis that p = 0.5.

Now, to compute the power for P1 = 0.8, we must compute another table of binomial
probabilities, this time for p = 0.8 using the formula.

b(r;10,08) = (lroj 08'(1-08)""

Binomial Probabilities for n =10 and p = 0.8

R Prob(r=R) Cumulative Total 1 - Cumulative Total
0 0.000000 0.000000 1.000000
1 0.000004 0.000004 0.999996
2 0.000074 0.000078 0.999922
3 0.000786 0.000864 0.999136
4 0.005505 0.006369 0.993631
5 0.026424 0.032793 0.967207
6 0.088080 0.120874 0.879126
7 0.201327 0.322200 0.677800
8 0.301990 0.624190 0.375810
9 0.268435 0.892626 0.107374
10 0.107374 1.000000 0.000000

The power is the probability of rejecting the null hypothesis. This occurs whenr =0, 1, 9, or 10.
From the above table, we compute the power as 0.000000 + 0.000004 + 0.268435 + 0.107374 =
0.375813. This matches the calculated power value as displayed in the results above to within
rounding error.
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Example5 - Validation using Zar

Zar (1984) page 388 gives the results of a power analysis. When n =12, P0 = 0.50, P1 = 0.83,
and alpha = 0.05 using a one-sided test, Zar reports a power of 0.666.

Setup

First, load the appropriate panel from the menus. This example uses the Proportions
parameterization. This section presents the values of each of the parameters needed to run this
example. You can make these changes directly on your screen or you can load the Example5
template by clicking the Template tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power

Alternative Proportion (P1)................ 0.83

Null Proportion (PO) ..............oeeeeee. 0.5

L TP UUPPPPPPTPPTR 12
Alpha.....oo 0.05

Beta........oo e Ignored since this is the Find setting
N e Infinite

Alternative Hypothesis ...................... H1: P>PO

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for HO: P = PO versus Ha: P = P1>P0

Proportion  Proportion

Given HO Given H1 Target Actual Reject HO
Power N (PO) (P1) Alpha Alpha Beta If R>=This
0.6656 12 0.5000 0.8300 0.0500 0.0193 0.3344 10

PASS calculated the power as 0.6656, which agrees with Zar’s value of 0.666.
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Example6 — Comparing Test Statistics

One important decision that must be made before conducting the experiment is to decide which of
the available test statistics to use. This procedure makes it easy to make this comparison. The
parameter settings will be set as they were in Example 1 except that the alternative proportion is
set to 0.60 and the sample sizes are 10, 11, 12, 25, 50, and 70.

Setup

First, load the appropriate panel from the menus. This example uses the Proportions
parameterization. You can make these changes directly on your screen or you can load the
template entitled Example6 by clicking the Template tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power
Alternative Hypothesis ...................... H1: P <> PO
Alternative Proportion (P1)................ 0.60

Null Proportion (PO)........cccoevvviveennnn. 0.50
TSSO PSEPRR 1011122550 70
N e Infinite

Alpha ..., 0.05

Beta....ooo i Ignored since this is the Find setting
Reports Tab

Show Comparative Reports .............. Checked

Show Comparative Plots................... Checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Power Comparison for Methods of Testing HO: P = PO versus H1: P <> PO

Exact Z-Test Z-Test Z-Test Z-Test

Test S(PO) S(PO)C S(P) S(P)C T-Test
N PO P1 Alpha Power Power Power Power Power Power
10 0.5000 0.6000 0.0500 0.0480 0.0480 0.0480 0.1796 0.1796 0.0480
11  0.5000 0.6000 0.0500 0.0310 0.1248 0.0310 0.1248 0.1248 0.1248
12 0.5000 0.6000 0.0500 0.0863 0.0863 0.0863 0.2406 0.0863 0.0863
25 0.5000 0.6000 0.0500 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548
50 0.5000 0.6000 0.0500 0.2371 0.3361 0.2371 0.3361 0.2371 0.3361
70 0.5000 0.6000 0.0500 0.3601 0.3601 0.3601 0.4549 0.3601 0.3601

Actual Alpha Comparison for Methods of Testing HO: P = PO versus H1: P <> PO

Exact Z-Test Z-Test Z-Test Z-Test

Target Test S(PO) S(PO)C S(P) S(P)C T-Test
N PO P1 Alpha Alpha Alpha Alpha Alpha Alpha Alpha
10 0.5000 0.6000 0.0500 0.0215 0.0215 0.0215 0.1094 0.1094 0.0215
11 0.5000 0.6000 0.0500 0.0117 0.0654 0.0117 0.0654 0.0654 0.0654
12 0.5000 0.6000 0.0500 0.0386 0.0386 0.0386 0.1460 0.0386 0.0386
25 0.5000 0.6000 0.0500 0.0433 0.0433 0.0433 0.0433 0.0433 0.0433
50 0.5000 0.6000 0.0500 0.0328 0.0649 0.0328 0.0649 0.0328 0.0649
70 0.5000 0.6000 0.0500 0.0414 0.0414 0.0414 0.0722 0.0414 0.0414

Chart Section
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An examination of the first report shows that for most sample sizes, the power is different for at
least one of the tests. Also, notice that the exact test always has the minimum power in each row.
This would lead us discard this test statistic. However, consider the second report, which shows
the actual alpha level (the target was 0.05) for each test. By inspecting corresponding entries in
both tables, we can see that whenever a test statistic achieves a better power than the exact test, it
also exceeds the target alpha. For example, look at the powers for n = 12. The z test using s(p hat)
has an unusually large power of 0.2406. This is a much larger power than the exact test’s value of
0.0863. However, note that the actual alpha level for this test is 0.1460, which is much higher
than the target of 0.05 and the actual value of the other tests, which is 0.0386.

We conclude that indeed, the exact test is consistently the best test since it always achieves a
significance level that is less than the target value.



One Proportion - Inequality 100-25

Example7 - Finding the Power using
Ratios

Suppose that only 5% of patients with an aggressive type of cancer respond to the standard
treatment. Researchers have found a new treatment which could be widely used if the percentage
of patients responding is at least 0.5 times greater than the proportion responding to the standard
treatment, i.e. P1 = 1.5(P0), or in terms of ratios, P1/P0 = 1.5. What power will be achieved for
trials with sample sizes of 200, 300, 500, or 800 and a significance level of 0.05? For comparative
purposes, also calculate the power for alternative ratios of 1.25 and 1.75.

Setup

First, load the appropriate panel from the menus. This example uses the Ratio parameterization.
You can make these changes directly on your screen or you can load the template entitled
Example7 by clicking the Template tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power
Alternative Ratios (P1/P0)................. 1.251.50 1.75
Null Proportion (PO)..........cceeeeeriiinnnnns 0.05

Dl et 200 300 500 800
N ettt Infinite

Test Statistic in Reports..................... Exact Test
Alternative Hypothesis ...................... H1: Ratio <>1
Alpha ... 0.05

Beta. .o Ignored since this is the Find setting

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for testing HO: P = PO versus H1: P <> PO
Test Statistic: Exact Test

Proportion Proportion

Given HO  Given H1 Ratio Target Actual Reject HO If
Power N (PO) (P1) (P1/PO) Alpha Alpha Beta <=R|>=R
0.1247 200 0.0500 0.0625 1.2500 0.0500 0.0328 0.8753 3|17
0.1315 300 0.0500 0.0625 1.2500 0.0500 0.0328 0.8685 7124
0.2138 500 0.0500 0.0625 1.2500 0.0500 0.0395 0.7862 15|36
0.3509 800 0.0500 0.0625 1.2500 0.0500 0.0420 0.6491 27|53
0.3322 200 0.0500 0.0750 1.5000 0.0500 0.0328 0.6678 3|17
0.4019 300 0.0500 0.0750 1.5000 0.0500 0.0328 0.5981 7124
0.6248 500 0.0500 0.0750 1.5000 0.0500 0.0395 0.3752 15|36
0.8432 800 0.0500 0.0750 1.5000 0.0500 0.0420 0.1568 27|53
0.5861 200 0.0500 0.0875 1.7500 0.0500 0.0328 0.4139 3|17
0.7062 300 0.0500 0.0875 1.7500 0.0500 0.0328 0.2938 7124
0.9072 500 0.0500 0.0875 1.7500 0.0500 0.0395 0.0928 15|36
0.9882 800 0.0500 0.0875 1.7500 0.0500 0.0420 0.0118 27|53

This report shows the values of each of the parameters, one scenario per row. Because of the
discrete nature of the binomial distribution, the stated (Target) alpha is usually greater than the
actual alpha. Hence, we also show the Actual Alpha along with the rejection region.

The values from this table are plotted in the chart below.

Power vs n by P1/P0 with P0=0.0500 Alpha=0.05 2-Sided
Exact

1.1+

0.9+ &

0.7+ ® 1.2500

Power
P1/PO

m 1.5000

A 1.7500

This plot shows the relationship between power and P1/P0 in this example. We note that 80%
power is achieved with a sample size of about 720 when P1/P0 is 1.50, which was the specific
ratio of interest.
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Example8 — Determining the Power after
Completing an Experiment

A group of researchers is studying the effects of a new diet on cholesterol levels in high-risk
patients. The researchers had hypothesized that the cholesterol level would be reduced to a safe
level in more than 70% of subjects following the new diet. They are confident that the proportion
will be no less than 0.70. To test this one-sided hypothesis, they randomly sampled 200
individuals with dangerously high cholesterol and put them on the new diet. After the period of
the study, the researchers determined that 150 of the 200 patients sampled (75%) had reduced
their cholesterol level while on the new diet. Statistical analysis using the exact test and an alpha
level of 0.05, however, resulted in failure to reject the null hypothesis that the proportion is 0.70.
The researchers desire now to compute the power of their study for true proportions ranging from
0.71 to 0.80.

Note that a range of proportions is considered for power calculations instead of just 0.75, the
sample proportion found in the experiment. While it is tempting to use the sample proportion as
the true proportion in post-experiment power calculations, it is more informative to review a
range of possible alternatives representing practically significant differences from the null value.

Setup

First, load the appropriate panel from the menus. This example uses the Proportions
parameterization. You can make these changes directly on your screen or you can load the
template entitled Example8 by clicking the Template tab and loading this template.

Option Value

Data Tab

FINd oo, Beta and Power
Alternative Proportion (P1)................ 0.71to 0.80 by 0.01
Null Proportion (PO)........cccoevvivviennnn. 0.70
TP PEERRR 200
N Infinite

Test Statistic in Reports............cc.vvu. Exact Test
Alternative Hypothesis ........ccccc..e..... H1l: P> PO

Alpha ... 0.05

Beta....ccoooooii i Ignored since this is the Find setting
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results for testing HO: P = PO versus H1: P > PO
Test Statistic: Exact Test

Proportion Proportion

Given HO  Given H1 Target Actual Reject HO
Power N (PO) (P1) Alpha Alpha Beta If R>=This
0.0675 200 0.7000 0.7100 0.0500 0.0359 0.9325 152
0.1178 200 0.7000 0.7200 0.0500 0.0359 0.8822 152
0.1913 200 0.7000 0.7300 0.0500 0.0359 0.8087 152
0.2894 200 0.7000 0.7400 0.0500 0.0359 0.7106 152
0.4083 200 0.7000 0.7500 0.0500 0.0359 0.5917 152
0.5386 200 0.7000 0.7600 0.0500 0.0359 0.4614 152
0.6673 200 0.7000 0.7700 0.0500 0.0359 0.3327 152
0.7807 200 0.7000 0.7800 0.0500 0.0359 0.2193 152
0.8696 200 0.7000 0.7900 0.0500 0.0359 0.1304 152
0.9310 200 0.7000 0.8000 0.0500 0.0359 0.0690 152

Power vs P1 with P0=0.7000 n=200 Alpha=0.05
1-Sided Exact

1.0+

0.8+

0.6+~

Power

0.4+

0.2+

Power ranges from 0.0675 for a true proportion of 0.71 to 0.9310 for a true proportion of 0.80.
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Chapter 105

One Proportion —
Non-Inferiority

This module provides power analysis and sample size calculation for non-inferiority and
superiority tests in one-sample designs in which the outcome is binary. Users may choose from
among six popular test statistics commonly used for running the hypothesis test.

The details of sample size calculation for the one-sample design for binary outcomes are
presented in the chapter One Proportion - Equality and they will not be duplicated here. Instead,
this chapter focuses on those changes necessary for non-inferiority and superiority tests.

Approximate sample size formulas for non-inferiority tests of a single proportion are presented in
Chow et al. (2003) page 83. However, only large sample (hormal approximation) results are
given there. The results available in this module use exact calculations based on the enumeration
of all possible values of the binomial distribution.

Four Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, ratios of proportions, and odds ratios. Each
of these options is listed separately on the menus.
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Example

A non-inferiority test example will set the stage for the discussion of the terminology that
follows. Suppose that the current treatment for a disease is effective 70% of the time.
Unfortunately, this treatment is expensive and occasionally exhibits serious side-effects. A
promising new treatment has been developed to the point where it can be tested. One of the first
guestions that must be answered is whether the new treatment is as good as the current treatment.
In other words, do at least 70% of treated subjects respond to the new treatment?

Because of the many benefits of the new treatment, clinicians are willing to adopt the new
treatment even if it is slightly less effective than the current treatment. They must determine,
however, how much less effective the new treatment can be to still be adopted. Should it be
adopted if 69% respond? 68%? 65%? 60%? There is a percentage below 70% at which the
difference between the two treatments is no longer considered ignorable. After thoughtful
discussion with several clinicians, it was decided that if a response of at least 63% was achieved,
the new treatment would be adopted. The difference between these two percentages is called the
margin of equivalence. The margin of equivalence in this example is 7%.

The developers must design an experiment to test the hypothesis that the response rate of the new
treatment is at least 0.63. The statistical hypothesis to be tested is

HO:P <0.63 versus HL: P > 0.63

Notice that when the null hypothesis is rejected, the conclusion is that the response rate is at least
0.63. Note that even though the response rate of the current treatment is 0.70, the hypothesis test
is about a response rate of 0.63. Also notice that a rejection of the null hypothesis results in the
conclusion of interest.
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Technical Details

In the discussion that follows, let P represent the proportion responding as a success. That is, P is
the actual probability of a success in a binomial experiment. Let PB represent the baseline
proportion. In a non-inferiority experiment, the baseline proportion is the response rate of the
current treatment. Furthermore, let PO represent the response proportion that is tested in the null
hypothesis, HO. The power of a test is computed at a specific value of the proportion. Let P1
represent the proportion at which the power is computed.

Let PE represent the smallest value of P that still results in the conclusion that the new treatment
is noninferior to the current treatment. The statistical hypotheses that are tested are

HO:P < PE versus H1: P > PE

There are three common methods of specifying the margin of equivalence. The most direct is to
simply assign values for PB and PE. However, it is often more meaningful to identify PB and
then specify PE implicitly by giving their difference, ratio, or odds ratio. Mathematically, the
definitions of these parameterizations are

Parameter Computation Hypotheses
Difference d0=PE - PB HO:P<PB+dOvs H:P > PB+d0
Ratio r0=PE/PB HO:P < rO(PB) vs HL P > r0(PB)

HOP< AvsH:P>A
Odds Ratio 00 = OddsE / OddsB where
_ 0o0(PB)
1+ PB(00—1)
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Difference

The difference is perhaps the most direct method of comparison between two proportions. It is
easy to interpret and communicate. It gives the absolute impact of the treatment. However, there
are subtle difficulties that can arise with its interpretation.

One difficulty arises when the event of interest is rare. If a difference of 0.001 occurs when the
baseline probability is 0.40, it would be dismissed as being trivial. That is, there is usually little
interest in a treatment that only decreases the probability from 0.400 to 0.399. However, if the
baseline probability of a disease is 0.002, a 0.001 decrease would represent a reduction of 50%.
Thus, interpretation of the difference depends on the baseline probability of the event. As a rule
of thumb, the difference is best suited for those cases in which 0.20 < P < 0.80.

Note that if dO < 0, the procedure is called a non-inferiority test while if d0 > 0 the procedure is
called a superiority test.

Non-Inferiority using a Difference

The following example might help you understand the concept of a non-inferiority test. Suppose
60% of patients respond to the current treatment method (PB = 0.60). If the response rate of the
new treatment is no less than five percentage points worse (d0 = -0.05) than the existing
treatment, it will be considered noninferior. Substituting these figures into the statistical
hypotheses gives HO:d < —-0.05 versus H1d > —0.05. The relationship PO = PB + d0

gives HO: P < 055 versus H1: P > 0.55.

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is at least 55%.

Superiority using a Difference

The following example is intended to help you understand the concept of superiority. Suppose
60% of patients respond to the current treatment method (PB = 0.60). If the response rate of the
new treatment is at least ten percentage points better (d0 = 0.10), it will be considered to be
superior to the existing treatment. Substituting these figures into the statistical hypotheses gives
HO:d <010 versus HL:d > 010. The relationship PO = PB + d0 gives HO: P < 0.70 versus
HLP>0.70.

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is at least 0.70. That is, the conclusion of superiority is that the new treatment’s
response rate is at least 0.10 more than that of the existing treatment.
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Ratio

The ratio r0 = PE / PB gives the relative change in the probability of the response. Testing non-
inferiority and superiority use the same formulation HO:r <r0 versus HLr > r0.

The only subtlety is that for non-inferiority tests rO < 1 while for superiority tests r0 > 1.

Non-Inferiority using a Ratio

The following example might help you understand the concept of non-inferiority as defined by
the ratio. Suppose that 60% of patients (PB = 0.60) respond to the current treatment method. If a
new treatment decreases the response rate by no more than 10% (rO = 0.90), it will be considered
to be noninferior to the standard treatment. Substituting these figures into the statistical
hypotheses gives HO:r <0.90 versus HLr > 090. The relationship PO = (r0)(PB)

gives HO: P <054 versus HLP > 054.

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is at least 54%. That is, the conclusion of non-inferiority is that the new treatment’s
response rate is no worse than 10% less than that of the standard treatment.

Superiority using a Ratio

The following example is intended to help you understand the concept of superiority as it applies
to the ratio. Suppose that 60% of patients (PB = 0.60) respond to the current treatment method. If
a new treatment increases the response rate by at least 10% (r0 = 1.10), it will be considered to be
superior to the existing treatment. Substituting these figures into the statistical hypotheses

gives HO:r <110 versus HLr >110. The relationship PO = (r0)(PB) gives HO: P < 0.66
versus HL P > 0.66.

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is at least 66%. That is, the conclusion of superiority is that the new treatment’s
response rate is at least 10% more than that of the existing treatment.
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Odds Ratio

The odds ratio, 00 = (PE / (1 - PE)) / (PB / (1 — PB)), gives the relative change in the odds of the
response. Testing non-inferiority and superiority use the same formulation H0:0 <00 versus
H1 0> 00. The only difference is that for non-inferiority tests 00 <1, while for superiority tests
00> 1.

Power and Sample Size Calculation

Historically, power and sample size calculations for a one-sample proportion test have been based
on normal approximations to the binomial. However, with the speed of modern computers using
the normal approximation is unnecessary, especially for small samples. Rather, the significance
level and power can be computed using complete enumeration of all possible values of x, the
number of successes in a sample of size n.

This is done as follows.
1. The critical value of the test is computed using standard techniques.

2. For each possible value of x, the value of the test statistic (z test, t test, or exact test) is
computed along with its associated probability of occurrence.

3. The significance level and power are computed by summing the probabilities of occurrence
for all values of the test statistic that are greater than (or less than) the critical value. Each
probability of occurrence is calculated using PO for the significance level and P1 for the
power.

Other variables such as the sample size are then found using an efficient search algorithm.
Although this method is not as elegant as a closed-form solution, it is completely accurate.

Test Statistics

The test statistics used are listed in the One Proportion - Inequality chapter. They will not be repeated
here.



Non-Inferiority Test of One Proportion 105-7

Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter entitled Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers four procedures, each of which has different options.
This section documents options that are common to all four procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are Equiv. Value, Actual Value, Alpha, Beta, and n. In most situations, you
will select either Beta or n.

Select n when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Higher Proportions Are

This option specifies whether proportions represent successes or failures.
Better

When proportions represent successes, the higher proportions are better. In this case, a non-
inferior treatment is one whose proportion is at least as high as the baseline. The alternative
hypothesis of non-inferiority is H1: P > PO, where PO is slightly less than PB.

Worse

When proportions represent failures, the lower proportions are better. In this case, a noninferior
treatment is one whose proportion is at least as low as the baseline or lower. The alternative
hypothesis of non-inferiority is H1: P < PO, where PO is slightly greater than PB.

Baseline Proportion (PB)

Enter a value (or range of values) for the baseline proportion. In a non-inferiority study, this is the
response rate of the standard (existing) treatment. Note that this is not the value of PO. Instead,
this value is used in the calculation of PO.

Proportions must be between zero and one.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1t0 0.9 by 0.1.

n (Sample Size)
Enter a value (or range of values) for the sample size n. This is the number of individuals sampled
in the study. Values must be integers greater than one.

You may enter a range such as 10, 50, 100 or 10 to 100 by 10.
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N (Population Size)

Enter the total number of items in the population from which the sample of n items is selected.
Enter Infinite to signify an infinite population so that no correction factor is applied. An infinite
population is one in which the number in the population is large and unknown.

Note that N must be greater than n.

When samples are drawn from a very large (infinite) population, calculations are based on the
binomial distribution.

When samples are drawn from a population of known size N, calculations are based on the
hypergeometric distribution.

Alpha (Significance Level)

This option specifies one or more values for alpha which is the probability of a type-I (false
positive) error. This error occurs when you falsely reject a true null hypothesis.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-1 you are willing to take in your experimental
situation.

Note that because of the discrete nature of the binomial distribution, the alpha level will seldom
be achieved exactly.

Beta (1 - Power)

This option specifies one or more values for beta which is the probability of a type-Il (false
negative) error. This error occurs when you fail to reject a false null hypothesis.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta, but
now 0.1 is more common. However, you should pick a value for beta that represents the risk of a
type-11 error you are willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power values of 0.95,
0.90, and 0.80, respectively.

Test Statistic in Report

Specify which test statistic will be used in searching and reporting. Note that C.C. is an
abbreviation for Continuity Correction. This refers to the adding or subtracting of 1/(2n) to (or
from) the numerator of the z-value to bring the normal approximation closer to the binomial
distribution.

In most situations, you would select the Exact Test option. The other options are provided for
comparative purposes.
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Data Tab (Proportion)

This section documents options that are used when the parameterization is given directly in terms
of the proportions PO and P1.

Equivalence Proportion (P0O)

This option sets the smallest value which is still trivially different from PB by directly setting the
value of PO. If “Higher Proportions Are’ is set to ‘Better’, specify a value of PO that is less than
PB for a non-inferiority test or a value of PO that is greater than PB for a superiority test. If
‘Higher Proportions Are’ is set to “Worse’, do the opposite.

For example, if PB (baseline proportion) is 0.50, you might consider 0.49, 0.48, 0.47, and 0.46 to
be close enough so that the fact that they are less than 0.50 can be overlooked. However, you
might decide that if the value is 0.45 or less, the treatment is inferior. Thus, this value would be
set to 0.45.

Since this value is a proportion, it must be a positive value less than one. It cannot be equal to PB.

Actual Proportion (P1)

This is the value of the proportion (P1) at which the power is calculated. The power calculations
assume that this is the actual value of the proportion. For non-inferiority tests, this value is often
set equal to PB.

Proportions must be between zero and one.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1t0 0.9 by 0.1.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — PO. PO is the value of the proportion assumed by the null hypothesis and P1 (or
P) is the value of the proportion at which the power is calculated. Once PO and the difference are
given, the value of P1 is found by the formula: P1 = difference + PO.

Equivalence Difference (d0)

This option sets the smallest value which is still trivially different from PB by setting the
difference between PO and PB. If “Higher Proportions Are’ is set to ‘Better’, specify a difference
that is less than zero for a non-inferiority test or a difference greater than zero for a superiority
test. If “Higher Proportions Are’ is set to “Worse’, do the opposite.

For example, if PB (baseline proportion) is 0.50, you might consider -.01, -.02, or -.04 to be small
enough so that the fact that PO is less than 0.50 can be overlooked. However, you might decide
that if the difference is -.05 or less, the treatment is inferior. Thus, this value would be set to -.05.

Since this value is a difference between two proportions, it must be between -1 and 1.

Actual Difference (d1)

This option specifies the value of P1 (the proportion at which the power is calculated) by
specifying the difference between the two proportions, P1 and PB. This difference is used with
PB to calculate the value of P1 using the formula, P1 = PB + Difference. For non-inferiority tests,
this value is often set equal to zero.

Differences must be between -1 and 1.
You may enter a range of values such as .03 .05 .10 or .01 to .05 by .01.



Non-Inferiority Test of One Proportion 105-11

Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/PO.

Equivalence Ratio (r0O)

This option sets the smallest value which is still trivially different from PB by setting the ratio of
PO to PB. If “Higher Proportions Are’ is set to ‘Better’, specify a ratio that is less than one for a
non-inferiority test or a ratio greater than one for a superiority test. If “Higher Proportions Are’ is
set to “Worse’, do the opposite.

For example, if PB (baseline proportion) is 0.50, you might consider ratios of 0.99, 0.98, or even
0.96 to be small enough so that the fact that PO is less than PB can be overlooked (the difference
is trivial). However, you might decide that if the ratio is 0.95 or less, the treatment is inferior.
Thus, this value would be set to 0.95.

Since this value is a ratio between two proportions, it must be positive. Since it is a margin, it
cannot be one. It cannot be so large that the calculated value of PO is greater than one.

Actual Ratio (rl)

This option specifies the value of P1 (the actual proportion) by specifying the ratio between the
two proportions, P1 and PB. This ratio is used with PB to calculate the value of P1 using the
formula, P1 = PB(Ratio). For non-inferiority tests, this value is often set equal to one.

Ratios must greater than zero. Note that the ratios must be small enough so that P1 is less than
one.

You may enter a range of values such as .5 .6 .7 .8 or 1.25 to 2.0 by .25.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratio, 01/ O0 where O1 =P1/ (1 -P1) and O0 = PO/ (1 - PO0).

Equivalence Odds Ratio (00)

This option sets the smallest value which is still trivially different from PB by setting the odds
ratio of PO and PB. If “Higher Proportions Are’ is set to ‘Better’, specify a ratio that is less than
one for a non-inferiority test or a ratio greater than one for a superiority test. If “‘Higher
Proportions Are’ is set to ‘Worse’, do the opposite.

For example, if PB (baseline proportion) is 0.50, you might consider odds ratios of 0.99, 0.90, or
even 0.81 to be small enough so that the fact that PO is less than PB can be overlooked (the
difference is trivial). However, you might decide that if the odds ratio is 0.80 or less, the
treatment is inferior. Thus, this value would be set to 0.80.

Since this value is a ratio between two odds, it must be positive. Since it is a margin, it cannot be
one.

Actual Odds Ratio (01)

This option specifies the value of P1 (the actual proportion) by specifying the odds ratio between
the two proportions, P1 and PB. This ratio is used with PB to calculate the value of P1. For non-
inferiority tests, this value is often set equal to one.

Odds ratios must greater than zero.

You may enter a range of values such as .5 .6 .7 .8 or 1.25 to 2.0 by .25.
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Example 1 - Finding the Power

Suppose 50% of patients with a certain type of cancer survive two years using the current
treatment. The current treatment is expensive and has several severe side effects. A new treatment
has fewer side effects and is less expensive. A non-inferiority trial is to be conducted to show that
the two-year survival rate of the new treatment is as good as the current treatment. After serious
consideration, the margin of non-inferiority is set at 5%. What power will be achieved by sample
sizes of 50, 100, 200, 300, 500, or 800 and a significance level of 0.05? For comparative
purposes, also calculate the power for a margin of non-inferiority of 10%. Assume that the true
survival rate of the new treatment is the same as that of the current (baseline) treatment.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template Examplel by clicking the Template tab and
loading this template.

Option Value

Data Tab

FINd .o Beta and Power

Higher Proportions Are...............c...... Better

Equivalence Difference (d0).............. -.10-.05

Actual Difference (d1) ........ccccvvvnnnnn.. 0

Baseline Proportion (PB)................... 0.50

N (Sample Size)........ccccvvvveeeieeiiinnns 50 100 200 300 500 800
N (Population Size) .......cccceeeeeciiiennns Infinite
Alpha....eii 0.05

Beta (1-Power) ......ccceeeevvieeieeiiieeee, Ignored since this is the Find setting
Test Statistic in Reports..................... Exact Test

Reports Tab

Show Numeric Reports .........cccceeeeen. Checked

Show Comparative Reports .............. Not checked

Show Definitions ........ccccccvvvieeeinennn. Checked

Show PIOtS ..o Checked

Show Comparative Plots................... Not checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results when HO: P = PO versus H1: P = P>P0O
Test Statistic: Exact Test

Equiv. Actual Baseline

Difference Difference Proportion Target Actual Reject HO
Power N (d0) (d1) (PB) Alpha Alpha Beta If R>=This
0.3359 50 -0.1000 0.0000 0.5000 0.0500 0.0314 0.6641 27
0.6178 100 -0.1000 0.0000 0.5000 0.0500 0.0423 0.3822 49
0.8854 200 -0.1000 0.0000 0.5000 0.0500 0.0492 0.1146 92
0.9633 300 -0.1000 0.0000 0.5000 0.0500 0.0443 0.0367 135
0.9976 500 -0.1000 0.0000 0.5000 0.0500 0.0461 0.0024 219
1.0000 800 -0.1000 0.0000 0.5000 0.0500 0.0453 0.0000 344
0.1611 50 -0.0500 0.0000 0.5000 0.0500 0.0444 0.8389 29
0.2421 100 -0.0500 0.0000 0.5000 0.0500 0.0441 0.7579 54
0.3619 200 -0.0500 0.0000 0.5000 0.0500 0.0381 0.6381 103
0.5230 300 -0.0500 0.0000 0.5000 0.0500 0.0465 0.4770 150
0.7195 500 -0.0500 0.0000 0.5000 0.0500 0.0484 0.2805 244
0.8783 800 -0.0500 0.0000 0.5000 0.0500 0.0476 0.1217 384

Report Definitions

Power is the probability of rejecting a false null hypothesis. It should be close to one.

N is the size of the sample drawn from the population. To conserve resources, it should be small.
Equiv. is the maximum value that is still considered unimportant.

Actual is the value of this parameter given the alternative hypothesis is true.

PB is the baseline or standard value of the proportion. This is the value under the current treatment.
do is the smallest difference from PB which is still considered as equivalent.

d1 is the value of the difference under the alternative hypothesis.

Alpha is the probability of rejecting a true null hypothesis. It should be small.

Beta is the probability of accepting a false null hypothesis. It should be small.

Summary Statements

A sample size of 50 achieves 34% power to detect a difference (P0-PB) of -0.1000 using a
one-sided binomial test. The target significance level is 0.0500. The actual significance level
achieved by this test is 0.0314. These results assume a baseline proportion (PB) of 0.5000 and
that the actual difference (P1-PB) is 0.0000.

This report shows the values of each of the parameters, one scenario per row. Because of the
discrete nature of the binomial distribution, the target alpha is usually greater than the actual
alpha. Hence, the actual alpha is also shown.

Power
Power is the probability of concluding non-inferiority when the treatment is indeed noninferior.

N

This is the sample size.

Equiv. Difference (or Proportion, Ratio, or Odds Ratio)

This difference is the maximum difference from the baseline proportion PB that is still considered
unimportant or trivial. This value is used to calculate PO.

Actual Difference (or Proportion, Ratio, or Odds Ratio)

The actual difference is difference between the true proportion, P1, and the baseline proportion,
PB.

Baseline Proportion
The baseline proportion is the response rate that is achieved by the current (standard) treatment.
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Target Alpha

This is the target (set in the design) value of the probability of a type-I error. A type-I error occurs
when a true null hypothesis is rejected. That is, this is the probability of concluding non-
inferiority when in fact the new treatment is inferior. Because of the discreteness of the binomial
distribution from which this value is calculated, the target value is seldom achieved exactly.

Actual Alpha

This is the actual value of alpha (see Target Alpha) that is achieved by the design. Note that lower
values of alpha imply lower power.

Beta
Beta is the probability of accepting a false null hypothesis. It is the opposite of power.

Reject HO if R>=This

The symbol R stands for the number of items with the characteristic of interest out of the n items
sampled. For the scenario presented on the first line, an exact test does not exist for these
parameters at the target alpha of 0.05. The closest that can be achieved is an alpha of 0.0314. In
this case, we would reject the null hypothesis in any sample of size 50 in which the count of
individuals with the characteristic of interest is greater than or equal to 27.

Plots Section

Power vs n by dO with d1=0.0000 Alpha=0.05
PB=0.5000 1-Sided Exact

1.1+

e -0.1000
o
©

Power

m -0.0500

This plot shows the relationship between power, sample size, and the trivial difference. Note that
90% power is achieved with an n of about 200 when the trivial difference is -.10 and about 800
when the trivial difference is -.05.
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Example 2 - Finding the Sample Size

Continuing from Example 1, suppose you want to find the exact sample size necessary to achieve
90% power when the equivalence difference is -.05. Assume that an exact binomial test will be
used.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the Example2 template by clicking the Template tab and
loading this template.

Option Value

Data Tab

Find ... n

Higher Proportions Are ..................... Better
Equivalence Difference (d0).............. -.05

Actual Difference (d1) ........cccoeeveeeenns 0

Baseline Proportion (PB) .................. 0.50

n (Sample Size) .....cccccvveeevveieviieniinnn, Ignored since this is the Find setting
N (Population Size).........cccccveeeeennnn Infinite
Alpha......ooo 0.05

Beta.. ... 0.10

Test Statistic in Reports.................... Exact Test
Reports Tab

Show Numeric Reports.............c.ee.... Checked
Show Comparative Reports.............. Not checked
Show Definitions .........cccccoevvviiiinnnen. Not checked
ShOW PIOES ... Not checked
Show Comparative Plots................... Not checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results when HO: P = PO versus H1: P = P>P0O
Test Statistic: Exact Test

Equiv. Actual Baseline
Difference Difference Proportion Target Actual Reject HO
Power N (d0) (d1) (PB) Alpha Alpha Beta If R>=This
0.9024 861 -0.0500 0.0000 0.5000 0.0500 0.0499 0.0976 412

This report shows that a sample size of 861 will be necessary to achieve the design requirements.
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Example 3 — Comparing Test Statistics

Continuing Example 1, suppose the researchers want to investigate which of the five test statistics
to use. This is an important question since choosing the wrong test statistic may increase the
sample size, reduce power or inflate the actual alpha level. The differences in the characteristics
of test statistics are most noticeable in small samples. Hence, the investigation done here is for
sample sizes of 20 to 200 in steps of 20. The trivial difference will be set to -.10. All other
settings are as given in Example 1.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ..o, Beta and Power
Higher Proportions Are.........cccccceeune. Better
Equivalence Difference (d0).............. -.10

Actual Difference (d1) .......ccccceeevennnnn 0

Baseline Proportion (PB)................... 0.50

N (Sample Size).........ccccvvvvveeeeeiiiins 20 to 200 by 20
N (Population Size) .......cccccceevririunnnee. Infinite

Alpha ..., 0.05
Beta....oooi Ignored since this is the Find setting
Reports Tab

Show Numeric Reports ..................... Not checked
Show Comparative Reports .............. Checked

Show Definitions ..........cccccceee Not checked
Show PIOtS ..ooovvvviiiiie Not checked
Show Comparative Plots................... Checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Power Comparison for Methods of Testing HO: P = PO versus H1: P > PO

Equiv. Actual Baseline Exact Z-Test Z-Test Z-Test Z-Test

Diff. Diff. Prop. Target Test S(P0) S(PO)C S(P) S(P)C T-Test
N (d0) (d1) (PB)  Alpha Power Power Power Power Power Power
20 -0.1000 0.0000 0.5000 0.0500 0.1316 0.2517 0.1316 0.2517 0.1316 0.2517
40 -0.1000 0.0000 0.5000 0.0500 0.3179 0.3179 0.3179 0.3179 0.3179 0.3179
60 -0.1000 0.0000 0.5000 0.0500 0.4487 0.4487 0.4487 0.4487 0.4487 0.4487
80 -0.1000 0.0000 0.5000 0.0500 0.5445 0.5445 0.5445 0.5445 0.5445 0.5445
100 -0.1000 0.0000 0.5000 0.0500 0.6178 0.6178 0.6178 0.6178 0.6178 0.6178
120 -0.1000 0.0000 0.5000 0.0500 0.6759 0.7385 0.6759 0.7385 0.6759 0.6759
140 -0.1000 0.0000 0.5000 0.0500 0.7229 0.7765 0.7229 0.7765 0.7229 0.7765
160 -0.1000 0.0000 0.5000 0.0500 0.8077 0.8077 0.8077 0.8077 0.8077 0.8077
180 -0.1000 0.0000 0.5000 0.0500 0.8337 0.8683 0.8337 0.8337 0.8337 0.8337
200 -0.1000 0.0000 0.5000 0.0500 0.8854 0.8854 0.8854 0.8854 0.8556 0.8854

Actual Alpha Comparison for Methods of Testing HO: P = PO versus H1: P > PO

Equiv. Actual Baseline Exact Z-Test Z-Test Z-Test Z-Test

Diff. Diff. Prop. Target Test S(P0) S(PO)C S(P) S(P)C T-Test
N (d0) (d1) (PB) Alpha Alpha Alpha Alpha Alpha Alpha Alpha
20 -0.1000 0.0000 0.5000 0.0500 0.0210 0.0565 0.0210 0.0565 0.0210 0.0565
40 -0.1000 0.0000 0.5000 0.0500 0.0392 0.0392 0.0392 0.0392 0.0392 0.0392
60 -0.1000 0.0000 0.5000 0.0500 0.0445 0.0445 0.0445 0.0445 0.0445 0.0445
80 -0.1000 0.0000 0.5000 0.0500 0.0445 0.0445 0.0445 0.0445 0.0445 0.0445
100 -0.1000 0.0000 0.5000 0.0500 0.0423 0.0423 0.0423 0.0423 0.0423 0.0423
120 -0.1000 0.0000 0.5000 0.0500 0.0392 0.0575 0.0392 0.0575 0.0392 0.0392
140 -0.1000 0.0000 0.5000 0.0500 0.0358 0.0514 0.0358 0.0514 0.0358 0.0514
160 -0.1000 0.0000 0.5000 0.0500 0.0459 0.0459 0.0459 0.0459 0.0459 0.0459
180 -0.1000 0.0000 0.5000 0.0500 0.0408 0.0558 0.0408 0.0408 0.0408 0.0408
200 -0.1000 0.0000 0.5000 0.0500 0.0492 0.0492 0.0492 0.0492 0.0363 0.0492

Power vs n by Test with d0=-0.1000 d1=0.0000
Alpha=0.05 PB=0.5000 1-Sided Test
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The first numeric report shows the power for each test statistic. The second shows the actual
alpha achieved by the design.

An examination of the first report shows that the power is often different for at least one of the
tests. Also notice that the exact test always has the minimum power in each row. This would lead
us discard this test statistic. However, consider the second report which shows the actual alpha
level (the target was 0.05) for each test. By inspecting corresponding entries in both tables, we
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see that whenever a test statistic achieves a better power than the exact test, it also yields an actual
alpha level larger than the target alpha.

For example, look at the powers for n = 20. The z test using s(p hat) has an unusually large power
=0.2517. This is a much larger power than the exact test’s value of 0.1316. However, note that
the actual alpha for this test is 0.0560 which is larger than the target alpha of 0.05.

We conclude that indeed, the exact test is consistently the best test since it always achieves a
significance level that is less than the target value.

Example 4 - Validation using Chow,
Shao, and Wang

The only appropriate example we have found is Chow, Shao, and Wang (2003) page 85, which
gives the result of a sample size calculation using an asymptotic formula. They calculate a sample
size of 22 when alpha = 0.05, beta = 0.20, PB = 0.30, Equiv. difference = -.10, and actual
proportion = 0.50. As we shall see, PASS obtains a different answer.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the Example4 template by clicking the Template tab and
loading this template.

Option Value
Data Tab

FINd .o n

Higher Proportions Are...............c...... Better
Equivalence Difference (d0).............. -.10
Actual Difference (d1) ........ccccvvvnnnnn.. 0.20
Baseline Proportion (PB)................... 0.30

n (Sample Size)........cccvvvevviiiiiieeeeennns Ignored since this is the Find setting
N (Population Size) .......cccccceevvvinnnnee. Infinite
Alpha ... 0.05
Beta....ovvviiiieeeeee 0.20
Reports Tab

Show Numeric Reports ............c....... Checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Equiv. Actual Baseline
Difference Difference Proportion Target Actual Reject HO
Power N (d0) (d1) (PB) Alpha Alpha Beta If R>=This
0.8338 17 -0.1000 0.5000 0.3000 0.0500 0.0377 0.1662 7

PASS calculated a sample size of only 17 while Chow’s formula obtained 22. The difference
occurs because PASS uses exact calculations based on the binomial distribution, while Chow et
al. use a large-sample approximation based on the normal approximation to the binomial. To see
that 17 is indeed the correct answer, enter the values into PASS’s one-sample proportion test. The
necessary values are PO = 0.20, P1 = 0.50, alpha = 0.05, and beta = 0.10. These values result in a
sample size of 17.

We have found that the approximate results are closer to the exact results when the sample sizes
are over 200. For sample sizes less than 50, there can be significant error in the approximate
formulas.



Non-Inferiority Test of One Proportion 105-21

Example 5 - Finding Power after an
Experiment

The proportion of successes of the current treatment is known to be 0.74 based on years of
treatment use. Researchers have developed a new method of treatment which costs about half the
current treatment price. Before the new treatment can be approved it must be shown that the
success of the proposed treatment is not inferior to that of the current treatment. It is determined
that use of the new treatment is justifiable if it is shown that it is effective more than 70% of the
time. Sixty individuals are randomly selected to receive the new method of treatment. Forty-three
(71.67%) of the 60 individuals responded positively to the treatment. The p-value for the test
based on exact binomial probabilities is 0.4514. Because the researchers were unable to show the
new treatment is non-inferior, they desire to know the power of the test.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the Example5 template by clicking the Template tab and
loading this template.

Option Value
Data Tab

FINd .o Beta and Power
Higher Proportions Are...................... Better
Equivalence Difference (d0).............. -.04

Actual Difference (d1) .........cccoevueeee. 0.00
Baseline Proportion (PB)................... 0.74

n (Sample Size)........cccvvvvvvvieiiiieeeeenns 60

N (Population Size) .......cccccceevvviinnnee. Infinite
Alpha ... 0.05

Beta. .o Ignored
Test Statistic in Reports..................... Exact Test

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for testing HO: P = PO versus H1: P > PO
Test Statistic: Exact Test

Equiv. Actual Baseline
Difference Difference Proportion Target Actual Reject HO
Power N (d0) (d1) (PB) Alpha Alpha Beta If R>=This
0.1112 60 -0.0400 0.0000 0.7400 0.0500 0.0295 0.8888 49

This report shows that the power for the test was only 0.1112.
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Example 6 - Finding Sample Size Based
on the Odds Ratio

The odds for success of the current treatment is known be 4.31. A new treatment is developed to
compete with the current treatment with respect to cost and reduction in side effects. It must be
shown to be non-inferior to the current treatment. The researchers want to determine the sample
size necessary to achieve 80% power in this test of non-inferiority. The researchers determine that
the new treatment will be considered non-inferior if the odds for success are no less than 90% the
odds for success of the current treatment. The baseline proportion is calculated as PB =
odds/(1+odds) = 4.31/(1+4.31) = 0.8117.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the odds ratio parameterization. You can make these changes
directly on your screen or you can load the Example6 template by clicking the Template tab and
loading this template.

Option Value
Data Tab

FINd oo n
Higher Proportions Are ..................... Better
Equivalence Odds Ratio (00)............ 0.9
Actual Odds Ratio (01).......ccceeerrrnnnns 1.0
Baseline Proportion (PB) .................. 0.8117
N (Sample Size) .....vevviiiiiiiiiiieeenn, Ignored
N (Population Size)............cc..oooo. Infinite
Alpha...c.ooo o 0.05
Beta....coo oo 0.2
Test Statistic in Reports.................... Exact Test

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for testing HO: P = PO versus H1: P > PO
Test Statistic: Exact Test

Equiv. Actual Baseline
Odds Ratio Odds Ratio  Proportion Target Actual Reject HO
Power N (00) (o1) (PB) Alpha Alpha Beta If R>=This
0.8004 3547 0.9000 1.0000 0.8117 0.0500 0.0499 0.1996 2860

A sample size of 3547 is required to show non-inferiority under these conditions.
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Chapter 110

One Proportion —
Equivalence

This module provides power analysis and sample size calculation for equivalence tests in one-
sample designs in which the outcome is binary. Users may choose from among commonly-used
test statistics.

The details of sample size calculations for the one-sample design for binary outcomes are
presented in the chapter entitled One Proportion - Equality and will not be repeated here. Instead,
this chapter discusses those changes necessary for equivalence tests.

Approximate sample size formulas for equivalence tests of a single proportion are presented in
Chow et al. (2003) page 83. However, only large sample (hormal approximation) results are
given there. The results available in this module use exact calculations based on the enumeration
of all possible values for the binomial distribution.

Four Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, ratios of proportions, and odds ratios. Each
of these options is listed separately on the menus.
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Example

An equivalence test example will set the stage for the discussion of the terminology that follows.
Suppose that the current treatment for a disease is effective 70% of the time. Unfortunately, this
treatment is expensive and occasionally exhibits serious side-effects. A promising new treatment
has been developed to the point where it can be tested. One of the questions that must be
answered is whether the new treatment is equivalent to the current treatment. In other words, do
about 70% of treated subjects respond to the new treatment?

It is known that the new treatment will not have a response rate that is exactly the same as that of
the standard treatment. After careful consideration, they decide that the margin of equivalence is
plus or minus 10%. That is, if the response rate of the new treatment is between 60% and 80% it
will be deemed equivalent to the standard treatment.

The developers must design an experiment to test the hypothesis that the response rate of the new
treatment is within 10% of the standard (baseline) treatment. The statistical hypotheses to be
tested are

H,:|P — PB|> 01 versus H,[P - PB|< 01

Notice that when the null hypothesis is rejected the conclusion is that the response rate is between
0.6 and 0.8.

Technical Detalls

In the discussion that follows, let P represent the proportion being investigated. That is, P is the
actual probability of a success in a binomial experiment. Often, this proportion is a response rate,
cure rate, or survival rate. Let PB represent the baseline proportion. In an equivalence trial, the
baseline proportion is the response rate of the current (standard) treatment. Let PL represent the
smallest value of P that still results in the conclusion that the new treatment is equivalent to the
current treatment. Similarly, let PU represent the largest value of P that still results in the
conclusion that the new treatment is equivalent to the current treatment. Note that PB will be
between PL and PU. The power of a test is computed at a specific value of the proportion, P1.
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The statistical hypotheses that are tested are
HO:P<PLor P>PU versus HLPL<P < PU

This unusual hypothesis test can be broken down into two, one-sided hypothesis tests (TOST) as
follows

HO:P < PL versus H:P > PL
and

HO:P>PU versus HIP < PU

If both of these one-sided tests are rejected at significance level « , then equivalence can be
concluded at significance level « . Note that we do not conduct the individual tests at o / 2.

There are three common methods of specifying the margin of equivalence. The most direct is to
simply assign values for PL and PU. However, it is often more meaningful to identify PB and
then specify PL and PU implicitly by giving a difference, ratio, or odds ratio. Mathematically,
the definitions of these parameterizations are

Parameter Computation Hypotheses

Difference ~ d0=|PL-P,|=PU-PB HO:d >d0 vs Hl:d < d0

Ratio ro= L =PU/PB HO:r>r0 vs HLr <r0
PL/ PB

Odds Ratio L _ QuadsU HO:0> 00 vs HI:0 <00

O: f—
O = OddsL/ OddsB _ OddsB

where

Difference d =|P - PB|

. {P/ PB if P> PB
Ratio =

PB/P if P<PB

Odds Ratio

_ [Odds/0OddsB if P> PB
" |OddsB/ Odds if P < PB
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Difference

The difference is perhaps the most direct method of comparison between two proportions. It is
easy to interpret and communicate. It gives the absolute impact of the treatment. However, there
are subtle difficulties that can arise with its use.

One difficulty arises when the event of interest is rare. If a difference of 0.001 occurs when the
baseline probability is 0.40, it would be dismissed as being trivial. That is, there is usually little
interest in a treatment that only decreases the probability from 0.400 to 0.399. However, if the
baseline probability of a disease is 0.002, a 0.001 decrease would represent a reduction of 50%.
Thus, interpretation of the difference depends on the baseline probability of the event. As a rule
of thumb, the difference is best suited for those cases in which.

Equivalence Test using a Difference

The following example might be instructive. Suppose 60% of patients respond to the current
treatment method (PB = 0.60). If the response rate of the new treatment is no less than five
percentage points different (dO = 0.05) from the existing treatment, it will be considered to be
equivalent. Substituting these figures into the statistical hypotheses gives

HO:d > 0.05 versus H1:d < 0.05
where d = |P - PB].
The resulting joint hypotheses are

HO: P <055 versus H1: P > 0.55.
and

HO:P > 0.65 versus H1: P < 0.65.

In this example, when both null hypotheses are rejected, the concluded alternative is that the
response rate is between 55% and 65%.
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Ratio

The ratio r0 = PE / PB denotes the relative change in the probability of the response. Testing
equivalence uses the hypotheses

HO:r <r0 versus HLr >r0
wherer=P/PBifP>PBorr=PB/Pif P<PB.

Equivalence Test using a Ratio

The following example might help to understand the concept of equivalence as defined by the
ratio. Suppose that 60% of patients (PB = 0.60) respond to the current treatment method. If a new
treatment changes the response rate by no more than 10% (r0 = 1.1), it will be considered to be
equivalent to the standard treatment. Substituting these figures into the statistical hypotheses
gives

HO:r >11 versus HIr <11
The relationship PO = (r0)(PB) gives the two, one-sided, hypotheses
HO:P <054 versus HL P > 054
HO:P > 0.66 versus H1P < 0.66

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is between 54% and 66%.
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Odds Ratio

The odds ratio, 00 = (PE / (1 - PE)) / (PB / (1 — PB)), gives the relative change in the odds of the
response. Testing noninferiority and superiority use the same formulation, namely

HO:0 <00 versus H1:0 > 00
where 0 = Odds / OddsB if P > PB or o = OddsB / Odds if P < PB.

Power and Sample Size Calculation

Historically, power and sample size calculations for a one-sample proportion test have been based
on normal approximations to the binomial. However, with the speed of modern computers, using
the normal approximation is unnecessary, especially for small samples. Rather, the significance
level and power can be computed using complete enumeration of all possible values of x, the
number of successes in a sample of size n.

This is done as follows.
1. The critical value of the test is computed using standard techniques.

2. For each possible value of x, the value of the test statistic (z test, t test, or exact test) is
computed along with its associated probability of occurrence.

3. The significance level and power are computed by summing the probabilities of occurrence
for all values of the test statistic that are greater than (or less than) the critical value. Each
probability of occurrence is calculated using PO for the significance level and P1 for the
power.

Other variables such as the sample size are then found using an efficient search algorithm.
Although this method is not as elegant as a closed-form solution, it is completely accurate.

Examples of Power Calculation for the Exact Test

Suppose the baseline proportion, PB, is 0.50, the sample size is 10, and the target alpha level is
0.05. A typical value for the equivalence difference is 0.05. However, because the example is for
a small sample size, the equivalence difference will be set to 0.4 (which is, of course, a very
unrealistic figure) for illustrative purposes. Calculate the power of this design to detect
equivalence if the actual difference between the proportions is 0.10.

The first step is to find the rejection region under the null hypothesis. In this example, the null
hypothesis is HO:P <01 or HO:P > 0.9 and the alternative hypothesis is H101< P <09
H,:01 < P < 0.9. This composite hypothesis breaks down into the following two, one-sided,
simple hypotheses

1. HO:P <01 versus H1:P > 01
2. HO:P >0.9 versus H1:P <09
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The rejection regions for the both tests are determined from the following table of cumulative
binomial probabilities for N = 10. The first column of probabilities is for r greater than or equal to
R while the second two columns of probabilities are for r less than or equal to R.

Table of Binomial Probabilities for N=10and P =0.1, 0.9, and 0.6

Reject Reject Reject
R Pr(r>=R|P=0.1) Testl Pr(r<=R|P=0.9) Test2 Both Pr(r<=R|P=0.6)
0 1.0000 No 0.0000 Yes No 0.0001
1 0.6513 No 0.0000 Yes No 0.0017
2 0.2639 No 0.0000 Yes No 0.0123
3 0.0702 No 0.0000 Yes No 0.0548
4 0.0128 Yes 0.0001 Yes Yes 0.1662
5 0.0016 Yes 0.0016 Yes Yes 0.3669
6 0.0001 Yes 0.0128 Yes Yes 0.6177
7 0.0000 Yes 0.0702 No No 0.8327
8 0.0000 Yes 0.2639 No No 0.9536
9 0.0000 Yes 0.6513 No No 0.9940
10 0.0000 Yes 1.0000 No No 1.0000

The second column gives the value of alpha for the first test (HO:P <01 versus HLP > 01).
The rejection region for this test is all values of R greater than or equal to 4. The fourth column
gives the values of alpha for the second test. The rejection region for the second test is all values
of R less than or equal to 6. The rejection region for both tests is those values of R values that
result in rejection of both individual tests. These are the R values 4, 5, and 6. The power is
computed using the final column of the table which gives cumulative binomial probabilities for P
=0.5+0.1=0.6. The power is probability for the cases 4, 5, and 6. It is calculated as 0.6177 —
0.0548 = 0.5629.

It is informative to consider what happens when the equivalence difference is reduced from 0.4 to
0.2. The following table gives the appropriate cumulative binomial probabilities for this case.

Table of Binomial Probabilities for N=10and P =0.3, 0.7, and 0.6

Reject Reject Reject
R Pr(r>=R |P=0.3) Testl Pr(r<=R |P=0.7) Test2 Both Pr(r<=R|P=0.6)
0 1.0000 No 0.0000 Yes No 0.0001
1 0.9718 No 0.0001 Yes No 0.0017
2 0.8507 No 0.0016 Yes No 0.0123
3 0.6172 No 0.0106 Yes No 0.0548
4 0.3504 No 0.0473 Yes No 0.1662
5 0.1503 No 0.1503 No No 0.3669
6 0.0473 Yes 0.3504 No No 0.6177
7 0.0106 Yes 0.6172 No No 0.8327
8 0.0016 Yes 0.8507 No No 0.9536
9 0.0001 Yes 0.9718 No No 0.9940
10 0.0000 Yes 1.0000 No No 1.0000

The second column gives the value of alpha for the first test. The rejection region for this test is
all values of R greater than or equal to 6. The fourth column gives the values of alpha for the
second test. The rejection region for the second test is all values of R less than or equal to 4. The
rejection region for both tests together is empty! There is no R for which both tests will be
rejected. Hence, the alpha level and the power will both be 0.0.
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Examples of Power Calculation for the Z Test

The following example illustrates how to calculate the power of an approximate z test. There are
several z tests to choose from. We will use the following test.

. p-PO
JPO(L-PO)/n

Calculating the rejection region for the z test is based on a table of normal probabilities. For the
target alpha level of 0.05, the critical value is 1.6449. That is, the first hypothesis test that

HO:P <01 versus HLP > 01 is rejected if the resulting calculated z value is greater than
1.6449. Similarly, the second hypothesis test that HO:P > 0.9 versus HLP < 0.9 is rejected
when the calculated z value is less than -1.6449. The rejection regions for the both tests are shown
in the following table of binomial probabilities for N = 10.

Table Showing Both One-Sided Z Tests for N=10and P =0.1, 0.9, and 0.6

Reject Reject Reject
R ZforP=0.1 Testl ZforP=0.9 Test2 Both Pr(r<=R|P=0.6)
0 -1.0541 No -9.4868 Yes No 0.0001
1 0.0000 No -8.4327 Yes No 0.0017
2 1.0541 No -7.3786 Yes No 0.0123
3 2.1082 Yes -6.3246 Yes Yes 0.0548
4 3.1623 Yes -5.2705 Yes Yes 0.1662
5 42164 Yes -4.2164 Yes Yes 0.3669
6 5.2705 Yes -3.1623 Yes Yes 0.6177
7 6.3246 Yes -2.1082 Yes Yes 0.8327
8 7.3786  Yes -1.0541 No No 0.9536
9 8.4327 Yes 0.0000 No No 0.9940
10 9.4868 Yes 1.0541 No No 1.0000

Note that the null hypothesis is rejected for the equivalence test when R is 3, 4, 5, 6, and 7. The
power is the probability of these values calculated using P = 0.60. It is calculated as 0.8327 —
0.0123 = 0.8204. Notice that this is much larger than 0.5629 which was the power for the exact
test. The reason for this discrepancy is that the approximate test is actually testing at a larger
alpha than the target of 0.05. The actual alpha is the maximum of the two individual alphas. From
the first table, we can see that the actual alpha for the first test is Pr(r>=3|P=0.1) = 0.0702.
Similarly, the actual alpha for the second test is Pr(r<=7|P=0.9) = 0.0702. Hence the alpha level is
0.0702. The actual alpha of the exact test was 0.0128.

Test Statistics

The test statistics used are given in the chapter entitled One Proportion - Equality. They will not be
repeated here.
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Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter entitled Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers four procedures, each of which has different options.
This section documents options that are common to all four procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for from the other parameters. The parameters
that may be selected are Alpha, Beta, and n. In most situations, you will select either Beta or n.

Select n when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Baseline Proportion (PB)

Enter a value (or range of values) for the baseline proportion. In an equivalence study, this is the
response rate of the standard (existing) treatment. Note that this is not the value of PO. Instead,
this value is used in the calculation of PO.

Proportions must be between zero and one.

You may enter a range of values such as 0.1,0.2,0.3 or 0.1t0 0.9 by 0.1.

n (Sample Size)
Enter a value (or range of values) for the sample size n. This is the number of individuals sampled
in the study. Values must be integers greater than one.

You may enter a range such as 10, 50, 100 or 10 to 100 by 10.

Alpha (Significance Level)

This option specifies one or more values for alpha which is the probability of a type-1 (false
positive) error. This error occurs when you falsely reject the null hypothesis.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-I you are willing to take in your experimental
situation.

Note that because of the discrete nature of the binomial distribution, the alpha level will not
usually be achieved exactly.

Beta (1 - Power)

This option specifies one or more values for beta which is the probability of a type-Il (false
negative) error. This error occurs when you fail to reject a false null hypothesis.
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Values must be between zero and one. Historically, the value of 0.20 was often used for beta, but
now 0.1 is more common. However, you should pick a value for beta that represents the risk of a
type-I1 error you are willing to take.

Power is defined as 1- beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power values of 0.95,
0.90, and 0.80, respectively.

Test Statistic in Report

Specify which test statistic will be used in searching and reporting. Note that C.C. is an
abbreviation for Continuity Correction. This refers to the adding or subtracting of 1/(2n) to (or
from) the numerator of the z-value to bring the normal approximation closer to the binomial
distribution.

In most situations, you would select the ‘Exact Test” option. The other options are provided for
comparative purposes.

Data Tab (Proportion)

This section documents options that are used when the parameterization is given directly in terms
of the proportions PL, PU, PB, and P1.

Actual Proportion (PB)

This is the value of the proportion, P1 at which the power is calculated. The power calculations
assume that this is the actual value of the proportion. For noninferiority tests, this value is often
set equal to PB.

Proportions must be between zero and one. You may enter a range of values such as 0.1 0.2 0.3 or
0.1t00.9by0.1.

Upper and Lower Equivalence Proportion

These options set the smallest and largest values which are still to be considered trivially different
from PB. Note that the lower proportion must be less than PB, and the upper proportion must be
greater than PB. Since these values are proportions, they must be positive values less than one.
They cannot be equal to PB.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference of two proportions.

Equivalence Difference (d0)

This option sets the smallest value which is still trivially different from PB by setting the
magnitude of the difference between PO and PB. For example, if PB (baseline proportion) is 0.50,
you might consider differences of 0.01, 0.02, or 0.04 to be small enough so that the fact that PO is
different from 0.50 can be overlooked. However, you might decide that if the difference is 0.05 or
more, the treatment is not equivalent. Thus, this value would be set to 0.05.

Since this value is an absolute difference between two proportions, it must be between 0 and 1.

Actual Difference (d1)

This option specifies the value of P1 (the actual proportion) by specifying the difference between
the two proportions, P1 and PB. This difference is used with PB to calculate the value of P1 using
the formula: P1 = PB + difference. For equivalence tests, this value is often set equal to zero.

Differences must be between -1 and 1.

You may enter a range of values such as .03 .05 .10 or .01 to .05 by .01.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio of
two proportions.

Equivalence Ratio (r0O)

This option sets the value which is still trivially different from PB by setting the ratio between PO
and PB. For PO example, if PB (baseline proportion) is 0.50, you might consider ratios of 0.99,
0.98, or even 0.96 to be small enough so that the fact that PO is less than PB can be overlooked
(the difference is trivial). However, you might decide that if the ratio is 0.95 or less, the treatment
is not equivalent. Thus, this value would be set to 0.95.

Since this value is a ratio between two proportions, it must be positive. Since it is a margin, it
cannot be one. Also, it cannot be so large that the calculated value of PO is greater than one.

Actual Ratio (rl)

This option specifies the value of P1 (the actual proportion) by specifying the ratio between the
two proportions, P1 and PB. This ratio is used with PB to calculate the value of P1 using the
formula: P1 = (Ratio)(PB). For equivalence tests, this value is often set equal to one.

Ratios must be greater than zero. Note that the ratios must be small enough so that P1 is less than
one.

You may enter a range of values such as .5 .6 .7 .8 or 1.25 to 2.0 by .25.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratios.

Equivalence Odds Ratio (00)

This option sets the value which is still trivially different from PB by setting the odds ratio of PO
and PB. For example, if PB (baseline proportion) is 0.50, you might consider odds ratios of 0.99,
0.98, or even 0.96 to be small enough so that the fact that PO is less than PB can be overlooked
(the difference is trivial). However, you might decide that if the odds ratio is 0.80 or less, the
treatment is inferior. Thus, this value would be set to 0.80.

Since this value is a ratio between two odds, it must be positive. Because it is a margin, it cannot
be one.

Actual Odds Ratio (01)

This option specifies the value of P1 (the actual proportion) by specifying the odds ratio between
the two proportions, P1 and PB. This ratio is used with PB to calculate the value of P1. For
noninferiority tests, this value is often set equal to one.

Odds ratios must be greater than zero. You may enter a range of values such as .5 .6 .7 .8 or 1.25
to 2.0 by .25.

Options Tab

The Options tab allows for specification of the maximum number of iterations to be used in
searches.

Maximum lIterations during Searches

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported.
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Examplel - Finding the Power

Suppose 50% of patients with a certain type of cancer survive two years using the current
treatment. The current treatment is expensive and has several severe side effects. A new treatment
has fewer side effects and is less expensive. An equivalence trial is to be conducted to show that
the two-year survival rate of the new treatment is the same as the current treatment. After serious
consideration, the margin of equivalence is set at 5%. What power will be achieved by sample
sizes of 50, 100, 200, 300, 500, or 800 and a significance level of 0.05? For comparative
purposes, also calculate the power for margin of equivalence of 10%. Assume that the true
survival rate of the new treatment is the same as that of the current (baseline) treatment.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power
Baseline Proportion (PB) .................. 0.50

N (Sample Size) .....cccoeevvviiiiiiiiinneenn, 50 100 200 300 500 800
Actual Difference (d1) .......cccceeeveeeens 0

Equivalence Difference (d0).............. 0.050.10
Alpha......ooo 0.05
Beta....oooiiee Ignored since this is the Find setting
Test Statistic in Reports.................... Exact Test

Reports Tab

Show Numeric Reports..........ccvvvveees Checked

Show Comparative Reports.............. Not checked

Show Definitions ............vvveveeviinnnnns Checked

] 0V o [0 £ Checked

Show Comparative Plots................... Not checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results when HO: Non-Equivalence versus H1: Equivalence
Test Statistic: Exact Test

Lower  Upper

Equiv. Equiv. Equiv. Actual Baseline Reject HO if

Diff. Prop. Prop. Diff. Prop. Target Actual R1<=R<=R2

Power N (dO) (POL) (POV) (d1) (PB) Alpha Alpha Beta (R1|R2)
0.0000 50 0.0500 0.4500 0.5500 0.0000 0.5000 0.0500 0.0000 1.0000 29|21
0.0000 100 0.0500 0.4500 0.5500 0.0000 0.5000 0.0500 0.0000 1.0000 54|46
0.0000 200 0.0500 0.4500 0.5500 0.0000 0.5000 0.0500 0.0000 1.0000 103|97

0.0460 300 0.0500 0.4500 0.5500 0.0000 0.5000 0.0500 0.0465 0.9540 150|150
0.4390 500 0.0500 0.4500 0.5500 0.0000 0.5000 0.0500 0.0484 0.5610 244|256
0.7567 800 0.0500 0.4500 0.5500 0.0000 0.5000 0.0500 0.0476 0.2433 384|416

0.0000 50 0.1000 0.4000 0.6000 0.0000 0.5000 0.0500 0.0000 1.0000 27|23
0.2356 100 0.1000 0.4000 0.6000 0.0000 0.5000 0.0500 0.0423 0.7644 49|51
0.7708 200 0.1000 0.4000 0.6000 0.0000 0.5000 0.0500 0.0492 0.2292 92|108

0.9267 300 0.1000 0.4000 0.6000 0.0000 0.5000 0.0500 0.0443 0.0733 135|165
0.9952 500 0.1000 0.4000 0.6000 0.0000 0.5000 0.0500 0.0461 0.0048 219|281
0.9999 800 0.1000 0.4000 0.6000 0.0000 0.5000 0.0500 0.0453 0.0001 344|456

Report Definitions

Power is the probability of concluding equivalence when the proportions are equivalent.

N is the size of the sample drawn from the population.

The equivalence difference is the maximum value of the difference that is still considered unimportant.
The actual difference is the value of the difference under the alternative hypothesis.

PB is the baseline or standard value of the proportion. This is the value under the current treatment.
POL and POU are the limits between which an equivalent proportion must fall.

do is the smallest absolute difference that is still considered equivalent.

d1 is the value of the difference under the alternative hypothesis.

Alpha is the probability of concluding equivalence when the proportions are non-equivalent.

Beta is the probability concluding non-equivalence when the proportions are equivalent.

Summary Statements

A sample size of 50 achieves 0% power to detect a difference (P0-PB) of 0.0500 using a
two-sided binomial test. The target significance level is 0.0500. The actual significance level
achieved by this test is 0.0000. These results assume a baseline proportion (PB) of 0.5000 and
that the actual difference (P1-PB) is 0.0000.

This report shows the values of each of the parameters, one scenario per row. Because of the
discrete nature of the binomial distribution, the target alpha is usually different than the actual
alpha. Hence, the actual alpha is also shown.

Power
Power is the probability of concluding equivalence when the treatment is indeed equivalent.

N

This is the sample size.

Equivalence Difference (or Proportion, Ratio, or Odds Ratio)

The equivalence difference is the maximum difference from the baseline proportion, PB, that is
still considered as unimportant or trivial. This value is used to calculate PO.

Equivalence Upper and Lower Proportions

If the true proportion is between these two limits, the treatment is considered to be equivalent to
the baseline proportion. These are the bounds of equivalence.
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Actual Difference (or Proportion, Ratio, or Odds Ratio)

The actual difference is the difference between the actual proportion, P1, and the baseline
proportion, PB.

Baseline Proportion

The baseline proportion, PB, is the response rate that is achieved by the current (standard)
treatment.

Target Alpha

This is the target (set in the design) value of the probability of a type-I error. A type-I error occurs
when a true null hypothesis is rejected. That is, this is the probability of concluding equivalence
when in fact the new treatment is not equivalent. Because of the discreteness of the binomial
distribution from which this value is calculated, the target value is seldom achieved.

Actual Alpha

This is the actual value of alpha (see Target Alpha) that is achieved by the design. Note that low
values of alpha reduce the power.

Beta
Beta is the probability of accepting a false null hypothesis. It is the opposite of power.
Reject HO if R1<=R<=R2

This value provides the bounds between which equivalence is concluded. For example, if n is 50,
then a value here of 29|31 means that the null hypothesis of non-equivalence is rejected when the
number of items with the characteristic of interest is 29, 30, or 31.

