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Overview: POWER Procedure

Power and sample size analysis optimizes the resource usage and design of a study, improving chances of
conclusive results with maximum ef ciency. The POWER procedure performs prospective power and sample
size analyses for a variety of goals, such as the following:

determining the sample size required to get a signi cant result with adequate probability (power)
characterizing the power of a study to detect a meaningful effect

conducting what-if analyses to assess sensitivity of the power or required sample size to other factors

Hereprospectivandicates that the analysis pertains to planning for a future study. This is in contrast to
retrospectivegpower analysis for a past study, which is not supported by the procedure.

A variety of statistical analyses are covered:

t tests, equivalence tests, and con dence intervals for means

tests, equivalence tests, and con dence intervals for binomial proportions
multiple regression

tests of correlation and partial correlation

one-way analysis of variance

rank tests for comparing two survival curves

Cox proportional hazards regression

logistic regression with binary response

Wilcoxon-Mann-Whitney (rank-sum) test

For more complex linear models, see Chapter 48, “The GLMPOWER Procedure.”

Input for PROC POWER includes the components considered in study planning:

design

statistical model and test

signi cance level (alpha)
surmised effects and variability
power

sample size
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You designate one of these components by a missing value in the input, in order to identify it as the result
parameter. The procedure calculates this result value over one or more scenarios of input values for all other
components. Power and sample size are the most common result values, but for some analyses the result can
be something else. For example, you can solve for the sample size of a single group for a twotseshple

In addition to tabular results, PROC POWER produces graphs. You can produce the most common types of
plots easily with default settings and use a variety of options for more customized graphics. For example,
you can control the choice of axis variables, axis ranges, number of plotted points, mapping of graphical
features (such as color, line style, symbol and panel) to analysis parameters, and legend appearance.

If ODS Graphics is enabled, then PROC POWER uses ODS Graphics to create graphs; otherwise, traditional
graphs are produced.

For more information about enabling and disabling ODS Graphics, see the section “Enabling and Disabling
ODS Graphics” on page 609 in Chapter 21, “Statistical Graphics Using ODS."

For speci c information about the statistical graphics and options available with the POWER procedure, see
the PLOT statement and the section “ODS Graphics” on page 7280.

The POWER procedure is one of several tools available in SAS/STAT software for power and sample size
analysis. PROC GLMPOWER supports more complex linear models. The Power and Sample Size application
provides a user interface and implements many of the analyses supported in the procedures. See Chapter 48,
“The GLMPOWER Procedure,” and Chapter 90, “The Power and Sample Size Application,” for details.

The following sections of this chapter describe how to use PROC POWER and discuss the underlying
statistical methodology. The section “Getting Started: POWER Procedure” on page 7111 introduces PROC
POWER with simple examples of power computation for a one-satripkt and sample size determination

for a two-sampléd test. The section “Syntax: POWER Procedure” on page 7119 describes the syntax of the
procedure. The section “Details: POWER Procedure” on page 7213 summarizes the methods employed by
PROC POWER and provides details on several special topics. The section “Examples: POWER Procedure”
on page 7281 illustrates the use of the POWER procedure with several applications.

For an overview of methodology and SAS tools for power and sample size analysis, see Chapter 18,
“Introduction to Power and Sample Size Analysis.” For more discussion and examples, see O'Brien and
Castelloe (2007); Castelloe (2000); Castelloe and O'Brien (2001); Muller and Benignus (1992); O'Brien and
Muller (1993); Lenth (2001).

Getting Started: POWER Procedure

Computing Power for a One-Sample t Test

Suppose you want to improve the accuracy of a machine used to print logos on sports jerseys. The logo
placement has an inherently high variability, but the horizontal alignment of the machine can be adjusted. The
operator agrees to pay for a costly adjustment if you can establish a nonzero mean horizontal displacement in
either direction with high con dence. You have 150 jerseys at your disposal to measure, and you want to
determine your chances of a signi cant result (power) by using a one-sartgsewith a two-sided = 0.05.
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You decide that 8 mm is the smallest displacement worth addressing. Hence, you will assume a true mean of
8 in the power computation. Experience indicates that the standard deviation is about 40.

Use the ONESAMPLEMEANS statement in the POWER procedure to compute the power. Indicate power
as the result parameter by specifying the POWER= option with a missing value (.). Specify your conjectures
for the mean and standard deviation by using the MEAN= and STDDEV= options and for the sample size by
using the NTOTAL= option. The statements required to perform this analysis are as follows:

proc power;
onesamplemeans
mean =8

ntotal = 150
stddev = 40

power = .;

run;

Default values for the TEST=, DIST=, ALPHA=, NULLMEAN=, and SIDES= options specify a two-sided
test for a mean of 0, assuming a normal distribution with a signi cance level00.05.