When the second number is less than the first as it is in the first line (29|21), the design can never
reject the null hypothesis. These designs should never be used.

Plots Section

Power vs n by dO with d1=0.0000 Alpha=0.05
PB=0.5000 Test=Exact

1.0+

0.8+
5 0.6 ® 0.0500
= o
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This plot shows the relationship between power, sample size, and the trivial difference. Note that
80% power is achieved with a sample size of about 210 when the trivial difference is 0.10 and
over 800 when the trivial difference is 0.05.

Example2 - Finding the Sample Size

Continuing from Examplel, suppose you want to find the exact sample size necessary to achieve
90% power when the trivial difference is 0.05. Assume that an exact binomial test will be used.

Setup

You can make these changes directly on your screen or you can load the Example2 template by
clicking the Template tab and loading this template.

Option Value

Data Tab

Find .., n

Baseline Proportion (PB).........c......... 0.50

Actual Difference (d1) ........cccceevnneee 0
Equivalence Difference (d0).............. 0.05

L PP PPPPPPPPPPPPRN Ignored since this is the Find setting
Alpha ..., 0.05
Beta....ovvviiiieeee 0.10

Test Statistic in Reports.................... Exact Test
Reports Tab

Show Numeric Reports ........ccccceeeeen. Checked
Show Comparative Reports .............. Not checked
Show Definitions ...........ccccceei. Not checked
Show PIOtS ... Not checked
Show Comparative PlotS................... Not checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results when HO: Non-Equivalence versus H1: Equivalence
Test Statistic: Exact Test

Lower  Upper

Equiv. Equiv. Equiv. Actual Baseline Reject HO if

Diff. Prop. Prop. Diff. Prop. Target Actual R1<=R<=R2

Power N (dO) (POL) (POV) (d1) (PB) Alpha Alpha Beta (R1|R2)
0.9040 1092 0.0500 0.4500 0.5500 0.0000 0.5000 0.0500 0.0498 0.0960 519|573

This report shows that a sample size of 1092 will be necessary to achieve the design
requirements.
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Example3 — Comparing Test Statistics

Continuing Examplel, suppose the researchers want to investigate which of the five test statistics
to use. This is an important question since choosing the wrong test statistic can increase sample
size and reduce power. The differences in the characteristics of test statistics are most noticeable
in small samples. Hence, the investigation done here is for sample sizes of 20 to 200 in steps of
20. The trivial difference will be set to 0.10. All other settings are as given in Example 1.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power
Baseline Proportion (PB) .................. 0.50

Actual Difference (d1) ......cccccceevinnnnns 0

Equivalence Difference (d0).............. 0.10

D et 20 to 200 by 20
Alpha......oo 0.05

Beta........oo o Ignored since this is the Find setting
Reports Tab

Show Numeric Reports...............c....... Not checked
Show Comparative Reports.............. Checked

Show Definitions .........ccccceeviviiiinnnen. Not checked
ShOW PIOES ... Not checked
Show Comparative Plots................... Checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Power Comparison for Methods of Testing HO: Non-Equivalence versus H1: Equivalence

Equiv. Actual Baseline Exact Z-Test Z-Test Z-Test Z-Test
Diff. Diff. Prop. Target Test S(P0) S(PO)C S(P) S(P)C T-Test
N (d0) (d1) (PB)  Alpha Power Power Power Power Power Power

20 0.1000 0.0000 0.5000 0.0500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
40 0.1000 0.0000 0.5000 0.0500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
60 0.1000 0.0000 0.5000 0.0500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
80 0.1000 0.0000 0.5000 0.0500 0.0889 0.0889 0.0889 0.0889 0.0889 0.0889
100  0.1000 0.0000 0.5000 0.0500 0.2356 0.2356 0.2356 0.2356 0.2356 0.2356
120  0.1000 0.0000 0.5000 0.0500 0.3517 0.4770 0.3517 0.4770 0.3517 0.3517
140 0.1000 0.0000 0.5000 0.0500 0.4457 0.5530 0.4457 0.5530 0.4457 0.5530
160 0.1000 0.0000 0.5000 0.0500 0.6154 0.6154 0.6154 0.6154 0.6154 0.6154
180 0.1000 0.0000 0.5000 0.0500 0.6674 0.7365 0.6674 0.6674 0.6674 0.6674
200 0.1000 0.0000 0.5000 0.0500 0.7708 0.7708 0.7708 0.7708 0.7112 0.7708

Actual Alpha Comparison for Methods of Testing HO: Non-Equivalence versus H1: Equivalence

Equiv. Actual Baseline Exact Z-Test Z-Test Z-Test Z-Test
Diff. Diff. Prop. Target Test S(P0) S(PO)C S(P) S(P)C T-Test
N (d0) (d1) (PB)  Alpha Alpha Alpha Alpha Alpha Alpha Alpha

20 0.1000 0.0000 0.5000 0.0500 0.0000 0.0565 0.0210 0.0565 0.0210 0.0565
40 0.1000 0.0000 0.5000 0.0500 0.0000 0.0392 0.0392 0.0392 0.0392 0.0392
60 0.1000 0.0000 0.5000 0.0500 0.0000 0.0445 0.0445 0.0445 0.0445 0.0445
80 0.1000 0.0000 0.5000 0.0500 0.0445 0.0445 0.0445 0.0445 0.0445 0.0445
100  0.1000 0.0000 0.5000 0.0500 0.0423 0.0423 0.0423 0.0423 0.0423 0.0423
120  0.1000 0.0000 0.5000 0.0500 0.0392 0.0575 0.0392 0.0575 0.0392 0.0392
140 0.1000 0.0000 0.5000 0.0500 0.0358 0.0514 0.0358 0.0514 0.0358 0.0514
160 0.1000 0.0000 0.5000 0.0500 0.0459 0.0459 0.0459 0.0459 0.0459 0.0459
180 0.1000 0.0000 0.5000 0.0500 0.0408 0.0558 0.0408 0.0408 0.0408 0.0408
200 0.1000 0.0000 0.5000 0.0500 0.0492 0.0492 0.0492 0.0492 0.0363 0.0492

Power vs n by Test with d0=0.1000 d1=0.0000
Alpha=0.05 PB=0.5000
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The first report shows the power for each test statistic. The second report shows the actual alpha
achieved by the design.

An examination of the first report shows that once non-zero powers are obtained, they are often
different for at least one of the tests. Also notice that the exact test always has the minimum
power in each row. This would lead us discard this test statistic. However, consider the second
report which shows the actual alpha level (the target was 0.05) for each test. By inspecting
corresponding entries in both tables, we see that whenever a test statistic achieves a better power
than the exact test, it also yields an actual alpha level larger than the target alpha.

For example, look at the powers for n = 120. The z test using s(P0) has an unusually large power
=0.4770. This is a much larger power than the exact test’s value of 0.3517. However, note that
the actual alpha for this test is 0.0575 which is larger than the target alpha of 0.05 and the exact
test’s alpha of 0.0392.

We conclude that indeed, the exact test is consistently the best test since it always achieves a
significance level that is less than the target value.
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Example4 - Validation

We could not find a worked example for this situation in the literature. Therefore, we will use the
example that was worked ‘by hand’ earlier in this chapter to validate the program. In that
example, the baseline proportion was 0.50, alpha was 0.05, n was 10, the actual difference was
0.10, and the trivial difference was 0.40. The power was calculated to be 0.5629.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the Example4 template by clicking the Template tab and
loading this template.

Option Value

Data Tab

FINd .o Beta and Power

Baseline Proportion (PB)................... 0.50

Actual Difference (d1) .......ccccceeevnnnnn 0.10

Equivalence Difference (d0).............. 0.40

L TR UUPPPPIIN 10

Alpha ... 0.05

Beta. .o Ignored since this is the Find setting

Reports Tab
Show Numeric Reports ........ccccceeeeee. Checked
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results when HO: Non-Equivalence versus H1: Equivalence
Test Statistic: Exact Test

Lower  Upper
Equiv. Equiv. Equiv. Actual Baseline
Diff. Prop. Prop. Diff. Prop. Target Actual
Power N (d0) (POL) (POL) (d1) (PB) Alpha Alpha
0.5630 10 0.4000 0.1000 0.9000 0.1000 0.5000 0.0500 0.0128

PASS has obtained the same answer within rounding error.

Beta
0.4370

Reject HO if
R1<=R<=R2
(R1|R2)

416
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Example5 - Computing the Power after
Completing the Experiment

Researchers are testing a generic drug to determine if it is equivalent to the name-brand
alternative. Equivalence is declared if the success rate of the generic brand is no more than 10%
from that of the name-brand drug. Suppose that the name-brand drug is known to have a success
rate of 60%. In a study of 500 individuals, they find that 265, or 53%, are successfully treated
using the generic brand. An equivalence test (exact test) with alpha = 0.05 failed to declare that
the two drugs are equivalent. The researchers would now like to compute the power for actual
differences ranging from 0 to 9%.

Note that the power is not calculated solely at the difference observed in the study, 7%. Itis more
informative to study a range of values with practical significance.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the Example5 template by clicking the Template tab and
loading this template.

Option Value

Data Tab

FINd .o Beta and Power
Baseline Proportion (PB)................... 0.60

Actual Difference (d1) ......ccccccceeeinnnn 0.0to 0.09 by 0.01
Equivalence Difference (d0).............. 0.10

L PP PP PPPPPPN 500
Alpha....eii 0.05

2] - Ignored since this is the Find setting
Test Statistic in Reports..................... Exact Test
Reports Tab

Show Numeric Reports .........cccceeeen. Checked

Show Comparative Reports .............. Not checked
Show Definitions .........ccoccvviiiveinennn. Not checked
Show PIOtS ..o Checked

Show Comparative PlotS................... Not checked

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results when HO: Non-Equivalence versus H1: Equivalence
Test Statistic: Exact Test

Lower  Upper

Equiv. Equiv. Equiv. Actual Baseline Reject HO if

Diff. Prop. Prop. Diff. Prop. Target Actual R1<=R<=R2

Power N (dO) (POL) (POV) (d1) (PB) Alpha Alpha Beta (R1|R2)
0.9965 500 0.1000 0.5000 0.7000 0.0000 0.6000 0.0500 0.0489 0.0035 269|332
0.9940 500 0.1000 0.5000 0.7000 0.0100 0.6000 0.0500 0.0489 0.0060 269|332
0.9815 500 0.1000 0.5000 0.7000 0.0200 0.6000 0.0500 0.0489 0.0185 269|332
0.9482 500 0.1000 0.5000 0.7000 0.0300 0.6000 0.0500 0.0489 0.0518 269|332
0.8783 500 0.1000 0.5000 0.7000 0.0400 0.6000 0.0500 0.0489 0.1217 269|332
0.7583 500 0.1000 0.5000 0.7000 0.0500 0.6000 0.0500 0.0489 0.2417 269|332
0.5914 500 0.1000 0.5000 0.7000 0.0600 0.6000 0.0500 0.0489 0.4086 269|332
0.4041 500 0.1000 0.5000 0.7000 0.0700 0.6000 0.0500 0.0489 0.5959 269|332
0.2352 500 0.1000 0.5000 0.7000 0.0800 0.6000 0.0500 0.0489 0.7648 269|332
0.1139 500 0.1000 0.5000 0.7000 0.0900 0.6000 0.0500 0.0489 0.8861 269|332

Power vs d1 with d0=0.1000 n=500 Alpha=0.05
PB=0.6000 Test=Exact
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The range in power is quite large. The power is relatively high and constant if the true difference
is less than or equal to 4%, but it decreases rapidly as the differences increase from there.
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Example6 - Finding the Sample Size
using Ratios

Researchers would like to compare a new treatment to an existing standard treatment. The new
treatment will be deemed equivalent to the standard treatment if the response rate is changed by
no more than 20%, hence, r = 1.20. It is known that 60% of patients respond to the standard
treatment. If the researchers use the exact test and a significance level of 0.05, how large of a
sample must they take to achieve 90% power if the actual ratio is 1.0?

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes directly
on your screen or you can load the Example6 template by clicking the Template tab and loading
this template.

Option Value

Data Tab

FINd .o n

Baseline Proportion (PB)................... 0.60

Actual Ratio (rL) ...ccccoeeeeeeeiieeeeeeeeeen, 1.0
Equivalence Ratio (r0).............cccueueee. 1.2
T Ignored since this is the Find setting
Alpha ... 0.05
Beta....ovvviiiiieeeeee 0.10

Test Statistic in Reports..................... Exact Test
Reports Tab

Show Numeric Reports .........cccceeeeen. Checked
Show Comparative Reports .............. Not checked
Show Definitions ..........ccccvvvveeeenennn. Not checked
Show PIOtS ..o Checked

Show Comparative PlotS................... Not checked
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results when HO: Non-Equivalence versus H1: Equivalence
Test Statistic: Exact Test

Lower  Upper

Equiv. Equiv. Equiv. Actual Baseline Reject HO if
Ratio Prop. Prop. Ratio Prop. Target Actual R1<=R<=R2
Power N (ro) (POL) (POV) (r1) (PB) Alpha Alpha Beta (R1|R2)
0.9014 228 1.2000 0.5000 0.7200 1.0000 0.6000 0.0500 0.0488 0.0986 127|152

Summary Statements

A sample size of 228 achieves 90% power to detect a ratio (PO/PB) of 1.2000 using a two-sided
binomial test. The target significance level is 0.0500. The actual significance level achieved

by this test is 0.0488. These results assume a baseline proportion (PB) of 0.6000 and that the
actual ratio (P1/PB) is 1.0000.

They must sample 228 individuals to achieve just over 90% power for an actual ratio of 1.0 and
trivial ratio of 1.20.
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Chapter 115

Confidence
Interval for a
Proportion

Introduction

This routine calculates the sample size necessary to achieve a required precision at a stated
confidence coefficient for a confidence interval about the sample proportion.

Technical Details

Rather than use the normal approximation to the binomial distribution, PASS uses exact
calculations based on the binomial distribution as presented in Desu and Raghavarao (1990). The
results will be similar to the normal approximation results when the sample size is large (greater
than 200). However, when the sample size is small, the normal approximation is poor. The point
to remember is that PASS uses the exact calculations, not approximations as some other programs
do.

Let X be a discrete random variable with probability function
f (x; P0O) = PO*(1— PO)

where x = 0,1. X is said to follow the Bernoulli distribution. Let X1, X2, ..., Xn be a random sample
of X of size n. Then

Yy=3X,

n
i=1

has a binomial distribution with parameters n and PO. The probability distribution of Y is
n _
f(y;n,PO) :( ]Poy(l— )i
y

We note that Y/n is the usual estimate of PO.

To estimate PO while controlling the absolute error with a given probability, you find n to satisfy

o[

PO

<dj21—a
n
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Here, d represents the precision of the estimate. This probability statement may be rearranged as

follows:
Pr( Y

PO

‘- rrf<) <P{po-1<¥ <[npo-)

=Pr(y, <Y <y,)
Y2

- z[njpoya— o)t
y=Y1 y

Hence, for given values of d, PO, and 1— « , a search can be made for the smallest value of n for
which the above probability statement is true. This is what is done in this routine.

Finite Population Size

The above calculations assume that samples are being drawn from a large (infinite) population.
When the population is of finite size (N), a normal approximation to the hypergeometric distribution
is used. Calculations are based on the formula

d

ez = \/ PO(L— PO)(N —n)

nN

Confidence Coefficient

The confidence coefficient,1 — « , has the following interpretation. If thousands of samples of n
items are drawn from a population using simple random sampling and a confidence interval is
calculated for each sample, the proportion of those intervals that will include the true population
proportionis 1- « .

Notice that is a long term statement about many, many samples.

Power

Notice that these formulas do not contain a statement about the power. In fact, since we are
calculating confidence intervals and not conducting hypothesis tests, we cannot commit the errors
that are possible with those tests. A natural question is, if we obtained a sample size based on the
confidence interval formulas and then conducted a hypothesis test, what would be the power of the
test? The answer is about 0.50.
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab

The Data tab contains most of the parameters and options that you will be concerned with.

Find

This option specifies the parameter to be solved for from the other parameters.

Precision

This is half the width of the confidence interval (d in the formulas). That is, the confidence
interval is formed by taking the sample proportion plus and minus this amount. This is sometimes
called the margin of error. The smaller this amount, the more precise will be the interval.

You can enter a single value or a list of values. The value(s) must be greater than zero and less
than one-half.

Confidence Coefficient

The confidence coefficient,1 — & , has the following interpretation. If thousands of samples of n
items are drawn from a population using simple random sampling and a confidence interval is
calculated for each sample, the proportion of those intervals that will include the true population
mean is 1 — « . In power analysis, we specify « . When dealing with confidence intervals, we
specify 1- o .

Often, the values 0.95 or 0.99 are used. You can enter single values or a range of values such as
0.90,0.95 or 0.90 to 0.99 by 0.01.

Population Size

This is the number of individuals in the population. Usually, you assume that samples are drawn
from a very large (infinite) population. Occasionally, however, situations arise in which the
population of interest is of limited size. In these cases, appropriate adjustments must be made.
This option sets the population size.

N (Sample Size)
Enter one or more values for the sample size. This is the number of individuals selected at
random from the population to be in the study.

You can enter a single value or a range of values.



115-4 Confidence Interval of a Proportion

PO (Baseline Proportion)

This is an estimate of the population proportion. Since the point of the study is to estimate this
value, you will not know it in advance. However, since it is necessary to estimate this value, you
must put in something. The largest sample sizes occur when PO = 0.50. So when you do not have
a good estimate of PO, use a value near 0.5. Your sample size will then be a little larger than
necessary.

Remember that PO + d must be less than one and that PO - d must be greater than zero (d is the
precision).

Options Tab

This tab sets a couple of options used in the iterative procedures.

Maximum lterations

Specify the maximum number of iterations allowed before the search for the criterion of interest
is aborted. When the maximum number of iterations is reached without convergence, the criterion
is left blank. A value of 500 is recommended.

Ilterative Precision

When a search is made for the precision value, this is the cutoff value used to terminate the
search. In most cases, a value of 0.0001 will be more than sufficient.
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Examplel - Calculating Sample Size

Suppose a study is planned in which you want to construct a confidence interval for the
proportion that is no wider than 0.02. You want a confidence coefficient of 0.95. Previous studies
show that the proportion is about 0.4. Instead of looking at a precision of just 0.02 with a
confidence coefficient of 0.95, you want to see the sample sizes for a range of values from 0.02 to
0.07 and at two confidence coefficients, 0.95 and 0.99. Calculate the necessary sample size.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.

Option Value

Data Tab

FINd oo, N (Sample Size)
Precision .......ccccccveiii e, 0.02 to 0.07 by 0.01
Confidence Coefficient..........cccvvvnvee. 0.95, 0.99
Population Size .........cccocevveeeeiiiins Infinite

N (Sample Siz€) ....cccoeeveveiiiiiiicccnn Ignored

PO (Baseline Proportion)................... 0.4

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results

C.C. N PO

Confidence Sample Baseline

Precision Coefficient Size Proportion
0.02000 0.95073 2281 0.40000
0.02000 0.99014 3955 0.40000
0.03000 0.95051 1005 0.40000
0.03000 0.99023 1754 0.40000
0.04000 0.95165 566 0.40000
0.04000 0.99003 980 0.40000
0.05000 0.95208 365 0.40000
0.05000 0.99056 634 0.40000
0.06000 0.95023 244 0.40000
0.06000 0.99058 435 0.40000
0.07000 0.95175 181 0.40000
0.07000 0.99045 315 0.40000

Report Definitions

Precision is the plus and minus value used to create the confidence interval.
Confidence Coefficient is probability value associated with the confidence interval.
N is the size of the sample drawn from the population.

PO is the estimated baseline proportion.

Summary Statements

A sample size of 2281 produces a 95% confidence interval equal to the sample proportion plus or minus
0.02000 when the estimated proportion is 0.40000.

This report shows the calculated sample size for each of the scenarios.
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Plot Section

N vs Precision by C.C. with P=0.40000 C.|. Mean
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Precision

This plot shows the sample size versus the precision for the two confidence coefficients.

Example2 - Validation Using Hahn and
Meeker

Hahn and Meeker (1991) page 145 state that a sample size of 30 gives a 90% confidence interval
of 0.50 plus or minus 0.16. We will run this problem through PASS.

Setup

You can enter these values yourself or load the Example2 template from the Template tab.

Option Value

Data Tab

Find ... Confidence Coefficient
Precision ..........ccccc 0.02to 0.07 by 0.01
Confidence Coefficient..........ccooevuun... 0.95, 0.99

Population Size................ccccc Infinite

N (Sample Siz€).......cccvvevvviiiiiieeeenns 30

PO (Baseline Proportion)................... 0.5

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results

C.C. N PO

Confidence Sample Baseline

Precision Coefficient Size Proportion
0.16000 0.90126 30 0.50000

The confidence coefficient calculated by PASS is also 0.90.
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Chapter 120

Single-Stage
Phase |l Clinical
Trials

Introduction

Phase Il clinical trials determine whether a drug or regimen has sufficient activity against disease
to warrant more extensive study and development. In a single-stage design, a single group of
patients is studied. Usually, investigators will know the response rate of other drugs against the
disease. Unless the current drug can be shown to be significantly more effective, its use will not
be pursued.

This module finds designs that meet the error rate (alpha and beta) criterion and minimize the
sample size when an exact test of proportions is used. The algorithm, discussed by A’Hern
(2001), is an exact version of the algorithm of Fleming (1982
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Technical Details

Phase I clinical trials are designed to provide information about the maximum tolerated dose
levels of a treatment. They consist of three to six patients at each dose level and provide little
information about the effectiveness of the treatment.

Phase Il trials obtain initial estimates of the degree of treatment activity. A patient’s response
may be measured by the decrease in the size of a tumor. For example, a patient may be
considered to have responded to treatment if the tumor shrinks by 50% or more. There is no
control group in these designs. Rather, the purpose of the trial is to determine if the drug shows
enough activity against disease to warrant a full-scale, phase 11 clinical trial.

Let PO be the largest response proportion that, if true, clearly implies that the treatment does not
warrant further study. PO is sometimes called the response rate of a poor treatment. For example,
for a new anti-tumor drug, this may be set to 0.10.

Let P1 be the smallest response proportion that, if true, clearly implies that the treatment does
warrant further study. P1 is sometimes called the response rate of a good treatment. For example,
for a new anti-tumor drug, this may be set to 0.30.

A statistical test of hypothesis may be conducted to test the null hypothesis that P < PO versus
the alternative hypothesis that P > P1 (P is the true proportion responding to the treatment in the
population). Let « be the probability of rejecting the null hypothesis when it is true. Let /3 be the

probability of rejecting the alternative hypothesis when it is true.

A single-stage phase Il design can be represented by two numbers: N and R. N is the sample size. R
is the critical value. If R or fewer responses occur in the N patients, the drug is rejected. The design
is found by searching for the minimum value of N for which a value for R can be found such that the
following two error rate constraints are met:

Pr(reject| PO,R,N) 21—«
and
Pr(reject|PLR,N)< s

Limiting the Range of the Search

Because of the discrete nature of the binomial distribution by which these error rates are
calculated, there is no closed-formed solution and so a search among possible values of N must be
conducted. In order to speed up the search, only values of N between 0.8F and 4F are considered.
F is the sample size based on the normal approximation to the binomial, suggested by Fleming
(1982).
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs.

Data Tab

PO (Maximum Response of a Poor Treatment)

Enter one or more response proportions of a poor drug. If the true proportion responding to the
treatment is less than this amount, study of the treatment will not be recommended.

This value must be less than P1 and greater than zero.

P1 (Minimum Response of a Good Treatment)

Enter one or more response proportions of a good drug. If the true proportion responding to the
treatment is greater than or equal to this amount, study of the treatment can be recommended.

This value must be greater than PO and less than one.

Alpha

Alpha is the probability of rejecting the hypothesis that the proportion responding to the treatment
is less than or equal to PO when this hypothesis is actually true. That is, Alpha = Pr(Rejecting
P<=PO0 | P<=P0).

The range of Alpha is 0.001 to 0.25. Popular values are 0.05 and 0.10.

Beta

This is the probability of rejecting the hypothesis that the proportion responding to the treatment
is greater than or equal to P1 when this hypothesis is true. That is, Beta = Pr(rejecting
P>=P1|P>=P1).

The range of Beta is 0.001 to 0.4. Popular values are 0.10 and 0.20.
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Examplel - Validation from A’Hern

A’Hern (2001) presents tables of sample sizes for various values of the design parameters. Setting
alpha = 0.05, beta = 0.20, PO = 0.05, and P1 =0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9,
A’Hern finds the corresponding sampling plans to be (using the notation R+1/N) 14/169, 4/27,
3114, 2/7, 2/5, 2/4, 2/4, 1/1, and 1/1. This would be set up as follows.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.

Option Value

Data Tab

PO 0.05

o 1.23.45.6.7.8.9
Alpha.........cccoo 0.05

Beta....cooo i, 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Single Stage Design for Testing HO: P <= PQ versus H1: P >= P1

Cut-Off Actual Actual
PO P1 Alpha Beta R+1 N  Alpha Beta
0.050 0.100 0.050 0.200 14 169 0.045 0.194
0.050 0.200 0.050 0.200 4 27 0.044 0.182
0.050 0.300 0.050 0.200 3 14 0.030 0.161
0.050 0.400 0.050 0.200 2 7 0.044 0.159
0.050 0.500 0.050 0.200 2 5 0.023 0.188
0.050 0.600 0.050 0.200 2 4 0.014 0.179
0.050 0.700 0.050 0.200 2 4 0.014 0.084
0.050 0.800 0.050 0.200 1 1 0.050 0.200
0.050  0.900 0.050 0.200 1 1 0.050 0.100

Report Definitions

PO is the maximum response proportion of a poor drug.

P1 is the minimum response proportion of a good drug.

N is the sample size.

If the number of responses >= R+1, PO is rejected.

If the number of responses <= R, P1 is rejected.

Alpha is the probability of rejecting that P<=P0 when this is true.
Beta is the probability of rejecting that P>=P1 when this is true.

Summary Statements

A study requires 169 subjects to decide whether the proportion responding, P, is less than or
equal to 0.050 or greater than or equal to 0.100. If the number of responses is 14 or more, the
hypothesis that P <= 0.050 is rejected with a target error rate of 0.050 and an actual error

rate of 0.045. If the number of responses is 13 or less, the hypothesis that P >= 0.100 is
rejected with a target error rate of 0.200 and an actual error rate of 0.194.

Note that the designs match those of A’Hern (2001) exactly.
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Chapter 125

Two-Stage Phase I
Clinical Trials

Introduction

Phase Il clinical trials determine whether a drug or regimen has sufficient activity against disease
to warrant more extensive study and development. In a two-stage design, the patients are divided
into two groups or stages. At the completion of the first stage, an interim analysis is made to
determine if the second stage should be conducted. If the number of patients responding is greater
than a certain amount, the second stage is conducted. Otherwise, it is not.

This module finds designs that meet the error rate (alpha and beta) criterion and minimize the
expected sample size. The algorithm is discussed in Simon (1989). Extending Simon’s work, our
algorithm allows the investigation of near-optimal designs that may have other useful properties.

Technical Details

Phase I clinical trials are designed to provide information about the maximum tolerated dose
levels of a treatment. They consist of three to six patients at each dose level and provide little
information about the effectiveness of the treatment.

Phase Il trials obtain initial estimates of the degree of treatment activity. A patient’s response
may be measured by the decrease in the size of a tumor. For example, a patient may be
considered to have responded to treatment if the tumor shrinks by 50% or more. There is no
control group in these designs. Rather, the purpose of the trial is to determine if the drug shows
enough activity against disease to warrant a full-scale, phase 11 clinical trial.

Let PO be the largest response proportion which, if true, clearly implies that the treatment does
not warrant further study. PO is sometimes called the response rate of a poor treatment. For a new
anti-tumor drug, this may be set to 0.10.

Let P1 be the smallest response proportion which, if true, clearly implies that the treatment does
warrant further study. P1 is sometimes called the response rate of a good treatment. For a new
anti-tumor drug, this may be set to 0.30.

A statistical test of hypothesis may be conducted to test the null hypothesis that P < PQ versus
the alternative hypothesis that P > P1 (P is the true proportion responding to the treatment in the
population). Let « be the probability of rejecting the null hypothesis when it is true. Let /£ be the

probability of rejecting the alternative hypothesis when it is true.

A phase Il design can be represented by four numbers: N1, R1, N, and R. N1 is the sample size in the
first stage. R1 is the critical value in the first stage. If R1 or fewer responses occur in the N1 patients,
the drug is rejected. N is the combined sample size for both the first and second stages. R is the
critical value in the combined sample. If R or fewer of the N patients respond, the drug is rejected.
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The expected (or average) sample size of this design is
E(N¢)=N1+(1-PET)(N - N1)
where PET is the probability of early termination of the study.

The probability of rejecting a drug with success probability P can be found using the binomial
distribution. The formulation is

min(NLR)

Pr(reject|P,N1,RL R,N) = B(RYP,N1)+ > b(X|P,N1)B(R- X|P,N - N1
X=R1+1
where
b(X|P,N):LPX(1— p)" %
XN - X)!
and

X
B(X|P,N)=> b(RIP,N)
r=0

The two error rate constraints are
Pr(reject| PO,NL, RL,R,N)>1-
and
Pr(reject| P1, N1, RLR,N)< 8

Optimum Design

The optimum design minimizes the average sample size, E(N), while meeting the error rate
constraints. This design is found through an exhaustive search of all possible designs. This search
may take several minutes to complete.

Designs Other Than Optimal

The optimal design minimizes the average sample size. There are examples where a less-than
optimal design may be more desirable. For example, suppose the optimal design were N1 =5 and
N = 25. This design is poor because only 5 patients are obtained during the first stage, but 20 are
needed during the second stage. Most researchers would rather have more balance in the sample
sizes of the two stages. Because of this, the actual optimal design may be rejected on other
grounds.
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Design Flexibility

Dealing with sequential designs is complicated. It may be difficult to achieve exactly the number
of patients proscribed for each phase. However, it should be remembered that the validity of the
probability statements depends on the sample size requirements being met exactly. This is
because the interpretation of an error rate probability statement is for repeated studies conducted
in exactly the same way. We envision that if many studies of the same drug are conducted using
the specific sampling plan N1, R1, N, R when P = P0, a proportion « of them will be falsely
terminated due to chance occurrences.

The point is, the interpretation of the error rates is for a large number of identical studies in which
the sampling plan is identical and as proscribed. If the sampling plan is allowed to vary, this
interpretation is invalid. Of course, the degree of possible error in interpretation depends on the
degree to which the sampling plan is changed. We recognize that when dealing with human
subjects, flexibility must be maintained. However, the scientist must also recognize that when the
sampling plan is changed, the exact probability statements can no longer be calculated.

Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab

The Data tab contains most of the parameters and options that you will be concerned with.

Which Designs are Displayed

This parameter specifies which designs are displayed. Since several thousand designs may be
considered during the search for the optimum, it is important to limit the number of designs
reported on.

The options are:
All designs

All designs considered are output. This option should only be used in special cases in which a
small number of designs are tested. Otherwise, hundreds of pages of output will be generated.

Only designs that meet alpha & beta constraints

Only designs that meet the alpha and beta constraints are shown. This allows you to consider
many near optimal designs which may be selected on grounds other than expected sample size.

Optimum designs only
Only the optimum design, the minimax design, and the single stage design are displayed.
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PO (Poor)

This is the response proportion of a poor drug. If the true proportion responding to the treatment
is less than this amount, study of the treatment would not be recommended.

This value must be less than P1 and greater than zero.

Only one value can be entered.

P1 (Good)

This is the response proportion of a good drug. If the true proportion responding to the treatment
is greater than or equal to this amount, study of the treatment would be recommended.

This value must be greater than PO and less than one.

Only one value can be entered.

Alpha

Alpha is the probability of rejecting the hypothesis that the proportion responding to the treatment
is less than or equal to PO when this hypothesis is actually true. That is, Alpha = Pr(Rejecting
P<=P0|P<=P0).

The range of Alpha is 0.001 to 0.25. Popular values are 0.05 and 0.10.

Beta

This is the probability of rejecting the hypothesis that the proportion responding to the treatment
is greater than or equal to P1 when this hypothesis is true. That is, Beta = Pr(rejecting
P>=P1|P>=P1).

The range of Beta is 0.001 to 0.4. Popular values are 0.10 and 0.20.

N Min
N is the combined sample size of the two stages of the design. This parameter sets the minimum

value of N that is used during the search. The optimum value of N must be between N Min and N
Max or it will not be found.

The keyword MIN indicates that the value used is the minimum of the smallest sample size from
a single stage design and MIN2 where MIN2 is calculated using

2
MIN2= Pt Pa (1_ Po + plj{zl-a + 21—/3}
2 2 P~ Po

Since it is unlikely that the two stage sample size will be less MIN, this provides a reasonable
starting point for a search for N. However, experience has shown that you should use a small
number such as 2 to insure that you obtain the optimum.

You can also enter a value like MIN-x where x is a positive integer. This will cause the search to
begin x units below the MIN.

The problem here is that this procedure may take a long time to run. Specifying a good starting
value significantly reduces the running time.

Examples of valid entries are 2, 10, 20, MIN, MIN-1, MIN-15.
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N Max

N is the combined sample size of the two stages of the design. This parameter sets the maximum
value of N used during the search. The optimum value of N should be between N Min and N Max
or it will not be found.

The keyword BEST+X indicates that the search should try at least X units above the latest
optimum value of N. For example, suppose the N Min is set at 10. The search algorithm begins at
10, and then continues by examining 11, 12, and so. Suppose that the search finds a candidate
optimum at N = 13. To make sure that 13 is the optimum, the search continues on from 13 to
13+X (if, for example, X = 5, this value is 18). If no new optimum designs are found, the design at
N = 13 is selected.

When using this option, X should be set large enough to guarantee that the true optimum can be
found, but small enough so that the search does not take hours to complete. Our experience is that
X should be greater than or equal to 8.

Examples of valid entries are for this parameter are:

20

30

BEST+8

BEST 8 (the plus sign is optional)
BEST 3

Best 4 (capitalization is not necessary)

N Step

This parameter sets the step size in the search for N. Usually, you would enter 1 here.
Occasionally, you may want to increase the step size during the initial part of your search to
speed up convergence. Once you have determined a likely range, you can tighten up the search
boundaries and reset this value to 1.

R Min

R is the treatment rejection number for the combined samples. If the total number of patients
responding to the treatment is not greater than R, the treatment is deemed unworthy of further
study. R Min sets the lower boundary for R during the search for the optimum design. The
optimum design must have an R value between R Min and R Max.

The recommended value for this parameter is zero. Its range is from zero to N.

R Max

R is the rejection number for the combined samples. If the total number of patients responding to
the treatment is not greater than R, the treatment is deemed unworthy of further study.

R Max sets the upper boundary for R during the search for the optimum design. The optimum
design must have an R value between R Min and R Max.

Since the upper value is N and N is also a varying parameter, you can set this parameter to MAX
or MAX-X (replacing X with an appropriate integer like 1, 2, or 3). This causes the maximum
value of R to be set to the current value of N-X during each iteration of the search.
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R Step

This parameter sets the step size in the search for R. Usually, you would enter 1 here.
Occasionally, you may want to increase the step size during the initial part of your search to
speed up convergence. Once you have determined a likely range, you can tighten up the search
boundaries and reset this value to 1.

N1 Min

N1 is the sample size of the first stage. This value sets the minimum value of N1 that is used
during the search. The optimum value must be between N1 Min and N1 Max or it will not be
found.

Although, in theory, the sample first stage design may have only 1, 2, or 3 patients, you may want
to ignore such designs from consideration by setting this value to 4 or 5.

The actual range of this parameter is from 1 to N.

N1 Max

N1 is the sample size of the first stage of the design. This parameter sets the maximum value of
N1 used during the search. The optimum value of N1 should be between N Min and N Max or it
will not be found. Although, in theory, the sample first stage design may have N-3, N-2, or N-1
patients, you may want to ignore such designs from consideration by setting this value to a
smaller number.

Since the upper value is N-1 and N is also a varying parameter, you can set this parameter to
MAX or MAX-X (replacing X with an appropriate value like 1 or 2). This causes the maximum
value of N1 to be set to the current value of N-X.

Examples:

10

20
MAX
Max-2
max-4

N1 Step

This parameter sets the step size in the search for N1. Usually, you would enter a 1 here.
Occasionally, you may want to increase the step size during the initial part of your search to
speed up convergence. Once you have determined a likely range, you can tighten up the search
boundaries and reset this value to 1.

R1 Min

R1 is the drug rejection number for the first stage. If the number of patients responding to the
treatment in the first stage is not greater than R1, the treatment is deemed unworthy of further
study. This parameter sets the lower boundary for R1 during the search for the optimum design.
The optimum design must have an R1 value between R Min and R Max.

The recommended value for this parameter is zero. Its range is from zero to N1.
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R1 Max

R1 is the rejection number for the first stage. If the number of patients responding to the treatment
in the first stage is not greater than R1, the treatment is deemed unworthy of further study. This
parameter sets the upper boundary for R1 in the search for the optimum design.

Since the upper value is N1 and N1 is a varying parameter, you can set this parameter to MAX or
MAX-X (replacing X with an integer like 1,2, or 3). This causes the maximum value of R1 to be
set to the current value of N1-X.

The valid range of R1 is between zero and N1.

R1 Step

This parameter sets the step size in the search for R1. Usually, you would enter a 1 here.
Occasionally, you may want to increase the step size during the initial part of your search to
speed up convergence. Once you have determined a likely range, you can tighten up the search
boundaries and reset this value to 1.

Options Tab

This tab sets a couple of options used in the iterative procedures.

Maximum lterations

Specify the maximum number of iterations allowed before the search for the criterion of interest
is aborted. When the maximum number of iterations is reached without convergence, the criterion
is left blank. A value of 500 is recommended.
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Examplel - Calculating the Power

Suppose a design is wanted for the case Alpha = 0.05, Beta = 0.20, PO = 0.05, and P1 = 0.25.
This would be set up as follows:

Setup

You can enter these values yourself or load the Examplel template from the Template tab.
Option Value

Data Tab

Which Designs ........ccooveeeveiieieeeeee, Optimum designs only
PO (POON)......eiiiiiiiieeiiiiiieeeeee e 0.05

P1 (G00d) ...ovvvieiiiiiiieeeiiee e 0.25

Alpha.....ooc o 0.05
Beta.....oooiiii 0.20
NMiN....oo, Min-1

N MaX....ooooiiiiii, Best+8

N SteP i 1
RMiN.cooce e 0

R MaX...oi i Max-3

R StEP i 1

NI MiN..oooi e 1

NL MaX..ooiiiiiiiiiiiieiee Max-4

NL SEEP oo 1

RL MiN.coiiiiiiiciee e 0

RI MaX....oiiiiiiiiiiiiii Max-1
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Possible Designs For P0=0.050, P1=0.250, Alpha=0.050, Beta=0.200
Constraints

N1 R1 PET N R AveN Alpha Beta Satisfied
16 2 0.000 16 2 16.00 0.043 0.197 Single Stage
12 0 0.540 16 2 13.84 0.043 0.199 Minimax
9 0 0.630 17 2 11.96 0.047 0.188 Optimum

Report Definitions

N1 is the sample size in the first stage.

R1 is the drug rejection number in the first stage.

PET is the probability of early termination of the study.

N is the combined sample size of both stages.

R is the combined drug rejection number after both stages.

Ave N is the average sample size if this design is repeated many times.
Alpha is the probability of rejecting that P<=P0 when this is true.
Beta is the probability of rejecting that P>=P1 when this is true.
PO is the response proportion of a poor drug.

P1 is the response proportion of a good drug.

Summary Statements

The optimal two-stage design to test the null hypothesis that P<=0.050 versus the alternative
that P>=0.250 has an expected sample size of 11.96 and a probability of early termination of
0.630. If the drug is actually not effective, there is a 0.047 probability of concluding that

it is (the target for this value was 0.050). If the drug is actually effective, there is a

0.188 probability of concluding that it is not (the target for this value was 0.200). After

testing the drug on 9 patients in the first stage, the trial will be terminated if O respond.

If the trial goes on to the second stage, a total of 17 patients will be studied. If the total
number responding is less than or equal to 2, the drug is rejected.

This report shows three designs. The first is the smallest single stage design. The second is the
Minmax solution. This is the design with the smallest total sample size (N). The third is the
optimum design—the one that minimizes the average sample size.
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Example2 - Validation using Simon

Simon (1989) page 4 in his Table 1 presents designs for several scenarios. The first row of the

table sets PO to 0.05, P1 to 0.25, Alpha to 0.10, and Beta to 0.10. The optimal design is N1 =9,
R1 =0, N=24,and R = 2. The minimax design is N1 =13, R1 =0, N =20, and R = 2. We will
now run this example through PASS.

Setup

You can enter these values yourself or load the Example2 template from the Template tab.

Option Value
Data Tab

Which Designs..........cccvvviveeeeeeiiinins Optimum designs only
PO (POON) ... 0.05
(SR (€ToToTo ) SRR 0.25
Alpha..... 0.10
Beta...o i, 0.10

N MiN.coi e Min-1
N MaEX... i Best+8
N StEP .o 1
RMiN...oooooi 0

R MaX... oo Max-3
Y (=] o 1

NI MiN.ooooiiieee e 1

NL MaX. oo Max-4
NL StEP .o, 1

RL MiN..oooiiiiiiieeeee e 0

R1 MaAX. ..ot Max-1
RLStEPD .ccoiiiiiiiii 1

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Possible Designs For P0=0.050, P1=0.250, Alpha=0.050, Beta=0.200

Constraints
N1 R1 PET N R AveN Alpha Beta Satisfied
20 2 0.000 20 2 20.00 0.075 0.091 Single Stage
13 0 0.513 20 2 16.41 0.074 0.097 Minimax
9 0 0.630 24 2 14.55 0.093 0.097 Optimum

PASS has calculated exactly the same optimal design and minimax design.
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Chapter 130

Three-Stage Phase
Il Clinical Trials

Introduction

Phase Il clinical trials determine whether a drug or regimen has sufficient activity against disease
to warrant more extensive study and development. In a three-stage design, the patients are divided
into three groups or stages. At the completion of the first stage, an interim analysis is made to
determine if the second stage should be conducted. If the number of patients responding is greater
than a certain amount, the second stage is conducted. Otherwise, it is not. A similar interim
analysis is conducted at the end of the second stage.

This module finds designs that meet the error rate (alpha and beta) criterion and minimize the
expected sample size. The formulation is given in Chen (1997). Extending Chen’s work, our
algorithm allows the investigation of near-optimal designs that may have other useful properties.

Technical Details

Phase I clinical trials are designed to provide information about the maximum tolerated dose
levels of a treatment. They consist of three to six patients at each dose level and provide little
information about the effectiveness of the treatment.

Phase Il trials obtain initial estimates of the degree of treatment activity. A patient’s response
may be measured by the decrease in the size of a tumor. For example, a patient may be
considered to have responded to treatment if the tumor shrinks by 50% or more. There is no
control group in these designs. Rather, the purpose of the trial is to determine if the drug shows
enough activity against disease to warrant a full-scale, phase 11 clinical trial.

Let PO be the largest response proportion which, if true, clearly implies that the treatment does
not warrant further study. PO is sometimes called the response rate of a poor treatment. For a new
anti-tumor drug, this may be set to 0.10.

Let P1 be the smallest response proportion which, if true, clearly implies that the treatment does
warrant further study. P1 is sometimes called the response rate of a good treatment. For a new
anti-tumor drug, this may be set to 0.30.

A statistical test of hypothesis may be conducted to test the null hypothesis that P < PO versus
the alternative hypothesis that P > P1 (P is the true proportion responding to the treatment in the
population). Let « be the probability of rejecting the null hypothesis when it is true. Let 3 be the

probability of rejecting the alternative hypothesis when it is true.
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A three-stage phase 1l design can be represented by six numbers: R1, N1, R2, N2, R3 and N3. N1 is
the sample size in the first stage. R1 is the critical value in the first stage. If R1 or fewer responses
occur in the N1 patients, the drug is rejected. N2 is the total sample size of stages one and two. R2 is
the critical value in the second stage. If R2 or fewer responses occur in the N2 patients, the drug is
rejected. N3 is the combined sample size of all three stages. R3 is the critical value in the combined
sample. If R3 or fewer of the N3 patients respond, the drug is rejected.

The expected (or average) sample size of this design is
E(Ng)=N1+(1-PET1)(N2-N1)+(1- PET2)(N3-N2)

where PET1 is the probability of early termination of the study after stage one and PET2 is the

probability of early termination after stage two.

The probability of rejecting a drug with success proportion P can be found using the binomial
distribution. The formulation is

Pr(reject| P,N1,RL, R2,N2,R3 N 3) = PET1+ PET2+ PET3

where
PET1=B(R1P,N1)
min(N1,R2)
PET2= ) b(X1P,N1)B(R2- X1P,N2- N1)
X1=R1+1
min(N1,R3) min(N3-N2,R3- X1)
PET3= ) b(XUP,NI) > b(X2P,N2-N1)B(R3— X1- X2/P,N3-N2)
X1=R1+1 X2=R2+1-X1
B N! X(1_ p\N-X
b(XlP,N)——X!(N _X)!P (1-P)

X
B(X|P,N)=> b(R/P,N)
r=0

The two error rate constraints are
Pr(reject| PO,N1,R1,R2,N2,R3 N3) > 1—
and
Pr(reject| PL, N1, R1,R2,N2,R3 N3)< g

Optimum Design

The optimum design minimizes the average sample size, E(N), while meeting the error rate
constraints. This design is found through an exhaustive search of all possible designs. This search
may take several minutes to complete.
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Designs Other Than Optimal

The optimal design minimizes the average sample size. There are examples where a less-than
optimal design may be more desirable. For example, suppose the optimal design were N1 =5, N2
=25, and N3 = 26. This design is poor because the bulk of the subjects are tested in the second
phase. Most researchers would rather have more balance in the sample sizes of the three stages.
For reasons like this, the actual optimal design may be replaced by another, sub-optimal, design.

Design Flexibility

Dealing with sequential designs is complicated. It may be difficult to achieve exactly the number
of patients proscribed for each phase. However, it should be remembered that the validity of the
probability statements depends on the sample size requirements being met exactly. This is
because the interpretation of an error rate probability statement is for repeated studies conducted
in exactly the same way. We envision that if many studies of the same drug are conducted using
the specific sampling plan when P = PO, a proportion « of them will be falsely terminated due to
chance occurrences.

The point is, the interpretation of the error rates is for a large number of identical studies in which
the sampling plan is identical and as proscribed. If the sampling plan is allowed to vary, this
interpretation is invalid. Of course, the degree of possible error in interpretation depends on the
degree to which the sampling plan is changed. We recognize that when dealing with human
subjects, flexibility must be maintained. However, the researcher must also recognize that when
the sampling plan is changed, the exact probability statements can no longer be calculated.

Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs, turn to the chapter entitled Procedure Templates.

Data Tab

The Data tab contains most of the parameters and options that you will be concerned with.

Which Designs are Displayed

This parameter controls which designs are displayed. Since several thousand designs may be
considered during the search for the optimum, it is important to limit the number of designs
reported on.

The options are:
All designs

All designs considered are output. This option should only be used in special cases in which a
small number of designs are tested. Otherwise, hundreds of pages of output will be generated.

Only designs that meet alpha & beta constraints

Only designs that meet the alpha and beta constraints are shown. This allows you to consider
many near optimal designs which may be selected on grounds other than expected sample size.

Optimum designs only

Only the optimum design, the minimax design, and the single stage design are displayed.
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PO (Poor)

This is the response proportion of a poor drug. If the true proportion responding to the treatment
is less than this amount, study of the treatment would not be recommended.

This value must be less than P1 and greater than zero.

Only one value can be entered.

P1 (Good)

This is the response proportion of a good drug. If the true proportion responding to the treatment
is greater than or equal to this amount, study of the treatment would be recommended.

This value must be greater than PO and less than one.

Only one value can be entered.

Alpha

Alpha is the probability of rejecting the hypothesis that the proportion responding to the treatment
is less than or equal to PO when this hypothesis is actually true. That is, Alpha = Pr(Rejecting
P<=P0Q|P<=P0).

The range of Alpha is 0.001 to 0.25. Popular values are 0.05 and 0.10.

Beta

This is the probability of rejecting the hypothesis that the proportion responding to the treatment
is greater than or equal to P1 when this hypothesis is true. That is, Beta = Pr(rejecting
P>=P1|P>=P1).

The range of Beta is 0.001 to 0.4. Popular values are 0.10 and 0.20.

N Min
N is the combined sample size of the three stages of the design. This parameter sets the minimum

value of N3 that is used during the search. The optimum value of N3 must be between N Min and
N Max or it will not be found.

The keyword MIN indicates that the value used is the minimum of the smallest sample size from
a single stage design and MIN2 where MIN2 is calculated using

2
MIN 2 = pO + pl (1_ pO + p1)|:zl—a + Zl—ﬂ:|
2 2 P — Po
Since it is unlikely that the three stage sample size will be less MIN, this provides a reasonable

starting point for a search for N. You can also enter a value like MIN-x where x is a positive
integer. This will cause the search to begin x units below the MIN.

This procedure may take a long time to run. Specifying a good starting value significantly
reduces the running time.

Examples of valid entries are 2, 10, 20, MIN, MIN-1, MIN-15.
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N Max

N is the combined sample size of the three stages of the design. This parameter sets the maximum
value of N3 used during the search. The optimum value of N3 should be between N Min and N
Max or it will not be found.

The keyword BEST+X indicates that the search should try at least X units above the latest
optimum value of N3. For example, suppose the N Min is set at 10. The search algorithm begins
at 10, and then continues by examining 11, 12, and so. Suppose that the search finds a candidate
optimum at N = 13. To make sure that 13 is the optimum, the search continues on from 13 to
13+X (if, for example, X = 5, this value is 18). If no new optimum designs are found, the design at
N3 =13 is selected.

When using this option, X should be set large enough to guarantee that the true optimum can be
found, but small enough so that the search does not take hours to complete. Our experience
indicates that X should be greater than or equal to 8.

Examples of valid entries for this parameter are:

20

30

BEST+8

BEST 8 (the plus sign is optional)
BEST 3

Best 4 (capitalization is not necessary)

Options Tab

This tab sets a couple of options used in the iterative procedures.

Maximum lterations

Specify the maximum number of iterations allowed before the search for the criterion of interest
is aborted. When the maximum number of iterations is reached without convergence, the results
are left blank. A value of 500 is recommended.
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Examplel - Calculating the Power and
Validation using Chen

Chen (1997) provides the minimax and optimum design for the case Alpha = 0.05, Beta = 0.20,
P0 =0.05, and P1 = 0.25. The optimum design is 0/8, 1/13, and 2/19. The minimax design is
0/12, 1/15, and 2/16.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.

Option Value

Data Tab

Which Designs.........ccooeeeveeeeeeeceeeenn, Optimum designs only
PO (POOK) ..o 0.05

(SR (€ToToo ) SRR 0.25
Alpha......ooo 0.05

Beta.. ... 0.20
NMiN.. Min

N MEX. .o Best+2

Note that the search may take several minutes to run, depending on the speed of your computer.

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results
Possible Designs For P0=0.050, P1=0.250, Alpha=0.050, Beta=0.200

Stage 1 Stage 2 Stage 3 Stage 1 Overall Constraints
R1/N1 R2/N2 R3/N3  AveN Pet PO Pet PO Alpha Beta Satisfied
2/16 2/16 2/16 16.00 0.000 0.000 0.043 0.197 Single Stage
0/12 1/15 2/16 13.55 0.833 0.869 0.043 0.199 Minimax
0/8 1/13 2/19 10.41 0.663 0.880 0.049 0.195 Optimum

Report Definitions

N1 is the sample size in the first stage.

R1 is the drug rejection number in the first stage.

N2 is the sample size in the first and second stages.

R2 is the drug rejection number in the second stage.

N3 is the combined sample size of all three stages.

R3 is the drug rejection number in the third stage.

Stage 1 PET PO is the probability of early termination at the first stage.
Stage 2 PET PO is the probability of early termination at the second stage.
Ave N is the average sample size if this design is repeated many times.
Alpha is the probability of rejecting that P<=P0 when this is true.

Beta is the probability of rejecting that P>=P1 when this is true.

PO is the response proportion of a poor drug.

P1 is the response proportion of a good drug.

This report shows three designs. The first is the smallest single stage design. The second is the
Minmax solution. This is the design with the smallest total sample size (N). The third is the
optimum design—the one that minimizes the average sample size.

Note that PASS matches the results of Chen.
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Chapter 135

Post-Marketing
Survelllance

Introduction

Post-marketing surveillance refers to the search for adverse reactions to drugs that have been
cleared for general use. Two types of study designs are often used: the cohort study and the case-
control study. In a cohort design, a large group of treated patients are studied to determine the
frequency of any adverse reactions. In a case-control study, patients who have experienced the
adverse reaction are matched with other treated patients who have not.

Technical Details

This section presents the formulas used to calculate sample size and power in four situations. The
theory and formulas provided by Machin et al. (1997) are used.

Design Type 1 - Cohort Study, No Background Incidence of Adverse
Reactions

Let the anticipated incidence rate of adverse reactions be RO, the number of occurrences of a
particular adverse reaction be A, the number of patients be N, and the probability that you will not
find A reactions in the sample of N patients be £. If RO is small, the occurrence of an adverse

reaction may be assumed to follow the Poisson distribution. If this is the case, the relationship
among the above parameters is

A-1 NI(Ro)I -N(RO)

i=0

Using numerical search techniques, PASS is able to solve any one of these parameters in terms of
the others.

Design Type 2 - Cohort Study, Known Background Incidence of Adverse
Reactions

Let the anticipated incidence rate of adverse reactions be RO, let the additional incidence rate
caused by the drug be D, and let the number of patients be N. For a given significance level
o and power 1— 3, the relationship between these parameters is

. DN -z,_,/RO
r JRO+D
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Design Type 3 - Cohort Study, Unknown Background Incidence of Adverse
Reactions

A control group is needed when the background incidence rate is not known. In post-marketing
surveillance studies, the control group is usually made up of untreated individuals. Let the
anticipated incidence rate of adverse reactions be RO, let the additional incidence rate caused by
the drug be D, let the number of patients be N, and let the number of control patients for each
treated patient be M. Thus the number of control patients is NM. For a given significance level
o and power 1— 3, the relationship between these parameters is

_ DJYMN -z_[(M+1)R(1-R)
= JMRO(1- RO)+ (R0 + D)(1- RO~ D)

where

_ RO+ M(RO+D)
B 1+ M

R

Design Type 4 - Matched Case-Control Study

A case-control design involves identifying a group of patients that have experienced the reaction
of interest and then obtaining matched control patients that have not experienced the reaction.

Let the anticipated incidence rate of adverse reactions be RO, let the additional incidence rate
caused by the drug be D, let the number of patients be N, and let the number of control patients
matched with each treated patient be M. For a given significance level « and power 1— /3, the

relationship between these parameters is
IRO- QN - zla\/(u ,\1,,)“(1— )
“p RO(L- RO)
[P R (o))

M

where

0o RO+ D
1+D

n-(sl )
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab

The Data tab contains most of the parameters and options that you will be concerned with.

Design Type
This parameter specifies which of the four possible designs is to be analyzed.

Note that the other parameters have numbers in brackets, such as [234]. The numbers between the
brackets indicate which of the four designs use that parameter.

The possible designs are:
[1] Cohort - No Background Incidence

This is a cohort design in which the adverse effect does not occur except when caused by the
drug.

[2] Cohort - Known Background Incidence

This is a cohort design. The adverse effect can occur without being related to the drug. The
incidence rate of the adverse effect is known.

[3] Cohort - Unknown Background Incidence

This is a cohort design. Although the adverse effect can occur, its incidence rate is not known. A
control group must be followed to determine the background incidence rate.

[4] Matched Case-Control Study

One or more control patients is matched with each case patient. All of these patients are in the
study. This is different from design type 3 in that the controls are matched with the cases. In
design type 3, no matching is done.

Find

This option specifies the parameter to be solved for from the other parameters.

RO (Incidence Rate)

This is the background incidence rate of the adverse reaction. This is the rate that occurs in the
population without the drug being monitored. Since this is an incidence rate, and hence a
proportion, it should be less than one. Also, this value plus D must be less than one.

The [234] reminds you that this parameter is used with design types 2, 3, and 4 (but not 1).
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D (Additional Incidence Rate)

This is the additional incidence rate of the adverse reaction that can be attributed to the drug
being studied. Since this is a rate, it should not be greater than one. Also, this value plus RO
should be less than one.

The [1234] reminds you that this parameter is used with all four design types.

A (Number of Occurrences)

This is the number of occurrences of the adverse reaction of interest in the N patients being
monitored. Sometimes, a single drug-related adverse reaction (such as death) might be enough to
make the drug unacceptable. The acceptable range is one or greater.

The [1] reminds you that this parameter is only needed when the Design Type is 1.

N (Patients)

This is the number of patients in the cohort being studied. In the case-control designs, this is the
number of cases. For case-control studies, the total number of patients in the study is N(1+M)
where M is the number of control patients per case patient.

The [1234] reminds you that this parameter is used with all four design types.

M (Controls Per Case)

This is the number of control patients for each case patient. For case-control studies, the total
number of patients in the study is N(1+M) where N is the number of case patients.

The [34] reminds you that this parameter is only used when the Design Type is 3 or 4.

Alpha

This option specifies one or more values for the significance level--probability of a type-1 error
(alpha). A type-I error occurs when you reject the null hypothesis when in fact it is true.

Values between 0.001 and 0.100 are acceptable. The value of 0.05 has become the standard. This
means that about one test in twenty will falsely reject the null hypothesis. Although 0.05 is the
standard value, you should pick a value for alpha that represents the risk of a type-1 error you are
willing to take in your experimental situation.

Note that you can enter a range of values such as 0.01,0.05 or 0.01 to 0.05 by 0.01.
The [234] reminds you that this parameter is not used when the Design Type is 1.

One-Sided

This option lets you designate whether the test will be one-sided (checked) or two-sided
(unchecked). When the two-sided box is indicated, the alpha value is simply divided by two.
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Beta (1-Power)

This option specifies one or more values for beta (the probability of accepting a false null
hypothesis). Since statistical power is equal to one minus beta, specifying beta implicitly specifies
the power. For example, setting beta at 0.20 also sets the power to 0.80.

Values must be between zero and one. The value of 0.20 was often used for beta. Recently, the
value of 0.10 has become common. However, you should pick a value for beta that represents the
risk of this type of error you are willing to take.

Note that you can enter a range of values such as 0.10,0.20 or 0.05 to 0.20 by 0.05.

If your only interest is in determining the appropriate sample size for a confidence interval, set
beta to 0.5.

Note that the interpretation of Beta is a little different when the Design Type is 1.

Options Tab

This tab sets a couple of options used in the iterative procedures.

Maximum lterations

Specify the maximum number of iterations allowed before the search for the criterion of interest
is aborted. When the maximum number of iterations is reached without convergence, the criterion
is left blank. A value of 500 is recommended.

Ilterative Precision

When a search is made for the precision value, this is the cutoff value used to terminate the
search. In most cases, a value of 0.0001 will be more than sufficient.
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Examplel - Calculating the Power

Suppose 1 in 10,000 people receiving a certain drug are expected to have an irregular heart beat.
A researcher decides that if the irregular heart beat occurs in three patients, the drug will have to
be withdrawn. Study the sample size necessary to achieve 99% probability of success.

In order to do this, sample sizes between 1000 and 21,000 will be considered.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.

Option Value

Data Tab

Design Type....coovvviviiiiii [1] Cohort - No Background Incidence
Find ... Beta and Power

RO (o Ignored

D s 0.0001
A 123

N et 1000 to 21000 by 4000
M Ignored
Alpha......oo Ignored

Beta.. ... 0.20

Reports Tab

Incidence Rate Decimals................... 5

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results (Cohort Study with No Background Incidence)

Power

0.09516
0.00468
0.00015
0.39347
0.09020
0.01439
0.59343
0.22752
0.06286
0.72747
0.37318
0.14289
0.81732
0.50675
0.24278
0.87754
0.62039
0.35037

Sample
Size (N)
1000
1000
1000
5000
5000
5000
9000
9000
9000
13000
13000
13000
17000
17000
17000
21000
21000
21000

Report Definitions
Power is 1 - Beta.

N is the number of patients monitored.
D is the expected incidence rate of adverse reactions.
A is the number of adverse reactions.
Beta is the probability that A reactions will not be found in the N patients.

Summary Statements
In a cohort study with no background incidence of a particular adverse reaction, the
probability that 1 or more adverse reactions will not occur in a sample of 1000 patients with
an anticipated incidence rate of 0.00 is 0.90484. The power of this study is 10%.

Additional
Incidence
Rate (D)
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010
0.00010

Number of
Occurrences
(A)

WNEFRPWNRFPWNRFPWONRPRPWONREWN R

Beta
0.90484
0.99532
0.99985
0.60653
0.90980
0.98561
0.40657
0.77248
0.93714
0.27253
0.62682
0.85711
0.18268
0.49325
0.75722
0.12246
0.37961
0.64963

This report shows the calculated sample size for each of the scenarios.

Plot Section

1.0

0.6

Power

0.4+

0.2+

0.0

Power vs N by A with D=0.00010 2-Sided Cohort
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&

T
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| |
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20000 25000

This plot shows the power versus the sample size for three values of A.
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Example2 - Validation using Machin

Machin et al. (1997) page 147 give an example of a cohort design with no background incidence
in which N is 30000, incidence is 0.0001, and A is 1 or 2. When A is 1, the power is 95%. When
A'is 2, the power is 80%.

Setup

You can enter these values yourself or load the Example2 template from the Template tab.

Option Value

Data Tab

Design Type....cooovviveiiii [1] Cohort - No Background Incidence
Find ... Beta and Power
RO o Ignored

D e 0.0001

A e 12

N et 30000

M Ignored

Alpha....cooo o Ignored
Beta.......cooooii Ignored

Reports Tab

Incidence Rate Decimals................... 5

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results (Cohort Study with No Background Incidence)

Additional Number of

Sample Incidence  Occurrences
Power Size (N) Rate (D) (A) Beta
0.95021 30000 0.00010 1 0.04979
0.80085 30000 0.00010 2 0.19915

PASS has calculated the same power values as did Machin et al (1997).
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Example3 - Validation using Machin

Machin et al. (1997) page 148 give an example of a cohort design with unknown background
incidence in which N is 8500, R0 is 0.01, D is 0.005, and A is 1. The power is 90%.

Setup

You can enter these values yourself or load the Example3 template from the Template tab.

Option Value

Data Tab

Design TYPE coeevveeeieeeeeee e, [3] Cohort - Unknown Background Incidence
Find ..o, Beta and Power
RO 0.01

D e 0.005

A 1

N ettt 8500

M e 1

Alpha ... 0.05

Beta. .o Ignored

Reports Tab

Incidence Rate Decimals .................. 5

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results (Cohort Study with No Background Incidence)

Controls Background Additional
Sample Per Incidence Incidence  One-Sided
Power Size (N) Case (M) Rate (RO) Rate (D) Alpha Beta
0.90136 8500 1 0.01000 0.00500 0.05000 0.09864

PASS has calculated the same power value as did Machin et al (1997).
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Chapter 150

Inequality of
Correlated
Proportions

Introduction

McNemar’s test compares the proportions for two correlated dichotomous variables. These two
variables may be two responses on a single individual or two responses from a matched pair (as
in matched case-control studies).

This procedure is similar to the Matched Case-Control procedure also available in PASS. It
differs from that procedure in three basic ways:

1. The results are calculated exactly using an unconditional formula rather than using
conditional, normal approximations to the binomial.

2. ltonly deals with the case of a matched pair: one case and one control (the Matched Case-
Control procedure lets you match several controls with each case).

3. Itis based directly on the 2-by-2 contingency table.

To fix these ideas, consider the following fictitious data concerning the relationship between
smoking and lung cancer. Suppose that a sample of N = 100 cases of identical twins in which
only one twin has lung cancer is selected for further study. The twin with lung cancer is the case.
The other twin serves as the control. Each pair of twins is surveyed to determine if they smoke
tobacco. The results are summarized in the following two-way table:

No Lung Cancer Twin (Control)

Lung Cancer Twin (Case) Smokes = Yes Smokes = No
Smokes = Yes 16 21
Smokes = No 4 59

There is a basic difference between this table and the more common two-way table. In the
matched-paired case, the count represents the number of pairs, not the number of individuals.

The investigator wishes to compare the proportion of cases that smoke with the proportion of
controls that smoke. The proportion of controls who smoke is (16+4)/100 = 0.20. The proportion
of cases who smoke is (16+21)/100 = 0.37.



150-2 Inequality of Correlated Proportions

Dividing each of the entries in the table by N gives the proportions:

No Lung Cancer Twin (Control)

Lung Cancer Twin (Case) Smokes = Yes Smokes = No Total
Smokes = Yes 0.16 0.21 0.37
Smokes = No 0.04 0.59 0.63
Total 0.20 0.80 0.63

Symbolically, this table is represented as:

No Lung Cancer Twin (Control)

Lung Cancer Twin (Case) Smokes = Yes Smokes = No Total
Smokes = Yes P11 P10 Pt
Smokes = No PO1 POO 1-Pt
Total Ps 1-Ps 1

Formally, the hypothesis of interest is that Pt equals Ps. A little algebra shows that Pt = Ps is
equivalent to P10 = P01, since P11 is common to both. Thus, the null hypothesis of McNemar’s
test is P10 = PO1 and the alternative is that they are unequal. The alternative hypothesis may be
one-sided (such as P10>P01) or two-sided (P10 = PO1).

The null hypothesis may also be stated in terms of the odds ratio as OR = 1. The odds ratio is
computed differently in the matched pairs case. The formula is:

_P12
P21

Notice that the values of P11 and POO are not used in these hypotheses. It turns out that their
individual values are not needed, but their sum is.

OR

For this example, the odds ratio is computed as 21/4 = 5.25.

Technical Details

Consider the matched-pairs table again:

Controls
Cases Yes No Total
Yes P11 P10 Pt
No PO1 POO 1-Pt
Total Ps 1-Ps 1

Pairs with the same response from cases and controls (Yes-Yes and No-No) are called concordant
pairs. Pairs with different responses (Yes-No and No-Yes) are call discordant pairs. McNemar’s
test statistic is the estimated odds ratio:

P10
PO1

The sample size problem thus reduces to a study of how many Yes-No’s and No-Yes’s are
needed. Once this has been determined, the overall sample size is found be estimating the
proportion of discordant pairs and inflating the sample size appropriately.

Mc =
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Some power analysis programs follow an approximate procedure. Since the McNemar statistic
follows the binomial probability distribution for a fixed number of discordant pairs, they use
formulas that use the normal approximation to the binomial and then adjust the sample size
depending on the proportion of discordant pairs, PD=P10+P0L1. This is called the conditional
procedure.

One such approximate formula is given by Machin, Campbell, Fayers, and Pinol (1997).

2
2, 1(OR+1)+ 2, ,\/(OR+1)’ —(OR—-1)’PD

e (OR-1)’PD

where s is the number of sides to the test (one or two), OR = % PD = P10+ P01, and alpha

and beta are the usual error rate probabilities.

However, Schork and Williams (1980) published a formula which provides the exact results for
the unconditional case. This is the formulation that is used in PASS.

N (R N n-r(D+PD\"™(PD-D)" ™
Power = 2, 2 N —Rjin, (R i ") =) (752
where
PD = P10+P01
D = P10-P0O1

N is total of all four cells (N11+N12+N21+N22)

;
r is the smallest integer for which (%j <a

R (R\(1 R
IR is the largest integer such thatZ( )(E) <a
ji—o\ J

Difference or Odds Ratio

The formula given above is parameterized in terms of the difference. This formula is also used
when odds ratios are specified. The program simply converts the OR value into its corresponding
D value.

Discussion

The exact algorithm works for N < 2000. Above 2000, computing time goes up and the algorithm
has numerical problems. PASS lets you select either the exact, or the approximate, solutions. We
have found that the approximate solution tends to use a sample size that is about 10% less than
the exact solution.

Because of the lengthy computer time necessary to compute the exact answer when N > 1500, we
suggest that you use the approximate formula to begin with and then revert to the exact formula
when you are ready for your final results. This is based on the value of N specified in the 'Use
Approximations if N >' box of the Options tab.
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates at the beginning of this manual.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample

sizes, alpha, and beta. This chapter covers two procedures, which have different options. This

section documents options that are common to both procedures. Later, unique options for each
procedure will be documented.

Find
This option specifies the parameter to be solved for from the other parameters. The parameters

that may be selected are Odds Ratio, Difference, N, Alpha, and Beta (or Power). Under most
situations, you will select either Beta to calculate power or N to calculate sample size.

The program is set up to evaluate beta directly. For the other parameters, a search is made using
an iterative procedure until an appropriate value is found. Two solutions can often be found when
searching for the Odds Ratio or the Difference. You may specify the region in which you want
the solution to be searched for. For example, you may search for an odds ratio either above or
below one. Also note that the parameter selected must match the procedure you are using. For
example, if you are searching for the odds ratio, you must be in the odds ratio window.

Note that the value selected here always appears as the vertical axis on the charts.

Proportion Discordant (P10+01)

This is the proportion of discordant pairs (P10 + P01). This value will be difficult to specify
unless you have previous studies that give you some idea of what to expect. When you have no
idea, Machin, Campbell, Fayers, and Pinol (1997) suggest the following strategy. Estimate values
of Pt and Ps. Calculate the proportion of discordant pairs using the approximation

PD = Pt(1- Ps)+ Ps(L- Pt)

This approximation assumes that the two responses are independent in each subject, which will
usually not be true. However, it may be the only way of determining a ball park value for this
parameter.

Use Approximations if N >

Below this value of N, the exact power calculation formula based on the binomial is used. Above
this value of N, the approximate formula based on the normal approximation to the binomial is
used. The exact formula suffers from numerical problems when N is greater than 2000. On the
other hand, the approximate formula tends to underestimate the N necessary to achieve a certain
beta value by about 5%.

You control which formula is used by setting this value.
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Alternative Hypothesis

Specify whether the test is one-sided or two-sided. A one-sided hypothesis uses an inequality as
in P10 > P01 or Odds Ratio > 1. A two-sided hypothesis states that the proportions are not equal
without specifying which is greater. If you do not have any special reason to do otherwise, you
should use the two-sided option.

N (Number of Pairs)

Enter a value (or range of values) for the sample size, N, the number of pairs in the study.

You may enter a range of values such as 100,200,300 or 200 to 400 by 50.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you falsely conclude equivalence or inferiority.

Beta (1-Power)

This option specifies one or more values for the probability of a type-1I error (beta). A type-II
error occurs when you fail to reject a false HO. Power is defined as 1-beta. Power is equal to the
probability of rejecting a false null hypothesis. Hence, specifying the beta error level also
specifies the power level. For example, if you specify beta values of 0.05, 0.10, and 0.20, you are
specifying the corresponding power values of 0.95, 0.90, and 0.80, respectively.

Values must be between 0 and 1. Values of 0.10 or 0.20 are often used for beta. However, you
should pick a value for beta that represents the risk of a type-I1 error that you are willing to take.

If your only interest is in determining the appropriate sample size for a confidence interval, set
beta to 0.5.

Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P10 - PO1.

Difference (P10-P01)

The difference, P10-P01, is a popular parameter to specify because it comes directly from the
alternative hypothesis that Pt not equal Ps. If Pt and Ps are not equal, the obvious question is, by
how much? The answer is, by P10-P01 since Pt-Ps = (P11+P10)-(P11+P01) = P10-P01. Hence,
this is a value that may easily be set.

The range of values is between -1 and 1. You may enter a list of value list 0.1, 0.15, 0.2 or 0.05 to
0.20 by 0.05.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratio, P10 / PO1.

Odds Ratio (P10/P01)

The odds ratio is a popular parameter to specify because of its simple interpretability and close
relationship to the relative risk. An odds ratio of 2.0 means that the odds of the numerator
variable is twice the odds of the denominator variable. Note that several values of P10 and PO1
can yield the same odds ratio. For example, 0.2/0.1 and 0.4/0.2 both have an odds ratio of 2.0, but
are based on very different values of P10 and PO1. Under the null hypothesis, the odds ratio is
one. Only positive values are allowed.

You may enter a list of values like 1.5,2.0,3.0 or 1.2 to 2.4 by 0.2.

Options Tab

This tab sets a couple of options used in the iterative procedures.

Maximum lterations

Specify the maximum number of iterations allowed before the search for the criterion of interest
is aborted. When the maximum number of iterations is reached without convergence, the criterion
is left blank. A value of 500 is recommended.
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Examplel - Calculating Power

This example will show how to calculate the power of a retrospective study for several sample
sizes and odds ratio values. Suppose that a matched case-control study is to be run in which the
odds ratios might be 1.5, 2.5, or 3.5; PD is 0.3, N = 50 to 300 by 50; alpha is 0.05; and beta is to
be calculated.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the odds ratio parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power
Odds Ratio ......ccovvvveveviiiiiiiiiiiiiieeeee 152025
Proportion Discordant ....................... 0.3

Use Approximations if N>.................. 1500

Alternative Hypothesis ...................... Two-Sided

N (Number of Pairs) .......cccccceeerinnnnns 50 to 200 by 50
Alpha ..., 0.05

1) = Calculated
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Two-Sided Test

Difference Proportion QOdds
Power N P10 P01 (P10-P01) Discordant Ratio Alpha Beta
0.07467 50 0.180 0.120 0.060 0.300 1.500 0.05000 0.92533
0.14214 100 0.180 0.120 0.060 0.300 1.500 0.05000 0.85786
0.22451 150 0.180 0.120 0.060 0.300 1.500 0.05000 0.77549
0.29790 200 0.180 0.120 0.060 0.300 1.500 0.05000 0.70210
0.17849 50 0.200 0.100 0.100 0.300 2.000 0.05000 0.82151
0.37305 100 0.200 0.100 0.100 0.300 2.000 0.05000 0.62695
0.56457 150 0.200 0.100 0.100 0.300 2.000 0.05000 0.43543
0.70340 200 0.200 0.100 0.100 0.300 2.000 0.05000 0.29660
0.29601 50 0.214 0.086 0.129 0.300 2.500 0.05000 0.70399
0.59122 100 0.214 0.086 0.129 0.300 2.500 0.05000 0.40878
0.80105 150 0.214 0.086 0.129 0.300 2.500 0.05000 0.19895
0.90751 200 0.214 0.086 0.129 0.300 2.500 0.05000 0.09249

Report Definitions

Power is the probability of rejecting a false null hypothesis. It should be close to one.

N is the number of pairs in the sample.

P10 is the proportion of pairs in cell 1,2 of the 2x2 table.

P01 is the proportion of pairs in cell 2,1 of the 2x2 table.

Difference is the difference between proportions parameter under the alternative hypothesis.
Proportion Discordant' is the total of P10 and PO1.

Odds Ratio is the value of this parameter under the alternative hypothesis.

Alpha is the probability of rejecting a true null hypothesis. It should be small.

Beta is the probability of accepting a false null hypothesis. It should be small.

Summary Statements

A sample size of 50 pairs achieves 7% power to detect an odds ratio of 1.500 using a two-sided
McNemar test with a significance level of 0.05000. The odds ratio is equivalent to a difference
between two paired proportions of 0.060 which occurs when the proportion in cell 1,2 is 0.180
and the proportion in cell 2,1 is 0.120. The proportion of discordant pairs is 0.300.

This report shows the power for each of the scenarios.

Plot Section

Power vs N by OR with P.D.=0.300 Alpha=0.050
2-Sided McNemar Test

0.8~ &

0.6~ ® 1.500

Power
OR

m 2,000

A 2.500
0.2

0.0 } } } |

This plot shows the power versus the sample size for the three odds ratios.
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Example2 - Validation using Schork and
Williams

Schork and Williams (1980) page 354 present a table of sample sizes for various combinations of
the other parameters. When the difference is 0.2, the proportion discordant is 0.7, the power is
80%, and the one-sided significance level is 0.025, the sample size is 144.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power
Difference ..o, 0.2

Proportion Discordant ....................... 0.7

Alternative Hypothesis ...................... One-Sided

N (Number of Pairs) .............eoeeeeenn. 144
Alpha....ei 0.025

2] - Ignored

You can enter these values yourself or load the Example2 template from the Template tab.

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Two-Sided Test

Difference Proportion Odds
Power N P10 P01 (P10-P0l1) Discordant Ratio Alpha Beta
0.80092 144 0.450 0.250 0.200 0.700 1.800 0.02500 0.19908

PASS has also found the power to be about 80%.
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Chapter 155

Matched
Case-Control

Introduction

A 2-by-M case-control study investigates a risk factor relevant to the development of a disease. A
population of case patients with a disease and control patients without the disease is considered.
Some of these patients have had exposure to a risk factor of interest. A random sample of N case
patients is selected. Patients are stratified by the levels of a confounding variable (such as age,
gender, etc.). For each selected case patient, a random sample of M matched control patients is
drawn from the same strata (group). An estimate of the odds ratio, OR, of developing the disease
in exposed and unexposed patients who have equal values of the confounding variable is desired.
This odds ratio is assumed to be constant across all levels of the confounding variables.

To fix these ideas, consider the following fictitious data concerning the relationship between
smoking and lung cancer. Suppose that a sample of N = 100 cases of identical twins in which
only one twin has lung cancer is selected. The second twin serves as the control. Each pair of
twins is surveyed to determine if either, both, or none smoke tobacco. The results are summarized
in the following two-way table:

No Lung Cancer Twin (Control)

Lung Cancer Twin (Case) Smokes = Yes Smokes = No
Smokes = Yes 16 21
Smokes = No 4 59

Note that the values in this table are counts of pairs, not individuals. The proportion of controls
who smoke is (16+4)/100 = 0.20. The proportion of cases who smoke is (16+21)/100 = 0.37. The
odds ratio is 21/4 = 5.25. That is, the twin who smoked is 5.25 times more likely to have lung
cancer than the twin who did not.

This procedure is similar to the McNemar procedure also available in PASS. It differs from that
procedure in three basic ways:

1. The results are based on the normal approximation to the binomial.

2. This procedure lets you have multiple controls for each case. The McNemar procedure only
allows one control per case.

3. The input parameters are different.
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Technical Details

The following results summarize the article by Dupont (1988) upon which this module is based.
The probabilities that the data fall into various categories are:

1. The probability that a case patient was exposed to the risk factor is p;.
2. The probability that a control patient was exposed to the risk factor is p, .
3. The probability that a case patient was not exposed to the risk factor is ¢, =1- p;.
4. The probability that a control patient was not exposed to the risk factor is g, =1- p, .
The odds ratio, OR, is defined as
or= PG
Po/ G

Assume that you use a ;{2 test for the null hypothesis that OR = 1, that is, that p, = p,. Such a
test is given by Breslow and Day (1980).

Let x, =1or O ifthe k™ sampled case patient was or was not exposed, respectively. Let
Y, =1or 0 if the corresponding first matched control patient was or was not exposed. Let

p; = Pr(x, =iand y, = j). Forexample, p, is the probability that the case patient was exposed

to the risk factor while the corresponding first control patient was not. The relationships between
these probabilities are

P; = Pt Py
and
Po = Pt Poy

Define ¢ to be the correlation between x, and vy, . It can be shown that

¢ = P11Poo — Pio Pos

v P19 P

A little algebra will show that
Pu = PiPot@4 P:0:PoT,
P = Pilo- @y P10 Pl
Por = Gy Po- @4/ P10 Pl

pOO = q1q0+¢ plql poqo

- pll
Por = —
’ P,
P, = Pu

0y
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qo+ = 1_ p0+
qo. =1- po.

and

M w, (M _
te = pl(k_]jp&lq?i“ q(kjpé.qu; k=1..,M

Let Ny represent the number of matched sets of subjects in which the case patient was (i = 1) or was not (i
= 0) exposed and j of the M control subjects were exposed. Let

M
y = znl,m—l
m=1

be the number of discordant sets in which the case patient was exposed and let
Ty =N +Ng

m 1,m-1

be the number of sets in which m subjects were exposed. The expected value of T is Nt .
Let

g t(OR)
= X (OR +M-m+1

m=1

3 mta(OR)Y(M -m+1)
o - Zi(m(OR)+ M -m+1)

Dupont (1988) provides the following formula relating ¢, £, p,, ¢, OR, N, and M .

1_ﬁ:®[m(el—3o§l zam/_j . Q[N(el—zoij:za/zx/v—lj

This equation may be used to make power and sample size calculations.

Estimating the Sample Control Exposure
Probability

To calculate power and sample size, a value for the probability that a sample control patient was
exposed to the risk factor( po) must be estimated. Remember that the control sample is not a

random sample of the population. Instead, it is matched to a random sample of case patients.
Hence, the sample does not necessarily provide an unbiased estimate of p, . Care should be taken

to provide an accurate estimate of the probability that a matched control patient was exposed, not the
probability that someone was exposed in the general population. However, when there is little
association between the confounding (matching) variable and the exposure variable in the control
population, the baseline probability of the exposure variable may be used.
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Estimating the Correlation, ¢

Previous matched 2-by-2 contingency tables can be used to estimate ¢ using the relationship
2
_ |4
9 N

2
ZZ _ N (nOOnll B n01n10)
u
nOOnlo nOOn-l

where

When no previous data are available about ¢, Dupont (1988) suggests using a value of 0.2 rather
than 0.

Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab

The Data tab contains most of the parameters and options that you will be concerned with.

Find

This option specifies the parameter to be solved for from the other parameters. The parameters
that may be selected are Odds Ratio, Probability Exposed, Correlation, N, M, Alpha, and Beta.
Under most situations, you will select either Beta for a power analysis or N for sample size
determination.

Select N when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment that has already been run.

OR (Odds Ratio)

This option sets the value of the odds ratio, OR, which is the ratio of the disease odds of
individuals exposed to the risk factor to the disease odds of individuals not exposed to the risk
factor.

For example, an odds ratio of 2.0 means that subjects exposed to the risk factor are twice as likely
of developing the disease as are unexposed subjects.

A value greater than one is usually used. The value must be greater than zero. The null hypothesis
is that the odds ratio is one. You should use a value that will be of interest to others, such as 1.5
or 2.0.

You can enter a list of values.
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PO (Prob Exposed)

Specify the value of p,, the probability that a sample control patient is exposed to the risk factor.
If the matching variables are independent of the risk factor, you can use the baseline rate of
exposure to the risk factor in the general population.

Since this is a probability, it must be between zero and one.

You can enter a list of values separated by commas or blanks.

Phi (Correlation)

This is the correlation for exposure between a case subject and the first of the corresponding
control subjects. A value of zero here indicates independence between exposure rates for case and
controls. Often, assuming complete independence is unrealistic, so when no other information is
available, Dupont (1988) suggests using a value of 0.2.

Correlations can range between -1 and 1. However, only positive correlations should be used.

N (Case Patients)

The number of case patients to be sampled. This is the number of pairs. Since there are M
controls for each case patient, the total number of patients is N (M + 1).Values of one or greater
are allowed here.

M (Controls Per Case)

The number of control patients matched with each case patient. When M is one, McNemar’s test
is used to analyze the data.

The total number of patients in the study is N (M + 1). Values of one or greater are allowed here.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you reject the null hypothesis when in fact it is true. In this case, the test is
two-sided.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-I error you are willing to take in your
experimental situation.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-1I error (beta). A type-II
error occurs when you fail to reject the null hypothesis when in fact it is false.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-11 error you are
willing to take.

Power is defined as one minus beta. Power is equal to the probability of rejecting a false null
hypothesis. Hence, specifying the beta error level also specifies the power level. For example, if
you specify beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power
values of 0.95, 0.90, and 0.80.
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Examplel - Calculating Power

Problem Statement

This example will show how to calculate the power of a retrospective study for several sample
sizes and odds ratios.

Suppose that a matched case-control study is to be run in which the odds ratios of interest are 1.5,
2.5, or 3.5, P0 = 0.6, correlation =0.2, M =1, N = 25 50 100 150 200, alpha = 0.05, and power is
to be found.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.
Option Value

Data Tab

FiNd ..o Beta and Power

OR . 1.5 25 35
PO 0.6

Correlation ..........ccoeeveiiiiiiiiiiinecee, 0.2

N 2550 100 150 200
Y 1

Alpha.........ccooo 0.05

Beta. ..o Ignored since this is the Find Setting

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results

Cases Controls Per  Odds Ratio Probability  Correlation
Power (N) Case (M) (OR) Exposed (P0) (Phi) Alpha Beta
0.08863 25 1 1.50 0.60000 0.20000 0.05000 0.91137
0.13364 50 1 1.50 0.60000 0.20000 0.05000 0.86636
0.22622 100 1 1.50 0.60000 0.20000 0.05000 0.77378
0.31832 150 1 1.50 0.60000 0.20000 0.05000 0.68168
0.40652 200 1 1.50 0.60000 0.20000 0.05000 0.59348
0.23067 25 1 2.50 0.60000 0.20000 0.05000 0.76933
0.44278 50 1 2.50 0.60000 0.20000 0.05000 0.55722
0.75646 100 1 2.50 0.60000 0.20000 0.05000 0.24354
0.90966 150 1 2.50 0.60000 0.20000 0.05000 0.09034
0.97004 200 1 2.50 0.60000 0.20000 0.05000 0.02996
0.36379 25 1 3.50 0.60000 0.20000 0.05000 0.63621
0.68570 50 1 3.50 0.60000 0.20000 0.05000 0.31430
0.95159 100 1 3.50 0.60000 0.20000 0.05000 0.04841
0.99482 150 1 3.50 0.60000 0.20000 0.05000 0.00518
0.99956 200 1 3.50 0.60000 0.20000 0.05000 0.00044

Report Definitions

Power is the probability of rejecting a false null hypothesis.

N is the size of the sample drawn from the treatment (case) group.

M is the number of matching control patients drawn for each case patient.
OR is the odds ratio of for subjects exposed to the risk factor.

PO is the probability of exposure among sampled control patients.

Phi is the correlation of exposure between matched individuals.

Alpha is the probability of rejecting a true null hypothesis.

Beta is the probability of accepting a false null hypothesis.

Summary Statements

In a matched case-control study, the probability of exposure among sampled control patients is

0.60000 and the correlation coefficient for exposure between matched case and control patents
is 0.20000. A sample of 25 case patients is obtained. For each case patient, a matching sample
of 1 control patient(s) is also obtained. This sample of 50 patients achieves 9% power to

detect an odds ratio of 1.50 versus the alternative of equal odds using a Chi-Square test with

a 0.05000 significance level.

This report shows the power for each of the scenarios.
Plot Section

Power vs N by OR with P0=0.60 Phi=0.20 M=1
Alpha=0.05 M.C.C. Test

1.0+ A
A

0.8

® 150

Power
OR

m 250
0.4+

A 3.50

0.2+

0.0 } } } {

This plot shows the power versus the sample size for the three odds ratios.



155-8 Matched Case-Control

Example2 - Calculating Sample Size

Suppose that a matched case-control study is planned to study the relationship between smoking
and a certain kind of cancer. Researchers want to have a sample large enough to detect an odds
ratio of 2.0. During the power analysis, the researchers also want to calculate the required sample
size for odds ratios of 1.5 and 2.5.

The probability that a sampled control (non-cancer) patient smokes is estimated at 0.3. The
correlation of smoking between cases and controls is 0.2. The researchers want samples sizes
large enough to achieve 80% power at the 0.05 significance levels. In an effort to reduce the
number of cancer patients that must be enrolled, the researchers want to try several values for the
number of controls per case between 1 and 20.

Setup

You can enter these values yourself or load the Example2 template from the Template tab.

Option Value

Data Tab

1T P N (Cases)

OR e 152025

PO e 0.3

Correlation ..........ccccvvvieeiiieeniiii, 0.2

N e Ignored since this is the Find Setting
M e 123451020

Alpha...ccoo o 0.05

Beta....coo oo 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results

Cases Controls Per  Odds Ratio Probability  Correlation
Power (N) Case (M) (OR) Exposed (P0) (Phi) Alpha Beta
0.80064 539 1 1.50 0.30000 0.20000 0.05000 0.19936
0.80021 378 2 1.50 0.30000 0.20000 0.05000 0.19979
0.80025 324 3 1.50 0.30000 0.20000 0.05000 0.19975
0.80038 297 4 1.50 0.30000 0.20000 0.05000 0.19962
0.80076 281 5 1.50 0.30000 0.20000 0.05000 0.19924
0.80009 248 10 1.50 0.30000 0.20000 0.05000 0.19991
0.80044 232 20 1.50 0.30000 0.20000 0.05000 0.19956
0.80100 180 1 2.00 0.30000 0.20000 0.05000 0.19900
0.80249 127 2 2.00 0.30000 0.20000 0.05000 0.19751
0.80077 108 3 2.00 0.30000 0.20000 0.05000 0.19923
0.80220 99 4 2.00 0.30000 0.20000 0.05000 0.19780
0.80087 93 5 2.00 0.30000 0.20000 0.05000 0.19913
0.80261 82 10 2.00 0.30000 0.20000 0.05000 0.19739
0.80125 76 20 2.00 0.30000 0.20000 0.05000 0.19875
0.80156 102 1 2.50 0.30000 0.20000 0.05000 0.19844
0.80262 72 2 2.50 0.30000 0.20000 0.05000 0.19738
0.80028 61 3 2.50 0.30000 0.20000 0.05000 0.19972
0.80327 56 4 2.50 0.30000 0.20000 0.05000 0.19673
0.80559 53 5 2.50 0.30000 0.20000 0.05000 0.19441
0.80351 46 10 2.50 0.30000 0.20000 0.05000 0.19649
0.80672 43 20 2.50 0.30000 0.20000 0.05000 0.19328

N vs M by OR with P0=0.30 Phi=0.20 Alpha=0.05
Power=0.81 M.C.C. Test

600

500+ \

400

v

300+ e o

200

100+ A —

0

This report shows the sample size for each of the scenarios. Notice that the required number of
cancer patients (N) drops off drastically as more controls are added. However, using more than
five controls seems to only moderately reduce the sample size necessary sample size.

Also notice that the difference in sample size is much larger when moving from an odds ratio of
2.0to 1.5 than from 2.5 to 2.0.
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Example3 - Validation using Dupont

The formulas used in this module were given in Dupont (1988). He gives an example on page
1164 of the article in which PO is 0.6, Phi is 0.2, OR is 3.0, alpha is 0.05, and beta is 0.2. Dupont
finds the sample size for M =1 to be 80 and for M = 3 to be 50.

Setup

You can enter these values yourself or load the Example3 template from the Template tab.

Option Value

Data Tab

Find ... N (Cases)

OR e 3.0

PO i 0.6

Correlation ..........cccceeeeeieieiiieeiicee, 0.2

N o Ignored since this is the Find Setting
M e 13
Alpha.....o 0.05

Beta....cooo e, 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results

Cases Controls Per  Odds Ratio Probability  Correlation
Power (N) Case (M) (OR) Exposed (P0) (Phi) Alpha Beta
0.80149 80 1 3.00 0.60000 0.20000 0.05000 0.19851
0.80052 50 3 3.00 0.60000 0.20000 0.05000 0.19948

Note that values of 80 and 50 for N agree exactly with Dupont.
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Chapter 160

Non-Inferiority of
Correlated
Proportions

These modules compute power and sample size for non-inferiority tests in which two
dichotomous responses are measured on each subject. When one is interested in showing that the
true proportions are different, the data are often analyzed with McNemar’s test. However, we are
interested in showing non-inferiority rather than difference. For example, suppose a diagnostic
procedure is accurate, but is expensive to apply or has serious side effects. A replacement
procedure is sought which is no less accurate, but is less expensive or has fewer side effects. In
this case, we are not interested in showing that the two diagnostic procedures are different, but
rather that the second is no worse than the first. Non-inferiority tests were designed for this
situation.

These tests are often divided into two categories: equivalence (two-sided) tests and non-
inferiority (one-sided) tests. Here, the term equivalence tests means that we want to show that two
diagnostic procedures are equivalent—that is, their accuracy is about the same. This requires a
two-sided hypothesis test. On the other hand, non-inferiority tests are used when we want to show
that a new (experimental) procedure is no worse than the existing (reference or gold-standard)
one. This requires a one-sided hypothesis test. The procedures discussed in this chapter deal with
the non-inferiority (one-sided) case.
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Technical Details

The results of a study in which two dichotomous responses are measured on each subject can be
displayed in a 2-by-2 table in which one response is shown across the columns and the other is
shown down the rows. In the discussion to follow, the columns of the table represent the standard
(reference or control) response and the rows represent the treatment (experimental) response. The
outcome probabilities can be classified into the following table.

Experimental | Standard Diagnosis
Diagnosis Yes No Total
Yes pll plO I:)T
No Po Poo 1- PT
Total P 1- P 1

= Prreatment, standard - 1 Nt IS, the first subscript represents the response of the new,

In this table, P;

experimental procedure while the second subscript represents the response of the standard
procedure. Thus, p,, represents the proportion having a negative treatment response and a

positive standard response.

To aid in interpretation, analysts have developed a few proportions that summarize the table.
Three of the most popular ratios are sensitivity, specificity, and prevalence.

Sensitivity

Sensitivity is the proportion of subjects with a positive standard response who also have a
positive experimental response. In terms of proportions from a 2-by-2 table,

Sensitivity = p;, / ( Por + p11) =pu/ R

Specificity
Specificity is the proportion of subjects with a negative standard response who also have a
negative experimental response. In terms of proportions from a 2-by-2 table,

Specificity = Po, / ( Py + Poo )

Prevalence

Prevalence is the overall proportion of individuals with the disease (or feature of interest). In
terms of proportions from a 2-by-2 table,

Prevalence = F.
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The outcome counts from a sample of n subjects can be classified into the following table.

Experimental | Standard Diagnosis
Diagnosis Yes No Total
Yes N, Ny n;
No Noy Noo n-n;
Total Ng n—ng n

Note that n,; + Ny, is the number of matches (concordant pairs) and n,, + Ny, is the number of
discordant pairs.

The hypothesis of interest concerns the two marginal probabilities P, and P;. P; represents the
accuracy or success of the standard test and P, represents the accuracy or success of the new,
experimental test. Non-inferiority is defined in terms of either the difference, D = P, — P, or the
relative risk ratio, R =P, / P, , of these two proportions. The choice between D and R will
usually lead to different sample sizes to achieve the same power.

Non-Inferiority Hypotheses using Difference

This section is based on Liu, Hsueh, Hsieh and Chen (2002). Refer to that paper for complete
details.

The null and alternative hypotheses of non-inferiority in terms of the difference are

Hy P —P, <-D H;: P, —P, >-D,

E versus
To demonstrate non-inferiority, one desires to reject the null hypothesis and thus conclude that
the experimental treatment is not worse than the standard by as much or more than Dg . In the
context of the preceding statement, D is defined to be positive. The choice of an appropriate
De may be difficult. It should be clinically meaningful so that clinicians are willing to conclude
that the experimental treatment is acceptable if the difference is less than D, . From a statistical
perspective, D should be less than the effect, if known, of the standard treatment compared to
placebo.

Liu et al. (2002) discuss the RMLE-based (score) method for constructing these confidence
intervals. This method is based on (developed by, described by) Nam (1997).
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Asymptotic Tests
An asymptotic test is given by

A

D+D. c+nDg

= = >
“ o Jd-nD? ¢
where
5 M N Ny Ny
n n n n
d= Ny + Ny
C="Np—Ny

and z, is the standard normal deviate having o in the right tail.

An estimate of & based on the RMLE-based (score) procedure of Nam (1997) uses the estimates

~ PLio+ PLo— DE
o \/ pL,lO pL,Ol E

o n
where
— 3, +,a’-8b,
4
5L,Ol = 5L,10 - DE

5L,01 = _[A)(l_ DE)_ 2( ﬁm + DE)

PLio =

l5|.,01 = DE(1+ DE)pOl
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Power Formula
The power when the actual difference is D, can be evaluated exactly using the multinomial

distribution. However, when the sample size is above a user-set level, we use a normal
approximation to this distribution which leads to

1-&(c) ifD,>-D
l— D — L A E
A(Dy) {O otherwise }
where
CL:_DA_&_FZ_U‘
o o W

o= fp01+p10_DA
n

W = 2p01+DA_Di
L — —
2pL,01 - DE - Dé

—a_++/af —8b,

PLoi = 4

a, =—D,(1-Dg)—2(p,y, + D)
bL = DE(1+ DE)pOl
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Non-Inferiority Hypotheses using Ratios

The following is based on Nam and Blackwelder (2002). We refer you to this paper for the
complete details of which we will only provide a brief summary here.

When R; <1, the statistical hypotheses of non-equivalence are

Hy:P. /P, <R Hi:P /P >R

E versus

Test Statistics
The test statistic for an asymptotic test based on constrained maximum likelihood for large n is
given by

where

Pro = 2Re(Rg +1)
501 = RE 510 _(RE _1)(1 ﬁoo)
A n ~ n n,+n Nn,, +N
Poy = oL Pro — 10 P = 10 11 P o1 " '
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Power Formula
The power when the true value of the relative risk ratio is Rg can be evaluated exactly using the

multinomial distribution. When n is large, we use a normal approximation to the multinomial
distribution which leads to

B(R,) = P(cy)

where
C = Z_, \T()(To) - E1(To)
y =
\/Vl(TO)
\T()(To) _ Re(ﬁlo + ﬁm)

El(TO) = (RA - RE)PS

(RA + Ré>Ps _ZRE P _(RA_ RE)2 Psz
n

V,(Ty) =

- PT + RE(PS +2p10)+\/(PT - Réps)z +4Ré P1o Por
2R: (R +1)

P = RE P _(RE _1)(1_ pOO)

Py =

Nuisance Parameter

Unfortunately, the 2-by-2 table includes four parameters p,,, Py, Pyy» and Py, but the power
specifications above only specify two parameters: P, and D, or R,. A third parameter is
defined implicitly since the sum of the four parameters is one. One parameter, known as a
nuisance parameter, remains unaccounted for. This parameter must be addressed to fully specify
the problem. This fourth parameter can be specified by specifying any one of the following:

Pi1s Pios Pors Poor Pio + Pors Pis + Poos OF the sensitivity of the experimental response, p,, / F;.

It may be difficult to specify a reasonable value for the nuisance parameter since its value may
not be even approximately known until after the study is conducted. Because of this, we suggest
that you calculate power or sample size for a range of values of the nuisance parameter. This will
allow you to determine how sensitive the results are to its value.
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Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter entitled Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers two procedures which have different options. This
section documents options that are common to both procedures. Later, unique options for each
procedure will be documented.

Find
This option specifies the parameter to be solved for from the other parameters. The parameters
that may be selected are Beta and Power or N.

Ps (Standard Proportion)
This is the proportion of yes’s (or successes), P, when subjects received the standard treatment.
This value or a good estimate is often available from previous studies.

You may enter a set of values separated by blank spaces. For example, you could enter *0.50 0.60
0.70°. Values between, but not including, 0 and 1 are permitted.

Max N Using Exact Power

Specify the maximum value of N (sample size) for which you would like an exact power
calculation based on the multinomial distribution. Sample Sizes greater than this value will use
the asymptotic approximation given in the documentation. The exact calculation of the
multinomial distribution becomes very time consuming for N > 200. For most cases, when N >
200, the difference between the exact and approximate calculations is small. For N > 200, the
length of time needed to calculate the exact answer may become prohibitive. However, as the
speed of computers increases, it will become faster and easier to calculate the exact power for
larger values of N.

If you want all calculations to use exact results, enter *1000” here.

If you want all calculations to use the quick approximations, enter ‘1’ here.

N (Sample Size)
Enter a value for the sample size. This value must be greater than two. You may enter a range of
values such as 10 t0100 by10.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-I error (alpha). A type-I
error occurs when you falsely conclude equivalence.
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Beta (1 - Power)

This option specifies one or more values for the probability of a type-1l error (beta). A type-II
error occurs when you fail to conclude equivalence when in fact it is true.

Values must be between 0 and 1. Values of 0.10 or 0.20 are often used for beta. However, you
should pick a value for beta that represents the risk of a type-I1 error that you are willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power values of 0.95,
0.90, and 0.80.

Nuisance Parameter Type

Enter the type of nuisance parameter here. Unfortunately, the 2-by-2 table cannot be completely
specified by using only the parameters Ps and Da or Ps and Ra. One other parameter must be
specified. This additional parameter is called a ‘nuisance’ parameter. It will be assumed to be a
known quantity. Several possible choices are available. This option lets you specify which
parameter you want to use. In all cases, the value you specify is a proportion.

P11 is the proportion of subjects that are positive on both tests.

P00 is the proportion of subjects that are negative on both tests.

P01 is the proportion of subjects that are negative on the treatment, but positive on the standard.
P10 is the proportion of subjects that are positive on the treatment, but negative on the standard.
P11+P00 is the proportion of matches (concordant pairs).

P01+P10 is the proportion of non-matches (discordant pairs).

P11/Ps is the sensitivity.

Nuisance Parameter Value

Enter the value of the nuisance parameter that you specified in the ‘Nuisance Parameter Type’
box. This value is a proportion, so it must be between 0 and 1.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

De (Equivalence Difference)

De is the maximum allowable difference between the standard and treatment proportions that will
still result in the conclusion of equivalence. In order to ensure that De is positive, the difference is
computed in reverse order. That is, D = P, — P;. This parameter is only used when the Test

Statistic option is set to ‘Difference’.

Only positive values can be entered here. Typical values for this difference are 0.05, 0.10, and
0.20. For two-sided tests, you must have |Da| < De. For one-sided tests, you must have Da > -De.

Da (Actual Difference)

Da is the actual difference between the treatment and standard proportions D, = P, — F,. Da may

be positive, negative, or (usually) zero. This parameter is only used when the Test Statistic option
is set to ‘Difference’.

For two-sided tests, you must have |Da| < De. For one-sided tests, you must have Da > -De.

Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

Re (Equivalence Ratio)

Re is the minimum size of the relative risk ratio, P; / Ps , that will still result in the conclusion of

equivalence. Both equivalence and non-inferiority trials use a value that is less than one. Typical
values for this ratio are 0.8 or 0.9.

This parameter is only used when the Test Statistic option is set to ‘Ratio’.

Ra (Actual Ratio)

Enter a value for Ra, the actual relative risk ratio Pr / R . This value is used to generate the value
of P; using the formula P, = P,R, . Often this value is set equal to one, but this is not necessary.

This parameter is only used when the Test Statistic option is set to ‘Ratio’.
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Examplel - Finding Power

A clinical trial will be conducted to show that a non-invasive MRI test is not inferior to the
invasive CTAP reference test. Historical data suggest that the CTAP test is 80% accurate. After
careful discussion, the researchers decide that if the MRI test is 75% accurate or better, it will be
considered non-inferior. They decide to use a difference test statistic. Thus, the equivalence
difference is 0.05. They want to study the power for various sample sizes between 20 and 1000 at
the 5% significance level.

They use P01 as the nuisance parameter and look at two values: 0.05 and 0.10.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find .o, Beta and Power
[DE| . 0.05

DA e 0.00

PS 0.80

Max N Using Exact Power................. 100
N 20 100 200 300 450 600 800 1000
Alpha ..., 0.05

Beta. .o, Ignored
Nuisance Parameter Type ................ PO1

Nuisance Parameter Value ............... 0.050.10

Axes Tab

Vertical Range.........cccccccevvvviiininennen. User

MiNIMUM ..., 0
MaXimuUM........ooovvviiiieieeeeeeeeee e, 1

Number of Tick Marks..........c............ 10

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for a Non-Inferiority (One-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (PO1) Alpha Beta
0.22938 20 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.77062
0.13717 20 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.86283
0.43625 100 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.56375
0.28895 100 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.71105
0.67771 200 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.32229
0.46318 200 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.53682
0.83244 300 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.16756
0.60369 300 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.39631
0.94287 450 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.05713
0.75745 450 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.24255
0.98206 600 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.01794
0.85657 600 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.14343
0.99651 800 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.00349
0.93172 800 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.06828
0.99937 1000 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.00063
0.96870 1000 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.03130

Report Definitions

Power is the probability of rejecting a false null hypothesis.

N is the number of subjects, the sample size.

De is the maximum difference between the two proportions that is still called 'equivalent'.
Da is the actual difference between Pt and Ps. That is, Da = Pt-Ps.

Pt is the response proportion to the treatment (experimental or new) test.

Ps is the response proportion to the standard (reference or old) test.

The Nuisance Parameter is a value that is needed, but is not a direct part of the hypothesis.
Alpha is the probability of rejecting a true null hypothesis.

Beta is the probability of accepting a false null hypothesis.

Summary Statements

A sample size of 20 subjects achieves 23% power at a 5% significance level using a one-sided
equivalence test of correlated proportions when the standard proportion is 0.80000, the maximum
allowable difference between these proportions that still results in equivalence (the range of
equivalence) is 0.05000, and the actual difference of the proportions is 0.00000.

This report shows the power for the indicated scenarios. All of the columns are defined in the
‘Report Definitions’ section.

Plot Section

Power vs N by P01 with Ps=0.80 De=0.05 Da=0.00
Alpha=0.05 1-Sided Equiv Test
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This plot shows the power versus the sample size for the two values of PO1. In this example, we
see that the value of the nuisance parameter has a large effect on the calculated sample size.

Example2 - Finding Sample Size

Continuing with Examplel, the analysts want to determine the exact sample size necessary to
achieve 90% power for both values of the nuisance parameter.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value
Data Tab

FiNd .o Sample Size (N)
[DE| .t 0.05
DA 0.00

P S 0.80

Max N Using Exact Power................. 100

N Ignored
AlPha ... 0.05
Beta...ooie e, 0.10
Nuisance Parameter Type ................ PO1
Nuisance Parameter Value ............... 0.050.10

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for a Non-Inferiority (One-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (P0O1) Alpha Beta
0.90026 374 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.09974
0.90014 699 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.09986

This report shows that the sample size required nearly doubles when P01 is changed from 0.05 to
0.10.
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Example3 - Validation using Liu

Liu et al. (2002) give an example in which P01 is 0.05, P10 is 0.05, Da is 0.00, De is 0.05, the
significance level is 0.025, and the power is 80%. From their Table 111, the sample size is 350.

In this example, the value of Ps is arbitrary. We set it at 0.50.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value
Data Tab

FiNd oo Sample Size (N)
[DE|eeeeieieeeiie e 0.05

Da .o 0.00

PS 0.50
Max N Using Exact Power ................ 100

N Ignored
Alpha......oo 0.025
Beta....cooo i, 0.20
Nuisance Parameter Type ................ PO1
Nuisance Parameter Value................ 0.05

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for a Non-Inferiority (One-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (PO1) Alpha Beta
0.80046 350 0.05000 0.00000 0.50000 0.50000 0.05000 0.02500 0.19954

The calculated sample size of 350 matches the results of Liu et al. (2002).
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Example4 - Validation using Nam and
Blackwelder

Nam and Blackwelder (2002) give an example in which Ps is 0.80, P10 is 0.05, Ra is 1.00, Re is
0.80, the significance level is 0.05, and the power is 80%. From their Table I1l, the sample size is
34.

Note that their calculations use the approximate formula, so we will set the value of ‘Max N
Using Exact Power’ to ‘1’ so that only the approximate formula is used.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes directly
on your screen or you can load the template entitled Example4 by clicking the Template tab and
loading this template.

Option Value
Data Tab

FINd oo, Sample Size (N)
R 0.80
R8s 1.00

P S 0.80
Max N Using Exact Power................. 1

N e Ignored
Alpha ..., 0.05
Beta....ovvvieiiee e 0.20
Nuisance Parameter Type ................ P10
Nuisance Parameter Value ............... 0.05

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for a Non-Inferiority (One-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (P10) Alpha Beta
0.80050 34 0.80 1.00 0.80000 0.80000 0.05000 0.05000 0.19950

The calculated sample size of 34 matches the results of Nam and Blackwelder (2002).
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Example5 — Finding Sample Size for a
Non-inferiority Test

Researchers have developed a new treatment for migraine headaches which is less expensive than
a current standard. The researchers need to show that the proportion of individuals who respond
to the new treatment is not inferior to the standard treatment. They want to determine the
minimum number of subjects required to achieve 90% power for the test of non-inferiority. The
new treatment will be considered non-inferior if its success rate is no less than 90% of the success
rate of the standard, which is about 0.65. The sample size required is evaluated for various values
(0.3 to 0.9) of the nuisance parameter: P11/Ps = sensitivity.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes directly
on your screen or you can load the template entitled Example5 by clicking the Template tab and
loading this template.

Option Value

Data Tab

Find.......oooo Sample Size (N)
RE e 0.95

RA i 1.0

PS e, 0.65

Max N Using Exact Power ................ 1

N o Ignored
Alpha.........ccooo 0.05

Beta. ..o 0.10

Nuisance Parameter Type ................ P11/Ps (Sensitivity)
Nuisance Parameter Value................ 0.3t0 0.9by 0.1

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results for a Non-Inferiority (One-Sided) Test of a Ratio

Sample Equiv. Actual Treatment Standard Nuisance
Size Ratio Ratio Proportion Proportion Parameter
Power (N) (Re) (Ra) (Pt) (Ps) (P11/Ps) Alpha Beta
13 0.95 1.00 0.65000 0.65000 0.30000 0.05000
13 0.95 1.00 0.65000 0.65000 0.40000 0.05000
0.90004 5013 0.95 1.00 0.65000 0.65000 0.50000 0.05000 0.09996
0.90001 4013 0.95 1.00 0.65000 0.65000 0.60000 0.05000 0.09999
0.90004 3015 0.95 1.00 0.65000 0.65000 0.70000 0.05000 0.09996
0.90011 2020 0.95 1.00 0.65000 0.65000 0.80000 0.05000 0.09989
0.90016 1035 0.95 1.00 0.65000 0.65000 0.90000 0.05000 0.09984

These scenarios require a large sample size. In fact, the first two rows are blank because the
sample size is so large it can’t be determined.
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Chapter 165

Equivalence of
Correlated
Proportions

The two procedures described in this chapter compute power and sample size for testing
equivalence using differences or ratios in designs in which two dichotomous responses are
measured on each subject. Each of these options is listed separately on the menus.

When one is interested in showing that two correlated proportions are different, the data are often
analyzed with McNemar’s test. However, the procedures discussed here are interested in showing
equivalence rather than difference. For example, suppose a diagnostic procedure is accurate, but
is expensive to apply or has serious side effects. A replacement procedure may be sought which is
equally accurate, but is less expensive or has fewer side effects. In this case, we are not interested
in showing that the two diagnostic procedures are different, but rather that they are the same.
Equivalence tests were designed for this situation.

These tests are often divided into two categories: equivalence (two-sided) tests and non-
inferiority (one-sided) tests. Here, the term equivalence tests means that we want to show that two
diagnostic procedures are equivalent—that is, their accuracy is about the same. This requires a
two-sided hypothesis test. On the other hand, non-inferiority tests are used when we want to show
that a new (experimental) procedure is no worse than the existing (reference or gold-standard)
one. This requires a one-sided hypothesis test.
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Technical Details

The results of a study in which two dichotomous responses are measured on each subject can be
displayed in a 2-by-2 table in which one response is shown across the columns and the other is
shown down the rows. In the discussion to follow, the columns of the table represent the standard
(reference or control) response and the rows represent the treatment (experimental) response. The
outcome probabilities can be classified into the following table.

Experimental | Standard Diagnosis
Diagnosis Yes No Total
Yes pll plO I:)T
No Po Poo 1- PT
Total P 1- P 1

= Prreatment, standard - 1 Nt IS, the first subscript represents the response of the new,

In this table, P;

experimental procedure while the second subscript represents the response of the standard
procedure. Thus, p,, represents the proportion having a negative treatment response and a

positive standard response.

To aid in interpretation, analysts have developed a few proportions that summarize the table.
Three of the most popular ratios are sensitivity, specificity, and prevalence.

Sensitivity

Sensitivity is the proportion of subjects with a positive standard response who also have a
positive experimental response. In terms of proportions from the 2-by-2 table,

sensitivity = Py, / (Pos + Pu) = P/ P,

Specificity
Specificity is the proportion of subjects with a negative standard response who also have a
negative experimental response. In terms of proportions from the 2-by-2 table,

Specificity = Po, / (Pyo + Poo )

Prevalence

Prevalence is the overall proportion of individuals with the disease (or feature of interest). In
terms of proportions from the 2-by-2 table,

Prevalence = P
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The outcome counts from a sample of n subjects can be classified into the following table.

Experimental | Standard Diagnosis
Diagnosis Yes No Total
Yes N, Ny n;
No Nos Noo n-n;
Total Ng n—ng n

Note that n,; + Ny, is the number of matches (concordant pairs) and n,, + Ny, is the number of
discordant pairs.

The hypothesis of interest concerns the two marginal probabilities P, and P;. P; represents the
accuracy or success of the standard test and P, represents the accuracy or success of the new,
experimental test. Equivalence is defined in terms of either the difference, D = P, — P, or the
relative risk ratio, R =P, / P, of these two proportions. The choice between D and R will
usually lead to different sample sizes to achieve the same power.

Equivalence Hypotheses using Difference

This section is based on Liu, Hsueh, Hsieh and Chen (2002). We refer you to that paper for
complete details.

The hypotheses of equivalence in terms of the difference are
Hy:P—P,>D. or HgiP -R<-D. versus H;:-D. <P —PF <D
These hypotheses can be decomposed into two sets of one-sided hypotheses
Ho :Pr— P, <-Dg versus H,:P.—P,>-D;
and
Ho :Pr =P, =D versus H:P.—PF <Dg

The hypothesis test of equivalence with type | error rate « is conducted by computing a
100(1— 2cr) % confidence interval for P — Py and determining if this interval is wholly
contained between — D and D . This confidence interval approach is often recommended by
regulatory agencies.

Liu et al. (2002) discuss the RMLE-based (score) method for constructing these confidence
intervals. This method is based on (developed by, described by) Nam (1997).
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Asymptotic Tests
An asymptotic test for testing H,, versus H,, is given by

D+D. c+nD,

= = >
“ & Jd-nD? "
where
D= M_Ns_No Ny
n n n n
d = ng+ny
C=Ny—Ny

and z,, is the standard normal deviate having « in the right tail.
Similarly, an asymptotic test for testing Hoy versus Hyy is given by

7, - D—ADE _ c—nDAE <z,

o Jd —nD?

Equivalence is concluded if both the tests on Z, and Z, are rejected..
An estimate of & based on the RMLE-based (score) procedure of Nam (1997) uses the estimates
- P+ P, o — DE
o \/ pL,lO pL,Ol E

L=

n
and
By 1o + Py os — D2
~ pu,lo pu,01 E
GU—
n
where

él~|_,01 = _6(1_ DE)_ 2( pm + DE)

~

bL,Ol = DE(1+ DE)ﬁOl

~

ay g = _f)(l"' DE)_Z(pOl_ DE)
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BU,Ol :_DE(l_ DE)pOl

Note that the ICH E9 guideline (see Lewis (1999)) suggests using a significance level of « /2
when testing this hypothesis.

Power Formula
The power when the actual difference is D, can be evaluated exactly using the multinomial

distribution. However, when the sample size is above a user-set level, we use a normal
approximation to this distribution which leads to

1- A(D,) - (¢, )-P(c.) ifc,—c >0
A0 otherwise
where
I D, L De D 2
Yoo oW,
c = — DA DE 4+ fa Lo
o oW
o= pOl+ plO DA
\/ 01+ D, - D?
2
LOl E
2p,, + D, D2
2Py o1+ De
_ —a, +4/a’ —8b,
PLo = 4
_ —a, +vya; —8h,
Puoi= 4

—D,(1-Dg)—2(py; + D¢ )
b, = De(1+ D¢ )py,
—D,(1+ Dg)—2(py; — D¢ )
by, =—D¢(1- Dg)py,
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Equivalence Hypotheses using Ratios
For the two-sided (equivalence) case when R <1, the statistical hypotheses are
Ho R /P, <1/R.orR /R, >R. wversus H;:R. <P /P <1l/R;
These can be decomposed into two sets of one-sided hypotheses
Ho :P /P <R wversus H R /P >R
and
Ho:P/P>1/R. versus H,:P. /P <1/R;

Note that the first set of one-sided hypotheses, Ho_ versus Hyy, is referred to as the hypotheses of
non-inferiority.

The following is based on Nam and Blackwelder (2002). We refer you to this paper for the
complete details of which we will only provide a brief summary here.

Test Statistics

The test statistic for an asymptotic test based on constrained maximum likelihood for large n is
given by

where

Note that the above applies to a one-sided test. When using a two-sided test, we calculate both
Z(Rg) and Z(1/ Rg) using the above formula.
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Power Formula
The power of the one-sided procedure when the true value of the relative risk ratio is R can be

evaluated exactly using the multinomial distribution. When n is large, we use a normal
approximation to the multinomial distribution which leads to

B(R,) = P(cy)
where
Z_, \T()(To) - E1(To)

\/ Vi(Ts )

\TO(TO) _ RE(ﬁ1<:1+ ﬁm)

El(TO) = (RA - RE)PS

Cy =

(RA + Ré>Ps _ZRE P _(RA_ RE)2 Psz
n

V,(Ty) =

- PT + RE(PS +2p10)+\/(PT - Réps)z +4Ré P1o Por
2R: (R +1)

P = RE P _(RE _1)(1_ pOO)

Py =

Nuisance Parameter

Unfortunately, the 2-by-2 table includes four parameters p,,, Py, Pyy» and Py, but the power
specifications above only specify two parameters: P, and D, or R,. A third parameter is
defined implicitly since the sum of the four parameters is one. One parameter, known as a
nuisance parameter, remains unaccounted for. This parameter must be addressed to fully specify
the problem. This fourth parameter can be specified by specifying any one of the following:

Pi1s Pios Pors Poor Pio + Pors Pis + Poos OF the sensitivity of the experimental response, p,, / F;.

It may be difficult to specify a reasonable value for the nuisance parameter since its value may
not be even approximately known until after the study is conducted. Because of this, we suggest
that you calculate power or sample size for a range of values of the nuisance parameter. This will
allow you to determine how sensitive the results are to its value.
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Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter entitled Procedure Templates at the beginning of this manual.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers two procedures which have different options. This
section documents options that are common to both procedures. Later, unique options for each
procedure will be documented.

Find
This option specifies the parameter to be solved for from the other parameters. The parameters
that may be selected are Beta and Power or N.

Ps (Standard Proportion)
This is the proportion of yes’s (or successes), P, when subjects received the standard treatment.
This value or a good estimate is often available from previous studies.

Note that this value does not matter when the Nuisance Parameter Type is set to ‘P01’ (or 'P10"),
as long as it is greater than PO1 (or P10).

You may enter a set of values separated by blank spaces. For example, you could enter 0.50 0.60
0.70. Values between, but not including, 0 and 1 are permitted.

Max N Using Exact Power

Specify the maximum value of N (sample size) for which you would like an exact power
calculation based on the multinomial distribution. Sample Sizes greater than this value will use
the asymptotic approximation given in the documentation. The exact calculation of the
multinomial distribution becomes very time consuming for N > 200. For most cases, when N >
200, the difference between the exact and approximate calculations is small. For N > 200, the
length of time needed to calculate the exact answer may become prohibitive. However, as the
speed of computers increases, it will become faster and easier to calculate the exact power for
larger values of N.

If you want all calculations to use exact results, enter *1000” here.

If you want all calculations to use the quick approximations, enter ‘1’ here.

N (Sample Size)
Enter a value for the sample size. This value must be greater than two. You may enter a range of
values such as 10 t0100 by10.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you falsely conclude equivalence or inferiority.
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Beta (1 - Power)

This option specifies one or more values for the probability of a type-1l error (beta). A type-II
error occurs when you fail to conclude equivalence or non-inferiority when in fact it is true.

Values must be between 0 and 1. Values of 0.10 or 0.20 are often used for beta. However, you
should pick a value for beta that represents the risk of a type-I1 error that you are willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power values of 0.95,
0.90, and 0.80, respectively.

Nuisance Parameter Type

Enter the type of nuisance parameter here. Unfortunately, the 2-by-2 table cannot be completely
specified by using only the parameters Ps and Da or Ps and Ra. One other parameter must be
specified. This additional parameter is called a ‘nuisance’ parameter. It will be assumed to be a
known quantity. Several possible choices are available. This option lets you specify which
parameter you want to use. In all cases, the value you specify is a proportion.

P11 is the proportion of subjects that are positive on both tests.

P00 is the proportion of subjects that are negative on both tests.

P01 is the proportion of subjects that are negative on the treatment, but positive on the standard.
P10 is the proportion of subjects that are positive on the treatment, but negative on the standard.
P11+P00 is the proportion of matches (concordant pairs).

P01+P10 is the proportion of non-matches (discordant pairs).

P11/Ps is the sensitivity.

Nuisance Parameter Value

Enter the value of the nuisance parameter that you specified in the ‘Nuisance Parameter Type’
box. This value is a proportion, so it must be between 0 and 1.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

De (Equivalence Difference)

De is the maximum allowable difference between the standard and treatment proportions that will
still result in the conclusion of equivalence. In order to ensure that De is positive, the difference is
computed in reverse order. That is, D = P, — P;. This parameter is only used when the Test

Statistic option is set to Difference.

Only positive values can be entered here. Typical values for this difference are 0.05, 0.10, and
0.20. For two-sided tests, you must have |Da| < De. For one-sided tests, you must have Da > -De.

Da (Actual Difference)

Da is the actual difference between the treatment and standard proportions D, = P, — F,. Da may

be positive, negative, or (usually) zero. This parameter is only used when the Test Statistic option
is set to Difference.

For two-sided tests, you must have |Da| < De. For one-sided tests, you must have Da > -De.

Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

Re (Equivalence Ratio)

Re is the minimum size of the relative risk ratio, P; / Ps , that will still result in the conclusion of

equivalence. Both equivalence and non-inferiority trials use a value that is less than one. Typical
values for this ratio are 0.8 or 0.9.

This parameter is only used when the Test Statistic option is set to Ratio.

Ra (Actual Ratio)

Enter a value for Ra, the actual relative risk ratio Pr / R . This value is used to generate the value
of P; using the formula P, = P,R, . Often this value is set equal to one, but this is not necessary.

This parameter is only used when the Test Statistic option is set to Ratio.
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Examplel - Finding Power

A clinical trial will be conducted to show that a non-invasive MRI test is equivalent to the
invasive CTAP reference test. Historical data suggest that the CTAP test is 80% accurate. After
careful discussion, the researchers decide that if the MRI test is five percentage points of the
CTAP, it will be considered equivalent. They decide to use a difference test statistic. Thus, the
equivalence difference is 0.05. They want to study the power for various sample sizes between 20
and 1000 at the 5% significance level. The decide to use the approximate power calculations, so
they set the 'Max N Using Exact Power' option to 2.

They use P01 as the nuisance parameter and look at two values: 0.05 and 0.10.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo, Beta and Power
[DE| . 0.05
DA 0.00

P S i 0.80

Max N Using Exact Power................. 2

N 20 100 200 300 450 600 800 1000
Alpha ..., 0.05

Beta. ..o, Ignored
Nuisance Parameter Type ................ PO1

Nuisance Parameter Value ............... 0.050.10

Axes Tab

Vertical Range.........cccccccevvvviiiiinnnnen. User

MiniMUM ..o, 0
MaXimumM....cooooeieiei e, 1

Number of Tick Marks .........cooccovvennee. 10
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for an Equivalence (Two-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (PO1) Alpha
0.00000 20 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.00000 20 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000
0.00000 100 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.00000 100 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000
0.35542 200 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.00000 200 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000
0.66488 300 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.20739 300 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000
0.88574 450 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.51491 450 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000
0.96411 600 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.71314 600 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000
0.99301 800 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.86344 800 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000
0.99874 1000 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000
0.93739 1000 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000

Report Definitions

Power is the probability of rejecting a false null hypothesis.

N is the number of subjects, the sample size.

De is the maximum difference between the two proportions that is still called 'equivalent'.
Da is the actual difference between Pt and Ps. That is, Da = Pt-Ps.

Pt is the response proportion to the treatment (experimental or new) test.

Ps is the response proportion to the standard (reference or old) test.

The Nuisance Parameter is a value that is needed, but is not a direct part of the hypothesis.
Alpha is the probability of rejecting a true null hypothesis.

Beta is the probability of accepting a false null hypothesis.

Summary Statements

A sample size of 20 subjects achieves 0% power at a 5% significance level using a two-sided
equivalence test of correlated proportions when the standard proportion is 0.80000, the maximum
allowable difference between these proportions that still results in equivalence (the range of
equivalence) is 0.05000, and the actual difference of the proportions is 0.00000.

Beta
1.00000
1.00000
1.00000
1.00000
0.64458
1.00000
0.33512
0.79261
0.11426
0.48509
0.03589
0.28686
0.00699
0.13656
0.00126
0.06261

This report shows the power for the indicated scenarios. All of the columns are defined in the

‘Report Definitions’ section.
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Plot Section

Power vs N by P01 with Ps=0.80 De=0.05 Da=0.00
Alpha=0.05 2-Sided Equiv Test

1.0+ e
////.’7777

® 0.05

Power
PO1

m 0.10

0 200 400 600 800 1000

This plot shows the power versus the sample size for the two values of POL. In this example, we
see that the value of the nuisance parameter has a large effect on the calculated sample size.
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Example2 - Finding Sample Size

Continuing with Examplel, the analysts want to determine the exact sample size necessary to
achieve 90% power for both values of the nuisance parameter.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value
Data Tab

FiNd oo Sample Size (N)
[DE|eeeeieieeeiie e 0.05

Da .o 0.00

PS 0.80

Max N Using Exact Power ................ 2

N Ignored
Alpha......oo 0.05
Beta....cooo i, 0.10
Nuisance Parameter Type ................ PO1
Nuisance Parameter Value................ 0.050.10

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for an Equivalence (Two-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (PO1) Alpha Beta
0.90019 468 0.05000 0.00000 0.80000 0.80000 0.05000 0.05000 0.09981
0.90002 881 0.05000 0.00000 0.80000 0.80000 0.10000 0.05000 0.09998

This report shows that the sample size required nearly doubles when P01 is changed from 0.05 to
0.10.
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Example3 - Validation using Liu

Liu et al. (2002) page 238 give a table of power values for sample sizes of 50, 100, and 200 when
the significance level is 0.05. From this table, we find that when P01 is 0.10, P10 is 0.10, Da =
P01 - P10 =0.00, and De is 0.10, and the three power values are 0.026, 0.417, and 0.861 for the
column head 'RMLE-based Without CC' (this is the case we use).

In their calculations, they round the z value to 1.64. This corresponds to an alpha value of
0.0505025835. So that our results match, we will use this value for alpha rather than 0.05.

In this example, the value of Ps is not used. We set it at 0.50. Also, we set the Max N value to
200 so that the exact values will be calculated.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power
[DE| . 0.1
DA 0.0

PSS 0.5

Max N Using Exact Power................. 200

N 50 100 200
Alpha ... 0.0505025835
Beta....ooo i Ignored since this is the Find setting
Nuisance Parameter Type ................ PO1

Nuisance Parameter Value ............... 0.1

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for an Equivalence (Two-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (P0O1) Alpha Beta
0.02614 50 0.10000 0.00000 0.50000 0.50000 0.10000 0.05050 0.97386
0.41741 100 0.10000 0.00000 0.50000 0.50000 0.10000 0.05050 0.58259
0.86080 200 0.10000 0.00000 0.50000 0.50000 0.10000 0.05050 0.13920

As you can see, the values computed by PASS match the results of Liu et al. (2002).
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Example4 — Finding Power Following an
Experiment

An experiment involving a single group of 57 subjects was run to show that a new treatment was
equivalent to a previously used standard. Historically, the standard treatment has had a 48%
success rate. The new treatment is known to have similar side effects to the standard, but is much
less expensive. The treatments were to be considered equivalent if the success rate of the new
treatment is within 10% of the success rate of the standard.

To compare the new and standard treatments, each of the 57 subjects received both treatments
with a washout period between them. Thus, the proportions based on the two treatments are
correlated. Of the 57 subjects, 18 responded to both treatments, 20 did not respond to either
treatment, 9 responded to the new treatment but not the standard, and 10 responded to the
standard but not the new treatment. The proportion responding to the new treatment is (18+9)/57
=0.4737. The proportion responding to the standard is (18+10)/57 = 0.4912. The difference is
0.0175, lower than the threshold for equivalence, but the resulting p-value was 0.3358, indicating
the two treatments could not be deemed equivalent at the 0.05 level. Note that McNemar’s test
only uses the discordant pairs, so the effective size of this study is really only 9 + 10 = 19,
although 57 subjects were investigated. The researchers want to know the power of the test they
used.

It may be the inclination of the researchers to use the observed difference in proportions for
calculating power. The p-value, however, is based on the maximum allowable difference for
equivalence, which is 10% of 0.48, or 0.048. This is the number that should be used in the power
calculation. The experiment gave a value of PO1 of 10/28 = 0.36. The power of the experiment is
near zero for all values of PO1 less than 0.10. We calculate the power for a variety of nuisance
parameter values (P01 = 0.01, 0.03, 0.05, and 0.10) to monitor its effect. Because it is in fact
believed that the success rates are equivalent for the two treatments, the specified actual
difference is set to 0.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes directly
on your screen or you can load the template entitled Example4 by clicking the Template tab and
loading this template.

Option Value
Data Tab

FINd oo Beta and Power
D e 0.048
D RPN 0.00

PS 0.48
Max N Using Exact Power ................ 200

N et 57
Alpha......oo 0.05
Beta........oo o Ignored
Nuisance Parameter Type ............... PO1

Nuisance Parameter Value............... 0.010.030.050.10



Equivalence of Correlated Proportions 165-17

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for an Equivalence (Two-Sided) Test of a Difference

Sample Equiv. Actual Treatment Standard Nuisance

Size Difference Difference Proportion Proportion Parameter
Power (N) (De) (Da) (Pt) (Ps) (PO1) Alpha Beta
0.31614 57 0.04800 0.00000 0.48000 0.48000 0.01000 0.05000 0.68386
0.02940 57 0.04800 0.00000 0.48000 0.48000 0.03000 0.05000 0.97060
0.00247 57 0.04800 0.00000 0.48000 0.48000 0.05000 0.05000 0.99753
0.00000 57 0.04800 0.00000 0.48000 0.48000 0.10000 0.05000 1.00000

Note that there is no power for value of PO1 greater than 0.05. This is probably due to the low
number of discordant pairs.
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Chapter 200

Two Independent
Proportions —
Inequality

Introduction

This module computes power and sample size for hypothesis tests of the difference, ratio, or odds
ratio of two independent proportions. The term null case in the chapter title refers to the value of
the null hypothesis. The test statistics analyzed by this procedure assume that the difference
between the two proportions is zero or their ratio is one under the null hypothesis. The non-null
(offset) case is discussed in another procedure. This procedure computes and compares the power
achieved by each of several test statistics that have been proposed.

For example, suppose you want to compare two methods for treating cancer. Your experimental
design might be as follows. Select a sample of patients and randomly assign half to one method
and half to the other. After five years, determine the proportion surviving in each group and test
whether the difference in the proportions is significantly different from zero.

The power calculations assume that random samples are drawn from two separate populations.

Four Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, ratios of proportions, and odds ratios. Each
of these options is listed separately on the menus.
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Technical Details

Suppose you have two populations from which dichotomous (binary) responses will be recorded.
The probability (or risk) of obtaining the event of interest in population 1 (the treatment group) is
p, and in population 2 (the control group) is p, . The corresponding failure proportions are given

by ¢, =1-p, and ¢, =1-p,.

The assumption is made that the responses from each group follow a binomial distribution. This
means that the event probability, p;, is the same for all subjects within the group and that the

response from one subject is independent of that of any other subject.

Random samples of m and n individuals are obtained from these two populations. The data from
these samples can be displayed in a 2-by-2 contingency table as follows

Group Success Failure Total
Treatment a C m
Control b d n
Total S f N

The following alternative notation is also used.

Group Success Failure Total
Treatment X1 X1, n
Control Xoy X5, n,
Total m, m, N

The binomial proportions p, and p, are estimated from these data using the formulae

A A X, . b
f=—=""and p,=—="2
m n n n,

Comparing Two Proportions

When analyzing studies such as this, one usually wants to compare the two binomial
probabilities, p, and p,. Common measures for comparing these quantities are the difference and
the ratio. If the binomial probabilities are expressed in terms of odds rather than probabilities,
another common measure is the odds ratio. Mathematically, these comparison parameters are

Parameter Computation

Difference o=p —p,
Risk Ratio o=p!p,

_m/(-p) _pg,
pz /(1_ pz) pqu

The tests analyzed by this routine are for the null case. This refers to the values of the above
parameters under the null hypothesis. In the null case, the difference is zero and the ratios are one
under the null hypothesis. In the non-null case, discussed in another chapter, the difference is
some value other than zero and the ratios are some value other than one. The non-null case often
appears in equivalence and non-inferiority testing.

Odds Ratio
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Hypothesis Tests

Several statistical tests have been developed for testing the inequality of two proportions. For
large samples, the powers of the various tests are about the same. However, for small samples, the
differences in the powers can be quite large. Hence, it is important to base the power analysis on
the test statistic that will be used to analyze the data. If you have not selected a test statistic, you
may wish to determine which one offers the best power in your situation. No single test is the
champion in every situation, so you must compare the powers of the various tests to determine
which to use.

Difference

The (risk) difference, & = p, — p,, is perhaps the most direct measure for comparing two
proportions. Three sets of statistical hypotheses can be formulated:

1. Hyp,—p, =0 versus H;:p, — p, # 0; this is often called the two-tailed test.
2. Hgip,—p, <0 versus H;:p, — p, > 0; this is often called the upper-tailed test.
3. Hyip,— P, 20 versus H;:p, — p, <0; this is often called the lower-tailed test.

The traditional approach for testing these hypotheses has been to use the Pearson chi-square test
for large samples, the Yates chi-square for intermediate sample sizes, and the Fisher Exact test for
small samples. Recently, some authors have begun guestioning this solution. For example, based
on exact enumeration, Upton (1982) and D’ Agostino (1988) conclude that the Fisher Exact test
and Yates test should never be used.

Ratio

The (risk) ratio, ¢ = p, / p,, is often preferred to the difference when the baseline proportion is

small (less than 0.1) or large (greater than 0.9) because it expresses the difference as a percentage
rather than an amount. In this null case, the null hypothesized ratio of proportions, ¢, , is one.

Three sets of statistical hypotheses can be formulated:

1. Hy:p !/ p,=d¢, versus H;: p, / p, # @, ; this is often called the two-tailed test.
2. Hyp /p, <, versus Hi:p, [ p, > ¢; this is often called the upper-tailed test.
3. Hyp/p,=d, versus Hi: p, / p, < ¢; this is often called the lower-tailed test.

Odds Ratio

o _ pl/(l_ pl) _ PG
O2 pz /(1_ pz) p2Q1
proportions because of its statistical properties and because some experimental designs require its
use. In this null case, the null hypothesized odds ratio, i, , is one. Three sets of statistical

hypotheses can be formulated:

The odds ratio, i = , Is sometimes used to compare the two

1. Hyw =y, versus H;: w # y,; this is often called the two-tailed test.
2. Hyw <y, versus H;:w >, ; this is often called the upper-tailed test.
3. Hyw =y, versus H;:w <y, ; this is often called the lower-tailed test.
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Power Calculation

The power for a test statistic that is based on the normal approximation can be computed exactly
using two binomial distributions. The following steps are taken to compute the power of such a
test.

1. Find the critical value (or values in the case of a two-sided test) using the standard normal
distribution. The critical value, Z;., , IS that value of z that leaves exactly the target value of
alpha in the appropriate tail of the normal distribution. For example, for an upper-tailed test
with a target alpha of 0.05, the critical value is 1.645.

2. Compute the value of the test statistic, z, , for every combination of X, andX,, . Note that X,,
ranges from0to n;, and X,, ranges from 0 to n,. A small value (around 0.0001) can be

added to the zero cell counts to avoid numerical problems that occur when the cell value is
zero.
3. If Z, > Z_ i » the combination is in the rejection region. Call all combinations of X, and X,,

that lead to a rejection the set A.
4. Compute the power for given values of p, and p, as

n X —X n X -X
l_ﬂ:Z( 1) plnql”l 11[ Zj p221q;2 21
A Xll X21
5. Compute the actual value of alpha achieved by the design by substituting p, for p,

a* = Z( nlj p;u qfl‘xu [;zj pfn q:{‘z —X21

A 11 21
When the values of n, and n, are large (say over 200), these formulas may take a little time to
evaluate. In this case, a large sample approximation may be used.
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Test Statistics

The various test statistics that are available in this routine are listed next.

Fisher’'s Exact Test

The most useful reference we found for power analysis of Fisher’s Exact test was in the StatXact
5 (2001) documentation. The material present here is summarized from Section 26.3 (pages 866 —
870) of the StatXact-5 documentation. In this case, the test statistic is

Xl X2
(Nj
m
The null distribution of T is based on the hypergeometric distribution. It is given by
X/ \ X
Pr(T>timH,)= > | ——
(T2tmt)=2, §

m

T=-In

where
A(m) = {all pairs x,, X, such that x, + x, =m, given T >t}
Conditional on m, the critical value, L , Is the smallest value of t such that
Pr(T >t,Im Hy)<a

The power is defined as

N

1- 8= P(m)Pr(T 2t |m, H,)

where

PI’(T >t |m, Hl) = Z b(xl’ N, pl)b(X2' Ny, pz)

Z (Xl’ Ny, pl)b(xzv n,, pz)

)
A(m)

P(m) = Pr(x, +Xx, =mH,)
= b(%,,n;, P, )b(X;.1,. P,)

sx0.9) =[]0 5"

When either group’s sample size is greater than the Maximum N1 or N2 limit, an approximation
is used based on the pooled, continuity corrected Chi-Square test.

A(m,T2t,
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Chi-Square Test (Pooled and Unpooled)

This test statistic was first proposed by Karl Pearson in 1900. Although this test is usually
expressed directly as a Chi-Square statistic, it is expressed here as a z statistic so that it can be
more easily used for one-sided hypothesis testing.

Both pooled and unpooled versions of this test have been discussed in the statistical literature.
The pooling refers to the way in which the standard error is estimated. In the pooled version, the
two proportions are averaged, and only one proportion is used to estimate the standard error. In
the unpooled version, the two proportions are used separately.

The formula for the test statistic is

Pooled Version

_ P +n,p,
n, +n,

Unpooled Version

n n,

G- [PEB), B

Power

The power of this test is computed using the enumeration procedure described above. For large

sample sizes, the following approximation is used.

1. Find the critical value (or values in the case of a two-sided test) using the standard normal
distribution. The critical value is that value of z that leaves exactly the target value of alpha in
the tail.

2. Use the normal approximation to binomial distribution to compute binomial probabilities,
Compute the power using

1-p=PriZ<z, /
,plql p2q2

ﬁ: n1p1+n2p2 and qzl_ﬁ
n, +n,

where
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Chi-Square Test with Continuity Correction

Frank Yates is credited with proposing a correction to the Pearson Chi-Square test for the lack of
continuity in the binomial distribution. However, the correction was in common use when he
proposed it in 1922.

Both pooled and unpooled versions of this test have been discussed in the statistical literature.
The pooling refers to the way in which the standard error is estimated. In the pooled version, the
two proportions are averaged, and only one proportion is used to estimate the standard error. In
the unpooled version, the two proportions are used separately.

PRSILIETEN
B 2\n  n,

Gp
where F is -1 for lower-tailed, 1 for upper-tailed, and both -1 and 1 for two-sided hypotheses.

The continuity corrected z-test is

Pooled Version

Unpooled Version

Power

The power of this test is computed using the enumeration procedure described for the z-test
above. For large samples, approximate results based on the normal approximation to the binomial
are used.

Conditional Mantel Haenszel Test

The conditional Mantel Haenszel test, see Lachin (2000) page 40, is based on the index
frequency, X, , from the 2x2 table. The formula for the z-statistic is

_ X1~ E(Xll)
Ve (%)
where
n
E(,) = 4"
n,n,mm
V)= NN
Power

The power of this test is computed using the enumeration procedure described above.
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Likelihood Ratio Test

In 1935, Wilks showed that the following quantity has a chi-square distribution with one degree
of freedom. Using this test statistic to compare proportions is presented, among other places, in
Upton (1982). The likelihood ratio test statistic is computed as

aln(a)+bin(b)+cIn(c)+dIn(d)+
N In(N)-slIn(s)— f In(f)—mIn(m)—nin(n)

Power

The power of this test is computed using the enumeration procedure described above. When large
sample results are needed, the results for the z test are used.

T-Test

Based on a study of the behavior of several tests, D’ Agostino (1988) and Upton (1982) proposed
using the usual two-sample t-test for testing whether two proportions are equal. One substitutes a
‘1’ for a success and a ‘0’ for a failure in the usual, two-sample t-test formula. The test statistic is
computed as

N-2
t . =(ad-be) ——%
vz =(ad bc)( N(nac + mbd))

which can be compared to the t distribution with N-2 degrees of freedom.

Power

The power of this test is computed using the enumeration procedure described above, except that
the t tables are used instead of the standard normal tables.



Two Independent Proportions — Inequality 200-9

Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter entitled Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers four procedures, each of which has different options.
This section documents options that are common to all four procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are P1, Beta, N1, and N2. Under most situations, you will select either Beta
or N1.

Select N1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Test Statistic

Specify which test statistic will be used in searching and reporting.

Note that “‘C.C.” is an abbreviation for Continuity Correction. This refers to the adding or
subtracting 2/(N1+N2) to (or from) the numerator of the z-value to bring the normal
approximation closer to the binomial distribution.

P2 (Control Group Proportion)
Specify the value of p, , the control, baseline, or standard group’s proportion. The null hypothesis
is that the two proportions, p,and p, , are both equal to this value.

Since these values are proportions, values must be between zero and one.

You may enter a range of values such as 0.1,0.2,0.3 or 0.1 to 0.9 by 0.1.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha), often called
the significance level. This is the probability of a false positive. A type-1 error occurs when you
reject the null hypothesis of equal proportions when in fact they are equal.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-1 error you are willing to take in your
experimental situation.
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You may enter a range of values such as 0.01 0.05 0.10 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-11 error (beta or false
negative). A type-Il error occurs when you fail to reject the null hypothesis of equal proportions
when in fact they are different.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-I1 error you are
willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.

N1 (Sample Size Group 1)

Enter a value (or range of values) for the sample size of this group. You may enter a range of
values such as 10 to 100 by 10.

N2 (Sample Size Group 2)

Enter a value (or range of values) for the sample size of group 2 or enter Use R to base N2 on the
value of N1. You may enter a range of values such as 10 to 100 by 10.

Use R
When Use R is entered here, N2 is calculated using the formula
N2 = [R(N1)]

where R is the Sample Allocation Ratio, and [Y] is the first integer greater than or equal to Y. For
example, if you want N1 = N2, select Use R and set R = 1.

R (Sample Allocation Ratio)

Enter a value (or range of values) for R, the allocation ratio between samples. This value is only
used when N2 is set to Use R.

When used, N2 is calculated from N1 using the formula: N2= [R(N1)], where [Y] is the next
integer greater than or equal to Y. Note that setting R = 1.0 forces N2 = N1.
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Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the values
of the two proportions, P1 and P2. P1 is the value of the P1 at which the power is calculated.

P1 (Group 1 Proportion |H1)

This is the value of P1 under the alternative hypothesis, H1. The power calculations assume that
this is the actual value of this proportion.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1t0 0.9 by 0.1.

Note that values must be between zero and one and cannot be equal to P2.

Alternative Hypothesis (H1)

This option specifies the type of alternative hypothesis. The null hypothesis is HO: P1 = P2.

One-Sided (H1:P1<P2) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1<P2.

One-Sided (H1:P1>P2) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1>P2.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
P1<>P2. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1 is the value of the group 1 proportion at which the power is calculated.
Once P2 and D1 are given, the value of P1 can be calculated.

D1 (Difference|H1 = P1-P2)

This option specifies the difference between the two proportions under the alternative hypothesis,
H1. This difference is used with P2 to calculate the value of P1 using the formula: P1 = D1 + P2.
Differences must be between -1 and 1. They cannot take on the values -1, 0, or 1.

The power calculations assume that P1 is the actual value of the proportion in group 1 (the
experimental or treatment group).

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

Alternative Hypothesis (H1)

This option specifies the type of alternative hypothesis. The null hypothesis is HO: P1 = P2.

One-Sided (H1:D1<0) refers to a one-sided test in which the alternative hypothesis is of the form
H1: D1<0.

One-Sided (H1:D1>0) refers to a one-sided test in which the alternative hypothesis is of the form
H1: D1>0.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1: D1<>0.
Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2. P1is the value of the group 1 proportion at which the power is calculated. Once P2 and
R1 are given, the value of P1 can be calculated.

R1 (Ratio|H1 = P2/P1)
This option specifies the ratio between the two proportions, P1 and P2. This ratio is used with P2
to calculate the value of P1 at which the power is calculated using the formula: P1=(R1) x (P2).

The power calculations assume that P1 is the actual value of the proportion in group 1, which is
the experimental, or treatment, group.

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25. Ratios must greater
than zero. They cannot take on the value of one.

Alternative Hypothesis (H1)

This option specifies the type of alternative hypothesis. The null hypothesis is HO: P1 = P2.

One-Sided (H1:R1<1) refers to a one-sided test in which the alternative hypothesis is of the form
H1: R1<1.

One-Sided (H1:R1>1) refers to a one-sided test in which the alternative hypothesis is of the form
H1: R1>1.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1: R1<>1,
Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratios. Note that the odds are defined as 02 = P2/ (1 -P2) and O1 =P1/ (1 - P1). Once P2 and
ORL1 are given, the value of P1 can be calculated.

OR1 (Odds Ratio|H1 = 01/02)

This option specifies the odds ratio of the two proportions, P1 and P2. This odds ratio is used
with P2 to calculate the value of P1. The power calculations assume that P1 is the actual value of
the proportion in group 1, which is the experimental, or treatment, group.

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25. Odds ratios must
greater than zero. They cannot take on the value of one.

Alternative Hypothesis (H1)

This option specifies the type of alternative hypothesis. The null hypothesis is HO: P1 = P2.

One-Sided (H1:OR1<1) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1<P2, H1: D1<0, H1: R1<1, or H1: OR1<1.

One-Sided (H1: OR1>1) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1>P2, H1: D1>0, H1: R1>1, or H1: OR1>1.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
OR1<>1. Here ‘<>" means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Options Tab

The Options tab contains various limits and options.

Zero Count Adjustment Method

Zero cell counts often cause calculation problems. To compensate for this, a small value (called
the Zero Count Adjustment Value) can be added either to all cells or to all cells with zero counts.
This option specifies whether you want to use the adjustment and which type of adjustment you
want to use. We recommend that you use the option Add to zero cells only.

Zero cell values often do not occur in practice. However, since power calculations are based on
total enumeration, they will occur in power and sample size estimation.

Adding a small value is controversial, but can be necessary for computational considerations.
Statisticians have recommended adding various fractions to zero counts. We have found that
adding 0.0001 seems to work well.

Zero Count Adjustment Value

Zero cell counts cause many calculation problems when computing power or sample size. To
compensate for this, a small value may be added either to all cells or to all zero cells. This value
indicates the amount that is added. We have found that 0.0001 works well.

Be warned that the value of the ratio and the odds ratio will be affected by the amount specified
here!

Maximum N1 or N2 Exact

When either N1 or N2 is above this amount, power calculations are based on the normal
approximation to the binomial. In this case, the actual value of alpha is not calculated. Currently,
for three-gigahertz computers, a value near 200 is reasonable. As computers increase in speed,
this number may be increased.

Maximum lterations

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported. A value of at least 500 is recommended.

Calculate Exact Test Results

When checked, the power of Fisher’s Exact Test will be calculated for the comparative reports,
even if the “Test Statistic’ option is not set to Fisher’s Exact Test.

This option is provided because calculations for Fisher's Exact Test can become lengthy for large
sample sizes.
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Examplel - Finding Power

A study is being designed to study the effectiveness of a new treatment. Historically, the standard
treatment has enjoyed a 60% cure rate. Researchers want to compute the power of the two-sided
z-test at group sample sizes ranging from 50 to 650 for detecting differences of 0.05 and 0.10 in
the cure rate at the 0.05 significance level.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power
Test StatiStiC ......coevvvviviiiiiiieeeeees Z Test (Pooled)
DI o 0.050.10

P2 0.6

Alternative Hypothesis ...................... Two-Sided

NI oo 50 to 650 by 100
N2 e Use R

R e 1.0
Alpha......ooo 0.05

Beta.......oo oo Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact................. 400
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2=0. H1: P1-P2<>D1. Test Statistic: Z test with pooled variance

Sample Sample Prop|H1 Prop

Size Size Grp 1lor Grp 2or Diff Diff

Grp 1 Grp 2 Trtmnt Control if HO ifHL Target Actual
Power N1 N2 P1 P2 DO D1  Alpha Alpha Beta
0.08173 50 50 0.65000 0.60000 0.00000 0.05000 0.05000 0.05239 0.91827
0.14469 150 150 0.65000 0.60000 0.00000 0.05000 0.05000 0.05173 0.85531
0.20852 250 250 0.65000 0.60000 0.00000 0.05000 0.05000 0.04981 0.79148
0.27586 350 350 0.65000 0.60000 0.00000 0.05000 0.05000 0.04946 0.72414
0.34064 450 450 0.65000 0.60000 0.00000 0.05000 0.05000 0.65936
0.40234 550 550 0.65000 0.60000 0.00000 0.05000 0.05000 0.59766
0.46095 650 650 0.65000 0.60000 0.00000 0.05000 0.05000 0.53905
0.18042 50 50 0.70000 0.60000 0.00000 0.10000 0.05000 0.05239 0.81958
0.43968 150 150 0.70000 0.60000 0.00000 0.10000 0.05000 0.05173 0.56032
0.65180 250 250 0.70000 0.60000 0.00000 0.10000 0.05000 0.04981 0.34820
0.79585 350 350 0.70000 0.60000 0.00000 0.10000 0.05000 0.04946 0.20415
0.88326 450 450 0.70000 0.60000 0.00000 0.10000 0.05000 0.11674
0.93640 550 550 0.70000 0.60000 0.00000 0.10000 0.05000 0.06360
0.96636 650 650 0.70000 0.60000 0.00000 0.10000 0.05000 0.03364

Note: exact results based on the binomial were only made when both N1 and N2 were less than 400.

Report Definitions

'Power is the probability of rejecting a false null hypothesis. It should be close to one.

‘N1 and N2' are the sizes of the samples drawn from the corresponding populations.
'P1'is the proportion for group one under H1. This is the treatment or experimental group.
'P2' is the proportion for group two. This is the standard, reference, or control group

'D1: Diff. if H1' is the difference P1 — P2 assuming the alternative hypothesis.

‘Target Alpha’ is the probability of rejecting a true null hypothesis that was desired.
‘Actual Alpha’ is the value of alpha that is actually achieved.

‘Beta’ is the probability of accepting a false null hypothesis.

Summary Statements

Group sample sizes of 50 in group one and 50 in group two achieve 8% power to detect a
difference between the group proportions of 0.05000. The proportion in group one (the treatment
group) is assumed to be 0.60000 under the null hypothesis and 0.65000 under the alternative
hypothesis. The proportion in group two (the control group) is 0.60000. The test statistic used

is the two-sided Z test . The significance level of the test was targeted at 0.05000. The
significance level actually achieved by this design is 0.05239.

This report shows the values of each of the parameters, one scenario per row. Note that the actual
alpha value is blank for sample sizes greater than 400, which was the limit set for exact
computation.

The values from this table are plotted in the chart below.
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Plots Section

Power vs N1 by D1 with P2=0.60 A=0.05 N2=N1
2-Sided Zp Test

e 0.05000

Power
D1

= 0.10000
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Example2 - Finding the Sample Size

A clinical trial is being designed to test effectiveness of new drug in reducing mortality. Suppose
the current cure rate during the first year is 0.44. The sample size should be large enough to
detect a difference in the cure rate of 0.10. Assuming the test statistic is a two-sided z-test with a
significance level of 0.05, what sample size will be necessary to achieve 90% power?

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo N1

Test StatistiC.......cccvvvveeeveeeeeeeeiiiie, Z Test (Pooled)
Dl 0.10

P2 e 0.44

Alternative Hypothesis ...................... Two-Sided

N Ignored since this is the search parameter.
N2 Use R

R it 1.0

Alpha ..., 0.05
Beta....ovveieiieeee 0.10

Options Tab

Maximum N1 or N2 Exact ................. 100 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2=0. H1: P1-P2<>D1. Test Statistic: Z test with pooled variance

Sample Sample Prop|H1 Prop

Size Size Grp 1Lor Grp 2or Diff Diff
Grp 1 Grp 2 Trtmnt Control if HO ifHL Target Actual
Power N1 N2 P1 P2 DO D1  Alpha Alpha Beta
0.90050 524 524 0.54000 0.44000 0.00000 0.10000 0.05000 0.09950

The required sample size is 524 per group.

These results use the large sample approximation. As an exercise, reset the Maximum N1 or N2
Exact parameter to 600 so that exact results can be calculated. When this is done, the sample size
is 521—not much of a difference from the 524 that was found by approximate methods. The
actual alpha is 0.04930 which is very close to the target of 0.05.
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Example3 — Comparing the Power of
Several Test Statistics

Researchers want to determine which of the eight test statistics to adopt using the comparative
reports and charts that PASS produces. They want to detect a difference of 0.20 when the
response rate of the control group is 0.30. The significance level is 0.05. They want to study
sample sizes from 10 to 100.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo Beta and Power
Test StatistiC .........cceeevvveeevreeiiiceee, Z Test (Pooled)
D 1 RPN 0.2

P 0.3

Alternative Hypothesis ..................... Two-Sided

NL oo 10 to 100 by 10
N2 e Use R

R o 1.0
Alpha........cccoo 0.05

Beta. ..o Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact................. 400

Calculate Exact Test Results............. Checked
Reports Tab

Show Numeric Report...........cccevveeeee. Not checked
Show Comparative Reports.............. Checked

Show Definitions .........cccceeviviiiinnnen. Not checked
ShOW PIOtS ....vviiiieiiiiiiiiiiiiiiiiiiiiiiiie Not checked
Show Comparative Plots................... Checked
Summary Statement Rows ............... 0

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Power Comparison of Tests Based on the Difference: P1 — P2
HO: P1-P2=0. H1: P1-P2<>D1.

Exact Z(P) Z(UnP) Z(P) Z(UnP) Mantel Like. T
Target Test Test Test cc Test cc Test Hnzl. Ratio Test
N1/N2 P1 P2 Alpha Power Power Power Power Power Power Power Power

10/10 0.5000 0.3000 0.0500 0.0547 0.1275 0.2215 0.0547 0.1215 0.1275 0.1629 0.1275
20/20 0.5000 0.3000 0.0500 0.1632 0.2452 0.3167 0.1419 0.2067 0.2452 0.2452 0.2452
30/30 0.5000 0.3000 0.0500 0.2594 0.3511 0.3604 0.2594 0.2708 0.3511 0.3604 0.3511
40/40 0.5000 0.3000 0.0500 0.3683 0.4581 0.4612 0.3683 0.3728 0.4581 0.4612 0.4581
50/50 0.5000 0.3000 0.0500 0.4635 0.5455 0.5481 0.4635 0.4671 0.5455 0.5455 0.5455
60/60 0.5000 0.3000 0.0500 0.5424 0.6177 0.6214 0.5424 0.5501 0.6157 0.6177 0.6157
70/70 0.5000 0.3000 0.0500 0.6138 0.6771 0.6815 0.6101 0.6195 0.6771 0.6771 0.6771
80/80 0.5000 0.3000 0.0500 0.6773 0.7310 0.7435 0.6773 0.6917 0.7310 0.7368 0.7310
90/90 0.5000 0.3000 0.0500 0.7485 0.7930 0.8036 0.7485 0.7589 0.7882 0.7969 0.7930
100/100 0.5000 0.3000 0.0500 0.7924 0.8320 0.8328 0.7924 0.7942 0.8316 0.8320 0.8316

Actual Alpha Comparison of Tests Based on the Difference: P1 - P2
HO: P1-P2=0. H1: P1-P2=D1<>0.

Exact Z(P) Z(UnP) Z(P) Z(UnP) Mantel Like. T
Target Test Test Test cc Test cc Test Hnzl. Ratio Test
N1/N2 P1 P2 Alpha Alpha Alpha Alpha Alpha Alpha Alpha Alpha Alpha

10/10 0.5000 0.3000 0.0500 0.0119 0.0371 0.0949 0.0119 0.0258 0.0371 0.0771 0.0371
20/20 0.5000 0.3000 0.0500 0.0248 0.0533 0.0686 0.0214 0.0267 0.0533 0.0534 0.0533
30/30 0.5000 0.3000 0.0500 0.0261 0.0487 0.0583 0.0261 0.0321 0.0487 0.0583 0.0487
40/40 0.5000 0.3000 0.0500 0.0282 0.0484 0.0541 0.0276 0.0317 0.0484 0.0541 0.0484
50/50 0.5000 0.3000 0.0500 0.0307 0.0498 0.0554 0.0307 0.0334 0.0498 0.0498 0.0498
60/60 0.5000 0.3000 0.0500 0.0308 0.0525 0.0552 0.0308 0.0353 0.0483 0.0525 0.0491
70/70 0.5000 0.3000 0.0500 0.0330 0.0516 0.0549 0.0318 0.0348 0.0516 0.0516 0.0516
80/80 0.5000 0.3000 0.0500 0.0331 0.0513 0.0518 0.0331 0.0350 0.0493 0.0516 0.0493
90/90 0.5000 0.3000 0.0500 0.0344 0.0497 0.0525 0.0344 0.0365 0.0497 0.0500 0.0497
100/100 0.5000 0.3000 0.0500 0.0348 0.0510 0.0529 0.0348 0.0373 0.0494 0.0517 0.0494

Power vs N1 by Test with D1=0.20 P2=0.30 A=0.05
N2=N1 2-Sided Test
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It is interesting to note that the power of Fisher’s Exact Test and the z-test with continuity
correction are consistently lower than the other tests. This occurs because the actual alpha
achieved by these tests is much lower than that of the other tests. An interesting finding of this
short study was that the regular t-test performed better than the more popular z-test.



200-22 Two Independent Proportions — Inequality

Example4 - Validation using Fleiss with
Equal Sample Sizes

Fleiss (2003), page 74, presents a sample size study in which P1 = 0.7, P2 = 0.6, alpha = 0.01,
and beta = 0.05. Assuming two-sided testing and equal sample allocation, Fleiss finds the
necessary sample size to be 827 in each group. The calculations of Fleiss (2003) included an
adjustment for continuity correction. This continuity correction is not necessary here when exact
calculations are made. However, when the sample size is large enough so that approximate
calculations are used, the continuity correction must be applied to obtain the same results. This is
done by setting the Test Statistic to ‘Z Test C.C.". Note that this adjustment is used here to keep
our results identical to those of Fleiss (2003). In practice, this adjustment is not recommended
because it reduces the power and the actual alpha of the test procedure.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example4 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo N1

Test StatistiC .........cceevvvveeevveeiiiceee, Z Test C.C. (Pooled)

D 1 RPN 0.10

P e 0.60

Alternative Hypothesis ..................... Two-Sided

NL oo Ignored since this is the search parameter
N2 e Use R

R 1.0

Alpha......ooo s 0.01

Beta...oo i, 0.05

Options Tab

Maximum N1 or N2 Exact................. 100 (Set low for arapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2=0. H1: P1-P2<>D1. Test Statistic: Z test with continuity correction and pooled variance

Sample Sample Prop|H1 Prop

Size Size Grp 1or Grp 2or Diff Diff
Grp 1 Grp 2 Trtmnt Control if HO ifHL Target Actual
Power N1 N2 P1 P2 DO D1 Alpha  Alpha Beta
0.95025 827 827 0.70000 0.60000 0.00000 0.10000 0.01000 0.04975

PASS found the required sample size to be 827 which corresponds to Fleiss.
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Example5 - Validation using Fleiss with
Unequal Sample Sizes

Fleiss (2003), pages 76-77, presents a sample size study in which P1 = 0.25, P2 = 0.40, alpha =
0.01, and beta = 0.05. Assuming two-sided testing with half as many in the second group as the
first, Fleiss finds the sample sizes to be 530 in the first group and 265 in the second.

Note that half as many in the second group is achieved by setting R to 0.5.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example5 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FIN oo, N1

Test StatistiC......uvvvveeveeviiiiiiiiiiiiiiiiinnns Z Test C.C. (Pooled)
Dl -0.15

P 0.40

Alternative Hypothesis ...................... Two-Sided
N Ignored since this is the search parameter.
N2 Use R
R 0.5

Alpha ..., 0.01

Beta. .o 0.05

Options Tab

Maximum N1 or N2 Exact ................. 100 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P2 - P1
HO: P2-P1=0. H1: P2-P1<>D1. Test Statistic: Z test with continuity correction and pooled variance

Sample Sample Prop|H1 Prop

Size Size Grp 1or Grp 2or Diff Diff
Grp 1 Grp 2 Trtmnt Control if HO ifHL  Target Actual
Power N1 N2 P1 P2 DO D1  Alpha Alpha Beta
0.95066 531 266 0.25000 0.40000 0.00000 -0.15000 0.01000 0.04934

PASS found the required sample sizes to be 531 and 266 which nearly corresponds to Fleiss’s
results. Fleiss computed 530 instead of 531. 531 is correct because the power for 530 is slightly
less than the required 0.95.
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Example6 - Determining the Power after
Completing an Experiment

A study has just been completed aimed at determining the effectiveness of a new treatment for
cancer. Because of the cost of administering the new treatment, they would adopt the new
treatment only if the difference between the proportion cured by the new treatment and that cured
by the standard treatment is at least 0.10. The researchers enrolled 200 cancer patients in the
study (100 for each treatment) and found that 51% were cured by the standard treatment, while
62% were cured by the new treatment. These results, however, showed no statistically significant
difference based on the pooled z-test with continuity correction and alpha = 0.05. Therefore, the
researchers want to compute the power of this test for detecting a difference of 0.10 for standard
treatment proportions ranging from 0.40 to 0.60.

Note that the power was not exclusively computed at the observed sample proportion for the
standard treatment group, 0.51. It is more informative to compute the power for a range of likely
values suggested by historical evidence.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example6 by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find....ooo Beta and Power
Test StatistiC ....ccceveeeeeeeiieeeiee e, Z Test C.C. (Pooled)
DI 0.10

P2 0.40 to 0.60 by 0.04
Alternative Hypothesis ...................... Two-Sided

NI oo 100

N2 e Use R

R 1.0
Alpha......oo 0.05
Beta....ooooiie Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact................. 400
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 - P2

HO: P1-P2=0. H1: P1-P2=D1<>0. Test Statistic: Z test with continuity correction and pooled variance

Sample Sample Prop|H1 Prop
Size Size Grp 1or Grp 2or Diff Diff

Grp 1 Grp 2 Trtmnt Control if HO ifHL Target Actual
Power N1 N2 P1 P2 DO D1  Alpha Alpha Beta
0.26090 100 100 0.50000 0.40000 0.00000 0.10000 0.05000 0.03628 0.73910
0.26194 100 100 0.54000 0.44000 0.00000 0.10000 0.05000 0.03861 0.73806
0.26159 100 100 0.58000 0.48000 0.00000 0.10000 0.05000 0.03988 0.73841
0.25988 100 100 0.62000 0.52000 0.00000 0.10000 0.05000 0.03988 0.74012
0.25785 100 100 0.66000 0.56000 0.00000 0.10000 0.05000 0.03861 0.74215
0.26266 100 100 0.70000 0.60000 0.00000 0.10000 0.05000 0.03628 0.73734

This report shows the values of each of the parameters, one scenario per row. The power over the
entire range of the likely standard treatment proportions is relatively constant at 0.26.

The values from this table are plotted in the chart below.

Plots Section

Power vs P2 with D1=0.10 A=0.05 N1=100 N2=N1
2-Sided Zpcc Test

0.265+
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0.250 | | | | ;

0.40 0.45 0.50 0.55 0.60 0.65
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It is evident from these results that the test performed by the researchers had very low power to
detect a difference of 0.10 with the sample size used. The power is only 0.26 for a large range of
standard treatment proportions. Note that the fluctuation in power is related to the value of alpha.
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Example7 - Finding the Sample Size
using Ratios

Researchers would like to design an experiment to compare the infection rate of a rare disease
among two populations. More specifically, they would like to determine how many subjects they
need to sample from each population to determine if the disease rate in population 1 is at least
three times that of population 2 with 80% power. Suppose that the researchers are confident from
previous studies that the infection rate in population 2 is 0.025. The researchers plan to use the
likelihood ratio test and alpha = 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes directly
on your screen or you can load the template entitled Example7 by clicking the Template tab and
loading this template.

Option Value

Data Tab

FINd oo N1

Test StatiStiC ......oeevvveiviiiiiieeeeeees Likelihood Ratio Test
RL o 3

P2 e 0.025

Alternative Hypothesis ...................... Two-Sided

NI Ignored since this is the Find setting
N2 e Use R

R 1.0

Alpha...ccooo 0.05

Beta. ..o 0.20

Options Tab

Maximum N1 or N2 Exact................. 100

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Ratio: P1/ P2
HO: P1/P2=1. H1: P1/P2=R1<>1. Test Statistic: Likelihood Ratio test

Sample Sample Prop|H1 Prop
Size Size Grp 1Lor Grp 2or Ratio Ratio

Grp 1 Grp 2 Trtmnt Control if HO ifHL Target Actual
Power N1 N2 P1 P2 RO R1  Alpha Alpha Beta
0.8012 298 298 0.0750 0.0250 1.000 3.000 0.0500 0.1988

The researchers must sample 298 individuals from each population to achieve 80% power to
detect a ratio of 3.0.
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Chapter 205

Two Independent
Proportions —
Offset

Introduction

This module computes power and sample size for hypothesis tests of the difference, ratio, or odds
ratio of two independent proportions. The word 'offset’ in the chapter title indicates that the
difference being tested in the null hypothesis is not zero (or that the ratio is not one). The non-
offset case is available in another procedure. This procedure compares the power achieved by
each of several test statistics.

The power calculations assume that independent, random samples are drawn from two
populations.

Four Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, ratios of proportions, and odds ratios. Each
of these options is listed separately on the menus.
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Technical Details

Suppose you have two populations from which dichotomous (binary) responses will be recorded.
The probability (or risk) of obtaining the event of interest in population 1 (the treatment group) is
p, and in population 2 (the control group) is p, . The corresponding failure proportions are given
by g, =1-p, and g, =1-p,.

An assumption is made that the responses from each group follow a binomial distribution. This
means that the event probability, p;, is the same for all subjects within the group and that the
response from one subject is independent of that of any other subject.

Random samples of m and n individuals are obtained from these two populations. The data from
these samples can be displayed in a 2-by-2 contingency table as follows

Group Success Failure Total
Treatment a C m
Control b d n
Total S f N

The following alternative notation is sometimes used.

Group Success Failure Total
Treatment X1 X1, n
Control Xoy X5, n,
Total m, m, N

The binomial proportions, p, and p,, are estimated from these data using the formulae

. a X . b x
R ¥ and pzz_zi

1
m n n n,
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Comparing Two Proportions

When analyzing studies such as this, you usually want to compare the two binomial

probabilities, p, and p, . The most direct method of comparing these quantities is to calculate their
difference or their ratio. If the binomial probability is expressed in terms of odds rather than
probability, another measure is the odds ratio. Mathematically, these comparison parameters are

Parameter Computation

Difference o=p - P,
Risk Ratio o=p/!p,

_n/A-p) _pg,
pz /(1_ pz) pqu

The choice of which of these measures is used might seem arbitrary, but it is not. Not only will
the interpretation be different, but, for small sample sizes, the powers of tests based on different
parameters will be different. The non-null case is commonly used in equivalence and non-
inferiority testing.

Odds Ratio 74

Difference
The (risk) difference, & = p, — p, ,is perhaps the most direct method of comparison between the

two event probabilities. This parameter is easy to interpret and communicate. It gives the absolute
impact of the treatment. However, there are subtle difficulties that can arise with its interpretation.

One interpretation difficulty occurs when the event of interest is rare. If a difference of 0.001
were reported for an event with a baseline probability of 0.40, we would probably dismiss this as
being of little importance. That is, there usually little interest in a treatment that decreases the
probability from 0.400 to 0.399. However, if the baseline probability of a disease was 0.002 and
0.001 was the decrease in the disease probability, this would represent a reduction of 50%. Thus
we see that interpretation depends on the baseline probability of the event.

A similar situation occurs when the amount of possible difference is considered. Consider two
events, one with a baseline event rate of 0.40 and the other with a rate of 0.02. What is the
maximum decrease that can occur? Obviously, the first event rate can be decreased by an absolute
amount of 0.40, while the second can only be decreased by a maximum of 0.02.

So, although creating the simple difference is a useful method of comparison, care must be taken
that it is appropriate for the situation.
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Ratio

The (risk) ratio, ¢ = p, / p,, gives the relative change in the disease risk due to the application of

the treatment. This parameter is also direct and easy to interpret. To compare this with the
difference, consider a treatment that reduces the risk of disease from 0.1437 to 0.0793. One
should consider which single number is more enlightening, the fact that the absolute risk of
disease has been decreased by 0.0644, or the fact that risk of disease in the treatment group is
only 55.18% of that in the control group. In many cases, the percentage (risk ratio) communicates
the impact of the treatment better than the absolute change.

Perhaps the biggest drawback to this parameter is that it cannot be calculated in one of the most
common experimental designs, the case-control study. Another drawback is that the odds ratio
occurs directly in the likelihood equations and as a parameter in logistic regression.

Odds Ratio

Chances are usually communicated as long-term proportions or probabilities. In betting, chances
are often given as odds. For example, the odds of a horse winning a race might be set at 10-to-1
or 3-to-2. Odds can easily be translated into probability. An odds of 3-to-2 means that the event is
expected to occur three out of five times. That is, an odds of 3-to-2 (1.5) translates to a
probability of winning of 0.60.

The odds of an event are calculated by dividing the event risk by the non-event risk. Thus, in our
case of two populations, the odds are

Py P,
0=——ando,=
1- Py ’ 1- P,

For example, if p, is 0.60, the odds are 0.60/0.40 = 1.5. Rather than represent the odds as a

decimal amount, it is re-scaled into whole numbers. Instead of saying the odds are 1.5-to-1, we
say they are 3-to0-2.

Another way to compare proportions is to compute the ratio of their odds. The odds ratio of two
events is

o _ p1/(1_ pl) _ PG
02 pz /(l_ pz) pqu

Although the odds ratio is more complicated to interpret than the risk ratio, it is often the
parameter of choice. One reason for this is the fact that the odds ratio can be accurately estimated
from case-control studies, while the risk ratio cannot. Also, the odds ratio is the basis of logistic
regression (used to study the influence of risk factors). Furthermore, the odds ratio is the natural
parameter in the conditional likelihood of the two-group, binomial-response design. Finally,
when the baseline event rates are rare, the odds ratio provides a close approximation to the risk
ratio since, in this case, 1- p, = 1— p,, so that

l//:

0 pll(l_ pl)z&

_1 =
o, p/(1-p) P /

l//:
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Hypothesis Tests

Although several statistical tests are available for testing the inequality of two proportions, only a
few can be generalized to the non-null case. No single test is the champion in every situation, so
one should compare the powers of the various tests to determine which to use.

Difference

The (risk) difference, & = p, — p,, is perhaps the most direct method for comparing two
proportions. Three sets of statistical hypotheses can be formulated:

1. Hgip,—p, =0, versus H:p, — p, # &; this is often called the two-tailed test.
2. Hgp,—p, <, versus Hiip, — p, > d; this is often called the upper-tailed test.
3. Hyp,—p, =0, versus H:p, — p, < dy; this is often called the lower-tailed test.

Ratio

The (risk) ratio, ¢ = p, / p,, is often preferred as a comparison parameter because it expresses
the difference as a percentage rather than an amount. Three sets of statistical hypotheses can be
formulated:

1. Hyp/p,=4¢, versus H:p, / p, # ¢, ; this is often called the two-tailed test.

2. Hyp /p, <, versus Hi:p,/ p, > @; this is often called the upper-tailed test.

3. Hyp,/p,=d¢, versus Hi:p, / p, < dy; this is often called the lower-tailed test.

Odds Ratio

The odds ratio, y = [ p/(1- pl)] / [ p,/ (1— pz)] , is sometimes used as the comparison because
of its statistical properties and because some convenient experimental designs only allow it to be
estimated. Three sets of statistical hypotheses can be formulated:

1. Hy w =y, versus H;: w # y,; this is often called the two-tailed test.

2. Hyw <y, versus H;:w > y,; this is often called the upper-tailed test.

3. Hyw =y, versus H,: w < y,; this is often called the lower-tailed test.
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Power Calculation

The power for a test statistic that is based on the normal approximation can be computed exactly
using two binomial distributions. The following steps are taken to compute the power of such a
test.

1. Find the critical value (or values in the case of a two-sided test) using the standard normal
distribution. The critical value, Z ;. , is that value of z that leaves exactly the target value of
alpha in the appropriate tail of the normal distribution. For example, for an upper-tailed test
with a target alpha of 0.05, the critical value is 1.645.

2. Compute the value of the test statistic, z, , for every combination of X,; and X,, . Note that X,,
ranges from0to n;, and X,, ranges from 0 to n,. A small value (around 0.0001) can be
added to the zero cell counts to avoid numerical problems that occur when the cell value is
zero.

3. If Z, > Z_ i » the combination is in the rejection region. Call all combinations of X, and X,,
that lead to a rejection the set A.

4. Compute the power for given values of p, and p, as

n X —X n X -X
l_ﬂ:Z( 1) plnql”l 11[ Zj p221q;2 21
A Xll X21
5. Compute the actual value of alpha achieved by the design by substituting p, for p, to obtain

nl n2 X11 +X Ny +Ny =Xy =X
a*:Z( j( jpzn agrt e

A Xll X21

Asymptotic Approximations

When the values of n, and n, are large (say over 200), these formulas often take a long time to
evaluate. In this case, a large sample approximation is used. The large sample approximation is
made by replacing the values of p, and f, in the z values with the corresponding values of p,
and p, under the alternative hypothesis and then computing the results based on the normal

distribution. Note that in large samples, the Farrington and Manning statistic is substituted for the
Gart and Nam statistic. Also, for large samples, the results for the odds ratio have not (to our
knowledge) been published. In this case, we substitute the calculations based on the ratio.



Two Independent Proportions — Offset 205-7

Test Statistics

Several test statistics have been proposed for testing whether the difference, ratio, or odds ratio
are different from a specified value. The main difference among the several test statistics is in the
formula used to compute the standard error used in the denominator. These tests are based on the
following z-test
7 = f’1_ ﬁz_é‘o_C
t ~
o}

The constant, c, represents a continuity correction that is applied in some cases. When the
continuity correction is not used, ¢ is zero. In power calculations, the values of f, and f, are not

known. The corresponding values of p, and p, under the alternative hypothesis are reasonable
substitutes.

Following is a list of the test statistics available in PASS. The availability of several test statistics
begs the question of which test statistic you should use. The answer is simple: you should use the
test statistic that you will use to analyze your data. You may choose a method because it is a
standard in your industry, because it seems to have better statistical properties, or because your
statistical package calculates it. Whatever your reasons for selecting a certain test statistic, you
should use the same test statistic during power or sample calculations.

Z Test (Pooled)

This test was first proposed by Karl Pearson in 1900. Although this test is usually expressed
directly as a chi-square statistic, it is expressed here as a z statistic so that it can be more easily
used for one-sided hypothesis testing. The proportions are pooled (averaged) in computing the
standard error. The formula for the test statistic is

ﬁl_f)Z_é‘O

O

Z, =

where

Z Test (Unpooled)
This test statistic does not pool the two proportions in computing the standard error.
pl — f’z — 50

0,

Z, =

where
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Z Test with Continuity Correction (Pooled)

This test is the same as Z Test (Pooled), except that a continuity correction is used. Recall that in
the null case, the continuity correction makes the results closer to those of Fisher’s Exact test.

NP, + NP,
n +n,

p=
where F is -1 for lower-tailed, 1 for upper-tailed, and both -1 and 1 for two-sided hypotheses.

Z Test with Continuity Correction (Unpooled)

This test is the same as the Z Test (Unpooled), except that a continuity correction is used. Recall
that in the null case, the continuity correction makes the results closer to those of Fisher’s Exact

test.
F(1 1
D,—p, -0 ——| —+—
PL— P, =0 Z(nl nj

t = <
o,

OA_Z _ \/ ﬁ1(1_ pl) + pz(l_ pz)

n n,

where F is -1 for lower-tailed, 1 for upper-tailed, and both -1 and 1 for two-sided hypotheses.

T-Test of Difference

Based on a detailed, comparative study of the behavior of several tests, D’Agostino (1988) and
Upton (1982) proposed using the usual two-sample t-test for testing whether the two proportions
are equal. One substitutes a “1’ for a success and a ‘0 for a failure in the usual, two-sample t-test
formula.
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Miettinen and Nurminen’s Likelihood Score Test of the

Difference
Miettinen and Nurminen (1985) proposed a test statistic for testing whether the difference is equal
to a specified, non-zero, value, &, . The regular MLE’s, f)l and f)z , are used in the numerator of

the score statistic while MLE’s P, and P, , constrained so that p, — p, = &, , are used in the

denominator. A correction factor of N/(N-1) is applied to make the variance estimate less biased.
The significance level of the test statistic is based on the asymptotic normality of the score
statistic.

The formula for computing this test statistic is
rjl — f’z — 50

O vinD

A g, p.q N
o e

51:52"'50

Zynp =

where

P, = ZBcos(A)—i

A=ty cos‘l(%j
3 B

B =sign(C) i—i
co B LL L
27, 6L 2L,
Lo:X21éE)(1_5E))
L, :[Nzéz)_ N _2X21]621 +M,
L2=(N+N2)éz)—N—M1
L,=N
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Miettinen and Nurminen’s Likelihood Score Test of the Ratio

Miettinen and Nurminen (1985) proposed a test statistic for testing whether the ratio is equal to a
specified value, ¢, . The regular MLE’s, P, and f,, are used in the numerator of the score
statistic while MLE’s P, and P, , constrained so that p, / P, = d,, are used in the denominator.
A correction factor of N/(N-1) is applied to make the variance estimate less biased. The
significance level of the test statistic is based on the asymptotic normality of the score statistic.

The formula for computing the test statistic is

7 _ f)l / f)z - ¢o
MNR — — — N
plql 2 p2q2 ( ]j
\/( n +¢O n, j N —
where L
P, = p2¢o
5= B—+/B?—4AC
? 2A
A=Ng,
B= _[N1¢0 +X+ Ny + X21¢0]
C=M,

Miettinen and Nurminen’s Likelihood Score Test of the Odds

Ratio

Miettinen and Nurminen (1985) proposed a test statistic for testing whether the odds ratio is equal
to a specified value, y, . Because the approach they used with the difference and ratio does not
easily extend to the odds ratio, they used a score statistic approach for the odds ratio. The regular
MLE’sare f, and f,. The constrained MLE’s are p, and P, . These estimates are constrained
so that iy = v, . A correction factor of N/(N-1) is applied to make the variance estimate less
biased. The significance level of the test statistic is based on the asymptotic normality of the score
statistic.

The formula for computing the test statistic is

where

5 - P2¥o _  —B++B?-4AC

1+ Pa(ve 1) P2 = 2A

A= Nz(‘/’o _1),B: Nywo + N, - Ml(‘//o _1) C=-M,
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Farrington and Manning’s Likelihood Score Test of the

Difference
Farrington and Manning (1990) proposed a test statistic for testing whether the difference is equal
to a specified value, &, . The regular MLE’s, P, and f,, are used in the numerator of the score

statistic while MLE’s p, and P, , constrained so that p, — p, = &, , are used in the denominator.

The significance level of the test statistic is based on the asymptotic normality of the score
statistic.

The formula for computing the test statistic is

7 — pl — ﬁz _ 50

FMD — — — -
(plql . pzqzj

nl n2

where the estimates, p, and P, , are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.

Farrington and Manning’s Likelihood Score Test of the Ratio

Farrington and Manning (1990) proposed a test statistic for testing whether the ratio is equal to a
specified value, ¢, . The regular MLE’s, P, and f),, are used in the numerator of the score

statistic while MLE’s P, and P, , constrained so that p, / P, = d,, are used in the denominator.

A correction factor of N/(N-1) is applied to increase the variance estimate. The significance level
of the test statistic is based on the asymptotic normality of the score statistic.

The formula for computing the test statistic is

7 _ pl / ﬁz _ ¢0
FMR — - - —
\/( XA szz)
nl n2

where the estimates, p, and P, , are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.

Farrington and Manning’s Likelihood Score Test of the Odds

Ratio

Farrington and Manning (1990) indicate that the Miettinen and Nurminen statistic may be
modified by removing the factor N/(N-1).

The formula for computing this test statistic is

(pl_ﬁl) (pz_ﬁz)

b4 ba,
FMO
~= * ~=
\/ NP N,p0,

where the estimates, p, and P, , are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.
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Gart and Nam’s Likelihood Score Test of the Difference
Gart and Nam (1990), page 638, proposed a modification to the Farrington and Manning (1988)
difference test that corrected for skewness. Let ZFMD(5) stand for the Farrington and Manning

difference test statistic described above. The skewness corrected test statistic, Zg,p, is the
appropriate solution to the quadratic equation

(_ 77)Z<23ND + (_ 1)ZGND + (ZFMD(§) + }7) =0

where

-V 3'2(5)( PG (G~ B) _ P,G(T - @)j

6 n/? n

Gart and Nam'’s Likelihood Score Test of the Ratio
Gart and Nam (1988), page 329, proposed a modification to the Farrington and Manning (1988)
ratio test that corrected for skewness. Let ZFMR(¢) stand for the Farrington and Manning ratio

test statistic described above. The skewness corrected test statistic, Zs.g, is the appropriate
solution to the quadratic equation

(_ qZ)ZéNR + (_ 1)ZGNR + (ZFMR(¢) + (E) =0

where

5oL (al(al ~B) GG~ @)j
60"\ n'p  nip;
&,

U=—=% Z
mp, NP,
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Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter entitled Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers four procedures, each of which has different options.
This section documents options that are common to all four procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are P1.1, Alpha, Beta, N1, and N2. Under most situations, you will select
either Beta or N1.

Select N1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Test Statistic

Specify which test statistic is used in searching and reporting.

Note that C.C. is an abbreviation for Continuity Correction. This refers to the adding or
subtracting 1/(2n) to (or from) the numerator of the z-value to bring the normal approximation
closer to the binomial distribution.

P2 (Control Group Proportion)

Specify the value of P2, the control, baseline, or standard group’s proportion. The null hypothesis
is that the two proportions differ by a specified amount. Since P2 is a proportion, these values
must be between zero and one.

You may enter a range of values such as 0.1,0.2,0.3 or 0.1 to 0.9 by 0.1.

N1 (Sample Size Group 1)

Enter a value (or range of values) for the sample size of this group. You may enter a range of
values such as 10 to 100 by 10.
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N2 (Sample Size Group 2)

Enter a value (or range of values) for the sample size of group 2 or enter Use R to base N2 on the
value of N1. You may enter a range of values such as 10 to 100 by 10.

Use R
When Use R is entered here, N2 is calculated using the formula
N2 = [R(N1)]

where R is the Sample Allocation Ratio, and [Y] is the first integer greater than or equal to Y. For
example, if you want N1 = N2, select Use R and set R = 1.

R (Sample Allocation Ratio)

Enter a value (or range of values) for R, the allocation ratio between samples. This value is only
used when N2 is set to Use R.

When used, N2 is calculated from N1 using the formula: N2= [R(N1)], where [Y] is the next
integer greater than or equal to Y. Note that setting R = 1.0 forces N2 = N1.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-I error (alpha). A type-I
error occurs when you reject the null hypothesis that the proportions differ by a specified amount
when in fact they do differ by that amount.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-I error you are willing to take in your
experimental situation.

You may enter a range of values such as 0.01,0.05,0.10 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-1l error (beta). A type-II
error occurs when you fail to reject the null hypothesis of equal proportions when in fact they are
different.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-Il error you are
willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.
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Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the values
of the two proportions, P1 and P2. P1.0 is the value of the P1 assumed by the null hypothesis and
P1.1 is the value of P1 at which the power is calculated.

P1.0 (Group 1 Proportion|HO)

This option specifies the value of the group 1 proportion given the null hypothesis. The power
calculations assume that P1.0 is the value of the P1 under the null hypothesis. In this non-null
case, the value of P1.0 is not equal to P2 as it is in the null case.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

Proportions must be between zero and one. They cannot take on the values zero or one.

P1.1 (Group 1 Proportion|H1)

This is the value of P1 under the alternative hypothesis. It is written P1.1. The power calculations
assume that this is the actual value of this proportion.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1t0 0.9 by 0.1.
Note that values must be between zero and one.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1: P1<P2) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1<P2.

One-Sided (H1:D1>D0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1>P2.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
P1<>P2+D0. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

DO (Difference|HO = P1.0 — P2)

This option specifies the difference between the two proportions given in the null hypothesis, HO.
This difference is used with P2 to calculate the value of P1.0 using the formula: P1.0 = P2 + DO.
Note that P1.0 here means the value of P1 under HO.

Differences must be between -1 and 1. They cannot take on the values -1, 0, or 1.

The power calculations use P1.0 as the value of the proportion in group 1 (the experimental or
treatment group) under the null hypothesis. In this non-null case, the value of P1.0 is not equal to
P2 as it is in the null case.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

D1 (Difference|HO = P1.1 — P2)

This option specifies the difference between the P1.1 and P2. This difference is used with P2 to
calculate the value of P1.1 using the formula: P1.1 = D1 + P2. Note that P1.1 here means the
value of P1 under H1. Differences must be between -1 and 1. They cannot take on the values -1
or 1.

The power calculations assume that P1.1 is the actual value of the proportion in group 1
(experimental or treatment group).

This option is only used if you are specifying Differences.
You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1:D1<DO0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: D1<DO.

One-Sided (H1:D1>D0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: D1>DO.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
D1<>D0. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

RO (Ratio|HO = P1.0 / P2)

This option specifies the ratio between the group 1 proportion under the null hypothesis P1.0 and
P2. This ratio is used with P2 to calculate the value of P1.0 using the formula: P1.0 = RO x P2.
The power calculations assume that P1.0 is the value of the P1 under the null hypothesis. In this
non-null case, the value of P1.0 is not equal to P2 as it is in the null case.

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25.
Ratios must greater than zero.

R1 (Ratio|H1 = P1.1/ P2)

This option specifies the ratio of P1.1 and P2, where P1.1 is the proportion in group 1 under the
alternative hypothesis. This ratio is used with P2 to calculate the value of P1.1 using the formula:
P1.1 = R1 x P2.The power calculations assume that P1.1 is the actual value of the proportion in
group 1 (experimental or treatment group).

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25.

Ratios must greater than zero. They cannot take on the value of one.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1:R1<RO0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: R1<RO0.

One-Sided (H1:R1>R0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: R1>RO0.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
R1<>RO0. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratios, O1.1 /02 and 01.0 / O2. Note that the odds are defined as 02 = P2/ (1 -P2), 01.0=P1.0
/ (1 - P1.0), etc. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value of
P1 at which the power is calculated. Once P2, OR0, and OR1 are given, the values of P1.1 and
P1.0 can be calculated.

ORO (Odds Ratio|HO = 01.0 / 02)

This option specifies the odds ratio between the group 1 proportion under the null hypothesis and
the proportion in group 2. This value is used with P2 to calculate the value of P1.0. The power
calculations assume that P1.0 is the value of the P1 under the null hypothesis. In this non-null
case, the value of P1.0 is not equal to P2 as it is in the null case.

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25.

Odds ratios must greater than zero.

OR1 (Odds Ratio|H1 =01.1/02)

This option specifies the odds ratio of the two proportions P1.1 and P2. This odds ratio is used
with P2 to calculate the value of P1.1. The power calculations assume that P1.1 is the actual value
of the proportion in group 1, which is the experimental, or treatment, group.

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25. Odds ratios must
greater than zero.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1: OR1<ORO) refers to a one-sided test in which the alternative hypothesis is of the
form H1: OR1<ORO.

One-Sided (H1: OR1>0RO0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: OR1>0ORO0.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
OR1<>0OR0. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Options Tab

The Options tab contains various limits and options.

Maximum N1 or N2 Exact

When either N1 or N2 is above this amount, power calculations are based on the normal
approximation to the binomial. In this case, the actual value of alpha is not calculated. Currently,
for three-gigahertz computers, a value near 200 is reasonable. As computers increase in speed,
this number may be increased.

Maximum lterations

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported. A value of at least 500 is recommended.

Zero Count Adjustment Method

Zero cell counts often cause calculation problems. To compensate for this, a small value (called
the Zero Count Adjustment Value) can be added either to all cells or to all cells with zero counts.
This option specifies whether you want to use the adjustment and which type of adjustment you
want to use. We recommend that you use the option ‘Add to zero cells only’.

Zero cell values often do not occur in practice. However, since power calculations are based on
total enumeration, they will occur in power and sample size estimation.

Adding a small value is controversial, but can be necessary for computational considerations.
Statisticians have recommended adding various fractions to zero counts.. We have found that
adding 0.0001 seems to work well.

Zero Count Adjustment Value

Zero cell counts cause many calculation problems when computing power or sample size. To
compensate for this, a small value may be added either to all cells or to all zero cells. This value
indicates the amount that is added. We have found that 0.0001 works well.

Be warned that the value of the ratio and the odds ratio will be affected by the amount specified
here!
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Examplel - Finding Power

A study is being designed to study the effectiveness of a new treatment. Historically, the standard
treatment has enjoyed a 60% cure rate. The new treatment reduces the seriousness of certain side
effects that occur with the standard treatment. Thus, the new treatment will be adopted even if it
is slightly less effective than the standard treatment. The researchers will recommend adoption of
the new treatment if it has a cure rate of at least 55%.

The researchers plan to use the Farrington and Manning likelihood score test statistic to analyze
the data. They want to study the power of the one-sided Farrington and Manning test at group
sample sizes ranging from 50 to 2000 for detecting a difference significantly greater than -0.05
when the actual cure rate of the new treatment ranges from 57% to 70%. The significance level
will be 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

FiNd oo Beta and Power

Test StatistiC ........ccovvvvveeiiiiiieeen Likelihood Score (Farr. & Mann.)
DO i -0.05

Dl -0.03 0.00 0.05 0.10
P2 0.6

Alternative Hypothesis ...................... One-Sided (H1:D1>DO0)

NI oo 50 100 250 500 1000 1500 2000
N2 Use R

R 1.0
Alpha......ooo 0.05
Beta.....oooiiei Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact................. 300
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1

Size Size Grp2or Grplor Grp1lor Diff Diff
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.0778 50 50 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.0527 0.9222
0.0865 100 100 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.0499 0.9135
0.1189 250 250 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.0516 0.8811
0.1583 500 500 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.8417
0.2310 1000 1000 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.7690
0.2976 1500 1500 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.7024
0.3596 2000 2000 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.6404

Report continues ...
Note: exact results based on the binomial were only calculated when both N1 and N2 were less than 300.

Report Definitions

'HO' as an abbreviation for the NULL hypothesis. This is the hypothesis being evaluated by the statistical test.
'H1' as an abbreviation for the ALTERNATIVE hypothesis. This hypothesis gives the 'true' parameter values.
'Power’ is the probability of rejecting a false null hypothesis. It should be close to one.

‘N1 and N2' are the sizes of the samples drawn from the corresponding populations.

'P2' is the proportion for group two. This is the standard, reference, baseline, or control group.

'P1.0' is the proportion for group one (treatment group) assuming the null hypothesis (HO).

'P1.1' is the proportion for group one (treatment group) assuming the alternative hypothesis (H1).

'DO: Diff[HO' is the difference P1 — P2 assuming the null hypothesis (HO).

'D1: Diff|H1' is the difference P1 — P2 assuming the alternative hypothesis (H1).

‘Target Alpha' is the probability of rejecting a true null hypothesis that was desired.

'Actual Alpha’ is the value of alpha that is actually achieved.

‘Beta’ is the probability of accepting a false HO. Beta = 1 - Power.

Summary Statements

Group sample sizes of 50 in group one and 50 in group two achieve 8% power to detect a
difference between the group proportions of -0.0300. The proportion in group two is 0.6000. The
proportion in group one is assumed to be 0.5500 under the null hypothesis and 0.5700 under the
alternative hypothesis. The test statistic used is the one-sided Score test (Farrington &
Manning). The significance level of the test was targeted at 0.0500. The significance level
actually achieved by this design is 0.0527.

This report shows the values of each of the parameters, one scenario per row. Note that the actual
alpha value is blank for sample sizes greater than 300, which was the limit set for exact
computation.

Most of the report columns have obvious interpretations. Those that may not be obvious are
presented here.

Prop Grp 2 or Control P2

This is the value of P2, the proportion responding positively in the control group.

Prop|HO Grp 1 or Trtmnt P1.0

This is the value of P1.0, the proportion responding positively in the treatment group as specified
by the null hypothesis. The difference between this value and P2 is the value specified by the null
hypothesis.
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Prop|H1 Grp 1 or Trtmnt P1.1

This is the value of P1.1, the proportion responding positively in the treatment group as specified
by the alternative hypothesis. The difference between this value and P2 is the value specified by
the alternative hypothesis.

Diff if HO DO

This is the value of DO, the difference between proportions under the null hypothesis.

Diff if H1 D1

This is the value of D1, the difference between proportions under the alternative hypothesis.

Target Alpha

This is the value of alpha that was targeted by the design. Note that the target alpha is not usually
achieved exactly.

Actual Alpha

This is the value of alpha that was actually achieved by this design. Note that since the limit on
exact calculations was set to 300, and since this value is calculated exactly, it is not shown for
values of N1 greater than 300.

The difference between the Target Alpha and the Actual Alpha is caused by the discrete nature of
the binomial distribution and the use of the normal approximation to the binomial in determining
the critical value of the test statistic.

Plots Section

Power vs N1 by D1 with P2=0.60 A=0.05 N2=N1
D0=-0.05 1-Sided LS FM Test
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The values from the table are displayed in the above chart. This chart gives us a quick look at the
sample size that will be required for various values of D1.
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Example2 - Finding the Sample Size

Continuing with the scenario given in Example 1, the researchers want to determine the sample
size needed to achieve 80% power for each value of D1. To cut down on the runtime, they decide
to look at approximate values whenever N1 is greater than 100.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FiNd ..o N1

Test StatistiC..........cccvveeiviiiiieiiiiee, Likelihood Score (Farr. & Mann.)
DO, -0.05
Dl -0.03 0.00 0.05 0.10

P 0.6

Alternative Hypothesis ...................... One-Sided (H1:D1>DO0)
N Ignored since this is the Find setting
N2 Use R
R 1.0
Alpha....iii 0.05

Beta. .o 0.20

Options Tab

Maximum N1 or N2 Exact ................. 100

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1

Size Size Grp2or Grplor Grp1lor Diff Diff
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL  Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.8000 7491 7491 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0500 0.2000
0.8002 1186 1186 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.1998
0.8008 290 290 0.6000 0.5500 0.6500 -0.0500 0.0500 0.0500 0.1992
0.8011 125 125 0.6000 0.5500 0.7000 -0.0500 0.1000 0.0500 0.1989

The required sample size will depend a great deal on the value of D1. The researchers should
spend time determining the most accurate value for D1.
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Example3 — Comparing the Power of
Several Test Statistics

Continuing with Example 1, the researchers want to determine which of the eight possible test
statistics to adopt by using the comparative reports and charts that PASS produces. They decide
to compare the powers and actual alphas for various sample sizes between 50 and 200 when D1 is
0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo Beta and Power

Test StatistiC .........cceeevvveeevreeiiiceee, Likelihood Score (Farr. & Mann.)
DO oo -0.05

DI o 0.05
P2 0.6

Alternative Hypothesis ...................... One-Sided (H1:D1>DO0)
NL oo 50 100 150 200

N2 Use R

R 1.0

Alpha...ccooo 0.05
Beta.......ooooooii Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact................. 300

Reports Tab

Show Numeric Report...........cccevveeeee. Not checked

Show Comparative Reports.............. Checked

Show Definitions .........ccccceevvviiiiinnnen. Not checked

ShOW PIOES ... Not checked

Show Comparative Plots................... Checked

Summary Statement Rows ............... 0

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Power Comparison of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>DO0.

Z(P) Z(UnP) Z(P) Z(UnP) T F.M. M.N. G.N.
Target Test Test CC Test CC Test Test Score Score Score
N1/N2 P2 P1.1 Alpha Power Power Power Power Power Power Power Power

50/50 0.6000 0.6500 0.0500 0.2720 0.2720 0.2064 0.2096 0.2694 0.2720 0.2694 0.2720
100/100 0.6000 0.6500 0.0500 0.4207 0.4248 0.3663 0.3663 0.4178 0.4207 0.4207 0.4207
150/150 0.6000 0.6500 0.0500 0.5540 0.5540 0.5054 0.5054 0.5519 0.5540 0.5519 0.5519
200/200 0.6000 0.6500 0.0500 0.6654 0.6683 0.6286 0.6286 0.6624 0.6683 0.6654 0.6654

Actual Alpha Comparison of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0.

Z(P) Z(UnP) Z(P) Z(UnP) T F.M. M.N. G.N.
Target Test Test CC Test CC Test Test Score Score  Score
N1/N2 P2 P11 Alpha Alpha Alpha Alpha Alpha Alpha Alpha Alpha Alpha

50/50 0.6000 0.6500 0.0500 0.0527 0.0527 0.0342 0.0343 0.0526 0.0527 0.0526 0.0527
100/100 0.6000 0.6500 0.0500 0.0499 0.0500 0.0369 0.0369 0.0499 0.0499 0.0499 0.0499
150/150 0.6000 0.6500 0.0500 0.0509 0.0509 0.0398 0.0398 0.0509 0.0509 0.0509 0.0509
200/200 0.6000 0.6500 0.0500 0.0479 0.0482 0.0387 0.0387 0.0477 0.0482 0.0479 0.0479

Power vs N1 by Test with D1=0.05 P2=0.60 A=0.05
N2=N1 D0=-0.05 1-Sided Test
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It is interesting to note that the powers of the continuity-corrected test statistics are consistently
lower than the other tests. This occurs because the actual alpha achieved by these tests is lower
than for the other tests.
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Example4 - Validation using Machin et al.
with Equal Sample Sizes

Machin et al. (1997), page 106, present a sample size study in which P2 = 0.5, DO = -0.2, D1=0,
one-sided alpha = 0.1, and beta = 0.2. Using the Farrington and Manning test statistic, they found
the sample size to be 55 in each group.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example4 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo N1

Test StatistiC .........ceeevvveevvieeiiceeee, Likelihood Score (Farr. & Mann.)
DO e -0.2

DI o 0
P2 0.50

Alternative Hypothesis ...................... One-Sided (H1:D1>DO0)

NL o Ignored since this is the Find setting
N2 e Use R

R e 1.0
Alpha......ooo 0.10

Beta.. ... 0.20

Options Tab

Maximum N1 or N2 Exact................. 2 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1

Size Size Grp 2or Grplor Grp1lor Diff Diff
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.8001 55 55 0.5000 0.3000 0.5000 -0.2000 0.0000 0.1000 0.1999

PASS found the required sample size to be 55, which corresponds to the results of Machin et al.
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Example5 - Validation using Farrington
and Manning

Farrington and Manning (1990), page 1451, present a sample size study in which P2 = 0.05, DO =
0.2, D1=0.35, one-sided alpha = 0.05, and beta = 0.20. Using the Farrington and Manning test
statistic, they found the sample size to be 80 in each group. They mention that the true power is
0.813.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example5 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo, N1

Test StatistiC......uvvvveeveeviiiiiiiiiiiiiiiiinnns Likelihood Score (Farr. & Mann.)
DOt 0.2
Dl 0.35

P 0.05

Alternative Hypothesis ............ccccu... One-Sided (H1:D1>DO0)

N o Ignored since this is the Find setting
N2 Use R

R e 1.0

AlPha ... 0.05

Beta....ooiieee e, 0.20

Options Tab

Maximum N1 or N2 Exact ................. 2 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1

Size Size Grp 2or Grplor Grp1lor Diff Diff
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO if HL  Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1 Alpha Alpha Beta
0.8007 80 80 0.0500 0.2500 0.4000 0.2000 0.3500 0.0500 0.1993

PASS also calculated the required sample size to be 80.
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Next, to calculate the exact power for this sample size, we make the following changes to the
template.

Data Tab

Find ... Beta and Power

NL oo 80

Options Tab

Maximum N1 or N2 Exact................. 300 (Set >80 to force exact calculation.)

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P2-P1<=D0. H1: P2-P1=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1

Size Size Grp 2or Grp lor Grp 1lor Diff Diff
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.8132 80 80 0.0500 0.2500 0.4000 0.2000 0.3500 0.0500 0.0553 0.1868

PASS also calculated the exact power to be 0.813.
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Example6 - Validation of Risk Ratio
Calculations using Blackwelder

Blackwelder (1993), page 695, presents a table of power values for several scenarios using the
risk ratio. The second line of the table presents the results for the following scenario: P2 = 0.04,
RO =0.3, R1=0.1, N1=N2=1044, one-sided alpha = 0.05, and beta = 0.20. Using the Farrington
and Manning likelihood-score test statistic, he found the exact power to be 0.812, the exact alpha
to be 0.044, and, using the asymptotic formula, the approximate power to be 0.794.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes directly
on your screen or you can load the template entitled Example6 by clicking the Template tab and
loading this template.

Option Value

Data Tab

FINd .o Beta and Power

Test StatistiC.........ccevvvvveeiiieeeeeeeiiinnnn, Likelihood Score (Farr. & Mann.)
RO 0.3
R 0.1

P2 e 0.04

Alternative Hypothesis ........ccccc........ One-Sided (H1:R1<RO0)

N o 1044
N2 Use R

R e 1.0

Alpha....eii 0.05

2] v Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact ................. 2000 (Set high for exact results.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Ratio: P1/ P2
HO: P1/P2>=R0. H1: P1/P2=R1<R0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1
Size Size Grp2or Grplor Grplor Ratio Ratio
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL Target Actual
Power N1 N2 P2 P1.0 P1.1 RO R1  Alpha Alpha Beta
0.8118 1044 1044 0.0400 0.0120 0.0040 0.300 0.100 0.0500 0.0444 0.1882

PASS also calculated the exact power to be 0.812 and the actual alpha to be 0.044, after rounding.
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Next, to calculate the asymptotic power, we make the following changes to the template.
Options Tab
Maximum N1 or N2 Exact................. 2 (Set < 1044 to force asymptotic calculation.)

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1/P2>=R0. H1: P1/P2=R1<R0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1
Size Size Grp2or Grplor Grp1lor Ratio Ratio
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL Target Actual
Power N1 N2 P2 P1.0 P1.1 RO R1  Alpha Alpha Beta
0.7937 1044 1044 0.0400 0.0120 0.0040 0.300 0.100 0.0500 0.2063

PASS also calculated the asymptotic power to be 0.794.
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Example7 - Finding the Power after
Completing an Experiment

Researchers are studying the effectiveness of a new treatment for cancer. Historically, the
standard treatment has enjoyed a 52% cure rate. The new experimental treatment is believed to be
better, but it costs much more to administer. After weighing cost versus effectiveness, the
researchers decided that they will adopt the new treatment if the cure rate is at least 59%. They
conduct a study in which 200 patients are given the new treatment, and 200 are given the standard
regimen. They find that 66% are cured by the new treatment, while 52% are cured by the standard
treatment. The Farrington and Manning likelihood score test, however, indicates that the results
are not statistically significant for alpha = 0.05. They now desire to compute the power for a
range of alternative values.

Note that a range of alternatives is used in computing the power instead of the actual difference
from the study. The power should be computed at values representing practically significant
differences from the null value.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example7 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o Beta & Power

Test StatistiC.........ccccevvveiiiiieeeeeeeiiennn, Likelihood Score (Farr. & Mann.)
DO 0.07
Dl 0.08 to 0.20 by 0.02

P2 e 0.52

Alternative Hypothesis ........ccccc........ One-Sided (H1:D1>DO0)

N o 200

N Use R

R 1.0

Alpha ..., 0.05

2] - Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact ................. 200
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1

Size Size Grp2or Grplor Grp1lor Diff Diff
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.0715 200 200 0.5200 0.5900 0.6000 0.0700 0.0800 0.0500 0.0479 0.9285
0.1446 200 200 0.5200 0.5900 0.6200 0.0700 0.1000 0.0500 0.0479 0.8554
0.2581 200 200 0.5200 0.5900 0.6400 0.0700 0.1200 0.0500 0.0479 0.7419
0.4089 200 200 0.5200 0.5900 0.6600 0.0700 0.1400 0.0500 0.0479 0.5911
0.5783 200 200 0.5200 0.5900 0.6800 0.0700 0.1600 0.0500 0.0479 0.4217
0.7368 200 200 0.5200 0.5900 0.7000 0.0700 0.1800 0.0500 0.0479 0.2632
0.8591 200 200 0.5200 0.5900 0.7200 0.0700 0.2000 0.0500 0.0479 0.1409

Note: exact results based on the binomial were only calculated when both N1 and N2 were less than 200.

Power vs D1 with P2=0.52 A=0.05 N1=200 N2=N1
D0=0.07 1-Sided LS FM Test

10

Power
N

The power depends a great deal on the value of D1 for this sample size. It is evident that the
power is quite low for the majority of alternative values studied.
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Example8 - Finding the Sample Size
using Ratios

A study is being designed to determine the effectiveness of a new treatment. Researchers would
like to know how large of a sample is needed for comparison of the two treatments. The standard
treatment has a success rate of 65%. The researchers will adopt the new treatment, which has
fewer side effects, if the success rate is at least 90% of the rate for the standard treatment, i.e. P1
=0.9x P2 or P1/P2 =0.9. They would like to calculate the sample sizes necessary to achieve
80%, 85%, 90%, and 95% power for the case where the true ratio between the two proportions is
1.1 and alpha = 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes directly
on your screen or you can load the template entitled Example8 by clicking the Template tab and
loading this template.

Option Value

Data Tab

FINd .o N1

Test StatistiC..........cccevvvvieiiieeeeeeeiiinnnn, Likelihood Score (Farr. & Mann.)
RO 0.9
R 1.1

P2 e 0.65

Alternative Hypothesis ........ccccc.ee..... One-Sided (H1:R1>R0)

N Ignored since this is the Find setting
N2 Use R

R et 1.0

Alpha ... 0.05
Beta.....oooi 0.050.10 0.150.20

Options Tab

Maximum N1 or N2 Exact ................. 300
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Ratio: P1/ P2
HO: P1/P2<=R0. H1: P1/P2=R1>R0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Prop Prop|HO Prop|H1
Size Size Grp 2or Grplor Grp1lor Ratio Ratio
Grp 1 Grp 2 Control Trtmnt Trtmnt if HO ifHL Target Actual

Power N1 N2 P2 P1.0 P1.1 RO R1  Alpha Alpha Beta
0.9506 252 252 0.6500 0.5850 0.7150 0.900 1.100 0.0500 0.0503 0.0494
0.9013 199 199 0.6500 0.5850 0.7150 0.900 1.100 0.0500 0.0508 0.0987
0.8504 167 167 0.6500 0.5850 0.7150 0.900 1.100 0.0500 0.0507 0.1496
0.8048 145 145 0.6500 0.5850 0.7150 0.900 1.100 0.0500 0.0499 0.1952

Note: exact results based on the binomial were only calculated when both N1 and N2 were less than 300.

N1 vs Power with R1=1.10 P2=0.65 A=0.05 N2=N1
R0=0.90 1-Sided LS FM Test

N1
:
)

150 —

100 | | |
0.80 0.85 0.90 0.95 1.00

Power

Necessary sample sizes range from 145 for 80% power to 252 for 95% power for detecting a ratio
of 1.1.
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Chapter 210

Non-Inferiority of
Two Independent
Proportions

Introduction

This module provides power analysis and sample size calculation for non-inferiority and
superiority tests in two-sample designs in which the outcome is binary. Users may choose from
among eight popular test statistics commonly used for running the hypothesis test.

The power calculations assume that independent, random samples are drawn from two
populations.

Four Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, ratios of proportions, and odds ratios. Each
of these options is listed separately on the menus.
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Example

A non-inferiority test example will set the stage for the discussion of the terminology that
follows. Suppose that the current treatment for a disease works 70% of the time. Unfortunately,
this treatment is expensive and occasionally exhibits serious side-effects. A promising new
treatment has been developed to the point where it can be tested. One of the first questions that
must be answered is whether the new treatment is as good as the current treatment. In other
words, do at least 70% of treated subjects respond to the new treatment?

Because of the many benefits of the new treatment, clinicians are willing to adopt the new
treatment even if it is slightly less effective than the current treatment. They must determine,
however, how much less effective the new treatment can be and still be adopted. Should it be
adopted if 69% respond? 68%? 65%? 60%? There is a percentage below 70% at which the
difference between the two treatments is no longer considered ignorable. After thoughtful
discussion with several clinicians, it was decided that if a response of at least 63% were achieved,
the new treatment would be adopted. The difference between these two percentages is called the
margin of equivalence. The margin of equivalence in this example is 7%.

The developers must design an experiment to test the hypothesis that the response rate of the new
treatment is at least 0.63. The statistical hypothesis to be tested is

H,:p, — p, <-0.07 versus H;: p, — p, >-0.07

Notice that when the null hypothesis is rejected, the conclusion is that the response rate is at least
0.63. Note that even though the response rate of the current treatment is 0.70, the hypothesis test
is about a response rate of 0.63. Also notice that a rejection of the null hypothesis results in the
conclusion of interest.
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Technical Details

The details of sample size calculation for the two-sample design for binary outcomes are
presented in the chapter “Two Proportions Non-Null Case,” and they will not be duplicated here.
Instead, this chapter only discusses those changes necessary for non-inferiority and superiority
tests.

Approximate sample size formulas for non-inferiority tests of two proportions are presented in
Chow et al. (2003), page 90. Only large sample (normal approximation) results are given there.
The results available in this module use exact calculations based on the enumeration of all
possible values in the binomial distribution.

Suppose you have two populations from which dichotomous (binary) responses will be recorded.
Assume without loss of generality that the higher proportions are better. The probability (or risk)
of cure in population 1 (the treatment group) is p, and in population 2 (the reference group)

is P, . Random samples of n,and n, individuals are obtained from these two populations. The
data from these samples can be displayed in a 2-by-2 contingency table as follows

Group Success Failure Total
Treatment Xy X, n,
Control Xy Xy, n,
Totals m, m, N

The binomial proportions, p, and p,, are estimated from these data using the formulae

A~ a Xy . b X,
p=—="tand p,= =2
n, n n,

Let p,, represent the group 1 proportion tested by the null hypothesis, H, . The power of a test is
computed at a specific value of the proportion which we will call p,,. Let & represent the

smallest difference (margin of equivalence) between the two proportions that still results in the
conclusion that the new treatment is not inferior to the current treatment. For a non-inferiority
test, 0 < 0. The set of statistical hypotheses that are tested is

Ho:Po— P, <0 versus H:p,—p, >0
which can be rearranged to give
Hy P < P, +0 versus Hiip o> p,+0

There are three common methods of specifying the margin of equivalence. The most direct is to
simply give values for p, and p,,. However, it is often more meaningful to give p, and then
specify p,, implicitly by specifying the difference, ratio, or odds ratio. Mathematically, the
definitions of these parameterizations are

Parameter Computation Hypotheses
Difference O0=P,o— P, HyPo— P, < VS. Hiipo— P, >, 6,<0
Ratio ¢= P! P, Hop/ po <y vs.Hip / p, >y <1

Odds Ratio w = 0dds, , / Odds, H,:0,,/0, <y, versusH;:0,/0,>y,, v,<1
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Difference

The difference is perhaps the most direct method of comparison between two proportions. It is
easy to interpret and communicate. It gives the absolute impact of the treatment. However, there
are subtle difficulties that can arise with its interpretation.

One difficulty arises when the event of interest is rare. If a difference of 0.001 occurs when the
baseline probability is 0.40, it would be dismissed as being trivial. However, if the baseline
probably of a disease is 0.002, a 0.001 decrease would represent a reduction of 50%. Thus
interpretation of the difference depends on the baseline probability of the event.

Note that if 0 <0, the procedure is called a non-inferiority test while if 6 > 0 the procedure is
called a superiority test.

Non-Inferiority using a Difference
The following example might help you understand the concept of a non-inferiority test. Suppose
60% of patients respond to the current treatment method ( p, = 0.60) . If the response rate of the

new treatment is no less than 5 percentage points worse (5 = —0.05) than the existing treatment,

it will be considered to be noninferior. Substituting these figures into the statistical hypotheses
gives

Hy:6 <-0.05 versus H,:6 >-0.05
Using the relationship
Po=P,+0

gives
Hy: p o <055 versus H;:p,, > 055

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is at least 55%, which means that the new treatment is not inferior to the current
treatment.

Superiority using a Difference
The following example is intended to help you understand the concept of a superiority test.
Suppose 60% of patients respond to the current treatment method ( p, = 0.60) . If the response

rate of the new treatment is at least 10 percentage points better(5 = 010) , it will be considered to

be superior to the existing treatment. Substituting these figures into the statistical hypotheses
gives

Hy:0 <010 versus H;:6 >010
Using the relationship
Po=P,+0
gives
Ho: Po <0.70 versus H;:p,,>0.70

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is at least 0.70. That is, the conclusion of superiority is that the new treatment’s
response rate is at least 0.10 more than that of the existing treatment.
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Ratio

The ratio, ¢ = p,, / P,, gives the relative change in the probability of the response. Testing non-
inferiority and superiority use the formulation

Ho P/ P, < @, versus Hiipy,/ p, > ¢,

The only subtlety is that for non-inferiority tests ¢, <1, while for superiority tests ¢, >1.

Non-Inferiority using a Ratio
The following example might help you understand the concept of non-inferiority as defined by
the ratio. Suppose that 60% of patients (p2 = 0.60) respond to the current treatment method. If a

new treatment decreases the response rate by no more than 10% (¢0 = 0.90), it will be considered

to be noninferior to the standard treatment. Substituting these figures into the statistical
hypotheses gives

Hy:¢ <090 versus H;:¢ > 090
Using the relationship
Pro =P

gives
Ho: P <054 versus H;:p,, > 054

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is at least 54%. That is, the conclusion of non-inferiority is that the new treatment’s
response rate is no worse than 10% less than that of the standard treatment.

Odds Ratio

The odds ratio, y = (py, / (1- Pyo))/ (P, / (1- pz)) , gives the relative change in the odds of the
response. Testing non-inferiority and superiority use the same formulation
Hoyiw <y, versus Hi:y >y,

The only difference is that for non-inferiority tests y, <1, while for superiority tests y/, >1.

A Note on Setting the Significance Level, Alpha

Setting the significance level has always been somewhat arbitrary. For planning purposes, the
standard has become to set alpha to 0.05 for two-sided tests. Almost universally, when someone
states that a result is statistically significant, they mean statistically significant at the 0.05 level.

Although 0.05 may be the standard for two-sided tests, it is not always the standard for one-sided
tests, such as non-inferiority tests. Statisticians often recommend that the alpha level for one-
sided tests be set at 0.025 since this is the amount put in each tail of a two-sided test.



210-6 Two Proportions — Non-Inferiority Tests

Power Calculation

The power for a test statistic that is based on the normal approximation can be computed exactly
using two binomial distributions. The following steps are taken to compute the power of these
tests.

1. Find the critical value using the standard normal distribution. The critical value, Z ., , iS that

value of z that leaves exactly the target value of alpha in the appropriate tail of the normal
distribution.

2. Compute the value of the test statistic, z, , for every combination of X, andX,, . Note that X,,
ranges from0to n;, and X,, ranges from 0 ton,. A small value (around 0.0001) can be added

to the zero-cell counts to avoid numerical problems that occur when the cell value is zero.
3. If Z, > Z_icar » the combination is in the rejection region. Call all combinations of X, and X,,

that lead to a rejection the set A.
4. Compute the power for given values of p,, and p, as

n n
1-p=2| " |pran™| ey
X X

A 11

21
5. Compute the actual value of alpha achieved by the design by substituting p, for p,, to obtain

nl n2 X11 +X Ny +Ny =Xy =X
a*:Z( j( jpzn agrt e

A Xll X21

Asymptotic Approximations

When the values of n, and n, are large (say over 200), these formulas often take a long time to
evaluate. In this case, a large sample approximation can be used. The large sample approximation
is made by replacing the values of f, and p, in the z statistic with the corresponding values of
p,; and p,, and then computing the results based on the normal distribution. Note that in large

samples, the Farrington and Manning statistic is substituted for the Gart and Nam statistic. Also,
for large samples, the results for the odds ratio have not (to our knowledge) been published. In
this case, we substitute the calculations based on the ratio formulation.
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Test Statistics

Several test statistics have been proposed for testing whether the difference, ratio, or odds ratio
are different from a specified value. The main difference among the several test statistics is in the
formula used to compute the standard error used in the denominator. These tests are based on the
following z-test
7 = f’1_ ﬁz_é‘o_C
t ~
o}

The constant, c, represents a continuity correction that is applied in some cases. When the
continuity correction is not used, c is zero. In power calculations, the values of f, and f, are not

known. The corresponding values of p,, and p, may be reasonable substitutes.

Following is a list of the test statistics available in PASS. The availability of several test statistics
begs the question of which test statistic one should use. The answer is simple: one should use the
test statistic that will be used to analyze the data. You may choose a method because it is a
standard in your industry, because it seems to have better statistical properties, or because your
statistical package calculates it. Whatever your reasons for selecting a certain test statistic, you
should use the same test statistic when doing the analysis after the data have been collected.

Z Test (Pooled)

This test was first proposed by Karl Pearson in 1900. Although this test is usually expressed
directly as a chi-square statistic, it is expressed here as a z statistic so that it can be more easily
used for one-sided hypothesis testing. The proportions are pooled (averaged) in computing the
standard error. The formula for the test statistic is

ﬁl_f)Z_é‘O

O

Z, =

where

nl pl + n2 p2

pP=
n +n,

Z Test (Unpooled)
This test statistic does not pool the two proportions in computing the standard error.
pl — f’z — 50

0,

Z, =

where
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Z Test with Continuity Correction (Pooled)

This test is the same as Z Test (Pooled), except that a continuity correction is used. Remember

that in the null case, the continuity correction makes the results closer to those of Fisher’s Exact
test.

_NB+ NP,
n +n,

ol

where F is -1 for lower-tailed hypotheses and 1 for upper-tailed hypotheses.

Z Test with Continuity Correction (Unpooled)

This test is the same as the Z Test (Unpooled), except that a continuity correction is used.
Remember that in the null case, the continuity correction makes the results closer to those of

Fisher’s Exact test.
A F(1 1
p1 - pz - 50 - ( + )

- ] 2\n  n,
0,
(3‘2 _ \/ ﬁl(l_ ﬁl) n pz(l_ ﬁz)
n n,

where F is -1 for lower-tailed hypotheses and 1 for upper-tailed hypotheses.

T-Test of Difference

Because of a detailed, comparative study of the behavior of several tests, D’ Agostino (1988) and
Upton (1982) proposed using the usual two-sample t-test for testing whether the two proportions

are equal. One substitutes a ‘1’ for a success and a ‘0’ for a failure in the usual, two-sample t-test
formula.
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Miettinen and Nurminen’s Likelihood Score Test of the

Difference
Miettinen and Nurminen (1985) proposed a test statistic for testing whether the difference is equal
to a specified, non-zero, value, &, . The regular MLE’s, f)l and f)z , are used in the numerator of

the score statistic while MLE’s P, and P, , constrained so that p, — p, = &, , are used in the

denominator. A correction factor of N/(N-1) is applied to make the variance estimate less biased.
The significance level of the test statistic is based on the asymptotic normality of the score
statistic. The formula for computing this test statistic is

pl_p2_50

O vinD

A g, p.q N
O

51:52"'50

Zynp =

where

p, = ZBcos(A)—gL—If3

A=ty cos‘l(%j
3 B

B =sign(C) & - i

o B LL L
2715 6L 2L,
Lo:X21éE)(1_5E))

L, :[Nzéz)_ N _2X21]621 +M,

L2=(N+N2)éz)—N—M1

L,=N
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Miettinen and Nurminen’s Likelihood Score Test of the Ratio

Miettinen and Nurminen (1985) proposed a test statistic for testing whether the ratio is equal to a
specified value ¢, . The regular MLE’s, f, and f,, are used in the numerator of the score statistic
while MLE’s P, and P, , constrained so that P, / P, = ¢, , are used in the denominator. A
correction factor of N/(N-1) is applied to make the variance estimate less biased. The significance
level of the test statistic is based on the asymptotic normality of the score statistic.

The formula for computing the test statistic is

7 _ ﬁll f)z _¢o
MNR — — - - N
plql 2 p2q2 ( ]j
\/( n +¢O n, j N —
where L
P, = p2¢o
5 _ —B-+/B*-4AC
? 2A
A= N¢0

B= _[N1¢0 + %+ N, + X21¢0]
C=M,
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Miettinen and Nurminen’s Likelihood Score Test of the Odds

Ratio
Miettinen and Nurminen (1985) proposed a test statistic for testing whether the odds ratio is equal
to a specified value, i/, . Because the approach they used with the difference and ratio does not

easily extend to the odds ratio, they used a score statistic approach for the odds ratio. The regular
MLE’sare f, and f),. The constrained MLE’s are p, and P, . These estimates are constrained
so that i = v, . A correction factor of N/(N-1) is applied to make the variance estimate less
biased. The significance level of the test statistic is based on the asymptotic normality of the score
statistic.

The formula for computing the test statistic is

where

P, oA
A= Nz(‘//o_l)
B=Nyy, +N, - Ml(V/o_ )
C=-M,
Farrington and Manning’s Likelihood Score Test of the

Difference
Farrington and Manning (1990) proposed a test statistic for testing whether the difference is equal
to a specified value &, . The regular MLE’s, P, and f,, are used in the numerator of the score

statistic while MLE’s P, and P, , constrained so that p, — p, = &, , are used in the denominator.

The significance level of the test statistic is based on the asymptotic normality of the score
statistic.

The formula for computing the test statistic is

Zewp = — -
(wm+pﬂﬂ
nl nZ

where the estimates ﬁl and ﬁz are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.
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Farrington and Manning’s Likelihood Score Test of the Ratio
Farrington and Manning (1990) proposed a test statistic for testing whether the ratio is equal to a
specified value ¢, . The regular MLE’s, P, and f,, are used in the numerator of the score

statistic while MLE’s P, and P, , constrained so that p, / P, = ¢, , are used in the denominator.

A correction factor of N/(N-1) is applied to increase the variance estimate. The significance level
of the test statistic is based on the asymptotic normality of the score statistic.

The formula for computing the test statistic is

_ p1/ﬁ2_¢0

ZFMR - - - —
( B, szzj
n '~ n,

where the estimates ﬁl and ﬁz are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.

Farrington and Manning’s Likelihood Score Test of the Odds
Ratio

Farrington and Manning (1990) indicate that the Miettinen and Nurminen statistic may be
modified by removing the factor N/(N-1).

The formula for computing this test statistic is

(ﬁl_ﬁl) (f’z‘ﬁz)

P, P,0,

Zeyo =
(s vha)
—=+ —=
\/ N,p,G,  N,p,q,

where the estimates P, and P, are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.
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Gart and Nam’s Likelihood Score Test of the Difference
Gart and Nam (1990), page 638, proposed a modification to the Farrington and Manning (1988)
difference test that corrects for skewness. Let ZFMD(5) stand for the Farrington and Manning

difference test statistic described above. The skewness corrected test statistic, Zg,p , is the
appropriate solution to the quadratic equation

(_ 77)Z<23ND + (_ 1)ZGND + (ZFMD(§) + }7) =0

where

-V 3'2(5)( PG (G~ B) _ P,G(T - @)j

6 n/? n

Gart and Nam’s Likelihood Score Test of the Ratio
Gart and Nam (1988), page 329, proposed a modification to the Farrington and Manning (1988)
ratio test that corrects for skewness. Let ZFMR(¢) stand for the Farrington and Manning ratio test

statistic described above. The skewness corrected test statistic, Zg,, is the appropriate solution to
the quadratic equation

(_ qZ)ZéNR + (_ 1)ZGNR + (ZFMR(¢) + (E) =0

where

5oL (al(al ~B) GG~ @)j
60"\ n'p  nip;
&,

U=—=% Z
mp, NP,
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Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers four procedures, each of which has different options.
This section documents options that are common to all four procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are P1.1, Alpha, Beta, N1, and N2. Under most situations, you will select
either Beta or N1.

Select N1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Test Statistic

Specify which test statistic is used in searching and reporting. Although the pooled z-test is
commonly shown in elementary statistics books, the likelihood score test is arguably the best
choice.

Note that C.C. is an abbreviation for Continuity Correction. This refers to the adding or
subtracting 1/(2n) to (or from) the numerator of the z-value to bring the normal approximation
closer to the binomial distribution.

Higher Proportions Are

This option specifies whether proportions represent successes (better) or failures (worse).

Better (Successes)

When proportions represent successes, higher proportions are better. A noninferior treatment is
one whose proportion is at least almost as high as that of the reference group.

For testing non-inferiority, DO is negative, RO is less than 1, and ORO is less than 1. For testing
superiority, DO is positive, RO is greater than 1, and ORO is greater than 1.

Worse (Failures)

When proportions represent failures, lower proportions are better. A noninferior treatment is one
whose proportion is at most almost as low as that of the reference group.

For testing non-inferiority, DO is positive, RO is greater than 1, and ORO is greater than 1. For
testing superiority, DO is negative, RO is less than 1, and ORQO is less than 1.
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N1 (Sample Size Group 1)

Enter a value (or range of values) for the sample size of this group. You may enter a range of
values such as 10 to 100 by 10.

N2 (Sample Size Group 2)

Enter a value (or range of values) for the sample size of group 2 or enter Use R to base N2 on the
value of N1. You may enter a range of values such as 10 to 100 by 10.

Use R
When Use R is entered here, N2 is calculated using the formula
N2 = [R(N1)]

where R is the Sample Allocation Ratio, and [Y] is the first integer greater than or equal to Y. For
example, if you want N1 = N2, select Use Rand set R = 1.

R (Sample Allocation Ratio)

Enter a value (or range of values) for R, the allocation ratio between samples. This value is only
used when N2 is set to Use R.

When used, N2 is calculated from N1 using the formula: N2= [R(N1)] where [Y] is the next
integer greater than or equal to Y. Note that setting R = 1.0 forces N2 = N1.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-I error (alpha). A type-I
error occurs when you reject the null hypothesis of unequal proportions when in fact they are not
equal.

Values must be between 0 and 1. Because this is a one-sided test, unless you have good reason to
do otherwise, the value of 0.025 is recommended. You should pick a value for alpha that
represents the risk of a type-I error you are willing to take in your experimental situation.

You may enter a range of values such as 0.01 0.025 0.05 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-11 error (beta). A type-11
error occurs when you fail to reject the null hypothesis when in fact it is false.

Values must be between 0 and 1. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-Il error you are
willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.
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Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the values
of the two proportions, P1 and P2. P1.0 is the value of the P1 assumed by the null hypothesis and
P1.1 is the value of P1 at which the power is calculated.

P1.0 (Equivalence Proportion)
This option allows you to specify the value P1.0 directly. This is that value of treatment group’s
proportion above which the treatment group is considered noninferior to the reference group.

When Higher Proportions Are is set to Better, the trivial proportion is the smallest value of P1 for
which the treatment group is declared noninferior to the reference group. In this case, P1.0 should
be less than P2 for non-inferiority tests and greater than P2 for superiority tests. The reverse is the
case when Higher Proportions Are is set to Worse.

Proportions must be between 0 and 1. They cannot take on the values 0 or 1. This value should
not be set to exactly the value of P2.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

P1.1 (Actual Proportion)

This option specifies the value of P1.1 which is the value of the treatment proportion at which the
power is to be calculated. Proportions must be between 0 and 1. They cannot take on the values 0
or 1.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

DO (Equivalence Difference)

This option specifies the trivial difference (often called the margin of error) between P1.0 (the
value of P1 under HO) and P2. This difference is used with P2 to calculate the value of P1.0 using
the formula: P1.0 = P2 + DO.

When Higher Proportions Are is set to Better, the trivial difference is that amount by which P1
can be less than P2 and still have the treatment group declared noninferior to the reference group.
In this case, DO should be negative for non-inferiority tests and positive for superiority tests.

The reverse is the case when Higher Proportions Are is set to worse.

You may enter a range of values such as -.03 -.05 -.10 or -.05 to -.01 by .01. Differences must be
between -1 and 1. DO cannot take on the values -1, 0, or 1.

D1 (Actual Difference)

This option specifies the actual difference between P1.1 (the actual value of P1) and P2. This is
the value of the difference at which the power is calculated. In non-inferiority trials, this
difference is often set to 0.

The power calculations assume that P1.1 is the actual value of the proportion in group 1
(experimental or treatment group). This difference is used with P2 to calculate the value of P1
using the formula: P1.1 = D1 + P2,

You may enter a range of values such as -.05 0 .5 or -.05 to .05 by .02. Actual differences must be
between -1 and 1. They cannot take on the values -1 or 1.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

RO (Equivalence Ratio)

This option specifies the trivial ratio (also called the Relative Margin of Equivalence) between
P1.0 and P2. The power calculations assume that P1.0 is the value of the P1 under the null
hypothesis. This value is used with P2 to calculate the value of P1.0 using the formula: P1.0 = RO
x P2.

When Higher Proportions Are is set to Better, the trivial ratio is the relative amount by which P1
can be less than P2 and still have the treatment group declared noninferior to the reference group.
In this case, RO should be less than one for non-inferiority tests and greater than 1 for superiority
tests. The reverse is the case when Higher Proportions Are is set to Worse.

Ratios must be positive. RO cannot take on the value of 1. You may enter a range of values such
as 0.95 .97 .99 or .91 to .99 by .02.

R1 (Actual Ratio)

This option specifies the ratio of P1.1 and P2, where P1.1 is the actual proportion in the treatment
group. The power calculations assume that P1.1 is the actual value of the proportion in group 1.
This difference is used with P2 to calculate the value of P1 using the formula: P1.1 = R1 x P2. In
non-inferiority trials, this ratio is often set to 1.

Ratios must be positive. You may enter a range of values such as 0.95 1 1.05 or 0.9 to 1.9 by
0.02.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratios, O1.1 /02 and 01.0 / O2. Note that the odds are defined as 02 = P2/ (1 -P2), 01.0=P1.0
/ (1 - P1.0), etc. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value of
P1 at which the power is calculated. Once P2, OR0, and ORL1 are given, the values of P1.1 and
P1.0 can be calculated.

ORO (Equivalence Odds Ratio)

This option specifies the trivial odds ratio between P1.0 and P2. The power calculations assume
that P1.0 is the value of the P1 under the null hypothesis. ORO is used with P2 to calculate the
value of P1.0.

When Higher Proportions Are is set to Better, the trivial odds ratio implicitly gives the amount
by which P1 can be less than P2 and still have the treatment group declared noninferior to the
reference group. In this case, ORO0 should be less than 1 for non-inferiority tests and greater than
1 for superiority tests. The reverse is the case when Higher Proportions Are is set to Worse.

Odds ratios must be positive. OR0 cannot take on the value of 1.
You may enter a range of values such as 0.95 0.97 0.99 or 0.91 to 0.99 by 0.02.

OR1 (Actual Odds Ratio)

This option specifies the odds ratio of P1.1 and P2, where P1.1 is the actual proportion in the
treatment group. The power calculations assume that P1.1 is the actual value of the proportion in
group 1. This value is used with P2 to calculate the value of P1. In non-inferiority trials, this odds
ratio is often set to 1.

Odds ratios must be positive. You may enter a range of values such as 0.95 1 1.05 or 0.9 to 1 by
0.02.

P2 (Reference Group Proportion)

Specify the value of p, , the reference, baseline, or control group’s proportion. The null

hypothesis is that the two proportions differ by no more than a specified amount. Since P2 is a
proportion, these values must be between 0 and 1.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1t0 0.9 by 0.1.
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Options Tab

The Options tab contains various limits and options.

Maximum N1 or N2 Exact

When either N1 or N2 is above this amount, power calculations are based on the normal
approximation to the binomial. In this case, the actual value of alpha is not calculated. Currently,
for three-gigahertz computers, a value near 200 is reasonable. As computers get faster, this
number may be increased.

Maximum lterations

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported. A value of at least 500 is recommended.

Zero Count Adjustment Method

Zero cell counts cause many calculation problems. To compensate for this, a small value (called
the Zero Count Adjustment Value) can be added either to all cells or to all cells with zero counts.
This option specifies whether you want to use the adjustment and which type of adjustment you
want to use. We recommend that you use the option ‘Add to zero cells only.’

Zero cell values often do not occur in practice. However, since power calculations are based on
total enumeration, they will occur in power and sample size estimation.

Adding a small value is controversial, but can be necessary for computational considerations.
Statisticians have recommended adding various fractions to zero counts. We have found that
adding 0.0001 seems to work well.

Zero Count Adjustment Value

Zero cell counts cause many calculation problems when computing power or sample size. To
compensate for this, a small value may be added either to all cells or to all zero cells. This is the
amount that is added. We have found that 0.0001 works well.

Be warned that the value of the ratio and the odds ratio will be affected by the amount specified
here!
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Examplel - Finding Power

A study is being designed to establish the non-inferiority of a new treatment compared to the
current treatment. Historically, the current treatment has enjoyed a 60% cure rate. The new
treatment reduces the seriousness of certain side effects that occur with the current treatment.
Thus, the new treatment will be adopted even if it is slightly less effective than the current
treatment. The researchers will recommend adoption of the new treatment if it has a cure rate of at
least 55%.

The researchers plan to use the Farrington and Manning likelihood score test statistic to analyze
the data that will be (or has been) obtained. They want to study the power of the Farrington and
Manning test at group sample sizes ranging from 50 to 500 for detecting a difference of -0.05
when the actual cure rate of the new treatment ranges from 57% to 70%. The significance level
will be 0.025.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find .., Beta and Power

Test StatistiC........ccvvveveeeeeeeeeiiiee, Likelihood Score (Farr. & Mann.)
DO -0.05
Dl -0.03 0.00 0.05 0.10

P2 e 0.6

Higher Proportions Are...................... Better

N oo 50 to 500 by 50
N2 Use R

R e 1.0

Alpha ... 0.025

Beta....coooooiii e Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact ................. 300

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results of Non-Inferiority Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Grp 2 Grp 1 Grp1l Margin Margin
Grp 1 Grp 2 Prop Prop Prop Diff Diff Target Actual

Power N1 N2 P2 P1.0 P1.1 DO D1 Alpha Alpha Beta
0.0380 50 50 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.0236 0.9620
0.0494 100 100 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.0267 0.9506
0.0525 150 150 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.0241 0.9475
0.0588 200 200 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.0244 0.9412
0.0650 250 250 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.0241 0.9350
0.0735 300 300 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.0261 0.9265
0.0776 350 350 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.9224
0.0832 400 400 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.9168
0.0886 450 450 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.9114
0.0940 500 500 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.9060

Report continues ...
Note: exact results based on the binomial were only calculated when both N1 and N2 were less than 300.

Report Definitions

'Power’ is the probability of rejecting a false null hypothesis. It should be close to one.

‘N1 and N2' are the sizes of the samples drawn from the corresponding groups.

'P2' is the response rate for group two which is the standard, reference, baseline, or control group.
'P1.0' is the smallest treatment-group response rate that still yields a non-inferiority conclusion.
'P1.1'is the treatment-group response rate at which the power is calculated.

'D0O' is the non-inferiority margin. It is the difference P1-P2 assuming HO.

'D1' is the actual difference, P1-P2, at which the power is calculated.

‘Target Alpha' is the probability of rejecting a true null hypothesis that was desired.

'Actual Alpha’ is the value of alpha that is actually achieved.

‘Beta’ is the probability of accepting a false HO. Beta = 1 - Power.

'Grp 1' refers to Group 1 which is the treatment or experimental group.

'Grp 2' refers to Group 2 which is the reference, standard, or control group.

' Equiv.' refers to a small amount that is not of practical importance.

‘Actual’ refers to the true value at which the power is computed.

Summary Statements

Sample sizes of 50 in group one and 50 in group two achieve 4% power to detect a
non-inferiority margin difference between the group proportions of -0.0500. The reference group
proportion is 0.6000. The treatment group proportion is assumed to be 0.5500 under the null
hypothesis of inferiority. The power was computed at for the case when the actual treatment
group proportion is 0.5700. The test statistic used is the one-sided Score test (Farrington &
Manning). The significance level of the test was targeted at 0.0250. The significance level
actually achieved by this design is 0.0236.

This report shows the values of each of the parameters, one scenario per row. Note that the actual
alpha value is blank for sample sizes greater than 300, which was the limit set for exact
computation.

Most of the report columns have obvious interpretations. Those that may not be obvious are
presented here. Note that the discussion below assumes that higher response rates are better and
that non-inferiority testing (rather than superiority testing) is planned.

Prop Grp 2 P2

This is the value of P2, the response rate in the control group.

Equiv. Grp 1 Prop P1.0

This is the value of P1.0, the response rate of the treatment group, as specified by the null
hypothesis of inferiority. Values of P1 less than this amount are considered different from P2.
Values of P1 greater than this are considered noninferior to the reference group. The difference
between this value and P2 is the value of the null hypothesis.
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Actual Grp 1 Prop P1.1

This is the value of P1.1, the response rate of the treatment group, at which the power is
computed. This is the value of P1 under the alternative hypothesis. The difference between this
value and P2 is the value of the alternative hypothesis.

Equiv. Margin Diff DO
This is the value of DO, the difference between the two group proportions under the null
hypothesis. This value is often called the margin of non-inferiority.

Actual Margin Diff D1

This is the value of D1, the difference between the two group proportions at which the power is
computed. This is the value of the difference under the alternative hypothesis.

Target Alpha

This is the value of alpha that was targeted by the design. Note that the target alpha is not usually
achieved exactly. For one-sided tests, this value should usually be 0.025.

Actual Alpha

This is the value of alpha that was actually achieved by this design. Note that since the limit on
exact calculations was set to 300, and since this value is calculated exactly, it is not shown for
values of N1 greater than 300.

The difference between the Target Alpha and the Actual Alpha is caused by the discrete nature of
the binomial distribution and the use of the normal approximation to the binomial in determining
the critical value of the test statistic.

Plots Section

Power vs N1 by D1 with P2=0.60 A=0.03 N2=N1
D0=-0.05 1-Sided LS FM Test

1.0+ e e e
<&
< A A
A
0.8+ . K
A
A -
g 06" 1 e -0.0300
= p .
L O = 0.0000
o A
M A 0.0500
© 0.1000
02
e o 6 o ¢ o © ©—0©
@ " @ ‘ |

0.0 \ \ 1 1 1
0 100 200 300 400 500

N1

The values from the table are displayed in the above chart. This chart gives us a quick look at the
sample size that will be required for various values of D1.
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Example2 - Finding the Sample Size

Continuing with the scenario given in Example 1, the researchers want to determine the sample
size necessary for each value of D1 to achieve a power of 0.80. To cut down on the runtime, they
decide to look at approximate values whenever N1 is greater than 100.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FiNd ..o N1

Test StatistiC ........coovvvvieeiiiiiiieen Likelihood Score (Farr. & Mann.)
DO e -0.05

DI e -0.03 0.00 0.05 0.10

P2 0.6

Higher Proportions Are ..................... Better

NI Ignored since this is the Find setting
N2 Use R

R 1.0

Alpha...ccooc 0.025
Beta.....oooiiii 0.2

Options Tab

Maximum N1 or N2 Exact................. 100

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Non-Inferiority Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Target Actual

Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.8000 9509 9509 0.6000 0.5500 0.5700 -0.0500 -0.0300 0.0250 0.2000
0.8001 1505 1505 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0250 0.1999
0.8008 368 368 0.6000 0.5500 0.6500 -0.0500 0.0500 0.0250 0.1992
0.8019 159 159 0.6000 0.5500 0.7000 -0.0500 0.1000 0.0250 0.1981

The required sample size will depend a great deal on the value of D1. Any effort spent
determining an accurate value for D1 will be worthwhile.
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Example3 — Comparing the Power of
Several Test Statistics

Continuing with Example 1, the researchers want to determine which of the eight possible test
statistics to adopt by using the comparative reports and charts that PASS produces. They decide
to compare the powers and actual alphas for various sample sizes between 50 and 200 when D1 is
0.1.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o Beta & Power
Test StatistiC.........cceevvvvieiiieeeiieeiiinnn, Likelihood Score (Farr. & Mann.)
DOt -0.05
Dl 0.10

P2 e 0.6

Higher Proportions Are...................... Better
SO SRRRR 50 100 150 200
N2 Use R

R e 1.0
Alpha....eiii 0.025

2] v Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact ................. 300

Reports Tab

Show Numeric Report.........cccceeeeeenn. Not checked
Show Comparative Reports .............. Checked

Show Definitions .........ccoccvvvvivennennn. Not checked
Show PIOtS ..o Not checked
Show Comparative Plots................... Checked
Summary Statement Rows................ 0

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Power Comparison of Non-Inferiority Tests Based on the Difference: P1 — P2

HO: P1-P2<=D0. H1: P1-P2=D1>D0.

Target

Alpha
0.0250
0.0250
0.0250
0.0250

P2
0.6000
0.6000
0.6000
0.6000

N1/N2
50/50
100/100
150/150
200/200

P1
0.7000
0.7000
0.7000
0.7000

Actual Alpha Comparison of Non-Inferiority Tests Based on the Difference: P1 — P2

HO: P2-P1<=D0. H1: P2-P1=D1>D0.

Target

Alpha
0.0250
0.0250
0.0250
0.0250

N1/N2 P1
50/50 0.6000
100/100 0.6000
150/150 0.6000
200/200 0.6000

P2
0.7000
0.7000
0.7000
0.7000

Z(P)

Test
Power
0.3581
0.6030
0.7821
0.8849

Z(P)

Test
Alpha
0.0236
0.0267
0.0239
0.0243

Z(UnP)

Test
Power
0.3670
0.6088
0.7837
0.8857

Z(UnP)
Test
Alpha
0.0253
0.0267
0.0241
0.0244

Z(P)

CC Test
Power
0.2782
0.5474
0.7453
0.8635

Z(P)

CC Test
Alpha
0.0140
0.0190
0.0181
0.0191

Power vs N1 by Test with D1=0.10 P2=0.60 A=0.03
N2=N1 D0=-0.05 1-Sided Test

Test

1.0+
0.8+
g
o 0.6+
o &
0.4+
b's
0.2 f 1
0 50 100
N1

Z(UnP)
CC Test
Power
0.2945
0.5475
0.7474
0.8638

Z(UnP)
CC Test
Alpha
0.0161
0.0190
0.0183
0.0191

® zp

M Zup
A Zpcc
< Zupce
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O LSFM
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T

Test
Power
0.3464
0.5982
0.7821
0.8849

T
Test
Alpha
0.0225
0.0266
0.0239
0.0243

F.M.
Score
Power
0.3581
0.6030
0.7837
0.8857

F.M.
Score
Alpha

0.0236
0.0267
0.0241
0.0244

M.N.
Score
Power
0.3464
0.6030
0.7821
0.8849

M.N.
Score
Alpha
0.0225
0.0267
0.0239
0.0243

G.N.
Score
Power
0.3581
0.6030
0.7821
0.8849

G.N.
Score
Alpha
0.0236
0.0267
0.0239
0.0243

It is interesting to note that the powers of the continuity-corrected test statistics are consistently
lower than the other tests. This occurs because the actual alpha achieved by these tests is lower
than for the other tests. An interesting finding of this example is that the regular t-test performed

about as well as the z-test.
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Example4 - Validation using Machin with
Equal Sample Sizes

Machin et al. (1997), page 106, present a sample size study in which P2 = 0.5, DO = -0.2, D1=0,
one-sided alpha = 0.1, and beta = 0.2. Using the Farrington and Manning test statistic, they found
the sample size to be 55 in each group.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example4 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o N1

Test StatistiC.........ccevvvvieiiieeeieeeiiinnnn, Likelihood Score (Farr. & Mann.)
DO -0.2
Dl 0.0

P2 e 0.5

Higher Proportions Are...................... Better

N Ignored since this is the Find setting
N2 Use R

R e 1.0

Alpha ... 0.1

Beta....ovvvieiie e 0.2

Options Tab

Maximum N1 or N2 Exact ................. 2 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Non-Inferiority Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.8001 55 55 0.5000 0.3000 0.5000 -0.2000 0.0000 0.1000 0.1999

PASS found the required sample size to be 55 which corresponds to Machin.
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Example5 - Validation of a Superiority
Test using Farrington and Manning

Farrington and Manning (1990), page 1451, present a sample size study for a superiority test in
which P2 = 0.05, D0 = 0.2, D1=0.35, one-sided alpha = 0.05, and beta = 0.20. Using the
Farrington and Manning test statistic, they found the sample size to be 80 in each group. They
mention that the true power is 0.813.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example5 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo N1

Test StatistiC .....ceeeeeeeeeeiieeeiee e, Likelihood Score (Farr. & Mann.)
DO o 0.2

DI oo 0.35

P e 0.05

Higher Proportions Are .................... Better

NI Ignored since this is the search parameter.
N2 e Use R

R e 1.0
Alpha......oo 0.05
Beta....ooieeie 0.20

Options Tab

Maximum N1 or N2 Exact................. 2 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Non-Inferiority Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1 Alpha Alpha Beta
0.8007 80 80 0.0500 0.2500 0.4000 0.2000 0.3500 0.0500 0.1993

PASS also calculated the required sample size to be 80.
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Next, to calculate the exact power for this sample size, we make the following changes to the
template.

Data Tab

FiNd .o, Beta and Power

N oo 80

Options Tab

Maximum N1 or N2 Exact ................. 200 (Set >80 to force exact calculation.)

Numeric Results

Numeric Results of Non-Inferiority Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Target Actual
Power N1 N2 P2 P1.0 P1.1 DO D1  Alpha Alpha Beta
0.8132 80 80 0.0500 0.2500 0.4000 0.2000 0.3500 0.0500 0.0553 0.1993

PASS also calculated the exact power to be 0.813.
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Example 6 - Validation of Risk Ratio
Calculations using Blackwelder

Blackwelder (1993), page 695, presents a table of power values for several scenarios using the
risk ratio. The second line of the table presents the results for the following scenario: P2 = 0.04,
RO = 0.3, R1=0.1, N1=N2=1044, one-sided alpha = 0.05, and beta = 0.20. Using the Farrington
and Manning likelihood-score test statistic, he found the exact power to be 0.812, the exact alpha
to be 0.044, and, using the asymptotic formula, the approximate power to be 0.794.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the ratio parameterization. You can make these changes
directly on your screen or you can load the template entitled Example6 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo Beta and Power

Test StatistiC .........cceeevvveervieeeiceee, Likelihood Score (Farr. & Mann.)
RO o 0.3

R i 0.1
P2 0.04

Higher Proportions Are ..................... Worse
RPN 1044

N2 Use R

R 1.0

Alpha...ccooo o 0.05

Beta....coo oo 0.20

Options Tab

Maximum N1 or N2 Exact................. 2000 (Set high for exact results.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Non-Inferiority Tests Based on the Difference: P1/ P2
HO: P1/P2>=R0. H1: P1/P2=R1<R0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Ratio Ratio Target Actual
Power N1 N2 P2 P1.0 P1.1 RO R1  Alpha Alpha Beta
0.8118 1044 1044 0.0400 0.0120 0.0040 0.300 0.100 0.0500 0.0444 0.1882

PASS also calculated the power to be 0.812 and the actual alpha to be 0.044, within rounding.
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Next, to calculate the asymptotic power, we make the following changes to the template.
Options Tab
Maximum N1 or N2 Exact ................. 2 (Set < 1044 to force asymptotic calculation.)

Numeric Results

Numeric Results of Non-Inferiority Tests Based on the Difference: P1/ P2
HO: P1/P2>=R0. H1: P1/P2=R1<R0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Ratio Ratio Target Actual
Power N1 N2 P2 P1.0 P1.1 RO R1  Alpha Alpha Beta
0.7937 1044 1044 0.0400 0.0120 0.0040 0.300 0.100 0.0500 0.2063

PASS also calculated the power to be 0.794.
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Example7 - Finding Power following an
Experiment

In an effort to show a new treatment non-inferior to the current standard, researchers randomly
assigned 80 subjects to each treatment. The new treatment was to be considered non-inferior if
the odds ratio (treatment to standard) was at least 0.80. Using the Farrington and Manning
Likelihood Score test, non-inferiority could not be concluded. The researchers now want to see
the power of the test. The control proportion was 0.625.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example7 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo Beta and Power
Test StatistiC .........cceeevvveervieeeiceee, Likelihood Score (Farr. & Mann.)
Specify Treatment Proportion using..Odds Ratios
ORO.cciiiiieite e 0.80
ORL...iii e 1.0

P2 e 0.625

Higher Proportions Are .........cccccc...... Better

NL oo 80

N2 e Use R

R e 1.0
Alpha......oo 0.05

Beta.......oo oo Ignored

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Non-Inferiority Tests Based on the Odds Ratio: O1/ 02
HO: 01/02<=0R0. H1: 01/02=0R1>0R0. Test Statistic: Score test (Farrington & Manning)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Grp 2 Grp 1 Grp 1 Margin Margin
Grp1 Grp 2 Prop Prop Prop O.R. O.R. Target Actual
Power N1 N2 P2 P1.0 P1.1 ORO OR1 Alpha  Alpha Beta
0.1845 80 80 0.6250 0.5714 0.6250 0.800 1.000 0.0500 0.0571 0.8155

The power of a test with 80 receiving each treatment is only 0.1801.
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Example8 - Finding True Proportion
Difference

Researchers have developed a new treatment with minimal side effects compared to the standard
treatment. The researchers are limited by the number of subjects (140 per group) they can use to
show the new treatment is non-inferior. The new treatment will be deemed non-inferior if it is at
least 0.10 below the success rate of the standard treatment. The standard treatment has a success
rate of about 0.75. The researchers want to know how much more successful the new treatment
must be (in truth) to yield a test which has 90% power. The test statistic used will be the pooled Z
test.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example8 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo, P1.1 (Search>P1.0)
Test StatistiC..........cccevvvvieiiieeeeeeeiiinnnn, Z Test (Pooled)
DO -0.10
Dl Ignored

P e 0.75

Higher Proportions Are...............c...... Better

N o 140
N2 Use R

R et 1.0

Alpha ... 0.05
Beta....ovvvieiieeeeeee 0.10

Options Tab

Maximum N1 or N2 Exact ................. 500 (Set high for exact results.)
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Non-Inferiority Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Z test (pooled)

Sample Sample Equiv. Actual Equiv. Actual
Size Size Grp 2 Grp 1 Grp 1 Margin Margin
Grp 1 Grp 2 Prop Prop Prop Diff Diff Target Actual
Power N1 N2 P2 P1.0 P11 DO D1 Alpha Alpha Beta
0.9000 140 140 0.7500 0.6500 0.7961 -0.1000 0.0461 0.0500 0.0505 0.1000

With 140 subjects in each group, the new treatment must have a success rate 0.0464 higher than
the current treatment (or about 0.7964) to have 90% power in the test of non-inferiority.
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Chapter 215

Equivalence of
Two Independent
Proportions

Introduction

This module provides power analysis and sample size calculation for equivalence tests in two-
sample designs in which the outcome is binary. Users may choose from among eight popular test
statistics commonly used for running the hypothesis test.

The power calculations assume that independent, random samples are drawn from two
populations.

Four Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, ratios of proportions, and odds ratios. Each
of these options is listed separately on the menus.

Example

An equivalence test example will set the stage for the discussion of the terminology that follows.
Suppose that the response rate of the standard treatment of a disease is 0.70. Unfortunately, this
treatment is expensive and occasionally exhibits serious side-effects. A promising new treatment
has been developed to the point where it can be tested. One of the first questions that must be
answered is whether the new treatment is therapeutically equivalent to the standard treatment.

Because of the many benefits of the new treatment, clinicians are willing to adopt the new
treatment even if its effectiveness is slightly different from the standard. After thoughtful
discussion with several clinicians, it is decided that if the response rate of the new treatment is
between 0.63 and 0.77, the new treatment would be adopted. The margin of equivalence is 0.07.

The developers must design an experiment to test the hypothesis that the response rate of the new
treatment does not differ from that of the standard treatment by more than 0.07. The statistical
hypothesis to be tested is

Ho:|p, — p,| = 0.07 versus H:|p, — p,| < 0.07
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Technical Details

The details of sample size calculation for the two-sample design for binary outcomes are
presented in the chapter entitled “Two Proportion Non-Null Case,” and they will not be
duplicated here. Instead, this chapter only discusses those changes necessary for equivalence
tests.

Approximate sample size formulas for equivalence tests of two proportions are presented in
Chow et al. (2003), page 88. Only large sample (normal approximation) results are given there.
The results available in this module use exact calculations based on the enumeration of all
possible values in the binomial distribution.

Suppose you have two populations from which dichotomous (binary) responses will be recorded.
Assume without loss of generality that higher proportions are better. The probability (or risk) of
cure in group 1 (the treatment group) is p, and in group 2 (the reference group) is p, . Random
samples of n and n,individuals are obtained from these two groups. The data from these
samples can be displayed in a 2-by-2 contingency table as follows

Group Success Failure Total
Treatment a c m
Control b d n
Totals S f N

The following alternative notation is also used.

Group Success Failure Total
Treatment Xy X, n,
Control Xy Xy, n,
Totals m, m, N

The binomial proportions p, and p, are estimated from these data using the formulae

~ _a X ~ b x
p1=_=Aand p2=—=£
m n n n,
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Let p,, represent the group 1 proportion tested by the null hypothesis H,. The power of a test is
computed at a specific value of the proportion which we will call p,;. Let & represent the

smallest difference (margin of equivalence) between the two proportions that still results in the
conclusion that the new treatment is equivalent to the current treatment. The set of statistical
hypotheses that are tested is

Ho:|pio — P,| = & versus H:p,, — p,|< &
These hypotheses can be rearranged to give
Hy Po— P, <6, 0r p,—p, =0, versus H:6, < p,— P, <9,
This composite hypothesis can be reduced to two one-sided hypotheses as follows
HoiPo — P, <6, versus H; 16, < pp— P,
Hou:Po — P, =9, versus Hy io, 2 Py — P,

There are three common methods of specifying the margin of equivalence. The most direct is to
simply give values for p, and p,,. However, it is often more meaningful to give p, and then

specify p,, implicitly by reporting the difference, ratio, or odds ratio. Mathematically, the
definitions of these parameterizations are

Parameter Computation Alternative Hypotheses
Difference 0=pP,r—P, Hi:6 < po— P, <9
Ratio =P,/ P, Hiid <puo/ P, <y

Odds Ratio w =0dds,, / Odds, Hi: iy <0,/0,<y,
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Difference

The difference is perhaps the most direct method of comparison between two proportions. It is
easy to interpret and communicate. It gives the absolute impact of the treatment. However, there
are subtle difficulties that can arise with its interpretation.

One difficulty arises when the event of interest is rare. If a difference of 0.001 occurs when the
baseline probability is 0.40, it would be dismissed as being trivial. However, if the baseline
probability of a disease is 0.002, a 0.001 decrease would represent a reduction of 50%. Thus
interpretation of the difference depends on the baseline probability of the event.

Note that o, <0 and &, > 0. Usually, o, = -4 .

Equivalence using a Difference
The following example might help you understand the concept of an equivalence test. Suppose
60% of patients respond to the current treatment method ( P, = 0.60) . If the response rate of the

new treatment is no less than five percentage points better or worse than the existing treatment, it
will be considered to be equivalent. Substituting these figures into the statistical hypotheses gives

Hy: Pro — P, <-0050r p,, — p, =0.05 versus H,;:-0.05< p,, — p, <0.05
Using the relationship
Po=P,+0
gives
Hy: o <0550r p,, = 0.65 versus H,:055< p,, <0.65

In this example, when the null hypothesis is rejected, the concluded alternative is that the
response rate is between 0.55 and 0.65.
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Ratio

The ratio, ¢ = p,, / P,, gives the relative change in the probability of the response. Testing
equivalence uses the formulation

HoiPio / Po <@ OF Pro / P = iy versus Hiig < pyo [ p, < ¢
The only subtlety is that for equivalence tests ¢, <1 and g, >1. Usually, ¢ =1/ ¢, .

Equivalence using a Ratio
The following example might help you understand the concept of equivalence as defined by the
ratio. Suppose that 60% of patients (p2 = 0.60) respond to the current treatment method. If the

response rate of a new treatment is within 10% of 0.60, it will be considered to be equivalent to
the standard treatment. Substituting these figures into the statistical hypotheses gives

Ho:po/ p,<090r p,/p, =11 versus H;:09< p,,/ p, <11
Using the relationship
Pro = AP
gives
Ho:po <054 or p,, > 0.66 versus H;:054 < p,, < 0.66

Odds Ratio

The odds ratio, y = (py, / (1- Pyo))/ (P, / (1— P,)) . gives the relative change in the odds (o) of
the response. Testing equivalence use the formulation

H,:0,/0, <y, 0ro,/0, >y, versus H:y <0,/0, <y,

The only subtlety is that for equivalence tests y, <1 andy, >1. Usually, v, =1/ y,,.
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Power Calculation

The power for a test statistic that is based on the normal approximation can be computed exactly
using two binomial distributions. The following steps are taken to compute the power of these
tests.

1. Find the critical values using the standard normal distribution. The critical values z, and z,

are chosen as that value of z that leaves exactly the target value of alpha in the appropriate tail
of the normal distribution.

2. Compute the value of the test statistic z, for every combination of X;; and X,, . Note that X,
ranges from0to n;, and X,, ranges from 0 to n,. A small value (around 0.0001) can be

added to the zero-cell counts to avoid numerical problems that occur when the cell value is
zero.
3. If z, >z, and z, <z, the combination is in the rejection region. Call all combinations of

X;; andX,, that lead to a rejection the set A.
4. Compute the power for given values of p;, and p, as

n n
1- 'B = Z( lj f:ll.l fi_xll( 2) p;nq;z—xn
A Xll X

21
5. Compute the actual value of alpha achieved by the design by substituting p,,, and p,,, for

p,, to obtain
nl X ng—X n2 X N, —X
o = Z( j ProcChol P70y ™
A \ Xy Xa1
and

nl X N —X; n2 X1 y M2 =X

ay = Z( Jpﬁ)lu Lou P
A Xll XZl

The value of alpha is then computed as the maximum of ¢z, and ¢, .

Asymptotic Approximations

When the values of n, and n, are large (say over 200), these formulas take a long time to
evaluate. In this case, a large sample approximation can be used. The large sample approximation
is made by replacing the values of f, and p, in the z statistic with the corresponding values of
p,; and p, and then computing the results based on the normal distribution. Note that in large

samples, the Farrington and Manning statistic is substituted for the Gart and Nam statistic. Also,
for large samples, the results for the odds ratio have not (to our knowledge) been published. In
this case, we substitute the calculations which are based on the ratio hypotheses.
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Test Statistics

Several test statistics have been proposed for testing whether the difference, ratio, or odds ratio
are different from a specified value. The main difference among the several test statistics is in the
formula used to compute the standard error used in the denominator. These tests are based on the
following z-test
7 = f’1_ ﬁz_é‘o_C
t ~
o}

The constant, c, represents a continuity correction that is applied in some cases. When the
continuity correction is not used, ¢ is zero. In power calculations, the values of f, and f, are not

known. The corresponding values of p,; and p, can be reasonable substitutes.

Following is a list of the test statistics available in PASS. The availability of several test statistics
begs the question of which test statistic one should use. The answer is simple: one should use the
test statistic that will be used to analyze the data. You may choose a method because it is a
standard in your industry, because it seems to have better statistical properties, or because your
statistical package calculates it. Whatever your reasons for selecting a certain test statistic, you
should use the same test statistic when doing the analysis after the data have been collected.

Z Test (Pooled)

This test was first proposed by Karl Pearson in 1900. Although this test is usually expressed
directly as a chi-square statistic, it is expressed here as a z statistic so that it can be more easily
used for one-sided hypothesis testing. The proportions are pooled (averaged) in computing the
standard error. The formula for the test statistic is

ﬁl_f)Z_é‘O

O

Z, =

where

np, + NP,
n +n,

p:
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Z Test (Unpooled)
This test statistic does not pool the two proportions in computing the standard error.
pl — f’z — 50

0,

Z, =

where

OA_Z _ \/ f)1(1_ f)l) + pz(l_ f)z)

n n,

Z Test with Continuity Correction (Pooled)

This test is the same as Z Test (Pooled), except that a continuity correction is used. Remember
that in the null case, the continuity correction makes the results closer to those of Fisher’s Exact

test.
F(1 1
b, P, S+ | —+—
_pl P, — 0 2(”1 nzj

n f)l +n ﬁz
n+n,

p=
where F is -1 for lower-tailed hypotheses and 1 for upper-tailed hypotheses.

Z Test with Continuity Correction (Unpooled)

This test is the same as the Z Test (Unpooled), except that a continuity correction is used.
Remember that in the null case, the continuity correction makes the results closer to those of

Fisher’s Exact test.
F(1 1
D,—0,— —— +—
Pr— P, — 0 2 (nl nj

A

0,

OA_Z _ \/ f)1(1_ f)l) + pz(l_ f)z)

n n,

Z, =

where F is -1 for lower-tailed hypotheses and 1 for upper-tailed hypotheses.

T-Test of Difference

Because of a detailed, comparative study of the behavior of several tests, D’ Agostino (1988) and
Upton (1982) proposed using the usual two-sample t-test for testing whether the two proportions
are equal. One substitutes a ‘1’ for a success and a ‘0’ for a failure in the usual, two-sample t-test
formula.
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Miettinen and Nurminen’s Likelihood Score Test of the

Difference
Miettinen and Nurminen (1985) proposed a test statistic for testing whether the difference is equal
to a specified, non-zero, value, &, . The regular MLE’s, f)l and f)z , are used in the numerator of

the score statistic while MLE’s P, and P, , constrained so that p, — p, =, , are used in the

denominator. A correction factor of N/(N-1) is applied to make the variance estimate less biased.
The significance level of the test statistic is based on the asymptotic normality of the score
statistic.

The formula for computing this test statistic is
ﬁl — ﬁz — 50

MND

- g, P.q N
Omnp = \/( pl’l]?l i prz]?zj(N —]j

51:52"'50

Zynp =

where

P, = ZBcos(A)—i

A=ty cos‘l(%j
3 B

B =sign(C) L _L

9L, 3L
S 1 P
275 62 2L,

Lo = leé‘o(l_é‘o)
L =[N250— N —2X21]5b + M,
L2=(N+N2)é})—N— M,
L, =N
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Miettinen and Nurminen’s Likelihood Score Test of the Ratio

Miettinen and Nurminen (1985) proposed a test statistic for testing whether the ratio is equal to a
specified value, ¢, . The regular MLE’s, p, and f, , are used in the numerator of the score
statistic while MLE’s P, and P, , constrained so that p, / P, = d,, are used in the denominator.
A correction factor of N/(N-1) is applied to make the variance estimate less biased. The
significance level of the test statistic is based on the asymptotic normality of the score statistic.

The formula for computing the test statistic is

7 _ f)l / f)z - ¢o
MNR — — — N
plql 2 p2q2 ( ]j
\/( n " ¢O n, j N —
where L
P, = p2¢o
5__—B—VBZ—4AC
? 2A
A=Ng,
B= _[N1¢0 +X+ Ny + X21¢0]
C=M,

Miettinen and Nurminen’s Likelihood Score Test of the Odds

Ratio

Miettinen and Nurminen (1985) proposed a test statistic for testing whether the odds ratio is equal
to a specified value, y, . Because the approach they used with the difference and ratio does not

easily extend to the odds ratio, they used a score statistic approach for the odds ratio. The regular
MLE’sare f, and f,. The constrained MLE’s are p, and P, . These estimates are constrained

so that iy = v, . A correction factor of N/(N-1) is applied to make the variance estimate less

biased. The significance level of the test statistic is based on the asymptotic normality of the score
statistic. The formula for computing the test statistic is

(pl_ 51)_(l5 - 52)

Zyno = 2
——+ ~ =
\/ N,p,g,  N,p.q,

B, = P2¥o
bl P.(vo 1)

-~ —B++/B’-4AC
2 2A
A= Nz(‘/’o _1)
B=N,y,+N, - Ml(‘//o _l)

C=-M,

where
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Farrington and Manning’s Likelihood Score Test of the

Difference
Farrington and Manning (1990) proposed a test statistic for testing whether the difference is equal
to a specified value, &, . The regular MLE’s, [51 and sz , are used in the numerator of the score

statistic while MLE’s p, and P, , constrained so that p, — p, = &, , are used in the denominator.

The significance level of the test statistic is based on the asymptotic normality of the score
statistic.

The formula for computing the test statistic is

Zeyp = — —
(plql_l_ pzqzj
n n,

where the estimates P, and P, are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.

Farrington and Manning’s Likelihood Score Test of the Ratio

Farrington and Manning (1990) proposed a test statistic for testing whether the ratio is equal to a
specified value, ¢, . The regular MLE’s, P, and f),, are used in the numerator of the score

statistic while MLE’s p, and P, , constrained so that p, / p, = d,, are used in the denominator.

A correction factor of N/(N-1) is applied to increase the variance estimate. The significance level
of the test statistic is based on the asymptotic normality of the score statistic.

The formula for computing the test statistic is

ﬁ1/ﬁ2_¢0

ZFMR — —
plql 2 p2q2
\/( n, e n, j

where the estimates p, and p, are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.

Farrington and Manning’s Likelihood Score Test of the Odds

Ratio
Farrington and Manning (1990) indicate that the Miettinen and Nurminen statistic may be
modified by removing the factor N/(N-1).

The formula for computing this test statistic is

(p1_51) (pz_ﬁz)

PGy P.0,

Zewo =
(g e
~—= T ==
\/ NopG  Npp0,

where the estimates P, and P, are computed as in the corresponding test of Miettinen and
Nurminen (1985) given above.
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Gart and Nam’s Likelihood Score Test of the Difference
Gart and Nam (1990), page 638, proposed a modification to the Farrington and Manning (1988)
difference test that corrects for skewness. Let ZFMD(5) stand for the Farrington and Manning

difference test statistic described above. The skewness-corrected test statistic, Z, , is the
appropriate solution to the quadratic equation

(_ 77)Z<23ND + (_ 1)ZGND + (ZFMD(§) + }7) =0

where

-V 3'2(5)( PG (G~ B) _ P,G(T - @)j

6 n/? n

Gart and Nam'’s Likelihood Score Test of the Ratio
Gart and Nam (1988), page 329, proposed a modification to the Farrington and Manning (1988)
ratio test that corrects for skewness. Let ZFMR(¢) stand for the Farrington and Manning ratio test

statistic described above. The skewness-corrected test statistic, Zg,, is the appropriate solution to
the quadratic equation

(_ qZ)ZéNR + (_ 1)ZGNR + (ZFMR(¢) + (E) =0

where

5oL (al(al ~B) GG~ @)j
60"\ n'p  nip;
&,

U=—=% Z
mp, NP,
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Procedure Options

This section describes the options that are specific to this procedure. These are located on the
Data tab. To find out more about using the other tabs such as Labels or Plot Setup, turn to the
chapter Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers four procedures, each of which has different options.
This section documents options that are common to all four procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are P1.1, Alpha, Beta, N1, and N2. Under most situations, you will select
either Beta or N1.

Select N1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Test Statistic

Specify which test statistic is used in searching and reporting. Although the pooled z-test is
commonly shown in elementary statistics books, the likelihood score test is arguably the best
choice.

Note that C.C. is an abbreviation for Continuity Correction. This refers to the adding or
subtracting 1/(2n) to (or from) the numerator of the z-value to bring the normal approximation
closer to the binomial distribution.

P2 (Reference Group Proportion)

Specify the value of P2, the reference, baseline, or control group’s proportion. The null
hypothesis is that the two proportions differ by no more than a specified amount. Since P2 is a
proportion, these values must be between 0 and 1.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1 t0 0.9 by 0.1.

N1 (Sample Size Group 1)

Enter a value (or range of values) for the sample size of this group. You may enter a range of
values such as 10 to 100 by 10.
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N2 (Sample Size Group 2)

Enter a value (or range of values) for the sample size of group 2 or enter Use R to base N2 on the
value of N1. You may enter a range of values such as 10 to 100 by 10.

Use R
When Use R is entered here, N2 is calculated using the formula
N2 = [R(N1)]

where R is the Sample Allocation Ratio, and [Y] is the first integer greater than or equal to Y. For
example, if you want N1 = N2, select Use R and set R = 1.

R (Sample Allocation Ratio)

Enter a value (or range of values) for R, the allocation ratio between samples. This value is only
used when N2 is set to Use R.

When used, N2 is calculated from N1 using the formula: N2= [R(N1)] where [Y] is the next
integer greater than or equal to Y. Note that setting R = 1.0 forces N2 = N1.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-I error (alpha). A type-I
error occurs when you reject the null hypothesis of unequal proportions when in fact they are not
equal.

Values must be between 0 and 1. Because this is a two-sided test, unless you have good reason to
do otherwise, the value of 0.05 is recommended. You should pick a value for alpha that
represents the risk of a type-I error you are willing to take in your experimental situation.

You may enter a range of values such as 0.01 0.025 0.05 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-1l error (beta). A type-II
error occurs when you fail to reject the null hypothesis of unequal proportions when in fact they
are equivalent.

Values must be between 0 and 1. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-Il error you are
willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.
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Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the values
of the two proportions, P1 and P2. P1.0 is the value of the P1 assumed by the null hypothesis and
P1.1 is the value of P1 at which the power is calculated.

P1.0U & P1.0L (Upper & Lower Equivalence

Proportion)

Specify the margin of equivalence directly by giving the upper and lower bounds of P1.0. The
two groups are assumed to be equivalent when P1.0 is between these values. Thus, P1.0U should
be greater than P2 and P1.0L should be less than P2.

Note that the values of P1.0U and P1.0L are used in pairs. Thus, the first values of P1.0U and
P1.0L are used together, then the second values of each are used, and so on.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

Proportions must be between 0 and 1. They cannot take on the values 0 or 1. These values should
surround P2.

P1.1 (Actual Proportion)

This option specifies the value of P1.1, which is the value of the treatment proportion at which
the power is to be calculated. Proportions must be between 0 and 1. They cannot take on the
values O or 1.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

DO0.U & DO.L (Upper & Lower Equivalence
Difference)

Specify the margin of equivalence by specifying the largest distance above (D0.U) and below
(DO.L) P2 which will still result in the conclusion of equivalence. As long as the actual difference
is between these two values, the difference is not considered to be large enough to be of practical
importance.

The values of DO.U must be positive and the values of D0.L must be negative. DO.L can be set to
*-D0.U,” which is usually what is desired.

The power calculations assume that P1.0 is the value of P1 under the null hypothesis. This value
is used with P2 to calculate the value of P1.0 using the formula: P1.0U = D0.U + P2.

You may enter a range of values for D0.U such as .03 .05 .10 or .05 to .20 by .05.

Note that if you enter values for DO.L (other than '-D0.U"), they are used in pairs with the values
of D0.U. Thus, the first values of D0.U and DO.L are used together, then the second values of
each are used, and so on.

RANGE:

DO.L must be between -1 and 0. D0.U must be between 0 and 1. Neither can take on the values
-1, 0, or 1.

D1 (Actual Difference)

This option specifies the actual difference between P1.1 (the actual value of P1) and P2. This is
the value of the difference at which the power is calculated. In equivalence trials, this difference
is often set to 0.

The power calculations assume that P1.1 is the actual value of the proportion in group 1
(experimental or treatment group). This difference is used with P2 to calculate the true value of
P1 using the formula: P1.1 = D1 + P2.

You may enter a range of values such as -.05 0 .5 or -.05 to .05 by .02. Actual differences must be
between -1 and 1. They cannot take on the values -1 or 1.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

RO.U & RO.L (Upper & Lower Equivalence Ratio)

Specify the margin of equivalence by specifying the largest ratio (P1/P2) above (R0.U) and
below (RO.L) 1 which will still result in the conclusion of equivalence. As long as the actual ratio
is between these two values, the difference between the proportions is not considered to be large
enough to be of practical importance.

The values of RO.U must be greater than 1 and the values of RO.L must be less than 1. RO.L can
be set to “1/R0.U,” which is often desired.

The power calculations assume that P1.0 is the value of P1 under the null hypothesis. This value
is used with P2 to calculate the value of P1.0 using the formula: P1.0U = R0.U x P2.

You may enter a range of values for RO.U suchas 1.1 1.51.8 or 1.1 to 2.1 by 0.2.

Note that if you enter values for RO.L (other than '1/R0.U"), they are used in pairs with the values
of RO.U. Thus, the first values of R0.U and RO.L are used together, then the second values of
each are used, and so on.

RO.L must be between 0 and 1. RO.U must be greater than 1. Neither can take on the value 1.

R1 (Actual Ratio)

This option specifies the ratio of P1.1 and P2, where P1.1 is the actual proportion in the treatment
group. The power calculations assume that P1.1 is the actual value of the proportion in group 1.
This difference is used with P2 to calculate the value of P1 using the formula: P1.1 = R1 x P2. In
equivalence trials, this ratio is often set to 1.

Ratios must be positive. You may enter a range of values such as 0.95 1 1.05 or 0.9 to 1.9 by
0.02.
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Data Tab (Odds Ratio)

This section documents options that are used when the parameterization is in terms of the odds
ratios, O1.1 /02 and 01.0 / O2. Note that the odds are defined as 02 = P2/ (1 -P2), 01.0=P1.0
/ (1 - P1.0), etc. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value of
P1 at which the power is calculated. Once P2, OR0, and OR1 are given, the values of P1.1 and
P1.0 can be calculated.

ORO.U & ORO.L (Upper & Lower Equivalence Odds
Ratio)

Specify the margin of equivalence by specifying the largest odds ratio above (OR0.U) and below
(ORO0.L) 1 which will still result in the conclusion of equivalence. As long as the actual odds ratio
is between these two values, the difference between the proportions is not large enough to be of
practical importance.

The values of OR0.U must be greater than 1 and the values of ORO.L must be less than 1. OR0.L
can be set to ‘1/ORO0.U,” which is often desired.

The power calculations assume that P1.0 is the value of the P1 under the null hypothesis. This
value is used with P2 to calculate the value of P1.0.

You may enter a range of values for OR0.U suchas 1.1 1.51.8 or 1.1t0 2.1 by 0.2.

Note that if you enter values for ORO0.L (other than '1/ORO0.U"), they are used in pairs with the
values of OR0.U. Thus, the first values of OR0.U and ORO.L are used together, next the second
values of each are used, and so on.

ORO.L must be between 0 and 1. OR0.U must be greater than 1. Neither can take on the value 1.

OR1 (Actual Odds Ratio)

This option specifies the odds ratio of P1.1 and P2, where P1.1 is the actual proportion in the
treatment group. The power calculations assume that P1.1 is the actual value of the proportion in
group 1. This value is used with P2 to calculate the value of P1. In equivalence trials, this odds
ratio is often set to 1.

Odds ratios must be positive. You may enter a range of values such as 0.95 1 1.05 or 0.9 to 1.9 by
0.02.
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Options Tab

The Options tab contains various limits and options.

Maximum N1 or N2 Exact

When either N1 or N2 is above this amount, power calculations are based on the normal
approximation to the binomial. When the normal approximation to the binomial is used, the
actual value of alpha is not calculated. Currently, for three-gigahertz computers, a value near 200
is reasonable. As computers increase in speed, this number may be increased.

Maximum lterations

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported. A value of at least 500 is recommended.

Zero Count Adjustment Method

Zero cell counts cause many calculation problems. To compensate for this, a small value (called
the Zero Count Adjustment Value) can be added either to all cells or to all cells with zero counts.
This option specifies whether you want to use the adjustment and which type of adjustment you
want to use. We recommend that you use the option ‘Add to zero cells only.’

Zero cell values often do not occur in practice. However, since power calculations are based on
total enumeration, they will occur in power and sample size estimation.

Adding a small value is controversial, but can be necessary for computational considerations.
Statisticians have recommended adding various fractions to zero counts. We have found that
adding 0.0001 seems to work well.

Zero Count Adjustment Value

Zero cell counts cause many calculation problems when computing power or sample size. To
compensate for this, a small value may be added either to all cells or to all zero cells. This value
indicates the amount that is added. We have found that 0.0001 works well.

Be warned that the value of the ratio and the odds ratio will be affected by the amount specified
here!
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Examplel - Finding Power

A study is being designed to establish the equivalence of a new treatment compared to the current
treatment. Historically, the current treatment has enjoyed a 50% cure rate. The new treatment
reduces the seriousness of certain side effects that occur with the current treatment. Thus, the new
treatment will be adopted even if it is slightly less effective than the current treatment. The
researchers will recommend adoption of the new treatment if its cure rate is within 15% of the
standard treatment.

The researchers plan to use the Farrington and Manning likelihood score test statistic to analyze
the data. They want to study the power of the Farrington and Manning test at group sample sizes
ranging from 50 to 500 for detecting a difference inside 15% when the actual cure rate of the new
treatment ranges from 50% to 60%. The significance level will be 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power

Test StatiStiC ......coovveviviiiieeeeeeeees Likelihood Score (Farr. & Mann.)
DO U .o, 0.15

DO.L oot -DO.U

DI oo 0.00 0.050.10

P e 0.5

NL oo 50 to 500 by 50

N2 e Use R

R e 1.0
Alpha......ooos 0.05

Beta........oo e Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact................. 100

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=DO0.L or P1-P2>=D0.U. H1: DO.L<P1-P2=D1<D0.U.
Test Statistic: Score test (Farrington & Manning)

Lower Upper Lower Upper

Sample Sample Equiv. Equiv. Equiv. Equiv. Actual
Size Size Prop Grp 1 Grp1 Margin Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Diff Target Actual
Power N1 N2 P2 P1.0L P1.0U DO.L DO.U D1  Alpha Alpha
0.0000 50 50 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500 0.0515
0.3793 100 100 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500 0.0489
0.6689 150 150 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500
0.8305 200 200 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500
0.9160 250 250 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500
0.9594 300 300 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500
0.9808 350 350 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500
0.9911 400 400 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500

Report continues ...
Note: exact results based on the binomial were only calculated when both N1 and N2 were less than 100.

Report Definitions

'Power is the probability of rejecting a false null hypothesis. It should be close to one.

‘Power' is the probability of concluding equivalence when equivalence is correct.

‘Beta’ is the probability of accepting a false HO. Beta = 1 - Power.

‘N1 and N2' are the sizes of the samples drawn from the corresponding groups.

'P2' is the response rate for group two which is the standard, reference, baseline, or control group.
'P1.0L" is the smallest treatment-group response rate that still yields an equivalence conclusion.
'P1.0U' is the largest treatment-group response rate that still yields an equivalence conclusion.
'DO.L" is the lowest difference that still results in the conclusion of equivalence.

'D0.U" is the highest difference that still results in the conclusion of equivalence.

‘D1'is the actual difference, P1-P2, at which the power is calculated.

‘Target Alpha' is the probability of rejecting a true null hypothesis that was desired.

'‘Actual Alpha’ is the value of alpha that is actually achieved. Only available for exact results.
'Grp 1' refers to Group 1 which is the treatment or experimental group.

'Grp 2' refers to Group 2 which is the reference, standard, or control group.

' Equiv.' refers to a small amount that is not of practical importance.

‘Actual’ refers to the true value at which the power is computed.

Summary Statements

Sample sizes of 50 in the treatment group and 50 in the reference group achieve 0% power to
detect equivalence. The margin of equivalence, given in terms of the difference, extends from
-0.1500 to 0.1500. The actual difference is 0.0000. The reference group proportion is 0.5000.
The calculations assume that two, one-sided likelihood score (Farrington & Manning) tests are
used. Although the significance level is targeted at 0.0500, the level actually achieved is
0.0515.

This report shows the values of each of the parameters, one scenario per row. Note that the actual
alpha value is blank for sample sizes greater than 100, which was the limit set for exact
computation.

Most of the report columns have obvious interpretations. Those that may not be obvious are
presented here.

Prop Grp 2 P2

This is the value of P2, the response rate in the control group.

Lower & Upper Equiv. Grp 1 Prop: P1.0L & P1.0U

These are the margin of equivalence for the response rate of the treatment group as specified by
the null hypothesis of non-equivalence. Values of P1 inside these limits are considered equivalent
to P2.



215-22 Two Independent Proportions — Equivalence Tests

Lower & Upper Equiv. Margin Diff: DO.L & DO.U

These set the margin of equivalence for the difference in response rates. Values of the difference
outside these limits are considered non-equivalent.

Actual Margin Diff D1

This is the value of D1, the difference between the two group proportions at which the power is
computed. This is the value of the difference under the alternative hypothesis.

Target Alpha

This is the value of alpha that was targeted by the design. Note that the target alpha is not usually
achieved exactly. For two-sided tests, this value will usually be 0.05.

Actual Alpha

This is the value of alpha that was actually achieved by this design. Note that since the limit on
exact calculations was set to 100, and since this value is calculated exactly, it is not shown for
values of N1 greater than 100.

The difference between the Target Alpha and the Actual Alpha is caused by the discrete nature of
the binomial distribution and the use of the normal approximation to the binomial in determining
the critical value of the test statistic.

Plots Section

Power vs N1 by D1 with P2=0.50 A=0.05 N2=N1
D0.U=0.15 T=LS FM Test

1.077 //.///.,,JJ. ——©
0.8+
— e (0.0000
S 06+
=
O
o m 0.0500
0.4+
A 0.1000
0.2+
0.0
0

The values from the table are displayed in the above chart. This chart gives us a quick look at the
sample size that will be required for various values of D1.
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Example 2 - Finding the Sample Size

Continuing with the scenario given in Example 1, the researchers want to determine the sample
size necessary for each value of D1 to achieve a power of 0.80. To cut down on the runtime, they
decide to look at approximate values whenever N1 is greater than 100.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FiNd ..o N1

Test StatistiC..........cccvveeiviiiiieiiiiee, Likelihood Score (Farr. & Mann.)
DO.U oot 0.15

DO.Liiiiiiiiiee e -DO.U
Dl 0.00 0.050.10

P 0.5
N Ignored since this is the Find setting.
N2 Use R
R 1.0
Alpha....eei 0.05

Beta. .o 0.20

Options Tab

Maximum N1 or N2 Exact ................. 100

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0.L or P1-P2>=D0.U. H1: DO.L<P1-P2=D1<D0.U.
Test Statistic: Score test (Farrington & Manning)

Lower Upper Lower Upper

Sample Sample Equiv. Equiv. Equiv. Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Diff Target Actual
Power N1 N2 P2 P1.0L P1.0U DO.L DO.U D1  Alpha Alpha
0.8003 188 188 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0000 0.0500
0.8001 304 304 0.5000 0.3500 0.6500 -0.1500 0.1500 0.0500 0.0500

0.8001 1202 1202 0.5000 0.3500 0.6500 -0.1500 0.1500 0.1000 0.0500

The required sample size will depend a great deal on the value of D1. Any effort spent
determining an accurate value for D1 will be worthwhile.
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Example3 — Comparing the Power of
Several Test Statistics

Continuing with Example 1, the researchers want to determine which of the eight possible test
statistics to adopt by using the comparative reports and charts that PASS produces. They decide
to compare the powers and actual alphas for various sample sizes between 50 and 200 when D1 is
0.1.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo Beta and Power
Test StatistiC .........cceeevvveeevreeiiiceee, Likelihood Score (Farr. & Mann.)
DO.U oo 0.15

DO.L oo -DO.U

DI oo 0.10

P2 e 0.5
RPN 50 to 200 by 50
N2 e Use R

R 1.0

Alpha...ccooo o 0.05
Beta.......oooooei Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact................. 300

Reports Tab

Show Numeric Report...........ccevveeeee. Not checked
Show Comparative Reports.............. Checked

Show Definitions .........cccccovviviiiiinnnen. Not checked
ShOW PIOES ... Not checked
Show Comparative Plots................... Checked
Summary Statement Rows ............... 0

Annotated Output

Click the Run button to perform the calculations and generate the following output.



Two Independent Proportions — Equivalence Tests 215-25

Numeric Results

Power Comparison of Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0.L or P1-P2>=D0.U. H1: D0.L<P1-P2=D1<D0.U.

Upper

Equiv. Z(P) Z(UnP) Z(P) Z(UnP) T F.M.  M.N. G.N.

Margin Target Test Test CC Test CC Test Test Score Score Score
N1/N2 P2 DO.U Alpha Power Power Power Power Power Power Power Power

50/50 0.5000 0.1500 0.0500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
100/100 0.5000 0.1500 0.0500 0.1494 0.1494 0.1047 0.1047 0.1493 0.1495 0.1494 0.1494
150/150 0.5000 0.1500 0.0500 0.2208 0.2208 0.1863 0.1863 0.2208 0.2208 0.2208 0.2208
200/200 0.5000 0.1500 0.0500 0.2552 0.2553 0.2238 0.2239 0.2552 0.2566 0.2566 0.2560

Actual Alpha Comparison of Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=DO0.L or P1-P2>=D0.U. H1: D0.L<P1-P2=D1<DO0.U.

Upper

Equiv. Z(P) Z(UnP) Z(P) Z(UnP) T F.M. M.N. G.N.

Margin Target Test Test CC Test CC Test Test Score Score Score
N1/N2 P2 DO.U Alpha Alpha Alpha Alpha Alpha Alpha Alpha Alpha Alpha

50/50 0.5000 0.1500 0.0500 0.0515 0.0515 0.0334 0.0334 0.0514 0.0515 0.0515 0.0515
100/100 0.5000 0.1500 0.0500 0.0486 0.0486 0.0358 0.0358 0.0485 0.0489 0.0487 0.0487
150/150 0.5000 0.1500 0.0500 0.0495 0.0495 0.0386 0.0386 0.0495 0.0495 0.0495 0.0495
200/200 0.5000 0.1500 0.0500 0.0465 0.0468 0.0376 0.0378 0.0465 0.0488 0.0488 0.0481

Power vs N1 by Test with D1=0.10 P2=0.50 A=0.05
N2=N1 D0.U=0.15 2-Sided Test
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It is interesting to note that the powers of the continuity-corrected test statistics are consistently
lower than the other tests. This occurs because the actual alpha achieved by these tests is lower
than for the other tests. An interesting finding of this example is that the regular t-test performed
about as well as the z-test.
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Example4 - Validation using Chow with
Equal Sample Sizes

Chow et al. (2003), page 91, present a sample size study in which P2 =0.75, D0O.U = 0.2, DO.L =
-0.2, D1 = 0.05, alpha = 0.05, and beta = 0.2. Using the pooled Z test statistic, they found the
sample size to be 96 in each group.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example4 by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ..o N1

Test StatistiC .........ceeevvveevvieeiiceeee, Z Test (Pooled)

Specify Treatment Proportion using..Differences (P1-P2)

DO.U oo 0.2

DO.L o -DO.U

Dl 0.05

P2 0.75

N PN Ignored since this is the Find setting.
N2 e Use R

R 1.0
Alpha..........cooo 0.05

Beta. ..o 0.20

Options Tab

Maximum N1 or N2 Exact................. 2 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0.L or P1-P2>=D0.U. H1: D0.L<P1-P2=D1<D0.U.
Test Statistic: Z test (pooled)

Lower Upper Lower Upper

Sample Sample Equiv. Equiv. Equiv. Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Diff Target Actual
Power N1 N2 P2 P1.0L P1.0U DO.L DO.U D1  Alpha Alpha
0.8028 98 98 0.7500 0.5500 0.9500 -0.2000 0.2000 0.0500 0.0500

PASS found the required sample size to be 98 which is slightly larger than the 96 that Chow
obtained. This is mainly due to the rounding to two decimal places that Chow did in this example.
We used the exact option in PASS and obtained N1 = 99. Thus, PASS was indeed closer than was
Chow.
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Example5 - Validation using Tuber-Bitter
with Equal Sample Sizes

Tuber-Bitter et al. (2000), page 1271, present a sample size study in which P2 =0.1; DO.U =
0.01, 0.02, 0.03; DO.L =-D0.U; D1 = 0.0; alpha = 0.05; and beta = 0.1. Using the pooled Z test
statistic, they found the sample sizes to be 19484, 4871, and 2165 in each group.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example5 by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ..o N1

Test StatistiC .........ceeevvveevvieeiiceeee, Z Test (Pooled)

Specify Treatment Proportion using..Differences (P1-P2)

DO.U oo .01.02 .03

DO.L i -DO.U

Dl 0.0

P2 0.1

N PN Ignored since this is the Find setting.
N2 e Use R

R 1.0
Alpha........ccooo 0.05

Beta. ..o 0.10

Options Tab

Maximum N1 or N2 Exact................. 2 (Set low for a rapid search.)

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0.L or P1-P2>=D0.U. H1: DO.L<P1-P2=D1<D0.U.
Test Statistic: Z test (pooled)

Lower Upper Lower Upper

Sample Sample Trivial ~ Trivial ~ Trivial ~ Trivial  Actual
Size Size Prop Grp 1 Grp1l Margin Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Diff Target Actual
Power N1 N2 P2 P1.0L P1.0U DO.L DO.U D1 Alpha Alpha

0.9000 19480 19480 0.1000 0.0900 0.1100 -0.0100 0.0100 0.0000 0.0500
0.9000 4870 4870 0.1000 0.0800 0.1200 -0.0200 0.0200 0.0000 0.0500
0.9001 2165 2165 0.1000 0.0700 0.1300 -0.0300 0.0300 0.0000 0.0500

PASS found the required sample sizes to within rounding error of Tuber-Bitter.
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Example6 - Computing the Power after
Completing an Experiment

Researchers are testing a generic drug to determine if it is equivalent to the name-brand
alternative. Equivalence is declared if the success rate of the generic brand is no more than 5%
from that of the name-brand drug. In a study with 1000 individuals in each group, they find that
774, or 77.4%, are successfully treated using the name-brand drug, and 700, or 70%, respond to
the generic drug. An equivalence test (exact test) with alpha = 0.05 failed to declare that the two
drugs are equivalent. The researchers would now like to compute the power for actual differences
ranging from 0 to 4%. Suppose that the true value for the response rate for the name-brand drug
is 77%.

Note that the power is not calculated at the difference observed in the study, 77.4%. In fact, the
difference observed in the study is larger than the proposed equivalence difference, 5%. It would
make no sense to perform a power calculation for a difference larger than the equivalence
difference. It is more informative to study a range of values smaller than or equal to the
equivalence difference.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example6 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power

Test StatistiC.........ccccevvveiiiiieeeeeeeiiennn, Likelihood Score (Farr. & Mann.)
DO.U .o 0.05

DO.L. e, -DO.U
Dl 0.00 to 0.04 by 0.01

P2 e 0.77

N o 1000
N2 Use R

R e 1.0

Alpha....eii 0.05

2] v Ignored since this is the Find setting
Options Tab

Maximum N1 or N2 Exact ................. 100

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=DO0.L or P1-P2>=D0.U. H1: DO.L<P1-P2=D1<D0.U.
Test Statistic: Score test (Farrington & Manning)

Lower Upper Lower Upper

Sample Sample Trivial ~ Trivial ~ Trivial ~ Trivial  Actual
Size Size Prop Grp 1 Grp1 Margin Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Diff Target Actual
Power N1 N2 P2 P1.0L P1.0U DO.L DO.U D1  Alpha Alpha

0.6875 1000 1000 0.7700 0.7200 0.8200 -0.0500 0.0500 0.0000 0.0500
0.6313 1000 1000 0.7700 0.7200 0.8200 -0.0500 0.0500 0.0100 0.0500
0.4731 1000 1000 0.7700 0.7200 0.8200 -0.0500 0.0500 0.0200 0.0500
0.2857 1000 1000 0.7700 0.7200 0.8200 -0.0500 0.0500 0.0300 0.0500
0.1362 1000 1000 0.7700 0.7200 0.8200 -0.0500 0.0500 0.0400 0.0500

Note: exact results based on the binomial were only calculated when both N1 and N2 were less than 100.

Power vs D1 with P2=0.77 A=0.05 N1=1000 N2=N1
DOU=0.05 T=LS FMTest
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Power
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The power of the test ranges from 68.75% if the true difference is actually 0.0% to 13.62% if the
true difference is 4%.
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Example7 - Finding the Sample Size
using Proportions

A study is being designed to prove the equivalence of a new drug to the current standard. The
current drug is effective in 85% of cases. The new drug, however, is cheaper to produce. The
new drug will be deemed equivalent to the standard if its success rate is between 78% and 92%.
What sample sizes are necessary to obtain 80% or 90% power for actual success rates ranging
from 80% to 90%? The researchers will test at a significance level of 0.05 using the Farrington
and Manning likelihood score test.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the proportion parameterization. You can make these changes
directly on your screen or you can load the template entitled Example7 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o N1

Test StatistiC.........cccevvvciiviieeeeeeeiiinnnn, Likelihood Score (Farr. & Mann.)
PLOU .o 0.92

PLOL...ii e, 0.78

PLL. s 0.80 to 0.90 by 0.02

P2 e 0.85

N Ignored since this is the Find setting
N2 Use R

R e 1.0

AlPha ... 0.05

Beta.....oo oo 0.20 0.10

Equivalence Tab

Options Tab
Maximum N1 or N2 Exact.................. 100

Annotated Output

Click the Run button to perform the calculations and generate the following output.



215-32 Two Independent Proportions — Equivalence Tests

Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0.L or P1-P2>=D0.U. H1: DO.L<P1-P2=D1<D0.U.
Test Statistic: Score test (Farrington & Manning)

Lower Upper Lower Upper

Sample Sample Equiv. Equiv. Equiv. Equiv. Actual
Size Size Prop Grp 1 Grp1l Margin Margin Margin
Grp 1 Grp 2 Grp 2 Prop Prop Diff Diff Diff Target Actual
Power N1 N2 P2 P1.0L P1.0U DO.L DO.U D1  Alpha Alpha

0.9000 6166 6166 0.8500 0.7800 0.9200 -0.0700 0.0700 -0.0500 0.0500
0.8001 4453 4453 0.8500 0.7800 0.9200 -0.0700 0.0700 -0.0500 0.0500
0.9000 1480 1480 0.8500 0.7800 0.9200 -0.0700 0.0700 -0.0300 0.0500
0.8002 1070 1070 0.8500 0.7800 0.9200 -0.0700 0.0700 -0.0300 0.0500

0.9001 655 655 0.8500 0.7800 0.9200 -0.0700 0.0700 -0.0100 0.0500
0.8008 503 503 0.8500 0.7800 0.9200 -0.0700 0.0700 -0.0100 0.0500
0.9004 622 622 0.8500 0.7800 0.9200 -0.0700 0.0700 0.0100 0.0500
0.8004 477 477 0.8500 0.7800 0.9200 -0.0700 0.0700 0.0100 0.0500
0.9002 1261 1261 0.8500 0.7800 0.9200 -0.0700 0.0700 0.0300 0.0500
0.8002 912 912 0.8500 0.7800 0.9200 -0.0700 0.0700 0.0300 0.0500

0.9000 4685 4685 0.8500 0.7800 0.9200 -0.0700 0.0700 0.0500 0.0500
0.8000 3386 3386 0.8500 0.7800 0.9200 -0.0700 0.0700 0.0500 0.0500

Note: exact results based on the binomial were only calculated when both N1 and N2 were less than 100.

N1 vs P1.1 by Power with P2=0.85 A=0.05 N2=N1
P1.0=0.92 T=LS FMTest
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It is evident from these results that the sample sizes required to achieve 80% and 90% power
depend a great deal on the actual value of the success rate, P1.1.
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Chapter 220

Group Sequential
Tests of Two
Proportions

Introduction

Clinical trials are longitudinal. They accumulate data sequentially through time. The participants
cannot be enrolled and randomized on the same day. Instead, they are enrolled as they enter the
study. It may take several years to enroll enough patients to meet sample size requirements.
Because clinical trials are long term studies, it is in the interest of both the participants and the
researchers to monitor the accumulating information for early convincing evidence of either harm
or benefit. This permits early termination of the trial.

Group sequential methods allow statistical tests to be performed on accumulating data while a
phase 111 clinical trial is ongoing. Statistical theory and practical experience with these designs
have shown that making four or five interim analyses is almost as effective in detecting large
differences between treatment groups as performing a new analysis after each new data value.
Besides saving time and resources, such a strategy can reduce the experimental subject’s
exposure to an inferior treatment and make superior treatments available sooner.

When repeated significance testing occurs on the same data, adjustments have to be made to the
hypothesis testing procedure to maintain overall significance and power levels. The landmark
paper of Lan & DeMets (1983) provided the theory behind the alpha spending function approach
to group sequential testing. This paper built upon the earlier work of Armitage, McPherson, &
Rowe (1969), Pocock (1977), and O’Brien & Fleming (1979). PASS implements the methods
given in Reboussin, DeMets, Kim, & Lan (1992) to calculate the power and sample sizes of
various group sequential designs.

This module calculates sample size and power for group sequential designs used to compare two
group proportions. Other modules perform similar analyses for the comparison of means and
survival functions. The program allows you to vary the number and times of interim tests, the
type of alpha spending function, and the test boundaries. It also gives you complete flexibility in
solving for power, significance level, sample size, or effect size. The results are displayed in both
numeric reports and informative graphics.



220-2 Group Sequential - Proportions

Technical Details

Suppose the means of two samples of N1 and N2 individuals will be compared at various stages
of a trial using the z, statistic:

7, = Py — Py
\/ﬁlk(l_ plk)Jr pzk(l_ f)Zk)

The subscript k indicates that the computations use all data that are available at the time of the k™
interim analysis or k™ look (k goes from 1 to K). This formula computes the standard z-test that is
assumed to be normally distributed.

Spending Functions
Lan and DeMets (1983) introduced alpha spending functions, a(r) , that determine a set of

boundaries b, b, ,---,b, for the sequence of test statistics z,,Z,,- -+, Z, . These boundaries are the
critical values of the sequential hypothesis tests. That is, after each interim test, the trial is
continued as long as |z,| < b, . When |z,|> by, the hypothesis of equal means is rejected and the

trial is stopped early.

The time argument 7 either represents the proportion of elapsed time to the maximum duration of
the trial or the proportion of the sample that has been collected. When elapsed time is being used
it is referred to as calendar time. When time is measured in terms of the sample, it is referred to
as information time. Since it is a proportion, 7 can only vary between zero and one.

Alpha spending functions have the characteristics:

a(0)=0

a(l) =a

The last characteristic guarantees a fixed o level when the trial is complete. That is,
Pr(lz|= 1 or |z,| 2 b, or ---or |z,| 2 b ) = a(7)

This methodology is very flexible since neither the times nor the number of analyses must be
specified in advance. Only the functional form of a(r) must be specified.

PASS provides five popular spending functions plus the ability to enter and analyze your own
boundaries. These are calculated as follows:
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1. O’Brien-Fleming 2-2@(_20:/2)

Z Value
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o
sl
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Jr

O'Brien-Fleming Boundaries with Alpha = 0.05
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2. Pocock

Z Value

-7

-5.0—

5.0

3.3+

1.7+

0.0

| Lower

a In(1+ (e —1)r)

Pocock Boundaries with Alpha = 0.05

® Upper

m Lower

Look

3. Alpha*time ar

Z Value

-7

-5.0-

3.3+

1.7+

0.0

(Alpha)(Time) Boundaries with Alpha = 0.05

® Upper

m Lower

Look
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4. Alpha * time”"1.5 ar’?

(Alpha)(Time”1.5) Boundaries with Alpha = 0.05
5.0

3.3

® Upper

Z Value

0.0 | | | | ;

1.7 = |ower

-3.3

-5.0—

5. Alpha*time®2 ar

(Alpha)(Time”2.0) Boundaries with Alpha = 0.05

33+ o
— .
1—7,,,,77.777777.
171+
3 ® Upper
(G
5 oo 1 | | | |
N 1 2 3 4 5
1.7+ m Lower
-/-/’/.,777*7)74-
33+

5.0
Look

6. User Supplied
A custom set of boundaries may be entered.

The O’Brien-Fleming boundaries are commonly used because they do not significantly increase
the overall sample size and because they are conservative early in the trial. Conservative in the
sense that the proportions must be extremely different before statistical significance is indicated.
The Pocock boundaries are nearly equal for all times. The Alpha*t boundaries use equal amounts
of alpha when the looks are equally spaced. You can enter your own set of boundaries using the
User Supplied option.



Group Sequential - Proportions 220-5

Theory

A detailed account of the methodology is contained in Lan & DeMets (1983), DeMets & Lan
(1984), Lan & Zucker (1993), and DeMets & Lan (1994). The theoretical basis of the method will
be presented here.

Group sequential procedures for interim analysis are based on their equivalence to discrete
boundary crossing of a Brownian motion process with drift parameter €. The test statistics z,

follow the multivariate normal distribution with means 0,/rk and, for j <k, covariances

NE Y 7; . The drift parameter is related to the parameters of the z-test through the equation

0= PL— P,
Jﬁ(l— p), pl-D)
N1 N2
where
B N1lp, + N2p,
N1+ N2

Hence, the algorithm is as follows:
1. Compute boundary values based on a specified spending function and alpha value.
2. Calculate the drift parameter based on those boundary values and a specified power value.

3. Use the drift parameter and the above equation to calculate the appropriate sample size.
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Procedure Tabs

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab

The Data tab contains the parameters associated with the z-test such as the proportions, sample
sizes, alpha, and beta.

Find
This option specifies the parameter to be solved for from the other parameters. The parameters

that may be selected are P1, P2, Alpha, Beta, N1 or N2. Under most situations, you will select
either Beta or N1.

Select N1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

P1 (Proportion in Group 1)

Enter value(s) for the response proportion in the first group under both hypotheses and the
response proportion of the second group under the null hypothesis of equal proportions. The
values must be between zero and one.

You may enter a range of values such as 0.1, 0.2, 0.3 or 0.1 to 0.9 by 0.2.

P2 (Proportion in Group 2)

Enter value(s) for the response proportion of the second group under the alternative hypothesis.
You may enter a range of values such as 0.1, 0.2, 0.3 or 0.1 to 0.9 by 0.2.

Alpha

This option specifies one or more values for the probability of a type-1 error, alpha. This is also
called the significance level or test size. A type-1 error occurs when you reject the null hypothesis
of equal proportions when in fact the proportions are equal.

Values of alpha must be between zero and one. Often, the value of 0.05 is used for alpha since
this value is spread across several interim tests. This means that about one trial in twenty will
falsely reject the null hypothesis. You should pick a value for alpha that represents the risk of a
type-1 error that you are willing to take.
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Beta (1-Power)

This option specifies one or more values for the probability of a type-1I error (beta). A type-II
error occurs when you fail to reject the null hypothesis of equal proportions when in fact they are
different.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta.
Now, 0.10 is more common. You should pick a value that represents the risk of a type-II error
you are willing to take.

Power is defined as one minus beta. Power is equal to the probability of rejecting a false null
hypothesis. Hence, specifying the beta error level also specifies the power level. For example, if
you specify beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power
values of 0.95, 0.90, and 0.80, respectively.

Alternative Hypothesis

Specify whether the test is one-sided or two-sided. When a two-sided hypothesis is selected, the
value of alpha is halved. Everything else remains the same.

Note that the accepted procedure is to use Two-Sided unless you can justify using a one-sided
test.

N1 (Sample Size Group 1)

Enter a value (or range of values) for the sample size of this group. Note that these values are
ignored when you are solving for N1. You may enter a range of values such as 10 to 100 by 10.

N2 (Sample Size Group 2)

Enter a value (or range of values) for the sample size of group 2 or enter Use R to base N2 on the
value of N1. You may enter a range of values such as 10 to 100 by 10.

Use R
When Use R is entered here, N2 is calculated using the formula
N2 = [R N1]

where R is the Sample Allocation Ratio and [Y] is the first integer greater than or equal to Y. For
example, if you want N1 = N2, select Use R and setR = 1.

R (Sample Allocation Ratio)

Enter a value (or range of values) for R, the allocation ratio between samples. This value is only
used when N2 is set to Use R.

When used, N2 is calculated from N1 using the formula: N2=[R N1] where [Y] is the next integer
greater than or equal to Y. Note that setting R = 1.0 forces N2 = N1.
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Use Continuity Correction

Specify whether to use the Continuity Correction. This option applies an adjustment to the sample
sizes that is recommend by Fleiss(1981) page 45 to make the alpha and beta values more
accurate. The formula for the adjustment is

2
Ng,, =N fy o 2R+
4 R(NL, |P1— P2]

Sequential Tab

The Sequential tab contains the parameters associated with Group Sequential Design such as the
type of spending function, the times, and so on.

Number of Looks

This is the number of interim analyses (including the final analysis). For example, a five here
means that four interim analyses will be run in addition to the final analysis.

Spending Function

Specify which alpha spending function to use. The most popular is the O'Brien-Fleming boundary
that makes early tests very conservative. Select User Specified if you want to enter your own set
of boundaries.

Boundary Truncation

You can truncate the boundary values at a specified value. For example, you might decide that no
boundaries should be larger than 4.0. If you want to implement a boundary limit, enter the value
here.

If you do not want a boundary limit, enter None here.

Times

Enter a list of time values here at which the interim analyses will occur. These values are scaled
according to the value of the Max Time option.

For example, suppose a 48-month trial calls for interim analyses at 12, 24, 36, and 48 months.
You could set Max Time to 48 and enter 12,24,36,48 here or you could set Max Time to 1.0 and
enter 0.25,0.50,0.75,1.00 here.

The number of times entered here must match the value of the Number of Looks.
Equally Spaced

If you are planning to conduct the interim analyses at equally spaced points in time, you can enter
Equally Spaced and the program will generate the appropriate time values for you.
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Max Time

This is the total running time of the trial. It is used to convert the values in the Times box to
fractions. The units (months or years) do not matter, as long as they are consistent with those
entered in the Times box.

For example, suppose Max Time = 3 and Times = 1, 2, 3. Interim analyses would be assumed to
have occurred at 0.33, 0.67, and 1.00.

Informations

You can weight the interim analyses on the amount of information obtained at each time point
rather than on actual calendar time. If you would like to do this, enter the information amounts
here. Usually, these values are the sample sizes obtained up to the time of the analysis.

For example, you might enter 50, 76, 103, 150 to indicate that 50 individuals where included in
the first interim analysis, 76 in the second, and so on.

Upper and Lower Boundaries

If the Spending Function is set to User Supplied you can enter a set of lower test boundaries, one
for each interim analysis. The lower boundaries should be negative and the upper boundaries
should be positive. Typical entries are 4,3,3,3,2 and 4,3,2,2,2.

Symmetric

If you only want to enter the upper boundaries and have them copied with a change in sign to the
lower boundaries, enter Symmetric for the lower boundaries.

Options Tab

The Options tab controls the convergence of the various iterative algorithms used in the
calculations.

Max lterations 1

Specify the maximum number of iterations to be run before the search for the criterion of interest
(Alpha, Beta, etc.) is aborted. When the maximum number of iterations is reached without
convergence, the criterion is left blank.

Recommended: 500 (or more).

Max Iterations 2

This is the maximum number of iterations used in the Lan-DeMets algorithm during its search
routine. We recommend a value of at least 200.
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Probability Tolerance

During the calculation of the probabilities associated with a set of boundary values, probabilities
less than this are assumed to be zero.

We suggest a value of 0.00000000001.
Power Tolerance

This is the convergence level for the search for the spending function values that achieve a certain
power. Once the iteration changes are less than this amount, convergence is assumed. We suggest
a value of 0.0000001.

If the search is too time consuming, you might try increasing this value.

Alpha Tolerance

This is the convergence level for the search for a given alpha value. Once the changes in the
computed alpha value are less than this amount, convergence is assumed and iterations stop. We
suggest a value of 0.0001.

This option is only used when you are searching for alpha.

If the search is too time consuming, you can try increasing this value.

Bnd Axes Tab

The Bnd Axes tab, short for Boundary Axes tab, allows the axes of the spending function plots to
be set separately from those of the power plots. The options are identical to those of the Axes tab.
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Examplel - Finding the Sample Size

A clinical trial is to be conducted over a two-year period to compare the proportion response of a
new treatment to that of the current treatment. The current response proportion is 0.53. The health
community will be interested in the new treatment if the response rate is increased to 0.63. So that
the sample size requirements for different effect sizes can be compared, it is also of interest to
compute the sample size at response rates of 0.60, 0.65, 0.70, and 0.75.

Testing will be done at the 0.05 significance level and the power should be set to 0.10. A total of
four tests are going to be performed on the data as they are obtained. The O’Brien-Fleming
boundaries will be used.

Find the necessary sample sizes and test boundaries assuming equal sample sizes per arm and
two-sided hypothesis tests.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.

Option Value
Data Tab

FINd oo N1
Pl 0.53

P2 e 0.60, 0.63, 0.65, 0.70, 0.75
Alpha ... 0.05
Beta....ovvviiiieeeeie 0.10
Alternative Hypothesis ........ccccc......... Two-Sided
N Ignored
N2 Use R

R e 1.0

Use Continuity Correction ................. Checked

Sequential Tab

Number of LOOKS..........cevvvveeeeeiiininns 4
Spending Function ...................c.coe. O’Brien-Fleming
TIMES ..o Equally Spaced
MaX TIME .....coovviiiieeie e 2

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Two-Sided Hypothesis Test of Proportions. Continuity Correction Applied.

Power N1 N2 Alpha Beta P1 P2
0.900168 1102 1102 0.050000 0.099832 0.53 0.60
0.900930 542 542 0.050000 0.099070 0.53 0.63
0.900408 376 376 0.050000 0.099592 0.53 0.65
0.901093 187 187 0.050000 0.098907 0.53 0.70
0.903126 111 111 0.050000 0.096874 0.53 0.75

Report Definitions

Power is the probability of rejecting a false null hypothesis. Power should be close to one.

N1 and N2 are the number of items sampled from groups 1 and 2.

Alpha is the probability of rejecting a true null hypothesis in at least one of the sequential tests.
Beta is the probability of accepting a false null hypothesis at the conclusion of all tests.

P1 is the value of both proportions under the null hypothesis.

P2 is the proportion in group two under the alternative hypothesis.

Summary Statements

Sample sizes of 1102 and 1102 achieve 90% power to detect a difference of 0.07 between the

group proportions of 0.53 and 0.60 at a significance level (alpha) of 0.0500 using a two-sided

z-test with continuity correction. These results assume that 4 sequential tests are made using the O'Brien-Fleming
spending function to determine the test boundaries.

This report shows the values of each of the parameters, one scenario per row. Note that 542
participants in each arm of the study are required to meet the 90% power requirement when the
proportion is 0.63.

The values from this table are in the chart below. Note that this plot actually occurs further down
in the report.

Plots Section

N1 vs P2 with P1=0.53 Alpha=0.05 Power=0.90
N2=N1 Prop Test

1600

1100¢

N1

600~

100 } } ——®
0.60 0.65 0.70 0.75

This plot shows that a large increase in sample size is necessary when the detectable proportion in
group two is less than 0.63.
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Details Section

Details when Spending = O'Brien-Fleming, N1 = 542, N2 =542, P1 = 0.53, P2 = 0.63, Continuity Correction.

Lower Upper  Nominal Inc Total Inc Total
Look Time Bndry Bndry Alpha Alpha Alpha Power Power
1 0.50 -4.33263 4.33263 0.000015 0.000015 0.000015 0.003525 0.003525
2 1.00 -2.96311 2.96311 0.003045 0.003036 0.003051 0.255573 0.259098
3 1.50 -2.35902 2.35902 0.018323 0.016248 0.019299 0.427801 0.686899
4 2.00 -2.01406 2.01406 0.044003 0.030701 0.050000 0.214031 0.900930

Drift 3.27640

This report shows information about the individual interim tests. One report is generated for each
scenario.

Look
These are the sequence numbers of the interim tests.

Time
These are the time points at which the interim tests are conducted. Since the Max Time was set to

2 (for two years), these time values are in years. Hence, the first interim test is at half a year, the
second at one year, and so on.

We could have set Max Time to 24 so that the time scale was in months.

Lower and Upper Boundary

These are the test boundaries. If the computed value of the test statistic z is between these values,
the trial should continue. Otherwise, the trial can be stopped.

Nominal Alpha

This is the value of alpha for these boundaries if they were used for a single, standalone, test.
Hence, this is the significance level that must be found for this look in a standard statistical
package that does not adjust for multiple looks.

Inc Alpha

This is the amount of alpha that is spent by this interim test. It is close to, but not equal to, the
value of alpha that would be achieved if only a single test was conducted. For example, if we
lookup the third value, 2.35902, in normal probability tables, we find that this corresponds to a
(two-sided) alpha of 0.018323. However, the entry is 0.016248. The difference is due to the
correction that must be made for multiple tests.

Total Alpha
This is the total amount of alpha that is used up to and including the current test.

Inc Power

These are the amounts that are added to the total power at each interim test. They are often called
the exit probabilities because they give the probability that significance is found and the trial is
stopped, given the alternative hypothesis.

Total Power

These are the cumulative power values. They are also the cumulative exit probabilities. That is,
they are the probability that the trial is stopped at or before the corresponding time.



220-14 Group Sequential - Proportions

Drift
This is the value of the Brownian motion drift parameter.

Boundary Plots

O'Brien-Fleming Boundaries with Alpha = 0.05

® Upper

Z Value

H |ower

SR T S o T S

Look

This plot shows the interim boundaries for each look. This plot shows very dramatically that the
results must be extremely significant at early looks, but that they are near the single test boundary
(1.96 and -1.96) at the last look.
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Example2 - Finding the Power

Continuing the scenario began in Examplel, the researcher wishes to calculate the power of the
design at sample sizes 200, 400, 600, 800, 1000. Testing will be done at the 0.01, 0.05, 0.10
significance levels and the overall power will be set to 0.10. Find the power of these sample sizes
and test boundaries assuming equal sample sizes per arm and two-sided hypothesis tests.

Proceeding as in Examplel, we decide to translate the mean and standard deviation into a percent
of mean scale.

Setup

You can enter these values yourself or load the Example2 template from the Template tab.

Option Value

Data Tab

FINd .o Beta and Power
Pl 0.53

P e 0.63
Alpha.......ovviiiieie 0.01, 0.05, 0.10
2] v Ignored
Alternative Hypothesis ........cccccc........ Two-Sided

N o 200 to 1000 by 200
N2 Use R

R e 1.0

Use Continuity Correction ................. Checked

Sequential Tab

Number of LOOKS..........cevvvveeeeeiiinns 4
Spending Function ...................cccee. O’Brien-Fleming
TIMES ..o Equally Spaced
MaX TIME .....coovviiiieeieeeeeeeeee e 2

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Two-Sided Test of Proportions. Continuity Correction Applied.

Power N1 N2 Alpha Beta P1 P2
0.254797 200 200 0.010000 0.745203 0.53 0.63
0.581920 400 400 0.010000 0.418080 0.53 0.63
0.805679 600 600 0.010000 0.194321 0.53 0.63
0.920951 800 800 0.010000 0.079049 0.53 0.63
0.970898 1000 1000 0.010000 0.029102 0.53 0.63
0.478378 200 200 0.050000 0.521622 0.53 0.63
0.790815 400 400 0.050000 0.209185 0.53 0.63
0.928267 600 600 0.050000 0.071733 0.53 0.63
0.977859 800 800 0.050000 0.022141 0.53 0.63
0.993673 1000 1000 0.050000 0.006327 0.53 0.63
0.599827 200 200 0.100000 0.400173 0.53 0.63
0.867330 400 400 0.100000 0.132670 0.53 0.63
0.961331 600 600 0.100000 0.038669 0.53 0.63
0.989659 800 800 0.100000 0.010341 0.53 0.63
0.997396 1000 1000 0.100000 0.002604 0.53 0.63

Power vs N1 by Alpha with P1=0.53 P2=0.63 N2=N1
Prop Test

1.0

0.8+

e 0.01

Alpha

0.6+

Power

m 0.05

0.4+ A 0.10

0.2 } } } } {
100 300 500 700 900 1100

N1

These data show the power for various sample sizes and alphas. It is interesting to note that once
the sample size is greater than 700, the value of alpha makes little difference on the value of
power.
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Example3 - Effect of Number of Looks

Continuing with examples one and two, it is interesting to determine the impact of the number of
looks on power. PASS allows only one value for the Number of Looks parameter per run, so it
will be necessary to run several analyses. To conduct this study, set alpha to 0.05, N1 to 500, and
leave the other parameters as before. Run the analysis with Number of Looks equal to 1, 2, 3, 4,
6, 8, 10, and 20. Record the power for each run.

Setup

You can enter these values yourself or load the Example3 template from the Template tab.

Option Value
Data Tab

Find ..o, Beta and Power
Pl 0.53

P 63

Alpha ..., 0.05

Beta....ccoooooi i Ignored
Alternative Hypothesis ...................... Two-Sided
NL. e 500
N2 Use R

R e 1.0

Use Continuity Correction ................. Unchecked

Sequential Tab

Number of LOOKS .......cccovvevvveiiiiiennnen 1 (Also run with 2, 3, 4, 6, 8, 10, and 20)
Spending Function ............ccccccceeeennns O’Brien-Fleming

TIMES ..ot Equally Spaced

MaX TIME ...ooeviiiiiieiieceee e 2

Numeric Results

Numeric Results for Two-Sided Hypothesis Test of Proportions

Power N1 N2 Alpha Beta P1 P2  Looks
0.893174 500 500 0.050000 0.106826 0.53 0.63 1
0.892118 500 500 0.050000 0.107882 0.53 0.63 2
0.889620 500 500 0.050000 0.110380 0.53 0.63 3
0.887691 500 500 0.050000 0.112309 0.53 0.63 4
0.885125 500 500 0.050000 0.114875 0.53 0.63 6
0.883535 500 500 0.050000 0.116465 0.53 0.63 8
0.882456 500 500 0.050001 0.117544 0.53 0.63 10
0.879929 500 500 0.050001 0.120071 0.53 0.63 20

This analysis shows how little the number of looks impacts the power of the design. The power of
a study with no interim looks is 0.893174. When twenty interim looks are made, the power falls
to 0.879929—a very small change.
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Example 4 - Studying a Boundary Set

Continuing with the previous examples, suppose that you are presented with a set of boundaries
and want to find the quality of the design (as measured by alpha and power). This is easy to do
with PASS. Suppose that the analysis is to be run with five interim looks at equally spaced time
points. The upper boundaries to be studied are 3.5, 3.5, 3.0, 2.5, 2.0. The lower boundaries are
symmetric. The analysis would be run as follows.

Setup

You can enter these values yourself or load the Example4 template from the Template tab.

Option Value

Data Tab

Find ... Beta and Power
Pl 0.53

P 0.63
Alpha.........ccoo 0.05 (will be calculated from boundaries)
Beta........o oo Ignored
Alternative Hypothesis ...................... Two-Sided

NL oo 500

N2 e Use R

R 1.0

Use Continuity Correction................. Checked

Sequential Tab

Number of Looks............cccceeeiiinn. 5

Spending Function..............cccvvveeeen. User Supplied
TIMES . Equally Spaced
Lower Boundaries..............cccceeeee. Symmetric

Upper Boundaries..........c...cocevvvvvnnen. 3.5,35,3.0,25,20

MaX TIME e 2
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Numeric Results

Numeric Results for Two-Sided Hypothesis Test of Proportions

Power N1 N2 Alpha Beta P1 P2
0.887792 500 500 0.048157 0.112208 0.53 0.63

Details when Spending = User Supplied, N1 = 500, N2 =500, P1 = 0.53, P2 = 0.63

Lower Upper  Nominal Inc Total Inc Total
Look Time Bndry Bndry Alpha Alpha Alpha Power Power
1 0.40 -3.50000 3.50000 0.000465 0.000465 0.000465 0.018094 0.018094
2 0.80 -3.50000 3.50000 0.000465 0.000408 0.000874 0.054010 0.072105
3 1.20 -3.00000 3.00000 0.002700 0.002410 0.003284 0.219472 0.291577
4 1.60 -2.50000 2.50000 0.012419 0.010331 0.013615 0.335232 0.626809
5 2.00 -2.00000 2.00000 0.045500 0.034542 0.048157 0.248848 0.875657
Drift 3.14209

The power for this design is about 0.88. This value depends on both the boundaries and the
sample size. The alpha level is about 0.048. This value only depends on the boundaries.

Example5 - Validation Using O’Brien-
Fleming Boundaries

Reboussin (1992) presents an example for binomial distributed data for a design with two-sided
O’Brien-Fleming boundaries, looks = 5, alpha = 0.05, beta = 0.10, P1 = 0.1100, P2 = 0.0825.
They compute a drift of 3.28 and a sample size of 2381.78 per group. The upper boundaries are:
4.8769, 3.3569, 2.6803, 2.2898, 2.0310.

To test that PASS provides the same result, enter the following.

Setup

You can enter these values yourself or load the Example5 template from the Template tab.

Option Value
Data Tab

FINd .o N1
Pl 0.1100
P2 e 0.0825
Alpha ... 0.05
Beta....ovvviiiieeeee 0.10
Alternative Hypothesis ........ccccc..e..... Two-Sided
N Ignored
N Use R
R e 1.0
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Sequential Tab

Number of LOOKS..........ccuvvvveeeeiiinnne 5
Spending Function.............cccccevvvenn.. O’Brien-Fleming
TIMES . Equally Spaced
MaX TIME ....oevviieiiieeeeeeeece e 1

Numeric Results

Numeric Results for Two-Sided Hypothesis Test of Proportions

Power N1 N2 Alpha Beta P1 P2
0.900105 2474 2474 0.050000 0.099895 0.1100 0.0825

Details when Spending = O'Brien-Fleming, N1 = 2468, N2 =2468, P1 = 0.1100, P2 = 0.0825

Lower Upper  Nominal Inc Total Inc Total
Look Time Bndry Bndry Alpha Alpha Alpha Power Power
1 0.20 -4.87688 4.87688 0.000001 0.000001 0.000001 0.000324 0.000324
2 0.40 -3.35695 3.35695 0.000788 0.000787 0.000788 0.099454 0.099778
3 0.60 -2.68026 2.68026 0.007357 0.006828 0.007616 0.346699 0.446477
4 0.80 -2.28979 2.28979 0.022034 0.016807 0.024424 0.299644 0.746120
5 1.00 -2.03100 2.03100 0.042255 0.025576 0.050000 0.153985 0.900105
Drift 3.27939

The difference in the sample sizes (2468 versus 2382) is due to rounding errors in the Reboussin
article. Reboussin rounds from four-digits to three-digits, which caused a large difference. PASS
uses more accurate routines.

To see that the results are equal to within rounding error, we will compute the sample size using
Reboussin’s results, but with more decimal places in the intermediate steps. They had

2(0.096)(0904)(3.28)°

= 238178
(0.028)’

K

When we compute this without rounding, we get

2(0.09625)(0.90375)(327939)°

= 247400
(0.0275)°

K

The 2474 is what PASS gets.
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Chapter 225

Comparing
Proportions in
Stratified Designs
(Mantel-Haenszel)

Introduction

In a stratified design, the subjects are selected from two or more strata which are formed from
important covariates such as gender, income level, or marital status. The number of subjects in
each of the two groups in each strata is set (fixed) by the design. A separate 2-by-2 table is
formed for each stratum. Although response rates may vary among strata, hypotheses about the
overall odds ratio can be tested the Cochran-Mantel-Haenszel test. This module allows you to
determine power and sample size for such a study.

Technical Details

This procedure is based on the results of Woolson, Bean, and Rojas (1986) which were extended
to include a continuity correction by Nam (1992). For more details, consult those articles or
chapter 4 in Lachin (2000). We will now briefly summarize these results.

Suppose you are interested in comparing the disease response rates of two groups (treatment and
control). Further suppose that response rate is known to be related to another covariate (such as
age, race, or gender). It is often desirable to remove the covariate’s impact from the comparison
of the two proportions. This is accomplished by stratifying on the covariate and forming
hypotheses about a common odds ratio across all strata. Data from such a stratified design may be
analyzed by the Cochran-Mantel-Haenszel test.

There are two versions of the Cochran-Mantel-Haenszel test: one that is continuity corrected and
one that is not. The continuity-corrected test is more commonly used.
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The computation of the test statistic is as follows. Suppose there are J strata. The result of each 2-
by-2 table may be summarized as follows.

Groups

Group 1 Group 2
Response Treatment Control Total
Yes Xy Xaj X
No Ny — Xy Ny — Xy N; =X
Total n; Ny; N;

J
wherej=1,2,...,Jand N ZZNJ'

=1

The parameters of interest are the success proportions p;; and p,; . These parameters are
estimated by
n Xl' . X2 .
fij=—"and p,; =—
1j 2j
The odds of response in each of the two groups in each strata is given by

0 T and 0, =1 P2,
' = Py

- pl]

The strata odds ratio y/; is calculated using the equation

In the sequel, it is assumed that the strata odds ratios are all equal. That is, it is assumed that
W, =W, =y, = . Solving this relationship for p;; interms of ¥ and p,; gives

_ W Py
Py =
1- P, + ¥ Py
If values for the odds ratio under the null hypothesis (1) , under the alternative hypothesis (v ),
and p,; are specified, values for p,; under the null hypothesis (pljo) and the alternative

hypothesis (p1 jl) can be calculated as follows
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by = V% C o j=12
1-p,; +wiPy;
Assuming a common odds ratio across all strata of i (that is, assumingy, =y, ==y, =y ),

hypotheses of the form H: w <y, versus H;:y >y, may be tested using Cochran’s U
statistic (Woolson et al. 1986, page 928)

Ug Zin {(ﬁlj - pZJ)_(pljo - pzj)}, where W, :%

i=1 j
Note that when y, =1, U, reduces to
J
Uo = zwj(ﬁlj - f)zj)-
j=1

The value U, is commonly used to form the Cochran-Mantel-Haenszel statistic. U is an
extension of this statistic which allows y, #1.

The calculation of the asymptotically normal test statistic, z, , may or may not include a continuity
correction factor depending on whether the parameter cc is set to 1/2 or 0. The formula for z,,,
is

where

VO(UG): = Jnlj 2l
Ziwlﬁj(l_ f’;) if y,=1
j=
A X
PN

The name Cochran-Mantel-Haenszel test actually refers to two tests: the Cochran test and the the
Mantel-Haenszel test. The difference is between these test is that Cochran’s test uses v, (UG) to
estimate the unconditional variance assuming that the group sample sizes are fixed, while the
Mantel-Haenszel test replaces VO(UG) with an estimate of the conditional variance of U

assuming that both row and column marginals are fixed. Asymptotically the two variances are
equivalent, so the test is often called the Cochran-Mantel-Haenszel statistic.
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Power Calculations

The asymptotic power of z,,, for testing a one-sided hypothesis of the form H: y < v, versus
Hiy >y, is

2, MVo(Ug) - E(UG)+cc]

WiUe)

Power =1- di[

where
J

E(Ue) = 3 {(u P~ (Puo 02

j=1
Sl mlnd, pt) .,
Vo(Ug) =11 Jnlj M ;
> wp(1- 1) if y, =1
j=1

_ n; n,.
P; = p1j1[NL;] + ij(NL:]

- B i)

]
-1 Ny Ny

Note that Woolson et al. (1986) and Nam (1992) give results for the usual case when y, =1. The
above results are our extension to the important case when , #1. We could not find published

results for this case, so we have made this extension. When published results become available,
we will adopt those results. If you have y, #1, you must use U , rather than U, in the

calculation of the test statistic.
Similar calculations may also be made for testing the other one-sided hypothesis H,: v >y,
versus H,: w <y, and the two-sided hypothesis H,: y =y, versus H;:y # y,.
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, refer to the Procedure Templates chapter.

Data Tab

The Data tab contains most of the parameters and options of interest for this procedure.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters
that may be selected are OR1, Alpha, Beta, or N. In most cases, you will select either Beta or N.

Select N when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power.

OR1 (Odds Ratio|H1)

This option specifies the odds ratio of the two proportions P1 and P2 at which the power is to be
computed. This odds ratio is used to specify the size of the difference between the two
proportions at which the power is calculated.

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25.

Odds ratios must greater than zero.

ORO (Odds Ratio|HO)

Specify the odds ratio under the null hypothesis, HO. For each strata, this value is used with the
value of Pr(Success) to calculate the probability of obtaining a success in group one (the
treatment group) assuming the null hypothesis. In the standard Cochran-Mantel-Haenszel test,
this value is assumed to be (and should be entered as) one. If you enter a value other than one,
your data analysis should use the more general test statistic.

Note that OR0 must be greater than zero and cannot be equal to OR1.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1: OR1 < ORO) refers to a one-sided test in which the alternative hypothesis is of
the form H1: OR1 < ORO.

One-Sided (H1: OR1 > ORO) refers to a one-sided test in which the alternative hypothesis is of
the form H1: OR1 > ORO.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1: OR1
<> ORO0. Here ‘<>’ means ‘is not equal to’ or ‘is less than or greater than’.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you reject the null hypothesis of equal proportions when in fact they are equal.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-I error you are willing to take in your
experimental situation.

You may enter a range of values such as 0.01 0.05 0.10 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-1I error (beta). A type-II
error occurs when you fail to reject the null hypothesis of equal proportions when in fact they are
different.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-11 error you are
willing to take.

Power is defined as 1 - beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.

M (Sample Size Multiplier)

M and the values of R1 and R2 are used to calculate the group sample sizes within each strata
using the formulas N1 = M x R1 and N2 = M x R2. The total sample size, N, is found by
summing N1 and N2 across all strata. Note that fractional values for N, N1, and N2 will usually
result. In practice these values are rounded up to the next integer value.

One or more values, separated by blanks or commas, may be entered. A separate analysis is
performed for each value.

Using M as the Group Size
To use M as the sample size in each group, the values of R1 and R2 must each be set to one.

Using M as the Strata Size:

To use M as the sample size in each strata, the values of R1 and R2 must sum to one within each
strata. For example, suppose M =30 and R1 = R2 = 0.5. The values of N1 and N2, the group
sample sizes within a stratum, will be 0.5 x 30 = 15. Thus, the total sample size within the strata
is 15 + 15 = 30.

Using M as Total Sample Size:

To use M as the total sample size across all strata, the values of R1 and R2 must sum to one
across all values. Note that the resulting value of N may not exactly equal M because of rounding.

For example, suppose there are three strata with R1 = 0.1, 0.2, and 0.2 and R2 = 0.1, 0.3, and 0.1.
(Note that these values sum to one.) If M were 100, then the values of N1 would be 10, 20, and
20 and the values of N2 would be 10, 30, and 10. These sum to 100, the value of M.
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Strata

This option specifies the number of strata specified on this line. Usually, you will enter a '1' to
specify a single stratum, or you will enter a '0' to ignore this line. However, this option lets you
specify several strata at once.

The total number of strata is equal to the sum of these values.

R1=N1/M,R2=N2/M

R1 and R2 are used to obtain the sample sizes in groups 1 (treatment) and 2 (control) within a
strata using the formulas N1 = R1 x M and N2 = R2 x M. The only limitation on R1 and R2 is
that they are positive (non-zero) values. See the comments under M for more information.

Note that only a single value may be entered for this parameter—you cannot enter several values.

Pr(Success)

This is the baseline probability of a successful response. This value is used with OR1 to calculate
the probability of a success in group 1 (the treatment or numerator group).

Since this value is a probability, it must be between zero and one.

Note that only one value may be entered here.

Continuity Correction

Specify whether to use the Continuity Correction. When selected, a continuity correction is made
that is recommend by Fleiss et al. (2003) to make the alpha and beta values achieved by the test
more accurate.
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Examplel - Finding Power

Nam (1992) discusses a case-control study investigating the possible association between
chlorinated water and colon cancer among males in lowa. Since age is known to affect colon
cancer rates, the population is stratified into four age groups with weights of 10%, 40%, 35%, and
15%. An equal number of cases and controls will be selected in each age-group. Prior studies had
shown the probability of chlorinated water exposure among non-cancer subjects was 0.75, 0.70,
0.65, and 0.60, respectively, among the four age groups. The significance level is set to 0.05. The
investigators want to consider various total sample sizes from 50 to 500. They also want to
consider odds ratios of 2 and 3.

Setup

This section presents the values of each of the parameters needed to run this example. You can
make these changes directly on your screen or you can load the template entitled Examplel by
clicking the Template tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power
Alternative Hypothesis ...................... One-Sided (H1:OR1>0R0)
ORO....iiiiiiiieee e 1
ORI 23
Alpha......oo s 0.05

Beta........oo e Ignored since this is the Find setting
M e 50 to 500 by 50
Continuity Correction ............ccccvevee. Checked

Strata(l) cvvveeeeeeeveeeriiriie—. 1

RLI(L) ceeeeeeeeieiieeeeee e 0.05 (half of 10%)
R2(L1) eeeeeeeeieiiieee e R1

Pr(Success)(1) ...ccceevvviiiriiieieeeeiins 0.75

Srata(2) .vvvvvvveveveeeriieiiiiiii. 1

RL(2) ceeeeeeeeieiieeeeee e 0.20 (half of 40%)
R2(2) ceeeeeeeeeeieieieee e R1

Pr(Success)(2) .....ccouvvvvvveeeeeieniiins 0.70

Strata(3) ..vvveevevvveeeiiii, 1

RL(3) ceeeeeeeiiiiiieieeee e 0.175 (half of 35%)
R2(3B) eeeeeeeiieiieeeeee e R1

Pr(Success)(3) ...ccoevvviniiniiieieeeeiins 0.65

Srata(4) .vvvevvvvvveeeriiniiiiiie. 1

RL(4) eeeeeeeeiieeee e 0.075 (half of 15%)
R2(4) eeeee e R1

Pr(Success)(4) ....cccouvuviiivrieeiiieiiins 0.60

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results of Cochran-Mantel-Haenszel Test of an Odds Ratio
HO: OR1=0OR0. H1: OR1>0R0. Test: Continuity-Corrected Z-Test.

Total Sample Sample Sample HO Actual
Sample Size Size of Size of Odds Odds  Signif.
Size Multiplier Group 1l Group 2 Ratio Ratio Level
Power (N) (M) (N1) (N2) (ORO0) (OR1)  Alpha Beta
0.1783 50 50.000 25 25 1.000 2.000 0.0500 0.8217
0.3505 100 100.000 50 50 1.000 2.000 0.0500 0.6495
0.4992 150 150.000 75 75 1.000 2.000 0.0500 0.5008
0.6215 200 200.000 100 100 1.000 2.000 0.0500 0.3785
0.7186 250 250.000 125 125 1.000 2.000 0.0500 0.2814
0.7937 300 300.000 150 150 1.000 2.000 0.0500 0.2063
0.8506 350 350.000 175 175 1.000 2.000 0.0500 0.1494
0.8929 400 400.000 200 200 1.000 2.000 0.0500 0.1071
0.9239 450 450.000 225 225 1.000 2.000 0.0500 0.0761
0.9464 500 500.000 250 250 1.000 2.000 0.0500 0.0536
0.3356 50 50.000 25 25 1.000 3.000 0.0500 0.6644
0.6337 100 100.000 50 50 1.000 3.000 0.0500 0.3663
0.8151 150 150.000 75 75 1.000 3.000 0.0500 0.1849
0.9121 200 200.000 100 100 1.000 3.000 0.0500 0.0879
0.9601 250 250.000 125 125 1.000 3.000 0.0500 0.0399
0.9825 300 300.000 150 150 1.000 3.000 0.0500 0.0175
0.9925 350 350.000 175 175 1.000 3.000 0.0500 0.0075
0.9969 400 400.000 200 200 1.000 3.000 0.0500 0.0031
0.9987 450 450.000 225 225 1.000 3.000 0.0500 0.0013
0.9995 500 500.000 250 250 1.000 3.000 0.0500 0.0005

Report Definitions

'Power is the probability of rejecting a false null hypothesis. It should be close to one.
‘N' is the total sample size summed across all groups and strata.

‘M' is the factor by which the values of R1 and R2 are multiplied.

‘N1 and N2' are the sample sizes from groups 1 and 2 summed across all strata.
'ORO0' is the odds ratio [P1/(1-P1)] / [P2/(1-P2)] assuming the null hypothesis (HO).
'OR1' is the value of the odds ratio at which the power is computed.

‘Alpha’ is the probability of rejecting a true null hypothesis.

‘Beta’ is the probability of accepting a false null hypothesis.

In a treatment vs. control design, the treatment group is 1 and the control group is 2.

Summary Statements

A stratified design, which divides the sample among 4 strata, is analyzed using the one-sided,
Cochran-Mantel-Haenszel test. Sample sizes, summed across all strata, of 25 in group 1
(treatment group) and 25 in group 2 (control group) achieve 18% power to reject the odds ratio
set by the null hypothesis of 1.000 when the odds ratio is actually 2.000. The significance

level of the test was set at 0.0500.

Sample Sizes: N, N1, and N2

The value of N is the sum of N1 and N2. The values of N1 and N2 are found by summing the
individual strata-group sample sizes. These are found by multiplying R1 and R2 by M.

Note that this multiplication will usually result in fractional sample sizes across the strata. As a
practical matter, we recommend rounding each fractional value up to the next integer when
implementing a given design.
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Strata-Detail Report

Strata-Detail Report

Proportion Proportion Proportion Strata
Number of Total of this of this Group 1 Group 2 Probability
of Samplein Strata in Strata in Multiplier Multiplier of
Strata each Strata Group 1 Group 2 (R2) (R2) Success
1 0.1000 0.5000 0.5000 0.050 0.050 0.7500
1 0.4000 0.5000 0.5000 0.200 0.200 0.7000
1 0.3500 0.5000 0.5000 0.175 0.175 0.6500
1 0.1500 0.5000 0.5000 0.075 0.075 0.6000

This report shows the values of the individual, strata-level parameters that were used. These
parameters are the same for all rows of the Numerical Results Report (shown above), so they are
only displayed once.

Plots Section

Power vs N by OR1 with OR0=1.00 A=0.05 1-Sided
MH Test

11

0.9+

e 2.000

Power
OR1

m 3.000
0.3

0.1 1 1 1 1 1

The values from the Numerical Results Report are displayed in this scatter plot. This chart
provides a quick view of the power that is achieved for various sample sizes.
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Example2 - Validation Using Nam

To validate the procedure, we will compare PASS s results to those on page 392 of Nam (1992).
Most of the settings in this example are the same as those of Example 1, except that the power is
90% and the odds ratio is 3. Nam (1992) found the necessary sample sizes to be 192 for the
corrected test and 171 for the uncorrected test.

Setup

This section presents the values of each of the parameters needed to run this example. You can
make these changes directly on your screen or you can load either template Example2a or
Example2b by clicking the Template tab and loading the desired template.

Option Value

Data Tab

FiNd .o N (Sample Size)
Alternative Hypothesis ............ccccc..... One-Sided (H1:0OR1>0R0)
ORO ..ot 1
ORIt 3

Alpha ... 0.05
Beta....ovvviiiieeeee 0.10

M e Ignored since this is the Find setting
Continuity Correction......................... Checked

Strata(l) ...ccvvveieeeeeeieeei e 1

RI(L) et 0.05 (half of 10%)
R2(L) coeeeeeeee e, R1

Pr(Success)(1) .cccooeevveeieieiiieeieeeeeeeenn, 0.75

Strata(2) ..ocevvveevieeeeeee e 1

RL(2) coeeioeeeee e 0.20 (half of 40%)
R2(2) coeeeeeeee e, R1

Pr(Success)(2) ..cccoeeveeeeeieiiieeiieeeeeeenn, 0.70

Strata(3) ..ecevveeeiieeeeeee s 1

RL(3) e 0.175 (half of 35%)
(<) [ R1

Pr(Success)(3) ccccoeeevveeieiieiieeiieeieeeenn, 0.65

Strata(4) ..ocovvveeeeeeeeeeeee e, 1

RL(4) oo 0.075 (half of 15%)
R2(4) ot R1

Pr(Success)(4) .cccooeeeeeeeeieeiieeieeeeeeeenn, 0.60

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results of Cochran-Mantel-Haenszel Test of an Odds Ratio
HO: OR1=0R0. H1: OR1>0R0. Test: Continuity-Corrected Z-Test.

Total Sample Sample Sample HO Actual
Sample Size Size of Size of Odds Odds  Signif.
Size Multiplier Group 1l Group 2 Ratio Ratio Level
Power (N) (M) (N1) (N2) (ORO) (OR1) Alpha Beta
0.9000 192 191.538 96 96 1.000 3.000 0.0500 0.1000

The value of 192 agrees exactly with that of Nam (1992).

If you uncheck the Continuity Correction option and rerun the analysis, you will get the
following results.

Numeric Results of Cochran-Mantel-Haenszel Test of an Odds Ratio
HO: OR1=0ORO0. H1: OR1>0R0. Test: Uncorrected Z-Test.

Total Sample Sample Sample HO Actual
Sample Size Size of Size of Odds Odds  Signif.
Size Multiplier Group 1l Group 2 Ratio Ratio Level
Power (N) (M) (N1) (N2) (ORO0) (OR1)  Alpha Beta
0.9000 171 170.741 85 85 1.000 3.000 0.0500 0.1000

The value of 171 agrees exactly with that of Nam (1992).
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Example3 - Finding Power of a
Completed Experiment

Suppose you want to find the power for a completed experiment in which the individual strata
sample sizes are known. In this example there are three strata with success probabilities 0.72,
0.66, and 0.69. The sample sizes for the treatment group in each stratum are 102, 113, and 97.
The sample sizes for the control group in each stratum are 98, 110, and 114. The experiment was
designed to detect an odds ratio of at least 1.5 with alpha equal to 0.05 for a one-sided test.

To calculate the power in this situation, we set M to 1 and enter the sample sizes directly into R1
and R2.

Setup

This section presents the values of each of the parameters needed to run this example. You can
make these changes directly on your screen or you can load the template entitled Example3 by
clicking the Template tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power
Alternative Hypothesis ........cccccc........ One-Sided (H1:OR1>0R0)
ORO .. 1

ORI ..o 15

Alpha ..., 0.05

Beta....ooo i Ignored since this is the Find setting
M e 1

Continuity Correction...............cccuvuee. Checked
Strata(l) ..o 1

RLI(L) e 102

R2(1) oo 98
Pr(Success)(1) ...cooeeeeeveeeevreeiiiiiineenn, 0.72

Strata2) ..o 1

RL(2) oo 113

R2(2) oo 110
Pr(Success)(2) ....ccoceeevveeeevveeiiiiineenn, 0.66

Strata3) ..oooeeve e 1

RL(3) coooiiiiiiieeee e 97

R2(3) oo 114
Pr(Success)(3) ...ccvvveeniveeerieeiiiiineeen, 0.69

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results of Cochran-Mantel-Haenszel Test of an Odds Ratio
HO: OR1=0OR0. H1: OR1>0R0. Test: Continuity-Corrected Z-Test.

Total Sample Sample Sample HO Actual
Sample Size Size of Size of Odds Odds  Signif.
Size Multiplier Group 1l Group 2 Ratio Ratio Level
Power (N) (M) (N1) (N2) (ORO) (OR1) Alpha Beta
0.6980 634 1.000 312 322 1.000 1.500 0.0500 0.3020

The power to detect an odds ratio of 1.5 is only 0.6980 in this experiment.
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Chapter 230

Comparing
Proportions in
Cluster-
Randomized Trials

Introduction

A cluster (group) randomized design is one in which whole units, or clusters, of subjects are
randomized to the groups rather than the individual subjects in those clusters. However, the
conclusions of the study concern individual subjects rather than the clusters. Examples of clusters
are families, school classes, neighborhoods, and hospital wards.

Cluster-randomized designs are often adopted when there is a high risk of contamination if cluster
members were randomized individually. For example, it may be difficult for an instructor to use
two methods of teaching individuals in the same class. The price of randomizing by clusters is a
loss of efficiency--the number of subjects needed to obtain a certain level of precision in a
cluster-randomized trial is usually much larger than the number needed when the subjects are
randomized individually. Hence, the standard methods of sample size estimation cannot be used.

Three Procedures Documented Here

There are three procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, or ratios of proportions. Each of these
options is listed separately on the menus.

Technical Details
Our formulation comes from Donner and Kilar (2000). Denote a binary observation by Y, where

g=1lor2isthegroup,k=1,2,...,K_ isacluster withingroupg,andm=1,2, ..., M, isan

9 g

individual in cluster k of group g. The results that follow assume an equal number of individuals per
cluster. When the number of subjects from cluster to cluster are about the same, the power and
sample size values should be fairly accurate. In these cases, the average number of subjects per
cluster can be used.
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The statistical hypothesis that is tested concerns the difference between the two group proportions,
p, and p,.When necessary, we assume that group 1 is the treatment group and group 2 is the

control group. With a simple modification, all of the large-sample sample size formulas that are
listed in the module for testing two proportions can be used here. When the individual subjects
are randomly assigned to one of the two groups, the variance of the sample proportion is

ol = pg(l_ pg)

5.9
ng

When the randomization is by clusters of subjects, the variance of the sample proportion is
o pg(l— pg)(l+(mg —1)p)
C,g
kg mg
= 0'5219[1+ (mg —1)p]

2
- g,pasyg

The factor[1+ (mg - 1),0] is called the inflation factor. The Greek letter p is used to represent the

intracluster correlation coefficient (ICC). This correlation may be thought of as the simple
correlation between any two subjects within the same cluster. If we stipulate that p is positive, it

may also be interpreted as the proportion of total variability that is attributable to differences
between clusters. This value is critical to the sample size calculation.

All of the asymptotic formulas that were used in comparing two proportions may be used with
cluster-randomized designs as well, as long as an adjustment is made for the inflation factor. The
basic form of the z-test becomes

D- g

==
%(50)

where
[A) = f’l - r)z
50 =p - pzl Ho
5.(6) = \/ pl(l—npl)Fl,p . pz(l—npz)Fz,p
1 2

The quantities p, and P, are the maximum likelihood estimates constrained by p, — p, =&, .
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Power Calculations

A large sample approximation may be used that is most accurate when the values of n, and n,
are large. The large approximation is made by replacing the values of p, and f, in the z statistic
with the corresponding values of p, and p, under the alternative hypothesis, and then
computing the results based on the normal distribution.

Note that in this case, exact calculations are not possible.
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers three procedures, each of which has different options.
This section documents options that are common to all three procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are P1.1, Alpha, Beta, K1, and M1. Under most situations, you will select
either Beta or K1.

Select K1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Test Statistic

Specify which test statistic is used in searching and reporting. We recommend the likelihood
score test.

P2 (Control Group Proportion)

Specify the value of p, , the control, baseline, or standard group’s proportion. The null hypothesis

is that the two proportions differ by a specified amount (See Specify Group 1 Proportion using
below).

Since p, is a proportion, these values must be between zero and one.

You may enter a range of values such as 0.1,0.2,0.3 or 0.1 to 0.9 by 0.1.

K1 (Clusters Group 1)

Enter a value (or range of values) for the number of clusters in this group. You may enter a range
of values such as 10 to 20 by 2. The sample size for this group is equal to the number of clusters
times the number of subjects per cluster.

M1 (Items Group 1)

This is the average number of items (subjects) per cluster in group one. This value must be a
positive number that is at least one. You can use a list of values such as 100 150 200.
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K2 (Clusters Group 2)

This is the number of clusters in group two. The sample size for this group is equal to the number
of clusters times the number of subjects per cluster. This value must be a positive number.

If you simply want a multiple of the value for group one, you would enter the multiple followed
by K1, with no blanks. If you want to use K1 directly, you do not have to premultiply by 1. For
example, all of the following are valid entries:10 K1 2K1 0.5K1.

You can use a list of values such as 10 20 30 or K1 2K1 3K1.

M2 (Items Group 2)

This is the average number of items (subjects) per cluster in group two. This value must be at
least one.

If you simply want a multiple of the value for group one, you would enter the multiple followed
by M1, with no blanks. If you want to use M1 directly, you do not have to premultiply by 1. For
example, all of the following are valid entries: 10 M1 2M1 0.5M1.

You can use a list of values such as 10 20 30 or M1 2M1 3M1.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you reject the null hypothesis of equal proportions when in fact they are equal.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-1 error you are willing to take in your
experimental situation.

You may enter a range of values such as 0.01,0.05,0.10 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-II error (beta). A type-II
error occurs when you fail to reject the null hypothesis of equal proportions when in fact they are
different.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-11 error you are
willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.
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ICC (Intracluster Correlation)

Enter a value (or range of values) for the intracluster correlation. This correlation may be thought
of as the simple correlation between any two observations in the same cluster. It may also be thought
of as the proportion of total variance in the observations that can be attributed to difference between
clusters.

Although the actual range for this value is from zero to one, typical values range from 0.002 to
0.05.

Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the values
of the two proportions, P1 and P2. P1.0 is the value of the P1 assumed by the null hypothesis and
P1.1 is the value of P1 at which the power is calculated.

P1.0 (Group 1 Proportion |HO)

This option specifies the value of the group 1 proportion given the null hypothesis. The power
calculations assume that P1.0 is the value of P2 under the null hypothesis. In this non-null case,
the value of P1.0 is not equal to P2 as it is in the null case.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

Proportions must be between zero and one. They cannot take on the values zero or one.

P1.1 (Group 1 Proportion |H1)

This is the value of P1 under the alternative hypothesis. It is written P1.1. The power calculations
assume that this is the actual value of the proportion.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1t0 0.9 by 0.1.
Note that values must be between zero and one.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1: P1<P2) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1<P2.

One-Sided (H1:D1>D0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: P1>P2.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
P1<>P2+D0. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

DO (Difference|HO = P1.0 — P2)

This option specifies the difference between the two proportions given in the null hypothesis, HO.
This difference is used with P2 to calculate the value of P1.0 using the formula: P1.0 = P2 + DO.
Note that P1.0 here means the value of P1 under HO.

Differences must be between -1 and 1. They cannot take on the values -1, 0, or 1.

The power calculations use P1.0 as the value of the proportion in group 2 (the experimental or
treatment group) under the null hypothesis. In the non-null case, the value of P1.0 is not equal to
P2 as it is in the null case.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

D1 (Difference|H1 = P1.1 — P2)

This option specifies the difference between P1.1 and P2. This difference is used with P2 to
calculate the value of P1.1 using the formula: P1.1 = D1 + P2. Note that P1.1 here means the
value of P1 under H1. Differences must be between -1 and 1. They cannot take on the values -1
or 1.

The power calculations assume that P1.1 is the actual value of the proportion in group 2
(experimental or treatment group).

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1:D1<DO0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: D1<DO.

One-Sided (H1:D1>D0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: D1>DO.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
D1<>D0. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

RO (Ratio|HO = P1.0 / P2)

This option specifies the ratio between the group 1 proportion under the null hypothesis, P1.0,
and P2. This ratio is used with P2 to calculate the value of P1.0 using the formula: P1.0 = RO x
P2. The power calculations assume that P1.0 is the value of the P1 under the null hypothesis. In
this non-null case, the value of P1.0 is not equal to P2 as it is in the null case.

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25.

Ratios must be greater than zero.

R1 (Ratio|H1 = P1.1/P2)

This option specifies the ratio of P1.1 and P2, where P1.1 is the proportion in group 1 under the
alternative hypothesis. This ratio is used with P2 to calculate the value of P1.1 using the formula:
P1.1 = R1 x P2.The power calculations assume that P1.1 is the actual value of the proportion in
group 1 (experimental or treatment group).

You may enter a range of values such as 0.5 0.6 0.7 0.8 or 1.25 to 2.0 by 0.25.

Ratios must be greater than zero. They cannot take on the value of one.

Alternative Hypothesis (H1)

This option specifies whether a one-sided or two-sided hypothesis is analyzed.

One-Sided (H1:R1<RO0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: R1<RO0.

One-Sided (H1:R1>R0) refers to a one-sided test in which the alternative hypothesis is of the
form H1: R1>RO0.

Two-Sided refers to a two-sided test in which the alternative hypothesis is of the type H1:
R1<>RO0. Here ‘<>’ means unequal.

Note that the alternative hypothesis enters into power calculations by specifying the rejection
region of the hypothesis test. Its accuracy is critical.
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Options Tab

The Options tab contains various limits and options.

Maximum lterations

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported. A value of at least 500 is recommended.

Zero Count Adjustment Method

Zero cell counts often cause calculation problems. To compensate for this, a small value (called
the Zero Count Adjustment Value) can be added either to all cells or to all cells with zero counts.
This option specifies whether you want to use the adjustment and which type of adjustment you
want to use. We recommend that you use the option Add to zero cells only.

Zero cell values often do not occur in practice. However, since power calculations are based on
total enumeration, they will occur in power and sample size estimation.

Adding a small value is controversial, but can be necessary for computational considerations.
Statisticians have recommended adding various fractions to zero counts. We have found that
adding 0.0001 seems to work well.

Zero Count Adjustment Value

Zero cell counts cause many calculation problems when computing power or sample size. To
compensate for this, a small value may be added either to all cells or to all zero cells. This is the
amount that is added. We have found that 0.0001 works well.

Be warned that the values of the ratio and the odds ratio will be affected by the amount specified
here!
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Examplel - Finding Power

Two competing physical therapy treatments have been available for several years but have not yet
been compared as to their effectiveness. The comparison of the two treatments is complicated by
the sampling method that will be used. Instead of randomly assigning individuals to treatments,
the researchers will randomly select two groups of physical therapists. The first group will be
selected from those who use treatment 1. The second group will be selected from those who use
treatment 2. The researchers will then follow up on the success or failure of the treatment for
multiple patients of each physical therapist. The success rate of treatment 2 is known to be about
0.44. The researchers want to examine effect of the number of physical therapists used in each
group and the number of patients for each physical therapist on the power of the test. They
determine that the two treatments should be declared different if they are shown to be at least 0.07
apart in proportion. They plan to use the Farrington and Manning likelihood score test statistic to
analyze the data. Based on similar studies, the intracluster correlation is estimated to be 0.02.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power

Test StatistiC ........ccovvvvveeiiiiiieeen Likelihood Score (Farr. & Mann.)
DO oo 0.0

DI i 0.07

P e 0.44
KL 10 1520 25
K2 K1

ML e 10 to 50 by 10

M2 e M1

Alternative Hypothesis ...................... Two-Sided

[CC i 0.02

Alpha...ccoo o 0.05
Beta.......coooooi Ignored since this is the Find setting

Plot Setup Tab
Horizontal Axis Parameter ................ K1
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 - P2
HO: P1-P2=D0. H1: P1-P2=D1<>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Prop Prop|HO Prop|H1
Clusters/ Clusters/  Cluster Grp2 Grplor Grplor Diff Diff
Items Iltems Corr.  Control Trtmnt Trtmnt if HO if H1
Power Ki1/M1 K2/M2 ICC P2 P1.0 P1.1 DO D1 Alpha Beta

0.1491  10/10 10/10 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500  0.8509
0.2219  10/20 10/20 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500 0.7781
0.2763  10/30 10/30 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500 0.7237
0.3179  10/40 10/40 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500 0.6821
0.3506  10/50 10/50 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500 0.6494
0.2013  15/10 15/10 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500  0.7987
0.3096  15/20 15/20 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500 0.6904
0.3871  15/30 15/30 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500 0.6129

Summary Statements

Sample sizes of 100 in group one and 100 in group two, which were obtained by sampling 10
clusters with 10 subjects each in group one and 10 clusters with 10 subjects each in group two,
achieve 15% power to detect a difference between the group proportions of 0.0700. The group two
proportion is 0.4400. The group one proportion is assumed to be 0.4400 under the null

hypothesis and 0.5100 under the alternative hypothesis. The test statistic used is the

two-sided Score test (Farrington & Manning). The significance level of the test was 0.0500.

Group 1 Clusters/ltems: K1/M1

This line gives the value of K1, the number of clusters in group 1, followed by M1, the number of
items per cluster in this group. The total number of items sampled in group 1 is N1 = K1 x M1.

Group 2 Clusters/ltems: K2/M2

This line gives the value of K2, the number of clusters in group 2, followed by M2, the number of
items per cluster in this group. The total number of items sampled in group 2 is N2 = K2 x M2.

Intracluster Corr.: ICC
This is the value of the intracluster correlation coefficient, ICC.

Prop Grp 2 or Control: P2

This is the value of P2, the proportion responding positively in the control group.

Prop|HO Grp 1 or Trtmnt: P1.0

This is the value of P1.0, the proportion responding positively in the treatment group as specified
by the null hypothesis. The difference between this value and P2 is the value used in the null
hypothesis.

Prop|H1 Grp 1 or Trtmnt: P1.1

This is the value of P1.1, the proportion responding positively in the treatment group as specified
by the alternative hypothesis. The difference between this value and P2 is the value used in the
alternative hypothesis.
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Diff if HO: DO

This is the value of DO, the difference between proportions under the null hypothesis.

Alpha

This is the value of alpha (significance level) that was targeted by the design.

Beta
This is the value of beta, which is the probability of not rejecting a false null hypothesis.

Plots Section

Pwr vs K1 by M1 with D1=0.07 P2=0.44 A=0.05
D0=0.00 ICC=0.020 K2=K1 M2=M1 T=LS2
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The values from the table are displayed on the above chart. This chart gives us a quick look at the
power that is achieved for various combinations of cluster size and numbers of clusters.
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Example2 - Finding Sample Size

Continuing with Examplel, the maximum number of therapists the researchers hope to use is 25
for each treatment. They decide to determine how many patients each therapist would have to
treat to achieve 90% power if the maximum number of therapists is used.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value
Data Tab

FiNd ..o M1

Test StatistiC..........cccvveeiviiiiieiiiiee, Likelihood Score (Farr. & Mann.)
DO, 0.0
Dl 0.07

P 0.44
KL 25

K2 K1

ML s Ignored
M2 M1
Alternative Hypothesis ........cccccc........ Two-Sided
[CC e 0.02

Alpha ... 0.05
Beta...ooooioei 0.10

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 - P2
HO: P1-P2=D0. H1: P1-P2=D1<>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Prop Prop|HO Prop|H1
Clusters/ Clusters/  Cluster Grp2 Grplor Grp 1 or Diff Diff
Iltems Items Corr. Control Trtmnt Trtmnt if HO if H1
Power K1/M1 K2/M2 ICC P2 P1.0 P1.1 DO D1 Alpha Beta
0.9002 25/286 25/286 0.0200 0.4400 0.4400 0.5100 0.0000 0.0700 0.0500 0.0998

To achieve 90% power, each therapist would need to be evaluated on 286 patients.
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Example3 - Finding Power (Non-
Inferiority)

A study is being designed to study the effectiveness of a new treatment. Historically, the standard
treatment has enjoyed a 60% cure rate. The new treatment reduces the seriousness of certain side
effects that occur with the standard treatment. Thus, the new treatment will be adopted even if it
is slightly less effective than the standard treatment. The researchers will recommend adoption of
the new treatment if it has a cure rate of at least 55%.

The researchers will recruit patients from various hospitals. All patients at a particular hospital
will receive the same treatment. They anticipate an average of 100 patients per hospital.

The researchers plan to use the Farrington and Manning likelihood score test statistic to analyze
the data. They want to study the power of the one-sided Farrington and Manning test at group
cluster sizes ranging from 2 to 10 for detecting a difference of -0.05 when the actual cure rate of
the new treatment ranges from 60% to 66%. The significance level will be 0.05. Based on similar
studies, they estimate the intracluster correlation to be 0.002.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example3 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo Beta and Power

Test StatistiC ....ccceveeeeeeeiieeeiee e, Likelihood Score (Farr. & Mann.)
DO oo -0.05

D 1 RPN 0.02 .04 .06

P 0.6
KL 246810
K2t K1

ML e 100

M2 o M1

Alternative Hypothesis ..................... One-Sided (H1:D1>DO0)
[CC e 0.002
Alpha......oo 0.05

Beta.......oo oo Ignored since this is the Find setting
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Prop Prop|HO Prop|H1

Clusters/ Clusters/ Cluster Grp2 Grplor Grplor Diff Diff
Items Items Corr. Control Trtmnt Trtmnt if HO if H1
Power K1/M1  K2/M2 ICC P2 P1.0 P1.1 DO D1  Alpha Beta

0.2387 2/100 2/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.7613
0.3729 4/100 4/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.6271
0.4889 6/100 6/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.5111
0.5879 8/100 8/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.4121
0.6709  10/100 10/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.3291

Summary Statements

Sample sizes of 200 in group one and 200 in group two, which were obtained by sampling 2
clusters with 100 subjects each in group one and 2 clusters with 100 subjects each in group

two, achieve 24% power to detect a difference between the group proportions of 0.0000. The
group two proportion is 0.6000. The group one proportion is assumed to be 0.5500 under the null
hypothesis and 0.6000 under the alternative hypothesis. The test statistic used is the

one-sided Score test (Farrington & Manning). The significance level of the test was 0.0500.

This report shows the values of each of the parameters, one scenario per row. Most of the report
columns have obvious interpretations. Those that may not be obvious are presented here.

Plots Section

Pwr vs K1 by D1 with P2=0.60 A=0.05 M1=100
D0=-0.05 ICC=0.002 K2=K1 M2=M1 T=LS
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The values from the table are displayed on the above chart. This chart gives us a quick look at the
sample size that will be required for various values of D1.
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Example4 - Finding the Sample Size
(Non-Inferiority)

Continuing with the scenario given in Example 3, the researchers want to determine the number
of clusters necessary for each value of D1 when the target power is set to 0.80.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template Example4 by clicking the Template tab and
loading this template.

Option Value

Data Tab

FINd oo K1

Test StatistiC .........ceeevvveevvieeiiceeee, Likelihood Score (Farr. & Mann.)
DO e -0.05

DI oo 0.02 .04 .06
P2 0.6
KL Ignored since this is the Find setting
K2 K1

ML e 100

M2 e M1

Alternative Hypothesis ...................... One-Sided (H1:D1>DO0)

[CC i 0.002

Alpha.....ooo o 0.05

Beta.. oo 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Prop Prop|HO Prop|H1

Clusters/ Clusters/ Cluster Grp2 Grp lor Grplor Diff Diff
Iltems Iltems Corr. Control Trtmnt Trtmnt if HO if H1
Power K1/M1  K2/M2 ICC P2 P1.0 P1.1 DO D1  Alpha Beta

0.8190  15/100 15/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.1810
0.8364 8/100 8/100 0.0020 0.6000 0.5500 0.6200 -0.0500 0.0200 0.0500 0.1636
0.8503 5/100 5/100 0.0020 0.6000 0.5500 0.6400 -0.0500 0.0400 0.0500 0.1497
0.8186 3/100 3/100 0.0020 0.6000 0.5500 0.6600 -0.0500 0.0600 0.0500 0.1814

The required sample size depends a great deal on the value of D1. The researchers should spend
time determining the most appropriate value for D1.
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Example5 — Investigating the Impact of
the Intracluster Correlation

Continuing with the scenario given in Example 4, the researchers, having decided that the most
appropriate value of D1 is 0.02, now want to investigate the effect of the intracluster correlation
on the sample size. From values found in other studies, they believe the ICC will be somewhere
between 0.001 and 0.009.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example5 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FIN oo, K1

Test StatistiC......uvvvveeveeviiiiiiiiiiiiiiiiinnns Likelihood Score (Farr. & Mann.)
DO -0.05
Dl 0.02

P 0.6

K Ignored since this is the Find setting
K2 K1

ML 100

M2 e M1

Alternative Hypothesis ...................... One-Sided (H1:D1>DO0)

[CC i 0.001 to 0.009 by 0.002

Alpha ..., 0.05

Beta....ovvviiii e 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Prop Prop|HO Prop|H1

Clusters/ Clusters/ Cluster Grp2 Grplor Grplor Diff Diff
Iltems Items Corr. Control Trtmnt Trtmnt if HO if H1
Power K1/M1  K2/M2 ICC P2 P1.0 P1.1 DO D1  Alpha Beta

0.8207 7/100 7/100 0.0010 0.6000 0.5500 0.6200 -0.0500 0.0200 0.0500 0.1793
0.8099 8/100 8/100 0.0030 0.6000 0.5500 0.6200 -0.0500 0.0200 0.0500 0.1901
0.8020 9/100 9/100 0.0050 0.6000 0.5500 0.6200 -0.0500 0.0200 0.0500 0.1980
0.8275 11/100 11/100 0.0070 0.6000 0.5500 0.6200 -0.0500 0.0200 0.0500 0.1725
0.8197  12/100 12/100 0.0090 0.6000 0.5500 0.6200 -0.0500 0.0200 0.0500 0.1803

This chart shows that the necessary sample size almost doubles when the ICC is changed from
0.001 to 0.009. The researchers decide to obtain a narrower range for the value of ICC.
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Example6 - Validation using Donner and
Klar

Donner (1997), page 63, present a sample size study in which P2 =0.06, D1 =-0.02, D0=0, ICC
=0.01, M1=M2=100, two-sided alpha = 0.05, and beta = 0.20. Using the pooled z test statistic,
they found the number of subjects to be 3698 in each group, which they round off to 38 clusters
per group.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example6 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FiNd ... K1

Test StatistiC .....ceeeeeeeeeeiieeeiee e, Z test (pooled)
DO e 0.0

Dl e -0.02

P2 0.06
KL Ignored since this is the Find setting
K2 K1

ML o 100

M2 e M1

Alternative Hypothesis ...................... Two-Sided
[CC e 0.01
Alpha..........cooo 0.05

Beta. ..o 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results of Tests Based on the Difference: P1 — P2
HO: P1-P2=D0. H1: P1-P2=D1<>D0. Test Statistic: Z test (pooled)

Group 1 Group 2 Intra- Prop Prop|HO Prop|H1

Clusters/ Clusters/ Cluster Grp2 Grplor Grplor Diff Diff
Items Iltems Corr. Control Trtmnt Trtmnt if HO if H1
Power K1/M1  K2/M2 ICC P2 P1.0 P1.1 DO D1  Alpha Beta

0.8097  38/100 38/100 0.0100 0.0600 0.0600 0.0400 0.0000 -0.0200 0.0500 0.1903

PASS has also found the required sample size to be 38 clusters.
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Chapter 235

Non-Inferiority
Tests of Two
Proportions in
Cluster
Randomized Trials

Introduction

This module provides power analysis and sample size calculation for non-inferiority and
superiority tests in two-sample, cluster-randomized designs in which the outcome is binary.

Three Procedures Documented Here

There are four procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, or ratios of proportions. Each of these
options is listed separately on the menus.

Technical Details

The methods contained in this module are identical to those discussed in the chapter “Comparing
Proportions in Cluster Randomized Trials.” The input and output has simply been reformatted in
a manner that is convenient for non-inferiority testing. A complete review of non-inferiority
testing is given in the chapter “Non-Inferiority of Two Independent Proportions.” We refer you to
these two chapters for complete technical details on the methods used in this module.
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers three procedures, each of which has different options.
This section documents options that are common to all three procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for using the other parameters. The parameters

that may be selected are P1.1, Alpha, Beta, K1, M1, or ICC. Under most situations, you will
select either Beta or K1.

Select K1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment that has already been run.

Test Statistic

Specify which test statistic is used in searching and reporting. We recommend the likelihood
score test.

Higher Proportions Are

This option specifies whether proportions represent successes (better) or failures (worse).

Better (Successes)

When proportions represent successes, higher proportions are better. A noninferior treatment is
one whose proportion is at least almost as high as that of the reference group.

For testing non-inferiority, DO is negative, and RO is less than one. For testing superiority, DO is
positive and RO is greater than one.

Worse (Failures)

When proportions represent failures, lower proportions are better. A noninferior treatment is one
whose proportion is at most almost as low as that of the reference group.

For testing non-inferiority, DO is positive and RO is greater than one. For testing superiority, DO
is negative, and RO is less than one.
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P2 (Group 2 Proportion)

Specify the value of p,, the control, baseline, or standard group’s proportion. The null hypothesis
is that the two proportions differ by a specified amount (See Specify Group 1 Proportion using
below).

Since p, is a proportion, these values must be between 0 and 1.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1to 0.9 by 0.1.

ICC (Intracluster Correlation)

Enter a value (or range of values) for the intracluster correlation. This correlation may be thought
of as the simple correlation between any two observations in the same cluster. It may also be thought
of as the proportion of total variance in the observations that can be attributed to difference between
clusters.

Although the actual range for this value is between 0 to 1, typical values range from 0.002 to
0.05.

K1 (Clusters Group 1)

Enter a value (or range of values) for the number of clusters in group one. You may enter a range
of values such as 10 to 20 by 2. The sample size for this group is equal to the number of clusters
times the number of subjects per cluster.

M1 (Items Group 1)

This is the average number of items (subjects) per cluster in group one. This value must be a
positive number that is at least 1. You can use a list of values such as 100 150 200.

K2 (Clusters Group 2)

This is the number of clusters in group two. The sample size for this group is equal to the number
of clusters times the number of subjects per cluster. This value must be a positive number.

If you simply want a multiple of the value for group one, you would enter the multiple followed
by K1, with no blanks. If you want to use K1 directly, you do not have to pre-multiply by 1. For
example, all of the following are valid entries:10 K1 2K1 0.5K1.

You can use a list of values such as 10 20 30 or K1 2K1 3K1.

M2 (Items Group 2)

This is the number of items (subjects) per cluster in group two. This value must be a positive
number.

If you simply want a multiple of the value for group one, you would enter the multiple followed
by M1, with no blanks. If you want to use M1 directly, you do not have to pre-multiply by 1. For
example, all of the following are valid entries: 10 M1 2M1 0.5M1.

You can use a list of values such as 10 20 30 or M1 2M1 3M1.
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Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you reject the null hypothesis of unequal proportions when in fact they are not
equal.

Values must be between 0 and 1. Because this is a one-sided test, unless you have good reason to
do otherwise, the value of 0.025 is recommended. You should pick a value for alpha that
represents the risk of a type-I error you are willing to take in your experimental situation.

You may enter a range of values such as 0.01 0.025 0.05 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-Il error (beta). A type-II
error occurs when you fail to reject the null hypothesis when in fact it is false.

Values must be between 0 and 1. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-11 error you are
willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.

Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the values
of the two proportions, P1 and P2. P1.0 is the value of the P1 assumed by the null hypothesis and
P1.1 is the value of P1 at which the power is calculated.

P1.0 (Equiv. Proportion)

This option allows you to specify the value P1.0 directly. This is the value of the treatment
group’s proportion above which the treatment group is considered noninferior to the reference
group. This option is only used for Proportions.

When Higher Proportions Are is set to Better, the trivial proportion is the smallest value of P1 for
which the treatment group is declared noninferior to the reference group. In this case, P1.0 should
be less than P2 for non-inferiority tests and greater than P2 for superiority tests. The reverse is the
case when Higher Proportions Are is set to Worse.

Proportions must be between 0 and 1. They cannot take on the values 0 or 1. This value should
not be set to exactly the value of P2.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

P1.1 (Actual Proportion)

This option specifies the value of P1.1, the value of the treatment proportion at which the power
is to be calculated. It is only used for Proportions. Proportions must be between 0 and 1. They
cannot take on the values 0 or 1.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

DO (Equiv.Difference)

This option specifies the trivial difference (often called the margin of error) between P1.0 (the
value of P1 under HO) and P2. This difference is used with P2 to calculate the value of P1.0 using
the formula: P1.0 = P2 + DO. It is only used for Differences.

When Higher Proportions Are is set to Better, the trivial difference is that amount that P1 can be
less than P2 and still have the treatment group declared noninferior to the reference group. In this
case, DO should be negative for non-inferiority tests and positive for superiority tests.

The reverse is the case when Higher Proportions Are is set to worse.

You may enter a range of values such as -.03 -.05 -.10 or -.05 to -.01 by .01. Differences must be
between -1 and 1. DO cannot take on the values -1, 0, or 1.

D1 (Actual Difference)

This option specifies the actual difference between P1.1 (the actual value of P1) and P2. This is
the value of the difference at which the power is calculated. In non-inferiority trials, this
difference is often set to zero.

The power calculations assume that P1.1 is the actual value of the proportion in group 1
(experimental or treatment group). This difference is used with P2 to calculate the value of P1.1
using the formula: P1.1 = D1 + P2,

You may enter a range of values such as -.05 0 .5 or -.05 to .05 by .02. Actual differences must be
between -1 and 1. They cannot take on the values -1 or 1.

This option is only used for Differences.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

RO (Equiv. Ratio)

This option specifies the trivial ratio (also called the Relative Margin of Equivalence) between
P1.0 and P2. The power calculations assume that P1.0 is the value of P1 under the null
hypothesis. This value is used with P2 to calculate the value of P1.0 using the formula: P1.0 = RO
x P2. This option is only used for Ratios.

When Higher Proportions Are is set to Better, the trivial ratio is the relative amount by which P1
can be less than P2 and still have the treatment group declared noninferior to the reference group.
In this case, RO should be less than 1 for non-inferiority tests and greater than 1 for superiority
tests. The reverse is the case when ‘Higher Proportions Are’ is set to “Worse’. In this case, RO
should be less than 1 for non-inferiority tests and greater than 1 for superiority tests. The reverse
is the case when Higher Proportions Are is set to Worse.

Ratios must be positive. RO cannot take on the value of 1.
You may enter a range of values such as 0.95 .97 .99 or .91 to .99 by .02.

R1 (Actual Ratio)

This option specifies the ratio of P1.1 and P2, where P1.1 is the actual proportion in the treatment
group. The power calculations assume that P1.1 is the actual value of the proportion in group one.
This difference is used with P2 to calculate the value of P1.1 using the formula: P1.1 = R1 x P2.
In non-inferiority trials, this ratio is often set to 1.

This option is only used for Ratios.

Ratios must be positive. You may enter a range of values such as 0.95 1 1.05 or 0.9 to 1.9 by
0.02.
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Options Tab

The Options tab contains various limits and options.

Maximum lterations

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported. A value of at least 500 is recommended.

Zero Count Adjustment Method

Zero cell counts often cause calculation problems. To compensate for this, a small value (called
the Zero Count Adjustment Value) can be added either to all cells or to all cells with zero counts.
This option specifies whether you want to use the adjustment and which type of adjustment you
want to use. We recommend that you use the option Add to zero cells only.

Zero cell values often do not occur in practice. However, since power calculations are based on
total enumeration, they will occur in power and sample size estimation.

Adding a small value is controversial, but can be necessary for computational considerations.
Statisticians have recommended adding various fractions to zero counts. We have found that
adding 0.0001 seems to work well.

Zero Count Adjustment Value

Zero cell counts cause many calculation problems when computing power or sample size. To
compensate for this, a small value may be added either to all cells or to all zero cells. This value
indicates the amount that is added. We have found that 0.0001 works well.

Be warned that the value of the ratio and the odds ratio will be affected by the amount specified
here!
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Examplel - Finding Power

A study is being designed to study the effectiveness of a new treatment. Historically, the standard
treatment has enjoyed a 60% cure rate. The new treatment reduces the seriousness of certain side
effects that occur with the standard treatment. Thus, the new treatment will be adopted even if it
is slightly less effective than the standard treatment. The researchers will recommend adoption of
the new treatment if it has a cure rate of at least 55%. That is, the margin of inferiority is -5%.

The researchers will recruit patients from various hospitals. All patients at a particular hospital
will receive the same treatment. They anticipate an average of 100 patients per hospital. Based on
similar studies, they estimate the intracluster correlation to be 0.002.

The researchers plan to use the Farrington and Manning likelihood score test statistic to analyze
the data. They want to study the power of the one-sided Farrington and Manning test at group
cluster sizes ranging from 2 to 10 for detecting a difference of -0.05 when the actual cure rate of
the new treatment ranges from 60% to 66%. The significance level will be 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ..o Beta and Power
Test StatistiC ........ccovvvvveeiiiiiieeen Likelihood Score (Farr. & Mann.)
DO oo -0.05

Dl 0.02 .04 .06

P 0.6
KL 246810
ML 100

K K1

M2 . M1

Higher Proportions Are ..................... Better

[CC o 0.002

Alpha...ccooo 0.05

Beta.......oooooei Ignored since this is the Find setting
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Non-Inferiority Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Equiv. Actual Equiv. Actual
Clusters/ Clusters/ Cluster Grp 2 Grp 1 Grp1l Margin Margin
Iltems Items Corr. Prop Prop Prop Diff Diff

Power K1/M1  K2/M2 ICC P2 P1.0 P1.1 DO D1  Alpha Beta

0.2387 2/100 2/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.7613
0.3729 4/100 4/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.6271
0.4889 6/100 6/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.5111
0.5879 8/100 8/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.4121
0.6709  10/100 10/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.3291

Summary Statements

Sample sizes of 200 in group one and 200 in group two, which were obtained by sampling 2
clusters with 100 subjects each in group one and 2 clusters with 100 subjects each in group

two, achieve 24% power to detect a non-inferiority margin difference between the group
proportions of -0.0500. The group two proportion is 0.6000. The group one proportion is assumed
to be 0.5500 under the null hypothesis and 0.6000 under the alternative hypothesis. The test
statistic used is the one-sided Score test (Farrington & Manning). The significance level of

the test was 0.0500.

This report shows the values of each of the parameters, one scenario per row. Most of the report
columns have obvious interpretations. Those that may not be obvious are presented here.

Group 1 Clusters/ltems: K1/M1

This line gives the value of K1, the number of clusters in group 1, followed by M1, the number of
items per cluster in this group. The total number of items sampled in group 1 is N1 = K1 x ML1.

Group 2 Clusters/ltems: K2/M2

This line gives the value of K2, the number of clusters in group 2, followed by M2, the number of
items per cluster in this group. The total number of items sampled in group 2 is N2 = K2 x M2.

Intracluster Corr.: ICC
This is the value of the intracluster correlation coefficient, ICC.

Prop Grp 2: P2

This is the value of P2, the proportion responding positively in the control group.

Equiv. Grp 1 Prop P1.0

This is the value of P1.0, the response rate of the treatment group, as specified by the null
hypothesis of inferiority. Values of P1 less than this amount are considered different from P2.
Values of P1 greater than this are considered noninferior to the reference group. The difference
between this value and P2 is the value of the null hypothesis.
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Actual Grp 1 Prop P1.1

This is the value of P1.1, the response rate of the treatment group, at which the power is
computed. This is the value of P1 under the alternative hypothesis. The difference between this
value and P2 is the value of the alternative hypothesis.

Equiv. Margin Diff DO
This is the value of DO, the difference between the two group proportions under the null
hypothesis. This value is often called the margin of non-inferiority.

Actual Margin Diff D1

This is the value of D1, the difference between the two group proportions at which the power is
computed. This is the value of the difference under the alternative hypothesis.

Alpha

This is the value of alpha (significance level) that was targeted by the design.

Beta
This is the value of beta, which is the probability of not rejecting a false null hypothesis.

Plots Section

Pwr vs K1 by D1 with P2=0.60 A=0.05 M1=100
D0=-0.05 ICC=0.002 K2=K1 M2=M1 T=LS

1.0 ° % %4
A
0.8+
e 0.0000
s o
a 06 0O = 0.0200
A 0.0400
0.4+ < 0.0600
0.2 1

The values from the table are displayed on the above chart. This chart gives us a quick look at the
sample sizes that will be required for various values of D1.
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Example2 - Finding the Sample Size
(Number of Clusters)

Continuing with the scenario given in Example 1, the researchers want to determine the number
of clusters necessary for each value of D1 when the target power is set to 0.80.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ..o K1

Test StatistiC.........ccevvvvieiiieeeieeeiiinnnn, Likelihood Score (Farr. & Mann.)
DO..oeeiee e -0.05
Dl 0.02 .04 .06

K Ignored since this is the Find setting
ML e 100

K2 K1

M2 e M1

Higher Proportions Are...................... Better

P 0.6

[CC i 0.002
Alpha....iii 0.05
Beta....ouueiiiiee 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Non-Inferiority Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Equiv. Actual Equiv. Actual
Clusters/ Clusters/ Cluster Grp 2 Grp 1 Grp1 Margin Margin
ltems ltems Corr. Prop Prop Prop Diff Diff

Power K1/M1  K2/M2 ICC P2 P1.0 P1.1 DO D1  Alpha Beta

0.8190  15/100 15/100 0.0020 0.6000 0.5500 0.6000 -0.0500 0.0000 0.0500 0.1810
0.8364 8/100 8/100 0.0020 0.6000 0.5500 0.6200 -0.0500 0.0200 0.0500 0.1636
0.8503 5/100 5/100 0.0020 0.6000 0.5500 0.6400 -0.0500 0.0400 0.0500 0.1497
0.8186 3/100 3/100 0.0020 0.6000 0.5500 0.6600 -0.0500 0.0600 0.0500 0.1814

The required sample size depends a great deal on the value of D1. The researchers should spend
time determining the most appropriate value for D1.
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Example3 - Validation

We could not find an example of this type of analysis in the literature. Therefore, we will validate
the procedure by comparing the results to those given in Example3 in the chapter “Comparing
Proportions in Cluster Randomized Trials,” since both modules should give identical results.
Validation can be accomplished by running Example 1 in this chapter and Example3 in that
chapter. If you do this, you will see that both procedures give the same results.
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Example4 - Finding Power after an
Experiment

A group of researchers want to show that a new, less expensive treatment works at least as well as
the current treatment. They believe, in fact, that the new treatment is about 0.10 higher in
proportion of success. One hundred patients at each of 10 randomly chosen hospitals were given
the current treatment. One hundred patients at each of 10 randomly chosen hospitals were given
the new treatment. It was agreed before the experiment that the new treatment needed to be no
less than 0.05 in proportion of success below the current treatment to be considered noninferior.
The proportion of patients responding to the current treatment was 821/1000 = 0.821. The
proportion of patients responding to the new treatment was 819/1000 = 0.819. This result did not
show significant noninferiority at the 0.05 level. The researchers want to know the power of their
noninferiority test. They decide to use the intracluster correlation coefficient estimated from the
data, which was 0.0068. Although the observed difference in proportions is 0.819 — 0.821 = -
0.002, the trivial difference is still -0.05. This value is used in the power calculation.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example4 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o Beta and Power
Test StatistiC.........ccccevvveiiiiieeeeeeeiiennn, Likelihood Score (Farr. & Mann.)
DO -0.05
Dl 0.00.10

P2 e 0.821

KL o 10

K2 e K1

ML oo 100

M2 e M1

Higher Proportions Are...................... Better

ICC e 0.0068

Alpha ... 0.05

Beta. .o Ignored

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Non-Inferiority Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0. H1: P1-P2=D1>D0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Equiv. Actual  Equiv. Actual
Clusters/  Clusters/ Cluster Grp 2 Grp 1 Grp1l Margin Margin
Items Items Corr. Prop Prop Prop Diff Diff

Power K1/M1 K2/M2 ICC P2 P1.0 P1.1 DO D1  Alpha Beta

0.7272  10/100 10/100  0.0068 0.8210 0.7710 0.8210 -0.0500 0.0000 0.0500 0.2728
1.0000  10/100 10/100 0.0068 0.8210 0.7710 0.9210 -0.0500 0.1000 0.0500 0.0000

If indeed the new treatment were 0.10 higher in proportion of success, the power for showing
noninferiority would be 1.0000. If the true proportions are the same, the power would be 0.7272.
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Example5 - Finding Sample Size
(Individuals Within Clusters)

An agency would like to show the proportion of success of a new treatment is no less than that of
the current treatment. Thirty doctors are available for the study. Fifteen will be randomly chosen
to be trained to administer the new treatment. The remaining fifteen will continue to administer
the current treatment. The new treatment will be considered noninferior if the the proportion of
success is at least 90% of the current treatment success. The agency would like to know the
number of patients that need to be treated by each doctor to achieve 80% power for the
noninferiority test. VVarious values for the intracluster correlation coefficient will be use since its
true value is unknown. It is expected that the two treatments will have a success rate near 0.65.
Alpha is set at 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example5 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o M1

Test StatistiC..........cccvvvveeiiiieeeeeeeiiinnnn, Likelihood Score (Farr. & Mann.)
RO (Trivial Ratio) .......ccccoeeeieieiiinnns 0.90

R1 (Actual Ratio).........ccevvvveeeerriinnns 1.0

P2 e 0.65

KL o 15

K2 e K1

ML Ignored since this is the find setting
M2 e M1

Higher Proportions Are...............c...... Better

ICC 0.001 to 0.01 by 0.001
Alpha....ei 0.05
Beta....ouueiiiiee 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Non-Inferiority Tests Based on the Ratio: P1/ P2
HO: P1/P2<=R0. H1: P1/P2=R1>R0. Test Statistic: Score test (Farrington & Manning)

Group 1 Group 2 Intra- Trivial Actual  Trivial Actual
Clusters/ Clusters/  Cluster Grp 2 Grp 1 Grp1l Margin Margin

Iltems Items Corr. Prop Prop Prop Ratio Ratio

Power K1/M1 K2/M2 ICC P2 P1.0 P1.1 RO R1
0.8011 15/42 15/42 0.0010 0.6500 0.5850 0.6500 0.900 1.000
0.8023 15/44 15/44 0.0020 0.6500 0.5850 0.6500 0.900 1.000
0.8023 15/46 15/46 0.0030 0.6500 0.5850 0.6500 0.900 1.000
0.8017 15/48 15/48 0.0040 0.6500 0.5850 0.6500 0.900 1.000
0.8045 15/51 15/51 0.0050 0.6500 0.5850 0.6500 0.900 1.000
0.8011 15/53 15/53 0.0060 0.6500 0.5850 0.6500 0.900 1.000
0.8017 15/56 15/56 0.0070 0.6500 0.5850 0.6500 0.900 1.000
0.8005 15/59 15/59 0.0080 0.6500 0.5850 0.6500 0.900 1.000
0.8017 15/63 15/63 0.0090 0.6500 0.5850 0.6500 0.900 1.000
0.8011 15/67 15/67 0.0100 0.6500 0.5850 0.6500 0.900 1.000

Plots Section

ML vs ICC with R1=1.00 P2=0.65 A=0.05 Pwr=0.80
K1=15 R0=0.90 K2=K1 M2=M1 T=LS

70

M1
i
N

Alpha
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500

Beta

0.1989
0.1977
0.1977
0.1983
0.1955
0.1989
0.1983
0.1995
0.1983
0.1989

The number of patients that should be seen by each doctor ranges from 42 to 67, depending on

the intracluster correlation coefficient..
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Chapter 240

Equivalence of
Two Proportions
In Cluster-
Randomized Trials

Introduction

This module provides power analysis and sample size calculation for equivalence tests in two-
sample, cluster-randomized designs in which the outcome is binary.

Three Procedures Documented Here

There are three procedures in the menus that use the program module described in this chapter.
These procedures are identical except for the type of parameterization. The parameterization can
be in terms of proportions, differences in proportions, or ratios of proportions. Each of these
options is listed separately on the menus.

Technical Details

The methods contained in this module are identical to those discussed in the chapter entitled
“Comparing Proportions in Cluster-Randomized Trials.” The input and output has simply been
reformatted in a manner that is convenient for equivalence testing. A complete review of
equivalence testing is given in the chapter “Equivalence of Two Independent Proportions.” We
refer you to these two chapters for complete technical details on the methods used in this module.
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter Procedure Templates.

Data Tab (Common Options)

The Data tab contains the parameters associated with this test such as the proportions, sample
sizes, alpha, and beta. This chapter covers three procedures, each of which has different options.
This section documents options that are common to all three procedures. Later, unique options for
each procedure will be documented.

Find
This option specifies the parameter to be solved for from the other parameters. The parameters

that may be selected are P1.1, Alpha, Beta, K1, M1, or ICC. Under most situations, you will
select either Beta or K1.

Select K1 when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment.

Test Statistic

Specify which test statistic is used in searching and reporting. We recommend the likelihood
score test.

P2 (Control Group Proportion)

Specify the value of P2, the control, baseline, or standard group’s proportion. The null hypothesis
is that the two proportions differ by a specified amount (See Specify Group 1 Proportion using
below).

Since P2 is a proportion, these values must be between 0 and 1.

You may enter a range of values such as 0.1 0.2 0.3 or 0.1 to 0.9 by 0.1.

ICC (Intracluster Correlation)

Enter a value (or range of values) for the intracluster correlation. This correlation may be thought
of as the simple correlation between any two observations in the same cluster. It may also be thought
of as the proportion of total variance in the observations that can be attributed to difference between
clusters.

Although the actual range for this value is from 0 to 1, typical values range from 0.002 to 0.05.

K1 (Clusters Group 1)

Enter a value (or range of values) for the number of clusters in this group. You may enter a range
of values such as 10 to 20 by 2. The sample size for this group is equal to the number of clusters
times the number of subjects per cluster.
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M1 (Items Group 1)

This is the average number of items (subjects) per cluster in group one. This value must be a
positive number that is at least 1. You can use a list of values such as 100 150 200.

K2 (Clusters Group 2)

This is the number of clusters in group two. The sample size for this group is equal to the number
of clusters times the number of subjects per cluster. This value must be a positive number.

If you simply want a multiple of the value for group one, you would enter the multiple followed
by K1, with no blanks. If you want to use K1 directly, you do not have to pre-multiply by 1. For
example, all of the following are valid entries: 10 K1 2K1 0.5K1.

You can use a list of values such as 10 20 30 or K1 2K1 3K1.

M2 (Items Group 2)

This is the number of items (subjects) per cluster in group two. This value must be a positive
number.

If you simply want a multiple of the value for group one, you would enter the multiple followed
by M1, with no blanks. If you want to use M1 directly, you do not have to pre-multiply by 1. For
example, all of the following are valid entries: 10 M1 2M1 0.5M1.

You can use a list of values such as 10 20 30 or M1 2M1 3M1.

Alpha (Significance Level

This option specifies one or more values for the probability of a type-I error (alpha). A type-I
error occurs when you reject the null hypothesis of unequal proportions when in fact they are not
equal.

Values must be between 0 and 1. Because this is a two-sided test, unless you have good reason to
do otherwise, the value of 0.05 is recommended. You should pick a value for alpha that
represents the risk of a type-I error you are willing to take in your experimental situation.

You may enter a range of values such as 0.01 0.025 0.05 or 0.01 to 0.10 by 0.01.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-11 error (beta). A type-11
error occurs when you fail to reject the null hypothesis when in fact it is false.

Values must be between 0 and 1. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-I1 error you are
willing to take.

Power is defined as 1-beta. Power is equal to the probability of rejecting a false null hypothesis.
Hence, specifying the beta error level also specifies the power level. For example, if you specify
beta values of 0.05, 0.10, and 0.20, you are specifying power values of 0.95, 0.90, and 0.80,
respectively.
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Data Tab (Proportion)

This section documents options that are used when the parameterization is in terms of the values
of the two proportions, P1 and P2. P1.0 is the value of the P1 assumed by the null hypothesis and
P1.1 is the value of P1 at which the power is calculated.

P1.0U & P1.0L (Upper & Lower Equivalence

Proportion)

Specify the margin of equivalence directly by giving the upper and lower bounds of P1.0. The
two groups are assumed to be equivalent when P1.0 is between these values. Thus, P1.0U should
be greater than P2 and P1.0L should be less than P2.

This option is only used for Proportions.

Note that the values of P1.0U and P1.0L are used in pairs. Thus, the first values of P1.0U and
P1.0L are used together, and then the second values of each are used, and so on.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.

Proportions must be between 0 and 1. They cannot take on the values 0 or 1. These values should
surround P2.

P1.1 (Actual Proportion)

This option specifies the value of P1.1, which is the value of the treatment proportion at which
the power is to be calculated. It is only used for Proportions. Proportions must be between 0 and
1. They cannot take on the values 0 or 1.

You may enter a range of values such as 0.03 0.05 0.10 or 0.01 to 0.05 by 0.01.
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Data Tab (Difference)

This section documents options that are used when the parameterization is in terms of the
difference, P1 — P2. P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value
of P1 at which the power is calculated. Once P2, DO, and D1 are given, the values of P1.1 and
P1.0 can be calculated.

DO0.U & DO.L (Upper & Lower Equivalence
Difference)

Specify the margin of equivalence by specifying the largest distance above (D0.U) and below
(DO.L) P2 which will still result in the conclusion of equivalence. As long as the actual difference
is between these two values, the difference is not large enough to be of practical importance.

The values of D0.U must be positive and the values of D0.L must be negative. DO.L can be set to
*-D0.U,” which is usually what is desired.

The power calculations assume that P1.0 is the value of the P1 under the null hypothesis. This
value is used with P2 to calculate the value of P1.0 using the formula: P1.0U = D0.U + P2,

This option is only used for Differences.
You may enter a range of values for D0.U such as .03 .05 .10 or .05 to .20 by .05.

Note that if you enter values for DO.L (other than '-D0.U"), they are used in pairs with the values
of D0.U. Thus, the first values of D0.U and DO.L are used together, then the second values of
each are used, and so on.

RANGE:

DO.L must be between -1 and 0. D0.U must be between 0 and 1. Neither can take on the values
-1, 0, or 1.

D1 (Actual Difference)

This option specifies the actual difference between P1.1 (the actual value of P1) and P2. This is
the value of the difference at which the power is calculated. In equivalence trials, this difference
is often set to zero.

The power calculations assume that P1.1 is the actual value of the proportion in group 1
(experimental or treatment group). This difference is used with P2 to calculate the true value of
P1 using the formula: P1.1 = D1 + P2.

You may enter a range of values such as -.05 0 .5 or -.05 to .05 by .02. Actual differences must be
between -1 and 1. They cannot take on the values -1 or 1.

This option is only used for Differences.
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Data Tab (Ratio)

This section documents options that are used when the parameterization is in terms of the ratio,
P1/P2.P1.0 is the value of P1 assumed by the null hypothesis and P1.1 is the value of P1 at
which the power is calculated. Once P2, RO, and R1 are given, the values of P1.0 and P1.1 can be
calculated.

RO.U & RO.L (Upper & Lower Equivalence Ratio)

Specify the margin of equivalence by specifying the largest ratio (P1/P2) above (R0.U), and
below (RO.L), which will still result in the conclusion of equivalence. As long as the actual ratio
is between these two values, the difference between the proportions is not said to be large enough
to be of practical importance.

The values of RO.U must be greater than 1 and the values of RO.L must be less than 1. RO.L can
be set to “1/R0.U’, which is most often desired.

The power calculations assume that P1.0 is the value of the P1 under the null hypothesis. This
value is used with P2 to calculate the value of P1.0 using the formula: P1.0U = R0.U x P2.

This option is only used for Ratios.
You may enter a range of values for RO.U suchas 1.1 1.51.8 or 1.1to 2.1 by 0.2.

Note that if you enter values for RO.L (other than ‘1/R0.U’), they are used in pairs with the values
of RO.U. Thus, the first values of R0.U and RO.L are used together, then the second values of
each are used, and so on.

RO.L must be between 0 and 1. RO.U must be greater than 1. Neither can take on the value 1.

R1 (Actual Ratio)

This option specifies the ratio of P1.1 and P2, where P1.1 is the actual proportion in the treatment
group. The power calculations assume that P1.1 is the actual value of the proportion in group 1.
This difference is used with P2 to calculate the value of P1 using the formula: P1.1 = R1 x P2. In
equivalence trials, this ratio is often set to 1.

This option is only used for Ratios.

Ratios must be positive. You may enter a range of values such as 0.95 1 1.05 or 0.9 to 1.9 by
0.02.
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Options Tab

The Options tab contains various limits and options.

Maximum lterations

Specify the maximum number of iterations before the search for the criterion of interest is
aborted. When the maximum number of iterations is reached without convergence, the criterion is
not reported. A value of at least 500 is recommended.

Zero Count Adjustment Method

Zero cell counts often cause calculation problems. To compensate for this, a small value (called
the Zero Count Adjustment Value) can be added either to all cells or to all cells with zero counts.
This option specifies whether you want to use the adjustment and which type of adjustment you
want to use. We recommend that you use the option Add to zero cells only.

Zero cell values often do not occur in practice. However, since power calculations are based on
total enumeration, they will occur in power and sample size estimation.

Adding a small value is controversial, but can be necessary for computational considerations.
Statisticians have recommended adding various fractions to zero counts. We have found that
adding 0.0001 seems to work well.

Zero Count Adjustment Value

Zero cell counts cause many calculation problems when computing power or sample size. To
compensate for this, a small value may be added either to all cells or to all zero cells. This value
indicates the amount that is added. We have found that 0.0001 works well.

Be warned that the value of the ratio and the odds ratio will be affected by the amount specified
here!
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Examplel - Finding Power

A study is being designed to establish the equivalence of a new treatment compared to the current
treatment. Historically, the standard treatment has enjoyed a 60% cure rate. The new treatment
reduces the seriousness of certain side effects that occur with the standard treatment. Thus, the
new treatment will be adopted even if it is slightly less effective than the standard treatment. The
researchers will recommend adoption of the new treatment if its cure rate is within 0.15 of the
standard treatment.

The researchers will recruit patients from various hospitals. All patients at a particular hospital
will receive the same treatment. They anticipate enlisting an average of 50 patients per hospital.
Based on similar studies, they estimate the intracluster correlation to be 0.002.

The researchers plan to use the Farrington and Manning likelihood score test statistic to analyze
the data. They want to study the power of the two, one-sided tests proposed by Farrington and
Manning when the number of clusters per groups ranges from 2 to 10. They want to investigate
the behavior of this test when the actual cure rate of the new treatment ranges from 60% to 66%.
The significance level will be 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Examplel by clicking the Template
tab and loading this template.

Option Value

Data Tab

Find ... Beta and Power
Test StatistiC ........ccovvvvveeiiiiiieee Likelihood Score (Farr. & Mann.)
DO.U oo 0.15

DO.L oo -DO.U

Dl i 0.03 .06
P2 0.6
KL 246810

ML oo 50

K2 e K1

M2 e M1

[CC i 0.002

Alpha...c.ooo o 0.05
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=DOL or P1-P2>=D0U. H1: DOL<P1-P2=D1<DOU.
Test Statistic: Score tests

Lower Upper Lower Upper

Group1l Group2 |Intra- Equiv. Equiv. Equiv. Equiv. Actual

Clusters/ Clusters/ Cluster Prop Grpl Grpl Margin Margin Margin

Items Items Corr. Grp2 Prop Prop Diff Diff Diff
Power K1/M1 K2/M2 ICC P2 P10L P1.0U DOo.L DO.U D1 Alpha Beta
0.3459 2/50 2/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0000 0.0500 0.6541
0.8065 4/50 4/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0000 0.0500 0.1935
0.9494 6/50 6/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0000 0.0500 0.0506
0.9879 8/50 8/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0000 0.0500 0.0121
0.9973  10/50 10/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0000 0.0500 0.0027
0.3279 2/50 2/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0300 0.0500 0.6721

Summary Statements

Sample sizes of 100 in group one and 100 in group two, which were obtained by sampling 2
clusters with 50 subjects each in group one and 2 clusters with 50 subjects each in group two,
achieve 33% power to detect equivalence. The margin of equivalence, given in terms of the
difference between the proportions, extends from -0.1500 to 0.1500. The actual difference
between the proportions is 0.0000. The group two proportion is 0.6000. The calculations assume
that two, one-sided z tests (unpooled) were used. The significance level of the test was

0.0500.

This report shows the values of each of the parameters, one scenario per row. Most of the report
columns have obvious interpretations. Those that may not be obvious are presented here.

Group 1 Clusters/ltems: K1/M1

This line gives the value of K1, the number of clusters in group 1, followed by M1, the number of
items per cluster in this group. The total number of items sampled in group 1 is N1 = K1 x M1.

Group 2 Clusters/ltems: K2/M2

This line gives the value of K2, the number of clusters in group 2, followed by M2, the number of
items per cluster in this group. The total number of items sampled in group 2 is N2 = K2 x M2.

Intracluster Corr.: ICC
This is the value of the intracluster correlation coefficient, ICC.

Prop Grp 2: P2

This is the value of P2, the proportion responding positively in the control group.

Lower & Upper Equiv. Grp 1 Prop: P1.0L & P1.0U

These are the margin of equivalence for the response rate of the treatment group, as specified by
the null hypothesis of non-equivalence. Values of P1 inside these limits are considered equivalent
to P2.
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Lower & Upper Equiv. Margin Diff: DO.L & DO.U

These set the margin of equivalence for the different in response rates. Values of the difference
outside these limits are considered non-equivalent.

Actual Margin Diff D1

This is the value of D1, the difference between the two group proportions at which the power is
computed. This is the value of the difference under the alternative hypothesis.

Alpha

This is the value of alpha (significance level) that was targeted by the design.

Beta
This is the value of beta, which is the probability of not rejecting a false null hypothesis.

Plots Section

Pwr vs K1 by D1 with P2=0.60 A=0.05 M1=50
D0.U=0.15 ICC=0.002 K2=K1 M2=M1 T=LS

1.0+
0.8
e 0.0000
= —
g o6 a
= 0.0300
0.4 A 0.0600
A
0.2 | | | i 1
1 3 5 7 9 11

The values from the table are displayed on the above chart. This chart gives us a quick look at the
sample size that will be required for various values of D1.
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Example2 - Finding the Sample Size
(Number of Clusters)

Continuing with the scenario given in Example 1, the researchers want to determine the number
of clusters necessary for each value of D1 when the target power is set to 0.80.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example2 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o K1

Test StatistiC.........ccevvvvieiiieeeieeeiiinnnn, Likelihood Score (Farr. & Mann.)
DO.U ..o 0.15

DO.L.iic e, -DO.U
Dl 0 .03 .06

P2 e 0.6

KL e Ignored since this is the Find setting
ML oo 50

K2 e K1

M2 e M1

ICC 0.002

Alpha....eei 0.05
Beta....ovueiiiiee 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=DOL or P1-P2>=D0OU. H1: DOL<P1-P2=D1<DO0U.
Test Statistic: Score tests

Lower Upper Lower Upper

Groupl Group2 |Intra- Equiv. Equiv. Equiv. Equiv. Actual
Clusters/ Clusters/ Cluster Prop Grpl Grpl Margin Margin Margin
Items Items Corr. Grp2 Prop Prop Diff Diff Diff
Power K1/M1 K2/M2 ICC P2 P1.0L P1.0U Do.L DO.U D1 Alpha Beta
0.8065 4/50 4/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0000 0.0500 0.1935
0.8324 5/50 5/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0300 0.0500 0.1676
0.8137 8/50 8/50 0.0020 0.6000 0.4500 0.7500 -0.1500 0.1500 0.0600 0.0500 0.1863

The required sample size depends a great deal on the value of D1. The researchers should spend
time determining the most appropriate value for D1.
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Example3 - Validation

We could not find an example of this type of analysis in the literature. Therefore, we will validate
the procedure by comparing the results to those given in the chapter entitled “Equivalence — Two
Independent Proportions,” since both modules should give identical results for the same sample
sizes when the ICC is set to zero. We ran the case when N1 = N2 = 200, P2 = 0.6, D0O.U = 0.15,
D1 =0, and Alpha = 0.05. In this module, set M1 = 1 and set K1 = 200. Both program modules
calculated the power to be 0.8482 in this case.
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Example4 - Finding Power after an
Experiment

Individuals promoting a new, more expensive treatment claim that it achieves better results than
the current treatment without citing statistical evidence. A group of researchers attempted to show
the claim was false through a study involving 12 hospitals. Two hundred patients at each of 6
randomly chosen hospitals were given the current treatment. Two hundred patients at each of the
remaining 6 hospitals were given the new treatment. It was agreed before the experiment that if a
difference of less than 0.05 in proportion of success could be shown, the two treatments would be
deemed equivalent. The proportion of patients responding properly to the current treatment was
540/1200 = 0.450. The proportion of patients responding properly to the new treatment was
570/1200 = 0.475. This result did not show significant equivalence at the 0.05 level. The
researchers want to know the power of their equivalence test. They decide to use the intracluster
correlation coefficient estimated from the data, which was 0.0043. Although the observed
difference in proportions is 0.475 — 0.450 = 0.025, the equivalence difference is still 0.05. This
value is used in the power calculation.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example4 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd oo, Beta and Power
Test StatistiC.........ccccevvveiiiiieeeeeeeiiennn, Likelihood Score (Farr. & Mann.)
DO.U .o 0.05

DO.L. e, -DO.U
Dl 0.0

P2 e 0.45

KL oo 6

K e, K1

ML oo 200

M2 e M1

ICC e 0.0043

Alpha ... 0.05
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0.L or P1-P2>=D0.U. H1: D0.L<P1-P2=D1<D0.U.
Test Statistic: Score tests

Lower Upper Lower Upper

Group 1 Group 2 Intra- Equiv. Equiv. Equiv. Equiv. Actual
Clusters/ Clusters/  Cluster Prop Grp 1 Grp1l Margin Margin Margin
Iltems Items Corr. Grp 2 Prop Prop Diff Diff Diff

Power K1/M1 K2/M2 ICC P2 P10OL P1l.0U DO.L D0.U D1 Alpha Beta

0.1309 6/200 6/200 0.0043 0.4500 0.4000 0.5000 -0.0500 0.0500 0.0000 0.0500 0.8691

The power of the test of equivalence was only 0.1309.
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Example5 - Finding Sample Size
(Individuals within Clusters)

An agency would like to show the proportion of success is the same for two treatments. Eight
doctors are available for the study. Four will be randomly chosen to be trained to administer
treatment 1. The remaining four will administer treatment 2. The treatments will be considered
equivalent if the the proportion of success of treatment 1 is within 0.10 of treatment 2 success.
The agency would like to know the number of patients that need to be treated by each doctor to
achieve 80% power for the equivalence test. Various values for the intracluster correlation
coefficient will be use since its true value is unknown. It is expected that the two treatments will
have a success rate near 0.70. Alpha is set at 0.05.

Setup

This section presents the values of each of the parameters needed to run this example. First, load
the procedure. This example uses the difference parameterization. You can make these changes
directly on your screen or you can load the template entitled Example5 by clicking the Template
tab and loading this template.

Option Value

Data Tab

FINd .o M1

Test StatistiC..........cccevvvvieiiieeeeeeeiiinnnn, Likelihood Score (Farr. & Mann.)
DO.U ..o 0.10

DO.L.cooiiiceeee e -DO.U
Dl 0.0

P2 e 0.70

KL oo 4

K2 e K1

ML s Ignored since this is the find setting
M2 e M1

ICC 0.001 to 0.01 by 0.001

Alpha....ei i, 0.05

Bt 0.20
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Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Equivalence Tests Based on the Difference: P1 - P2
HO: P1-P2<=D0.L or P1-P2>=D0.U. H1: D0O.L<P1-P2=D1<D0.U.
Test Statistic: Score tests

Lower Upper Lower Upper

Group 1 Group 2 Intra- Equiv. Equiv. Equiv. Equiv. Actual
Clusters/ Clusters/ Cluster Prop Grp 1 Grp1l Margin Margin Margin
Iltems Items Corr. Grp 2 Prop Prop Diff Diff Diff
Power K1/M1 K2/M2 ICC P2 pP1.0L P1.0U DO.L DO.U D1  Alpha Beta
0.8028  4/99 4/99 0.0010 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1972

0.8042 4/110 4/110 0.0020 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1958
0.8028 4/123 4/123 0.0030 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1972
0.8014 4/140 4/140 0.0040 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1986
0.8014 4/162 4/162 0.0050 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1986
0.8014 4/194 4/194 0.0060 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1986
0.8014 4/240 4/240 0.0070 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1986
0.8014 4/316 4/316 0.0080 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1986
0.8014 4/463 4/463 0.0090 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1986
0.8014 4/867 4/867 0.0100 0.7000 0.6000 0.8000 -0.1000 0.1000 0.0000 0.0500 0.1986

Plots Section

M1 vs ICC with D1=0.00 P2=0.70 A=0.05 Pwr=0.80
K1=4 D0.U=0.10 K2=K1 M2=M1 T=LS

1000+

M1

The number of patients needed to be treated by each doctor ranges from 99 to 867 depending on
the value of the intracluster correlation coefficient.



250-1

Chapter 250

Chi-Square Tests

Introduction

The Chi-square test is often used to test whether sets of frequencies or proportions follow certain
patterns. The two most common instances are tests of goodness of fit using multinomial tables
and tests of independence in contingency tables.

The Chi-square goodness of fit test is used to test whether the distribution of a set of data follows
a particular pattern. For example, the goodness-of-fit Chi-square may be used to test whether a set
of values follow the normal distribution or whether the proportions of Democrats, Republicans,
and other parties are equal to a certain set of values, say 0.4, 0.4, and 0.2.

The Chi-square test for independence in a contingency table is the most common Chi-square test.
Here individuals (people, animals, or things) are classified by two (nominal or ordinal)
classification variables into a two-way, contingency table. This table contains the counts of the
number of individuals in each combination of the row categories and column categories. The Chi-
square test determines if there is dependence (association) between the two classification
variables. Hence, many surveys are analyzed with Chi-square tests.

The following table is an example of data arranged in a two-way contingency table. The rows of
the table represent the stated political party of a respondent. The columns represent the
respondent’s answer to a question about whether they favor a certain proposition. The body of the
table represents the number of individuals that fall into each cell (category). Note that the
opinions of 311 individuals are recorded in this table.

(Count) Favor Proposition A
Political Party Yes No
Democrats 86 21
Republican 54 59
Others 34 57

The table below presents the row percentages for each category.

(Row Percentage) Favor Proposition A

Political Party Yes No
Democrats 80.4 19.6
Republican 47.8 52.2
Others 37.4 62.6

The Chi-square statistic tests whether the percentage of Yes responses remains constant across the
three political parties. Notice that 80% of the Democrats said Yes, while only 37% of those in the
Other category chose Yes. The Chi-square value for the above table is 5.59, which is statistically
significant. Obviously, there is quite a shift in response pattern on this item across political
parties.
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Effect Size

We begin by defining what we will call the effect size. For each cell of a table containing m cells,
suppose there are two proportions considered: one specified by a null hypothesis and the other
specified by an alternative hypothesis. Often, the proportions specified by the alternative
hypothesis are those occurring in the data. Define p,; to be the proportion in cell i under the null

hypothesis and p,; to be the proportion in cell i under the alternative hypothesis. The effect size,

w, is calculated using the formula
W = i( pli_pOi)zl
| =t Poi

The formula for computing the Chi-square value, ;(2, is

4= i(Oi-_Ei)

E

pOI ’

where N is the total count in all the cells. Hence, the relationship between w and ;(2 is

ZZ — NW2

Note that when you are dealing with a contingency table, the cell index, i, is often replaced by
two indices, one representing columns and the other representing rows.

The effect size, w, was used by Cohen (1988) because it does not depend on the sample size. He
sets a small value of w at 0.1, a medium value at 0.3, and a large value at 0.5. Although these are
rather arbitrary settings, they are useful for planning purposes.
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Chi-Square Effect Size Estimator

PASS provides a special module to aid in finding an appropriate value for w called the Chi-
Square Effect Size Estimator. This module may be loaded by pressing the CS button near the W
(Effect Size) box or from the menus by selecting PASS and then Other.

You will find that as values are typed into the body of the table, the value of the effect size
(shown at the bottom in the box labeled Effect Size - W) is also changed. Using this utility
program, you can quickly determine the impact of table configurations on the value of w.

For example, suppose the cell proportions under the null and alternative hypotheses are as
follows:

Cell 1 2 3 4
Poi 025 0.25 025 0.25 (Null: Equal distribution across the four cells.)

P;; 040 020 020 0.20 (Alternative: cell 1 has twice the probability as the rest.)

To calculate w, first create the differences (ignoring the signs since the differences will be
squared

IDifff 0.15 0.05 0.05 0.05
Next, square the differences

Diff*2 0.0225 0.0025 0.0025 0.0025
Divide by the null

X7~2 009 001 001 001

When these are summed, the result is 0.12. Taking the square of 0.12 gives the value of w as
0.3464.

As an experiment, load the Chi-Square Effect Size Estimator and enter these values on the
Multinomial Test window. Enter the p,; values in the column labeled Data Values and

the p,; values inl the column marked Hypothesized Proportions. Check that the value of w is

0.3464. Next, change the Data Values to 4,2,2,2 and the Hypothesized Proportions to 1,1,1,1.
Check that the value of w is still the same.

Calculating the Power

The power is calculated as follows:

1. Find x, such that 1— z*(x,|df ) = &, where »°(x,|df )is the area to the left of x under a
Chi-square distribution with df degrees of freedom.

2. Power=1- ;((;f' 2» Where ;(,fﬂ is the left-tail area of the noncentral Chi-square distribution

with k degrees of freedom and noncentrality parameter A . Note that 1 = Nw?.
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Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab

The Data tab contains most of the parameters and options that you will be concerned with.

Find
This option specifies the parameter to be solved for from the other parameters. The parameters

that may be selected are W, DF, N, Alpha, and Beta. Under most situations, you will select either
Beta for a power analysis or N for sample size determination.

Select N when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta when you want to calculate the power of an experiment that has already been run.

DF (Degrees of Freedom)

This options specifies the degrees of freedom of the Chi-square test. For a test of independence in
a contingency table, the degrees of freedom is (R-1)(C-1) where R is the number of rows and C is
the number of columns. For example, for a 3-by-4 table, DF = (3-1)(4-1) = 6.

In a goodness of fit test, the degrees of freedom is the number of cells minus one. You may have
to further adjust it for every distributional parameter that is estimated from the data. For example,
suppose a Chi-square goodness-of-fit will be used to test the adequacy of the normality
assumption on a set of 300 observations. Two parameters, the mean and variance, are estimated
from the data. Suppose the data are categorized into six categories. DF =6-2-1=3.

W (Effect Size)

This is the value of w, the effect size. If you have Chi-square values that you want to analyze, use
the following formula to transform them to w’s:

w=, 4

N

Remember that a small value of w is 0.1, a medium value is 0.3, and a large value is 0.5.

N (Sample Size)
This option specifies the number of individuals whose responses are recorded in the table. This
number should be greater than or equal to the number of cells in the table.
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Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you reject the null hypothesis of equal row (or column) proportions when in
fact they are equal.

Values must be between zero and one. Historically, the value of 0.05 was used for alpha. This
means that about one test in twenty will falsely reject the null hypothesis. You should pick a
value for alpha that represents the risk of a type-I error you are willing to take in your
experimental situation.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-II error (beta). A type-II
error occurs when you fail to reject the null hypothesis of equal row proportions when in fact they
are different.

Values must be between zero and one. Historically, the value of 0.20 was often used for beta.
However, you should pick a value for beta that represents the risk of a type-11 error you are
willing to take.

Power is defined as one minus beta. Power is equal to the probability of rejecting a false null
hypothesis. Hence, specifying the beta error level also specifies the power level. For example, if
you specify beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power
values of 0.95, 0.90, and 0.80.
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Example 1 - Finding the Power for an
Existing Contingency Table

This example will compute the power of the Chi-square test of independence of the data in the
contingency table that was discussed at the beginning of this chapter. If you would like to follow
along, load the Chi-Square Effect Size Estimator window, select the Contingency Table tab, enter
86, 54, 34 in the first column and 21, 59, 57 in the second column. The results are Chi-square =
41.708829, DF = 2, N = 311, and W = 0.366213.

We will compute the power when alpha = 0.01, 0.05, and 0.10. For evaluation purposes, we will
compute the power when N = 20, 50, 100, and 200 as well as at 311.

Setup

This section presents the values of each of the parameters needed to run this example. You can
make these changes directly on your screen or you can load the template entitled Examplel by
clicking the Template tab and loading this template.

Option Value

Data Tab

Find.......oooo Beta and Power

DF 2

N o 20 50 100 200 311
Wi 0.366213
Alpha........ccooo 0.01 0.05 0.10
Beta.....oooiii Ignored since this is the Find setting.

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results

Power N W Chi-Square DF Alpha
0.12127 20 0.3662 2.6822 2 0.01000
0.29104 20 0.3662 2.6822 2 0.05000
0.41007 20 0.3662 2.6822 2 0.10000
0.39621 50 0.3662 6.7056 2 0.01000
0.63538 50 0.3662 6.7056 2 0.05000
0.74622 50 0.3662 6.7056 2 0.10000
0.78214 100 0.3662 13.4112 2 0.01000
0.91678 100 0.3662 13.4112 2 0.05000
0.95512 100 0.3662 13.4112 2 0.10000
0.98840 200 0.3662 26.8224 2 0.01000
0.99795 200 0.3662 26.8224 2 0.05000
0.99927 200 0.3662 26.8224 2 0.10000
0.99980 311 0.3662 41.7088 2 0.01000
0.99998 311 0.3662 41.7088 2 0.05000
1.00000 311 0.3662 41.7088 2 0.10000

Report Definitions

Power is the probability of rejecting a false null hypothesis. It should be close to one.

Beta
0.87873
0.70896
0.58993
0.60379
0.36462
0.25378
0.21786
0.08322
0.04488
0.01160
0.00205
0.00073
0.00020
0.00002
0.00000

N is the size of the sample drawn from the population. To conserve resources, it should be small.
W is the effect size--a measure of the magnitude of the Chi-Square that is to be detected.

DF is the degrees of freedom of the Chi-Square distribution.
Alpha is the probability of rejecting a true null hypothesis.
Beta is the probability of accepting a false null hypothesis.

Summary Statements

A sample size of 20 achieves 12% power to detect an effect size (W) of 0.3662 using a 2 degrees

of freedom Chi-Square Test with a significance level (alpha) of 0.01000.

This report shows the values of each of the parameters, one scenario per row. The definitions of

each column are given in the Report Definitions section.

Note that in this particular example, a reasonable power of about 0.80 is reached for all values of

alpha once the sample size is greater than 100.
The values from this table are plotted in the chart below.

Plots Section

Power vs N by Alpha with W=0.3662 DF=2 Chi2 Test
11+

0.9

® 0.01

Power
Alpha

m 0.05
0.5+

A 0.10
0.3+

0.1 } } } |

This plot shows the relationship between sample size, power, and alpha.
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Example 2 - Finding the Sample Size

A survey is being planned that will contain several questions with three possible answers: agree,
neutral, disagree. The researchers are planning to analyze the questionnaires using Chi-square
tests of independence in two-way contingency tables. How many respondents are needed to
detect small (w = 0.1), medium (w = 0.3), or large (w = 0.5) effects if all hypothesis testing will
be done at the 0.05 significance level?

Since the researchers are planning for 3-by-3 tables, DF = (3-1)(3- 1) = 4.

Setup

This section presents the values of each of the parameters needed to run this example. You can
make these changes directly on your screen or you can load the template entitled Example2 by
clicking the Template tab and loading this template.

Option Value

Data Tab

Find ... N

DF e 4

N Ignored since this is the Find setting.
W e 0.10.30.5
Alpha......ooo 0.05

Beta.. .o 0.10 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results

Power N w Chi-Square DF Alpha Beta
0.90010 1541 0.1000 15.4100 4 0.05000 0.09990
0.80018 1194 0.1000 11.9400 4 0.05000 0.19982
0.90157 172 0.3000 15.4800 4 0.05000 0.09843
0.80130 133 0.3000 11.9700 4 0.05000 0.19870
0.90198 62 0.5000 15.5000 4 0.05000 0.09802
0.80243 48 0.5000 12.0000 4 0.05000 0.19757

This report shows that for 80% power, 1194 (about 1200) respondents are needed to detect small
effects, 133 respondents are needed to detect medium effects, and 48 respondents are needed to
detect large effects.
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Example 3 - Validation using Cohen

Cohen (1988) page 251 presents an example in which W = 0.30 and 0.40, N = 140, alpha = 0.01,
and DF = 2. He gives the power as 0.75 for W = 0.3 and 0.97 for W = 0.4.

Setup

This section presents the values of each of the parameters needed to run this example. You can
make these changes directly on your screen or you can load the template entitled Example3 by
clicking the Template tab and loading this template.

Option Value

Data Tab

FINd oo, Beta and Power

DF o 2

N ettt 140

W e 0.304

AlPha .. 0.01

Beta....ccoooooi i, Ignored since this is the Find setting.

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results

Power N W Chi-Square DF Alpha Beta
0.74841 140 0.3000 12.6000 2 0.01000 0.25159
0.96641 140 0.4000 22.4000 2 0.01000 0.03359

PASS matches Cohen’s power values of 0.75 and 0.97.
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Example 4 - Finding the Sample Size for
a Normality Goodness-of-Fit Test

A researcher is planning a study to determine if the distribution of scores on a certain test is
normal. He plans to divide the test scores from his sample into five intervals of equal probability
under the normal distribution using the sample mean and sample variance. After experimenting
with the Chi-Square Effect Size Estimator, he decides that he must be able to detect a departure
from normality of w = 0.20. He sets his significance level at 0.10 so that he will be lenient in his
rejection of normality. He decides to focus on a power of 0.80. How large of a sample size will
the researcher need?

The value of DF =5 - 2 - 1 = 2, since there are five intervals and two parameters, mean and
variance, are used.

Setup

This section presents the values of each of the parameters needed to run this example. You can
make these changes directly on your screen or you can load the template entitled Example4 by
clicking the Template tab and loading this template.

Option Value

Data Tab

FINd oo N

DF e 2

N o Ignored since this is the Find setting.
W e 0.25
Alpha.....oo 0.10

Beta....cooo e, 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results

Power N W Chi-Square DF Alpha Beta
0.80046 193 0.2000 7.7200 2 0.10000 0.19954

This report shows that for 80% power, 193 observations are needed.



260-1

Chapter 260

ROC Curve

Receiver operating characteristic (ROC) curves are used to assess the accuracy of a diagnostic
test. The technique is used when you have a criterion variable which will be used to make a yes
or no decision based on the value of this variable. The area under the ROC curve (AUC) is a
popular summary index of an ROC curve.

This module computes power and sample size when a new diagnostic test is compared to an
existing (gold) standard. Two approaches are available: the approach of Hanley and McNeil
(1982) is used when the criterion variable is continuous and the approach of Obuchowski and
McClish (1997) is used when the criterion variable is a discrete rating scale.

Technical Detalls

In the following, we suppose that we have two groups of patients, those with a condition of
interest (the positive group) and those without it (the negative group). This classification may be
known from extensive diagnosis or based on the value of another diagnostic test. The diagnostic
test of interest is performed on each patient and the resulting test value is recorded. At each
specified cutoff value of the criterion variable, the true positive rate (TPR) and the false positive
rate (FPR) are calculated. A plot of the TPR versus the FPR allows you study the consequences
of using various cutoff values. This plot is called the ROC curve.

It should be noted that TPR is similar to the statistical power of the diagnostic test at a particular
cutoff value of the criterion variable. Similarly, FPR is an estimate of the probability that the
diagnostic test results in a type | (alpha) error. Thus the ROC curve may be interpreted as a plot
of the diagnostic test’s power versus it’s significance level at various possible criterion cutoff
values.

Users of ROC curves have developed special names for TPR and FPR. They call TPR the
sensitivity of the test and 1 - FPR the specificity of the test. Statisticians will be more familiar with
using the word power instead of sensitivity and the phrase ‘1 - alpha’ instead of specificity.

An ROC curve may be summarized by the area under it (AUC). This area has an additional
interpretation. Suppose that a rater is asked to study two subjects, one that is actually disease
positive and one that is disease negative. The AUC is equal to the probability that the rater will
give the disease positive subject a higher score than the disease negative subject. That is, the
AUC is the probability that the rater will correctly order the two subjects as to which is more
likely to have the disease.

Several methods of computing the AUC have been proposed. One method uses the trapezoidal
rule to calculate the AUC directly. Another method, called the binormal model, computes the area
by fitting two normal distributions to the data.
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The Binormal Model

Let X denote the distribution of the criterion variable for negative (normal) patients and Y denote
the distribution of the criterion variable for positive (diseased) patients. It is assumed that

X~ N(,u_,a_z)
and
Y ~ N(u+,af)
For a particular cutoff value of the criterion variable, c, the true positive rate is given by

TPR(c)=P(Y >¢)

=1- q)[c__'quJ
O-+

= q)(/‘ﬁ__c)
U+

where @(Z) is the cumulative normal distribution.

Similarly, the false positive rate is given by

FPR(c)=P(X >c)

- 21
-of )

The ROC curve is thus the curve traced out by the functions

[FPR(c). TPR(c)] = [q{ﬂ_a - c) | CD( ﬂ;_ Cﬂ

- +

The area under the ROC curve, AUC, is defined as

o0

0= [ TPR(c)FPR'(c)dc

e e

o0

= _‘LCD( A+ Bv)@(v)dv

(&%)
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where C=x_—Vo_, and

Maximum likelihood estimates of A and B can be computed and used to compute AUC. The
variances and covariance of these MLE’s can be estimated from Fisher’s information matrix.

Define A = 6, — 6, to be the difference in the accuracies (AUC’s) of two diagnostic tests. A

hypothesis test of whether the two AUC’s are different amounts to testing whether A = 0. The test
statistic for this test is

-6,
varo(é)

where varo(é) is the variance of & under the null hypothesis of equality. The above test statistic

7=

gives the following formulae for computing sample size or power
(@ @)
(- 6)

e [w e%ﬂW}

Rating Data
For a criterion variable yielding a discrete rating, Obuchowski (1998) recommends

V(6)= f2(1+B—2+i2) + gZBZ(ﬁj
R 2 2R

where

The value of A can be found as
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For the most conservative results, Obuchowski (1998) recommends setting B =1, so that

A= d(OW2

Continuous Data

For a criterion variable yielding a continuous result, Obuchowski (1998) suggests that the following
formula of Hanley and McNeil (1983) is more appropriate

2
0, 20 02(1+R)

R2-6) 1+6 R

V()=

Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab
Find

This option specifies the parameter to be solved for from the other parameters. Under most
situations, you will select either Beta for a power analysis or N for sample size determination.

Select N+ when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta and Power when you want to calculate the power of an experiment that has already
been run.

AUCO (Area under Curve)

Specify one or more values of the AUC for the diagnostic test. The range of values is from 0.5
(indicative of a test useless in diagnosis) to 1.0 (indicative of a test that is perfect in diagnosis).

Since the AUC may include a portion of the ROC curve that is not of interest because the FPR
values are unrealistic, you may be interested in only a portion of the area. In this case, you can
specify a range of FPR values for which the area is to be calculated. Unfortunately, the definition
of the area becomes more difficult. When analyzing the whole ROC curve, the area is known to
be between 0.50 and 1.0. Following the suggestion of Obuchowski and McClish (1997), the
following transformation is applied so that the values of AUC remain between 0.5 and 1.0.

AUC' = 1(1+ AUC - min m_'”)
2 max— min
where
max = FPR2 — FPR1

min = %(FPRZ + FPR)
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Thus, when a partial range is entered for FPR1 and FPR2, the values entered here are assumed to
be AUC' and are translated to AUC using the above formulas.

AUC1

Specify one or more values of AUC under the alternative hypothesis. The range of values is from
0.5 (indicative of a test useless in diagnosis) to 1.0 (indicative of a test that is perfect in
diagnosis). Note that, as discussed above, this is the value of AUC’ when a partial area is being
analyzed.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-I error (alpha). A type-I
error occurs when you reject the null hypothesis when in fact it is true. Values must be between
zero and one. Historically, the value of 0.05 was used for alpha. This means that about one test in
twenty will falsely reject the null hypothesis. You should pick a value for alpha that represents
the risk of a type-I error you are willing to take in your experimental situation.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-1I error (beta). A type-II
error occurs when you fail to reject the null hypothesis when in fact it is false. Values must be
between zero and one. Traditionally, the values from 0.05 to 0.20 are used for beta. However, you
should pick a value for beta that represents the risk of a type-I1 error you are willing to take.

Power is defined as one minus beta. Power is equal to the probability of rejecting a false null
hypothesis. Hence, specifying the beta error level also specifies the power level. For example, if
you specify beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power
values of 0.95, 0.90, and 0.80.

Type of Data
Specify the type of data that will be collected from the tests. The formulas for the variance are
determined by this option. Possible types are:

Continuous. The test results are from a continuum of possible values. The Hanley and McNeil
(1983) variance formulas are used. Note that this option does not allow a partial range of FPR
values to be analyzed.

Discrete. The test results are from a small set of rating values such as 1, 2, 3, 4, 5. The
Obuchowski & McClish (1997) variance formulas are used.

Alternative Hypothesis

Specify whether the test is one-sided or two-sided. When a two-sided test is selected, the value of
alpha is divided by two.

Note that most researchers assume that, unless stated otherwise, all statistical tests are two-sided.
If you use a one-sided test, you should clearly state and justify this in all reports.
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Lower FPR

This option specifies the lower (left) limit of the false positive rate (FPR) for which the area is to
be computed. If the area under the whole ROC curve is wanted, set this value to 0.0. If the partial
area is wanted, set this value to the desired left limit.

Note that the range of possible values is 0.0 <= Lower FPR < Upper FPR <= 1.0

Upper FPR

This option specifies the upper (right) limit of the false positive rate (FPR). If the area under the
whole ROC curve is wanted, set this value to 1.0. If the partial area is wanted, set this value to the
desired right limit.

Note that the range of possible values is 0.0 <= Lower FPR < Upper FPR <=1.0

B (SD Ratio)

B is the ratio of the standard deviation of the negative group to the positive group (SD-/SD+) for
the diagnostic test. That is, assuming the binormal model

B=2-

O,

Note that this parameter is ignored for continuous data.

Although B can be any positive number, typical values are between 0.3 and 3.0. Obuchowski
suggests that if the value of B is not known, a value of 1.0 is used since this will result in a
conservative (extra large) sample size. She reports that in her experience, typical values are much
less than 1.0, often near 0.3.

N+ (Size of Positive Group)

Specify the number of patients, that is, the sample size, in the positive (abnormal or diseased)
group. Note that these values are ignored when you are solving for N+. You may enter a range of
values such as 10 to 100 by 10.

N- (Size of Negative Group)

Specify the number of patients, that is, the sample size, in the negative (hnormal) group. Enter Use
R to base N- on the value of N+. You may enter a range of values such as 10 to 100 by 10.

Use R
When Use R is entered here, N- is calculated using the formula
N- = [R(N+)]

where R is the Sample Allocation Ratio and the operator [Y] is the first integer greater than or
equal to Y. For example, if you want N+ = N-, enter Use R here and setR = 1.

R (Sample Allocation Ratio)

Enter a value (or range of values) for R, the allocation ratio between samples. This value is only
used when N- is set to Use R.

When used, N- is calculated from N+ using the formula: N- = [R(N+)] where [Y] is the next
integer greater than or equal to Y. Note that setting R = 1.0 forces N- = N+.
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Examplel - Calculating Power

An investigator wants to study the accuracy of a diagnostic test which yields measurements on a
rating scale from 1 to 5. Historically, such tests have had an AUC of 0.80. The investigator wants
to investigate three alternative AUC values: 0.825, 0.850, and 0.900. A two-sided test is planned
with a significance level of 0.05. Since no other information is available, B is set to 1.0. The
investigator would like to achieve a power of 90% in the study. Patients without the disease under
study are about twice as frequent as patients with the disease. The investigator wants to see
results for a sample size of up to 6000 patients.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.

Option Value

Data Tab

FINd .o Beta and Power
AUCL.....ceeee e 0.80

AUC2.....iii e 0.8250.850.9
Alpha....eii 0.05

2] v Ignored since this is the Find Setting
Type of Data.........ccccvvveeeieieereceeiiinnn, Discrete (Ratings)
Alternative Hypothesis ...................... Two-Sided Test

Lower FPR ..o, 0.00

upper FPR ..., 1.00

B e 1

Nt e 20 50 100 250 500 1000 2000
N Use R

R e 2

Axis Tab

Vertical Range.......cccccoevvevevveeiivinnnnnnn. User

MiNIMUM e, 0
MaXimuUM.........oooviiiiiiieeeeeeeeee e, 1

Number of Tick Marks ............c..oc.e. 10

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Report

Numeric Results for Testing AUCO = AUC1 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =1.0. B = 1.000. Allocation Ratio = 2.000.

Power N+ N- AUCO'" AUCT Diff  AUCO  AUC1 Diff  Alpha Beta
0.0481 20 40 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.9519
0.0739 50 100 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.9261
0.1146 100 200 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.8854
0.2365 250 500 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.7635
0.4321 500 1000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.5679

0.7264 1000 2000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.2736
0.9550 2000 4000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.0450

0.0870 20 40 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.9130
0.1834 50 100 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.8166
0.3491 100 200 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.6509
0.7369 250 500 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.2631
0.9629 500 1000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0371

0.9997 1000 2000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0003
1.0000 2000 4000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0000

0.2489 20 40 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.7511
0.6563 50 100 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.3437
0.9474 100 200 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0526
1.0000 250 500 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000
1.0000 500 1000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000

1.0000 1000 2000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000
1.0000 2000 4000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000

Report Definitions

Power is the probability of rejecting a false null hypothesis.

N+ is the sample size from the positive (diseased) population.

N- is the sample size from the negative (non-diseased) population.

Alloc Ratio is the Sample Allocation Ratio (R = N-/ N+).

AUCQO' is the adjusted area under the ROC curve under the null hypothesis.
AUC1' is the adjusted area under the ROC curve under the alternative hypothesis.
Diff' is AUC1' - AUCO'. This is the adjusted difference to be detected.

AUCO is the actual area under the ROC curve under the null hypothesis.

AUCL1 is the actual area under the ROC curve under the alternative hypothesis.
Diff is AUC1 - AUCO. This is the difference to be detected.

Alpha is the probability of rejecting a true null hypothesis.

Beta is the probability of accepting a false null hypothesis.

FPR1, FPR2 are the lower and upper bounds on the false positive rates.

B is the ratio of the standard deviations of the negative and positive groups.

Summary Statements

A sample of 20 from the positive group and 40 from the negative group achieve 5% power to
detect a difference of 0.0250 between the area under the ROC curve (AUC) under the null
hypothesis of 0.8000 and an AUC under the alternative hypothesis of 0.8250 using a two-sided
z-test at a significance level of 0.0500. The data are discrete (rating scale) responses. The
AUC is computed between false positive rates of 0.000 and 1.000. The ratio of the standard
deviation of the responses in the negative group to the standard deviation of the responses in
the positive group is 1.000.

This report shows the power for each of the sample sizes. Most of the definitions are standard.
However, a special explanation must be given for AUC and AUC’.

AUC’

This is the adjusted area under the curve. A rescaling, discussed earlier, has been applied so that
the minimum area is 0.5 and the maximum area is 1.0.

AUC

This is the actual area under the curve. This value will equal the adjusted area when the FPR
range is set from 0.0 to 1.0. Otherwise, these values will be different.
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Plot Section

Power

This plot shows the power versus the sample size for the three values of AUC1.

Power vs N+ by A1 with A0=0.80 Alpha=0.05
N-=2.000N+ 2-Sided Z Test

n
e
® 0.8250
—
<
= 0.8500
A 0.9000
1 1 1 1
500 1000 1500 2000

N+
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Example2 - Calculating Sample Size

Continuing on with Examplel, the investigator wants to know the exact sample size needed for
each of the three values of AUC2. The investigator wants to look at the Numeric Report. The
panel from Examplel is modified as follows.

Setup

You can enter these values yourself or load the Example2 template from the Template tab.

Option Value
Data Tab

FiNd ..o N+
Reports Tab

Show Definitions ...........ccoeveevvveeeeenn. Unchecked
Show PIOtS ... Unchecked
Summary Statement Rows ............... 0

Click the Run button to perform the calculations and generate the following output.

Numeric Report

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =1.0. B = 1.000. Allocation Ratio = 2.000.

Power N+ N- AUCO'" AUCT Diff' AUCO AUC1 Diff  Alpha Beta
0.9001 1582 3164 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.0999
0.9007 381 762 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0993
0.9024 85 170 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0976

This report shows the sample size needed to achieve 90% power for each value of AUCL.
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Example3 - Partial Area under Curve

Continuing on with Example2, the investigator knows that FPR values between 0.0 and 0.20 are
the only values of interest. Hence, he wants to investigate the sample size needed when the FPR
range is confined to this range.

The panel from Example2 is modified as follows.

Setup

You can enter these values yourself or load the Example3 template from the Template tab.

Option Value
Data Tab
upper FPR ..o 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =0.200. B =1.000. Allocation Ratio = 2.000.

Power N+ N- AUCO'" AUCl Diff  AUCO  AUC1 Diff  Alpha Beta
0.9001 2663 5326 0.8000 0.8250 0.0250 0.1280 0.1370 0.0090 0.0500 0.0999
0.9002 645 1290 0.8000 0.8500 0.0500 0.1280 0.1460 0.0180 0.0500 0.0998
0.9013 144 288 0.8000 0.9000 0.1000 0.1280 0.1640 0.0360 0.0500 0.0987

Note that the necessary sample size has almost doubled.
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Example4 - Validation using Obuchowski

The formulas used in this module were given in Obuchowski and McClish (1997). On page 1538,
they provide an example which will be duplicated here. The study investigated the accuracy of
MRI for detecting abnormalities in patients with symptomatic knees. In order to do this, they
wanted to know the sample size that would be needed to construct a 95% confidence interval so
that the length of the confidence interval is no more than 0.10.

The measure of diagnostic accuracy is the AUC from an FPR of 0.0 to an FPR of 1.0. The
allocation ratio is 1.5. B = 1.0. The value of A is found to be 1.2. This translates to an AUCO of
0.7995. The value of AUC1 = AUCO + 0.10/ 2, where 0.10 is the maximum length of the
confidence interval. A two-tailed confidence interval is envisioned in which alpha is 0.05. In
order to find the sample size of a confidence interval, the power is set to 50%. In their article,
they found N+ = 161 and N- = 242.

Setup

You can enter these values yourself or load the Example4 template from the Template tab.

Option Value

Data Tab

FiNd oo N+

AUCL .. 0.7995

AUC2 ..o 0.8495

Alpha.....ooo o 0.05

Beta.....oo oo 0.50

Type of Data ........ccoovvvvvvviiiieeeeiiis Discrete (Ratings)
Alternative Hypothesis ..................... Two-Sided Test
Lower FPR ..o, 0.00

upper FPR ... 1.00
B 1

Nt Ignored since this is the Find Setting
N Use R

R 15

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =0.200. B1 =1.000. B2 =1.000. Allocation Ratio = 2.000.

Power N+ N- AUC1' AuC2 Diff' AUC1  AUC2 Diff  Alpha Beta
0.5026 162 243 0.7995 0.8495 0.0500 0.7995 0.8495 0.0500 0.0500 0.4974

Note that the sample sizes of 162 and 243 are within one of the results of Obuchowski. The
difference occurs because their values of 161 and 242 produce a power that is slightly less than
0.5, so PASS increased the sample size slightly.
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Chapter 265

Comparing Two
ROC Curves

Receiver operating characteristic (ROC) curves are used to summarize the accuracy of diagnostic
tests. The technique is used when a criterion variable is available which is used to make a yes or
no decision. The area under the ROC curve (AUC) is a popular summary index of an ROC curve.

This module computes power and sample size for comparing the AUC’s of two diagnostic tests
obtained from the same patients. The methodology of Obuchowski and McClish (1997) is used
when the criterion variable yields a discrete value. The methodology of Hanley and McNeil
(1983) is used when the criterion variable yields a continuous value.

Technical Details

In the following, we suppose that we have two groups of patients, those with a condition of
interest (the disease) and those without it. A patient’s classification may be known from extensive
diagnosis or based on the value of another diagnostic test. The diagnostic tests of interest are
performed on each patient and the resulting test values are recorded. At each specified cutoff
value of the criterion variable, the true positive rate (TPR) and the false positive rate (FPR) are
calculated. An ROC curve is generating by plotting TPR versus FPR. The plot allows the
consequences of using various cutoff values to be evaluated. The area under the ROC curve,
either for the whole or partial range, is often used as a summary measure of the accuracy of the
test.

It should be noted that TPR is similar to the statistical power of the diagnostic test at a particular
cutoff value of the criterion variable. Similarly, FPR is an estimate of the probability that the
diagnostic test results in a type | (alpha) error. Thus the ROC curve may be interpreted as a plot
of the diagnostic test’s power versus it’s significance level at various possible criterion cutoff
values.

Users of ROC curves have developed special names for TPR and FPR. They call TPR the
sensitivity of the test and 1 - FPR the specificity of the test. Statisticians will be more familiar with
using the word power instead of sensitivity and the phrase ‘1 - alpha’ instead of specificity.

An ROC curve may be summarized by the area under it (AUC). This area has an additional
interpretation. Suppose that a rater is asked to study two subjects, one that is actually disease
positive and one that is disease negative. The AUC is equal to the probability that the rater will
give the disease positive subject a higher score than the disease negative subject. That is, the
AUC is the probability that the rater will correctly order the two subjects as to which is more
likely to have the disease.

Several methods of computing the AUC have been proposed. One method uses the trapezoidal
rule to calculate the AUC directly. Another method, called the binormal model, computes the area
by fitting two normal distributions to the data.
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The Binormal Model

Let X denote the distribution of the criterion variable for normal (non-diseased) patients and Y
denote the distribution of the criterion variable for abnormal (diseased) patients. It is assumed that

X ~N(u,0?)
and

Y~ N(s.,07)
The partial area under the ROC curve, AUC, is defined as

Cy
0 = I@(A +Bv)g(v)dv
C1
where <D(z) is the cumulative normal distribution, ¢; = CD‘l(FPRj) ,and

Hiy — Hio
Ai =

Note that for the full range area under the curve, ¢, = —0c0 and C, = .

Maximum likelihood estimates of A and B can be computed. The variances and covariance of
these MLE’s can be estimated from Fisher’s information matrix.
Define A =6, — 6, to be the difference in the accuracies (AUC’s) of the two tests. A test of

whether the two AUC’s are different amounts to testing whether A = 0. The test statistic for this
test is

A

A-0
varo(ﬁ)

where varo(ﬁ) is the variance of A under the null hypothesis of equality. The above test statistic

Z=

results in the following formula for computing sample size
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Rating Data
When the criterion values are discrete rating values, Obuchowski and McClish (1997) showed that
the variances could be calculated using

(i)=v(@)rv(a)-c(d )

Vau(B)=V(4)+v(8)-2c(4.6,)

0 e 53)foC)

A A B,(r* + Rr? 2
o(8.0)= 11 (r+r. B2 47 AR) , 998 (2 +RC)  fg,ABK:  f,0ABK

where

T 2 2R 2 2
f = EyEs
' J21E,,
g Eli E4i AI Bi Ell E3i
| 27y, 27ZE23i
2
E —expl - N
. p( 2+ 2ij
E, =1+ B’

2 2
E,= exp(— %) - exp(— %2)

AB

i

1+ Bj2

©*(FPR))+

: J1+ B?

R=—=
N

A =B®™(TNR) - ®~(FPR))

I_ and r,_ are the correlations between the results of the two diagnostics tests for normal and
abnormal patients, respectively. For the most conservative results, set B, =1.
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Continuous Data

When the criterion values are continuous, Obuchowski (1998) suggests that the following formulas
of Hanley and McNeil (1983) are more appropriate. Note that these formulas cannot be used for
evaluating the AUC for a partial range.

V(A) = v(él) +v(éz) - 2(:(631, éz)

where

N6 260 2(1+ R)
\/(6")_Fz(2—¢9i)+1+¢9i “r

c(6,6,)=2r v (a)V(e)

and r is derived from a special table provided by Hanley and McNeil (1983).

Procedure Options

This section describes the options that are unique to this procedure. These are located on the
panels associated with the Data, Options, and Reports tabs. To find out more about using the
other tabs such as Plot Text, Axes, and Template, turn to the chapter entitled Procedure
Templates.

Data Tab

The Data tab contains most of the parameters and options that you will be concerned with.

Find
This option specifies the parameter to be solved for from the other parameters. Under most
situations, you will select either Beta for a power analysis or N for sample size determination.

Select N+ when you want to calculate the sample size needed to achieve a given power and alpha
level.

Select Beta and Power when you want to calculate the power of an experiment that has already
been run.

AUC1 (Area under Curve)

Specify one or more values of the AUC for diagnostic test 1. The range of values is from 0.5
(indicative of a test useless in diagnosis) to 1.0 (indicative of a test that is perfect in diagnosis).

Since the AUC may include a portion of the ROC curve that is not of interest because the FPR
values are unrealistic, you may be interested in only a portion of the area. In this case, you can
specify a range of FPR values for which the area is to be calculated. Unfortunately, the definition
of the area becomes more difficult. When analyzing the whole ROC curve, the area is known to
be between 0.50 and 1.0. Following the suggestion of Obuchowski and McClish (1997), the
following transformation is applied so that the values of AUC remain between 0.5 and 1.0.

AUC’ = 1(1+ AUC - min ”?'”)
2 max— min
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where
max = FPR2 — FPR1

min = %(FPRz + FPRI)

Thus, when a partial range is entered for FPR1 and FPR2, the values entered here are assumed to
be AUC' and are translated to AUC using the above formulas.

AUC2 (Area under Curve)

Specify one or more values of the AUC for diagnostic test 2. The range of values is from 0.5
(indicative of a test useless in diagnosis) to 1.0 (indicative of a test that is perfect in diagnosis).
Note that, as discussed above, this is the value of AUC’ when a partial area is being analyzed.

Alpha (Significance Level)

This option specifies one or more values for the probability of a type-1 error (alpha). A type-I
error occurs when you reject the null hypothesis when in fact it is true. Values must be between
zero and one. Historically, the value of 0.05 was used for alpha. This means that about one test in
twenty will falsely reject the null hypothesis. You should pick a value for alpha that represents
the risk of a type-1 error you are willing to take in your experimental situation.

Beta (1 - Power)

This option specifies one or more values for the probability of a type-II error (beta). A type-II
error occurs when you fail to reject the null hypothesis when in fact it is false. Values must be
between zero and one. Traditionally, the values from 0.05 to 0.20 are used for beta. However, you
should pick a value for beta that represents the risk of a type-Il error you are willing to take.

Power is defined as one minus beta. Power is equal to the probability of rejecting a false null
hypothesis. Hence, specifying the beta error level also specifies the power level. For example, if
you specify beta values of 0.05, 0.10, and 0.20, you are specifying the corresponding power
values of 0.95, 0.90, and 0.80.

Type of Data

Specify the type of data that will be collected from the tests. The formulas for the variance are
determined by this option. Possible types are:

Continuous. The test results are from a continuum of possible values. The Hanley and McNeil
(1983) variance formulas are used. Note that this option does not allow a partial range of FPR
values to be analyzed.

Discrete. The test results are from a small set of rating values such as 1, 2, 3, 4, 5. The
Obuchowski & McClish (1997) variance formulas are used.

Alternative Hypothesis

Specify whether the test is one-sided or two-sided. When a two-sided test is selected, the value of
alpha is divided by two.

Note that most researchers assume that, unless stated otherwise, all statistical tests are two-sided.
If you use a one-sided test, you should clearly state and justify this in all reports.



265-6 Two ROC Curves

Lower FPR

This option specifies the lower (left) limit of the false positive rate (FPR) for which the area is to
be computed. If the area under the whole ROC curve is wanted, set this value to 0.0. If the partial
area is wanted, set this value to the desired left limit.

Note that the range of possible values is 0.0 <= Lower FPR < Upper FPR <= 1.0

Upper FPR

This option specifies the upper (right) limit of the false positive rate (FPR). If the area under the
whole ROC curve is wanted, set this value to 1.0. If the partial area is wanted, set this value to the
desired right limit.

Note that the range of possible values is 0.0 <= Lower FPR < Upper FPR <= 1.0

B1 (SD Ratio)

B1 is the ratio of the standard deviation of the negative group to the positive group (SD-/SD+) for
diagnostic test 1. That is, assuming the binormal model

Note that this parameter is ignored for continuous data.

Although B1 can be any positive number, typical values are between 0.3 and 3.0. Obuchowski
suggests that if the value of B1 is not known, a value of 1.0 is used since this will result in a
conservative (extra large) sample size. She reports that in her experience, typical values are much
less than 1.0, often near 0.3.

B2 (SD Ratio)

B2 is the ratio of the standard deviation of the negative group to the positive group (SD-/SP+) for
diagnostic test 2. That is, assuming the binormal model
_ %

B2

02+

Note that this parameter is ignored for continuous data.

Although B2 can be any positive number, typical values are between 0.3 and 3.0. Obuchowski
suggests that if the value of B2 is not known, a value of 1.0 is used since this will result in a
conservative (extra large) sample size. She reports that in her experience, typical values are much
less than 1.0, often near 0.3.

Correlation+

This is the correlation between the two diagnostic-test scores for the positive group. Although
correlations can range between -1 and 1, typical values are from 0.3 to 0.6.

Note that if you want to analyze a design in which a separate set of patients receive each
diagnostic test, this may be done by setting this correlation value to 0.

Correlation-

This is the correlation between the two diagnostic-test scores for the negative group. Although
correlations can range between -1 and 1, typical values are from 0.3 to 0.6.



Two ROC Curves 265-7

Note that if you want to analyze a design in which a separate set of patients receive each
diagnostic test, this may be done by setting this correlation value to 0.

N+ (Size of Positive Group)

Specify the number of patients, that is, the sample size, in the positive (abnormal or diseased)
group. Note that these values are ignored when you are solving for N+. You may enter a range of
values such as 10 to 100 by 10.

N- (Size of Negative Group)

Specify the number of patients, that is, the sample size, in the negative (hormal) group. Enter Use
R to base N- on the value of N+. You may enter a range of values such as 10 to 100 by 10.

Use R
When Use R is entered here, N- is calculated using the formula
N- = [R(N+)]

where R is the Sample Allocation Ratio and the operator [Y] is the first integer greater than or
equal to Y. For example, if you want N+ = N-, enter Use R here and setR = 1.

R (Sample Allocation Ratio)

Enter a value (or range of values) for R, the allocation ratio between samples. This value is only
used when N- is set to Use R.

When used, N- is calculated from N+ using the formula: N- = [R(N+)] where [Y] is the next
integer greater than or equal to Y. Note that setting R = 1.0 forces N- = N+.
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Examplel - Calculating Power

An investigator wants to compare the accuracy of two diagnostic tests which yield measurements
on a rating scale from 1 to 5. Historically, such tests have had an AUC of 0.80. The investigator
wants to investigate three alternative AUC values: 0.825, 0.850, and 0.900. A two-sided test is
planned with a significance level of 0.05. Historically, both the positive and negative correlations
between the responses on two such tests have been close to 0.60. Since no other information is
available, B1 and B2 are both set to 1.0. The investigator would like to achieve a power of 90%
in the study. Patients without the disease under study are about twice as frequent as patients with
the disease. The investigator wants to see results for a sample size of up to 6000 patients.

Using these values, the investigator fills out the PASS: ROC Curve - Two Tests panel as follows.

Setup

You can enter these values yourself or load the Examplel template from the Template tab.

Option Value

Data Tab

FINd oo Beta and Power
AUCL ... 0.80

AUC2 .. 0.8250.850.9
Alpha......ooo 0.05
Beta....ooooiiie Ignored since this is the Find Setting
Type of Data ........ccoovvvvvvvieieeeeeiiis Discrete (Ratings)
Alternative Hypothesis ..................... Two-Sided Test
Lower FPR ..o 0.00

upper FPR ... 1.00
Bl 1
B2 1

Correlation+ ...........eeueveeieeiieeiieiiinnnnnes 0.6

Correlation- .............eueeeeeeeiiiiiiiiiiiennns 0.6

Nt oo 20 50 100 250 500 1000 2000
N e Use R

R e 2

Axis Tab

Vertical Range ..........ccccccvveeeiiiinnee. User

MiNiMUM ... 0

MaXiIMUM ... 1

Number of Tick Marks...................... 10

Annotated Output

Click the Run button to perform the calculations and generate the following output.
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Numeric Report

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =1.0. B1=1.000. B2 = 1.000. Allocation Ratio = 2.000.

Power N+ N- AUC1' AuC2 Diff  AUC1  AUC2 Diff  Alpha Beta
0.0501 20 40 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.9499
0.0733 50 100 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.9267
0.1084 100 200 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.8916
0.2104 250 500 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.7896
0.3744 500 1000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.6256

0.6426 1000 2000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.3574
0.9090 2000 4000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.0910

0.0920 20 40 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.9080
0.1737 50 100 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.8263
0.3083 100 200 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.6917
0.6442 250 500 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.3558
0.9116 500 1000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0884

0.9969 1000 2000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0031
1.0000 2000 4000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0000

0.2470 20 40 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.7530
0.5494 50 100 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.4506
0.8496 100 200 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.1504
0.9978 250 500 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0022
1.0000 500 1000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000

1.0000 1000 2000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000
1.0000 2000 4000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000

Report Definitions

Power is the probability of rejecting a false null hypothesis.

N+ is the sample size from the positive (diseased) population.

N- is the sample size from the negative (non-diseased) population.
Alloc Ratio is the Sample Allocation Ratio (R = N-/ N+).

AUCL1' is the adjusted area under the ROC curve for diagnostic test 1.
AUC?2' is the adjusted area under the ROC curve for diagnostic test 2.
Diff' is AUC2' - AUC1'". This is the adjusted difference to be detected.
AUC1 is the actual area under the ROC curve for diagnostic test 1.
AUC?2 is the actual area under the ROC curve for diagnostic test 2.

Diff is AUC2 - AUCL1. This is the difference to be detected.

Alpha is the probability of rejecting a true null hypothesis.

Beta is the probability of accepting a false null hypothesis.

FPR1, FPR2 are the lower and upper bounds on the false positive rates.
B1 and B2 are the ratios of the standard deviations of the negative and positive groups for each test.

Summary Statements

A sample of 20 from the positive group and 40 from the negative group achieve 5% power to
detect a difference of 0.0250 between a diagnostic test with an area under the ROC curve (AUC)
of 0.8000 and another diagnostic test with an AUC of 0.8250 using a two-sided z-test at a
significance level of 0.0500. The data are discrete (rating scale) responses. The AUC is
computed between false positive rates of 0.000 and 1.000. The ratio of the standard deviation

of the responses in the negative group to the standard deviation of the responses in the

positive group for diagnostic test 1 is 1.000 and for diagnostic test 2 is 1.000. The

correlation between the two diagnostic tests is assumed to be 0.600 for the positive group and
0.600 for the negative group.

This report shows the power for each of the sample sizes. Most of the definitions are standard.
However, a special explanation must be given for AUC and AUC”’.

AUC’

This is the adjusted area under the curve. A rescaling, discussed earlier, has been applied so that
the minimum area is 0.5 and the maximum area is 1.0.

AUC

This is the actual area under the curve. This value will equal the adjusted area when the FPR
range is set from 0.0 to 1.0. Otherwise, these values will be different.
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Plot Section

Power vs N+ by A2 with A1=0.80 Alpha=0.05
N-=2.000N+ 2-Sided Z Test
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This plot shows the power versus the sample size for the three values of AUCL.

Example2 - Calculating Sample Size

Continuing Examplel, the investigator wants to know the exact sample size needed for each of
the three values of AUC2. The investigator wants to look at the Numeric Report. The panel from
Examplel is modified as follows.

Setup

You can enter these values yourself or load the Example2 template from the Template tab.

Option Value
Data Tab

FiNd ..o N+
Reports Tab

Show Definitions ...........ccoeveevvveeeeene. Unchecked
Show PIOtS ... Unchecked
Summary Statement Rows ............... 0

Click the Run button to perform the calculations and generate the following output.

Numeric Report

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =1.0. B1=1.000. B2 = 1.000. Allocation Ratio = 2.000.

Power N+ N- AUC1" AucC2 Diff  AUC1  AUC2 Diff  Alpha Beta
0.9001 1937 3874 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.0999
0.9002 480 960 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0998
0.9012 117 234 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0988

This report shows the sample size needed to achieve 90% power for each value of AUC2.
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Example3 - Partial Area Under Curve

Continuing Example2, the investigator knows that FPR values between 0.0 and 0.20 are the only
values of interest. Hence, he wants to investigate the sample size needed when the FPR range is
confined to this range.

The panel from Example2 is modified as follows.

Setup

You can enter these values yourself or load the Example3 template from the Template tab.

Option Value
Data Tab
upper FPR ..o 0.20

Annotated Output

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =0.200. B1 =1.000. B2 =1.000. Allocation Ratio = 2.000.

Power N+ N- AUC1" AucC2 Diff  AUC1  AUC2 Diff  Alpha Beta
0.9000 4095 8190 0.8000 0.8250 0.0250 0.1280 0.1370 0.0090 0.0500 0.1000
0.9002 1012 2024 0.8000 0.8500 0.0500 0.1280 0.1460 0.0180 0.0500 0.0998
0.9001 242 484 0.8000 0.9000 0.1000 0.1280 0.1640 0.0360 0.0500 0.0999

Note that the necessary sample size has more than doubled.
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Example4 - Validation using Obuchowski

The formulas used in this module were given in Obuchowski and McClish (1997). On pages 1538
- 1540, they provide an example which will be duplicated here. The study compared an
automated classification system with an expert mammographer in their ability to find malignant
breast lesions. The measure of diagnostic accuracy is the AUC from an FPR of 0.0 to an FPR of
0.2. The allocation ratio is 2. B1 = B2 = 1.0. Correlation+ = Correlation- = 0.6. The values of Al
and A2 are found to be 2.6 and 1.9. These translate to adjusted AUC’s of 0.922222 and 0.819444.
A two-tailed test is envisioned in which alpha is 0.05. A power of 80% is desired. In their article,
they found N+ = 109 and N- = 218.

Setup

You can enter these values yourself or load the Example4 template from the Template tab.

Option Value

Data Tab

Find ... N+

AUCL ... 0.80

AUC2 ..o 0.8250.850.9
Alpha.....coo o 0.05

Beta. ..o 0.20

Type of Data ........cooovvvvvvvieiieeeeiiis Discrete (Ratings)
Alternative Hypothesis ..................... Two-Sided Test
Lower FPR ..o, 0.00

upper FPR ... 0.20
Bl 1
B2 1

Correlation+ ...........eeveeeveeiiieeiiiiiiennnnns 0.6

Correlation- .............eueeeeeeeeiieiiieiiiennns 0.6

N i Ignored since this is the Find Setting
N - e Use R

R e 2

Click the Run button to perform the calculations and generate the following output.

Numeric Results

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data
Test Type = Two-Sided. FPR1 =0.0. FPR2 =0.200. B1 =1.000. B2 =1.000. Allocation Ratio = 2.000.

Power N+ N- AUC1" AucC2 Diff' AUC1  AuUC2 Diff  Alpha Beta
0.8027 109 218 0.9222 0.8194 -0.1028 0.1720 0.1350 -0.0370 0.0500 0.1973

Note that the sample sizes of 109 and 218 match exactly with the results of Obuchowski.
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Example5 - Validation using Hanley

The formulas for continuous data were given in Hanley and McNeil (1982). On page 34 of their
article they provide a table of sample sizes calculated using their formulas. We will duplicate
their results for AUC1 = 0.70 and AUC2 = 0.75. Using a one-sided test of significance with alpha
= 0.05 and a sample allocation ratio of 1.0, they found the number of subjects for both the
positive and negative groups to be 652, 897, and 1131 for statistical powers of 80%, 90%, and
95%, respectively.

When using Hanley and McNeil’s formulation, the values of B1, B2, FPR1, and FPR2 are
ignored. Also, in this case, the correlations are set to 0.0.

Setup

You can enter these values yourself or load the Example5 template from the Template tab.

Option Value

Data Tab

FINd .o N+
AUCL.....ceeee e 0.7
AUC2.....iii e 0.75
Alpha....eii 0.05

Beta.....oo oo 0.20.10.05
Type of Data.........cccvvvvveeeeeeiiiiiiee, Continuous
Alternative Hypothesis ............cccccu.... One-Sided Test
Correlation+t........cccccevviiiii 0.0

Correlation- .........ccccoevivvviiiii 0.0
Nt Ignored since this is the Find Setting
N Use R

R e 1

Click the Run button to perform the calculations and generate the following output.
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Numeric Results

Numeric Results for Testing AUC1 = AUC2 with Continuous Data
Test Type = One-Sided. FPR1 =0.0. FPR2 =1.0. B1 =1.000. B2 =1.000. Allocation Ratio = 1.000.

Power N+ N- AUC1' AuC2 Diff' AUC1  AUC2 Diff  Alpha Beta
0.9501 1129 1129 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0499
0.9001 897 897 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0999
0.8003 652 652 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.1997

Note that the sample sizes of 897 and 652 match exactly with the results of Hanley and McNeil.
The 1129 is two less than their 1131. This difference may be due to refinements in computing the
normal probability distribution used in PASS. You can compare these sample sizes by calculating
their power.

Numeric Results

Numeric Results for Testing AUC1 = AUC2 with Continuous Data
Test Type = One-Sided. FPR1 =0.0. FPR2 =1.0. B1 =1.000. B2 =1.000. Allocation Ratio = 1.000.

Power N+ N- AUC1" AucC2 Difff ~ AUC1  AUC2 Diff  Alpha Beta
0.9499 1128 1128 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0501
0.9501 1129 1129 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0499
0.9502 1130 1130 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0498
0.9504 1131 1131 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0496
0.9505 1132 1132 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0495

Chapter 365 Note that the power for 1129 is 0.9501 while the power for 1131 is 0.9505.
This is only a slight difference and explains why this value showed up in their table.
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Gart - Nam test: difference, 210-13; equivalence, 215-
12; non-inferiority, 210-13; ratio, 215-12

Gart-Nam test: two proportions, 205-12

Geisser-Greenhouse, 570-1

Geisser-Greenhouse F-test, 570-4

General linear multivariate model: MANOVA, 605-2

General Linear Multivariate Model, 570-3

Generating data, 630-1

Goodness of fit, 250-1; chi-square, 900-1

Grid color, 27

Grid line style, 27

Grid lines, 27

Group Sample Size, 555-5

Group sample size pattern, 580-10

Group sequential test: log-rank, 710-1; means, 475-1;
proportions, 220-1; survival, 710-1

Hazard rate: Cox regression, 850-1
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Hazard rates: log-rank, 700-2, 705-2

Hazard ratio: group sequential, 710-2

Help menu, 39

Help system, 5

Cross-over, 545-1

Home window, 11

Horizontal Axis, 23

Hotelling’s T2, 600-1

Hotelling-Lawley trace, 570-7, 605-1; MANOVA,
605-5

Hotelling-Lawley trace, 570-1

Hypergeometric, 100-2

Hypotheses: ANOVA, 560-4; non-inferiority, 415-2;
offset proportions, 205-5; superiority, 415-2; types,
48

Hypothesis: difference, 210-4, 215-4; equivalence, 50,
110-4, 165-3, 215-4, 215-5; inequality, 48;
introduction, 42; means, 55; non-inferiority, 49,
105-4, 105-5, 160-3, 160-6, 450-2; odds ratio, 110-
6, 210-5, 215-5; , 410-7; one variance, 650-3; ratio,
110-5, 210-5, 215-5; superiority, 50, 105-4;
Superiority, 210-4

Hypothesis testing: introduction, 42

Hypothesized mean, 550-14

Hypothesized means, 550-6; randomized block, 560-4

Icons, 12, 13

Incidence rate, 135-2

Independence test, 250-1

Inequality: 2x2 cross-over, 500-1; correlated
proportions, 150-1; hypothesis, 48; mean ratio,
445-1; proportion, 100-1; proportions, 200-1, 205-1

Installation, 1

Interactive Charts, 25

Interactive Format, 25

Intercept: linear regression, 855-1

Interim analysis: means, 475-1; proportions, 220-1;
survival, 710-1; three-stage, 130-1

Intraclass correlation, 810-1

Intracluster correlation: cluster randomization, 230-2,
480-3; cluster randomization, 235-3

Isometric, 29

Iterations: maximum, 22

Kruskal-Wallis: multiple comparisons, 580-1;
simulation, 555-1

Kruskal-Wallis test, 580-4, 585-4; multiple
comparisons, 585-1; simulation, 555-3

Labels of plots, 26

Lachin: log-rank test, 705-1

Lan-DeMets: means, 475-1; proportions, 220-1;
survival, 710-1

Latin square: ANOVA, 560-19

Legend, 23, 26

Legend color, 26

Likelihood ratio test: proportions, 200-8

Likert-scale: simulating, 630-22; simulating a, 630-10;
simulation, 410-23

Line Chart options, 24

Linear: contrast, 550-7

Linear model, 570-3

Linear model: ANOVA, 560-2

Linear regression, 855-1; correlation, 800-1

Load template, 32

Log: cross-over, 515-3, 525-3, 545-4; mean ratio, 445-
2,455-2

Log file, 34

Log transformation: cross-over, 505-2, 535-4; ratio,
470-3

Logistic, 400:7

Logistic regression, 860-1

Logit: logistic regression, 860-2

Log-rank: group sequential test, 710-1

Log-rank test, 700-1, 705-1

Log-rank Non-Inferiority test, 705-15

Mann-Whitney test, 430-1, 430-18; equivalence, 465-
6; equivalence, 465-1; non-inferiority, 450-6;
simulation, 440-4

MANOVA, 605-1

Mantel Haenszel test: proportions, 200-7

Mantel-Haenszel, 225-1

Margin of equivalence, 455-4; difference, 450-9

Matched case-control, 135-2, 255-1

Max time: sequential survival, 710-9

Maximum: on axis, 27

Maximum lterations, 22

McNemar test, 150-1

Mean: confidence interval, 420-1; cross-over, 505-1;
equivalence, 470-1, 525-1; exponential, 405-1;
non-inferiority, 515-1; simulation, 410-1

Mean difference: 2x2 cross-over, 500-1; cross-over,
510-1

Mean ratio: equivalence, 545-1; inequality, 445-1;
non-inferiority, 455-1

Means: contrasts, 590-1; cross-over, 540-1;
equivalence, 460-1, 465-1; exponential, 435-1;
group sequential test, 475-1; hypothesized, 550-6;
introduction, 55; MANOVA, 605-1; multiple
comparisons, 585-1; non-inferiority, 450-1, 530-1;
one-way, 555-1; paired, 490-1, 495-1; simulation,
59; simulation, 440-1

Means matrix: MANOVA, 605-5

Means matrix, 570-7

Measurement error, 560-2

Menu: edit, 36; file, 34; format, 37; help, 39; view, 37;
window, 38

Menus, 12, 17; file, 17

Miettinen - Nurminen test: difference, 210-9, 215-9;
equivalence, 215-9, 215-10; non-inferiority, 210-9;
proportions, 205-9; Ratio, 215-10

Minimum: on axis, 27

Minimum detectable difference: multiple
comparisons, 575-10; one-way ANOVA, 550-19; t-
test, 400:13; two-sample t test, 430-15

Monte Carlo, 57, 630-1

MTBF: exponential mean, 405-1

Multinomial: chi-square, 900-4; simulating a, 630-10

Multiple comparisons, 575-1; Dunnett's test, 585-1;
Games-Howell, 580-1; pair-wise, 580-1; power,
580-5, 585-4

Multiple contrasts, 590-1; power, 590-4

Multiple regression, 865-1

Navigator, 38

NCSS: quitting, 18
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New Template, 17

Nominal alpha: group sequential test of means, 475-13

Noncentrality: one-way ANOVA, 550-3

noncentrality parameter: one-way ANOVA, 550-4

Non-inferiority: correlated proportions, 160-1; cross-
over, 510-1, 515-1, 530-1; difference, 160-3;
hypotheses, 450-2; hypotheses, 415-2;log-rank test,
705-15; mean difference, 450-1; mean ratio, 455-1;
odds ratio, 210-5; paired means, 415-1, 490-8, 490-
18; paired means, 415-2; proportion, 105-1; ;
cluster randomization, 235-1; proportions, 210-1;
ratio, 160-6, 210-5; z test, 210-7

Non-Inferiority: simulation, 440-6

Non-inferiority hypothesis, 49

Non-Inferiority test: simulation, 440-17

Non-inferiority tests, 510-3, 530-3, 535-3

Non-null: proportions, 205-1

Nonparametric: Mann-Whitney, 430-8; t-test, 400:7;
Wilcoxon test, 400:1

Normal: contaminated, 630-21; simulating, 630-19;
simulating a, 630-11

Nuisance parameter, 56; correlated proportions, 160-7,

165-7

Nuissance parameters, 47

Null case: proportions, 200-1

Null hypothesis, 42, 55

O’Brien-Fleming: means, 475-1; proportions, 220-1;
survival, 710-1

Odds ratio: equivalence, 110-6; logistic regression,
860-2; Mantel-Haenszel, 225-2; matched case-
control, 255-1; McNemar test, 150-3; non-
inferiority, 210-5; non-inferiority, 105-6;
proportion, 100-7; proportions, 53, 200-3, 205-4,
215-5

Odds ratio estimator, 910-1

Offset: proportions, 205-1

One-way ANOVA, 550-1

Open Template, 17

Options tab, 22

Outliers: multiple comparisons, 580-26; simulation,
440-18, 555-19

Outline window, 14

Output: word processor, 33

P value, 44

Paired designs, 415-1

Paired means: equivalence, 495-1; simulation, 490-1

Paired proportions: non-inferiority, 160-1

Paired t-tes, 490-1

Paired t-test, 400:14; assumptions, 400:3; non-
inferiority, 415-1

Paired t-tests, 400:1

Pairwise comparisons: multiple comparisons, 575-8

Pair-wise comparisons, 580-1

Panel, 15

PASS: starting, 7

PASS Home, 11

Password, 19, 39

Patient entry: log-rank, 705-3

PDF files, 19, 39

Perspective, 28, 29

Phase | trials, 120-2

Phase 11 trials, 120-2

Phi: matched case-control, 255-5

Pillai-Bartlett trace, 570-6, 605-1; MANOVA, 605-4

Pillai-Bartlett trace, 570-1

Planned Comparisons, 550-1

Plot Setup tab, 23

Plot Text tab, 26

Pocock: means, 475-1; proportions, 220-1; survival,
710-1

Poisson: incidence, 135-1; simulating a, 630-11

Poisson regression, 870-1

Population size: t-test, 400:6

Post-marketing surveillance, 135-1

Power, 45; introduction, 41; means, 55; multiple
comparisons, 580-5, 585-4; multiple contrasts, 590-
4

Prevalence: correlated proportions, 160-2, 165-2

Print, 35

Procedure Window, 15

Producer’s risk, 405-1

Projection method, 28

Proportion: confidence interval, 115-1; difference,
100-6; equivalence, 110-1; inequality, 100-1; non-
inferiority, 105-1; odds ratio, 100-7; ratio, 100-6

Proportional hazards regression, 850-1

Proportions: Chi-square test, 200-6; cluster
randomization, 240-1; inequality, 230-1; cluster
randomization, 235-1; comparing, 51; correlated,
160-1, 165-1; difference, 52; equivalence, 215-1;
Farrington - Manning test, 210-11; Fisher's exact,
200-5; Gart - Nam test, 210-13; group sequential
test, 220-1; independent, 200-1; inequality, 200-1,
205-1; interim analysis, 220-1; interpretation, 54;
introduction, 51; logistic regression, 860-1;
matched case control, 255-1; McNemar test, 150-1;
Miettinen - Nurminen test, 210-9, 215-9; non-
inferiority, 160-1, 210-1; odds ratio, 53; odds ratio
estimator, 910-1; offset, 205-1; paired, 160-1; ratio,
52; single-stage, 120-1; stratified, 225-1;
superiority, 210-1; three-stage, 130-1; two-stage,
125-1

Quadratic: contrast, 550-7

Quitting, 35

Random factor, 560-5

Random number pool size, 495-13; paired means
using simulation, 490-11

Random numbers, 580-6, 585-5, 590-5, 630-1

Randomized block ANOVA, 560-1

Range on axis, 27

Rating data: ROC curve, 260-3

Ratio: cross-over, 505-1; equivalence, 110-5, 165-6;
Farrington - Manning test, 215-11; Gart - Nam test,
215-12; inequality, 445-1; means, 445-1; Miettinen
- Nurminen test, 215-10; non-inferiority, 160-6,
210-5, 455-2, 515-1, 535-1; proportion, 100-6, 105-
5; proportions, 52, 200-3, 205-4, 215-5

Ratios: equivalence, 470-1

Regression: Cox, 850-1; linear, 855-1; logistic, 860-1;
multiple, 865-1; Poisson, 870-1

Rejection region, 44

Repeated measures, 570-1
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Reports tab, 22

Risk ratio: Blackwelder, 205-29; equivalence, 165-6

ROC curve, 260-1

ROC curves, 265-1

Rotation of tickmarks, 26

R-squared, 865-1; added, 865-5; logistic regression,
860-8

RTF, 35

RTF files, 33

Ruler, 37

Run menu, 18

Sample size: introduction, 41

Save template, 18, 32

Score test: equivalence, 215-9, 215-10, 215-11, 215-
12; Farrington - Manning test, 210-11, 215-11; Gart
- Nam test, 210-13, 215-12; Miettinen - Nurminen
test, 210-9, 215-9, 215-10; non-inferiority, 210-9,
210-11, 210-13; proportions, 205-9

Sensitivity: correlated proportions, 160-2, 165-2; ROC
curve, 260-1

Serial numbers, 19, 39

Show Beta as Power, 23

Show tick marks, 28

Sign test: simulation, 410-4, 490-5, 495-5

Significance level, 44; adjusting, 60; multiple
comparisons, 580-2, 585-2, 590-1

Simon: two-stage, 125-1

Simulation, 57, 630-1; equivalence, 465-1, 495-1;
means, 440-1; multiple comparisons, 580-1, 580-5,
585-1, 585-5; multiple contrasts, 590-1, 590-5; one
mean, 410-1; one-way, 555-1; paired means, 490-1,
495-1; random number generation, 580-6, 585-5,
590-5; size, 58; syntax, 630-16

Single-stage design, 120-1

Skewed data: one-way, 555-22; simulation, 410-14,
410-17, 440-20

Skewed distribution: simulating a, 630-13

Slope: linear regression, 855-1

Specificity: correlated proportions, 160-2, 165-2;
ROC curve, 260-1

Spending functions: means, 475-2; proportions, 220-2

Standard deviation, 56; estimator, 905-1;
interpretation, 905-1; means, 550-13; one, 650-1;
two, 655-1

Standard deviation, 400:4

Starting PASS, 3,7

Stratified designs, 225-1

Student's T: simulating a, 630-12

Style: grid line, 27

Summary Statements, 22

Superiority: hypotheses, 450-2; proportion, 105-4;
proportions, 210-1, 210-4

Superiority hypothesis, 50

Superiority tests, 510-3, 530-3, 535-3

Support, 5, 6

Surface Chart options, 24

Survival: log-rank, 700-1, 705-1

Symbols, 30

Symbols tab, 30

System requirements, 1

T: simulating a, 630-12

Tab: abbreviations, 31

Tabs, 21; axes, 27; data, 21; options, 22; plot setup,
23; reports, 22; symbols, 30; template, 32

Tech support, 5, 6

Template, 15; load, 32; save, 32

Template Files, 32

Template 1d, 32

Template tab, 32

Templates, 17; automatic, 16; default, 16; loading, 17;
new, 17; save, 18; saving, 17

Test statistics, 47

Text output, 22

Thin Walls, 29

Three-stage design, 130-1

Tick marks, 27; show, 28

Tickmark rotation, 26

Titles of plots, 26

Toolbar, 13, 20, 37, 40

Treatment versus control: multiple comparisons, 575-
2

Trimmed t-test: equivalence, 465-5, 465-6; simulation,
440-3

T-test: assumptions, 400:3; cluster randomization,
480-1; cross-over, 500-4, 510-4, 520-4, 540-4;
equivalence, 215-8, 460-2, 465-3; equivalence,
520-4; equivalence, 540-4; non-inferiority, 210-8,
415-1, 415-5, 450-2, 450-5, 510-4; proportions,
200-8, 215-8; simulation, 410-1, 490-4, 495-4;
simulation, 440-1; simulation, 440-2

T-tests: assumptions, 430-4; one mean, 400:1; paired,
400:1; two means, 430-1

Tukey-Kramer: simulation, 580-1

Tukey-Kramer test, 580-3; multiple comparisons, 575-
8

Tukey's lambda: simulating a, 630-13

., 235-8, 235-11, 235-13, 235-15

Two-sample t-test, 430-1; simulation, 440-2

Two-Stage design, 125-1

Type-I error, 42

Type-Il error, 42

Uniform: simulating a, 630-14

1, 235-12; repeated measures, 570-53; ROC Curves,
265-12; t-test, 400:17; two-sample t-test, 430-20

Variance: one, 650-1

Variances: two, 655-1

Vertical viewing angle, 28

View menu, 37

Viewing angle: horizontal, 28; vertical, 28

Wall color, 29

Weibull: simulating a, 630-15

Welch test: power, 590-4

Welch's test: equivalence, 465-1; simulation, 440-3

Welch's t-test: non-inferiority, 450-5

Wilcoxon test, 400:7, 400:15, 415-8, 450-11;
assumptions, 400:3; non-inferiority, 415-5; paired,
415-1; simulation, 410-3, 410-21, 490-1, 490-4,
495-5

Wilcoxon test, 400:1

Wilks’ Lambda, 570-6, 605-1; MANOVA, 605-3

Wilks” Lambda, 570-1

Window menu, 38
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Winsorized test: equivalence, 465-5 Z test: equivalence, 215-7; non-inferiority, 210-7;
Within standard deviation, 570-15 proportions, 205-7, 215-7

Within-subjects design: repeated measures, 570-2 Z test - proportion -equivalence, 110-8

Word processor: built in, 33 Z tests, 100-4

Zeros: two proportions, 205-19
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