Figure 89.1 shows the output.

Figure 89.1 Sample Size Analysis for One-Sample t Test

The power is about 0.68. In other words, there is about a 2/3 chance thdegtavill produce a signi cant
result demonstrating the machine's average off-center displacement. This probability depends on the
assumptions for the mean and standard deviation.

Now, suppose you want to account for some of your uncertainty in conjecturing the true mean and standard
deviation by evaluating the power for four scenarios, using reasonable low and high values, 5 and 10 for the
mean, and 30 and 50 for the standard deviation. Also, you might be able to measure more than 150 jerseys,
and you would like to know under what circumstances you could get by with fewer. You want to plot power
for sample sizes between 100 and 200 to visualize how sensitive the power is to changes in sample size for
these four scenarios of means and standard deviations. The following statements perform this analysis:
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ods graphics on;

proc power;
onesamplemeans
mean =510
ntotal = 150
stddev = 30 50
power = .;

plot x=n Min=100 max=200;
run;

ods graphics off;

The new mean and standard deviation values are speci ed by using the MEAN= and STDDEV= options in
the ONESAMPLEMEANS statement. The PLOT statement with X=N produces a plot with sample size on

the X axis. (The result parameter, in this case the power, is always plotted on the other axis.) The MIN=and
MAX= options in the PLOT statement determine the sample size range. The ODS GRAPHICS ON statement

enables ODS Graphics.

Figure 89.2 shows the output, and Figure 89.3 shows the plot.

Figure 89.2 Sample Size Analysis for One-Sample t Test with Input Ranges
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Figure 89.3 Plot of Power versus Sample Size for One-Sample t Test with Input Ranges

The power ranges from about 0.23 to 0.98 for a sample size of 150 depending on the mean and standard
deviation. In Figure 89.3, the line style identi es the mean, and the plotting symbol identi es the standard
deviation. The locations of plotting symbols indicate computed powers; the curves are linear interpolations
of these points. The plot suggests suf cient power for a mean of 10 and standard deviation of 30 (for any of
the sample sizes) but insuf cient power for the other three scenarios.

Determining Required Sample Size for a Two-Sample  t Test

In this example you want to compare two physical therapy treatments designed to increase muscle exibility.
You need to determine the number of patients required to achieve a power of at least 0.9 to detect a group
mean difference in a two-sampi¢est. You will use = 0.05 (two-tailed).

The mean exibility with the standard treatment (as measured on a scale of 1 to 20) is well known to be about
13 and is thought to be between 14 and 15 with the new treatment. You conjecture three alternative scenarios
for the means:
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1. 1=13, ,=14
2. 1=13, ,=145
3. 1=13, ,=15

You conjecture two scenarios for the common group standard deviation:

You also want to try three weighting schemes:

1. equal group sizes (balanced, or 1:1)
2. twice as many patients with the new treatment (1:2)

3. three times as many patients with the new treatment (1:3)

This makes 3 2 3 =18 scenarios in all.

Use the TWOSAMPLEMEANS statement in the POWER procedure to determine the sample sizes required
to give 90% power for each of these 18 scenarios. Indicate total sample size as the result parameter by
specifying the NTOTAL= option with a missing value (.). Specify your conjectures for the means by using
the GROUPMEANS= option. Using the “matched” notation (discussed in the section “Specifying Value
Lists in Analysis Statements” on page 7216), enclose the two group means for each scenario in parentheses.
Use the STDDEV= option to specify scenarios for the common standard deviation. Specify the weighting
schemes by using the GROUPWEIGHTS= option. You could again use the matched notation. But for
illustrative purposes, specify the scenarios for each group weight separately by using the “crossed” notation,
with scenarios for each group weight separated by a vertical bar (|). The statements that perform the analysis
are as follows:

proc power;
twosamplemeans

groupmeans =

stddev =

groupweights = 1

power =

ntotal =

13 14) (13 14.5) (13 15)
2 17

=~

run;

Default values for the TEST=, DIST=, NULLDIFF=, ALPHA=, and SIDES= options specify a two-dided
test of group mean difference equal to 0, assuming a normal distribution with a signi cance level@D5.
The results are shown in Figure 89.4.
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Figure 89.4 Sample Size Analysis for Two-Sample t Test Using Group Means

The interpretation is that in the best-case scenario (large mean difference of 2, small standard deviation of
1.2, and balanced design), a sample sizh ef18 (n1 D n, D 9) patients is suf cient to achieve a power of

at least 0.9. In the worst-case scenario (small mean difference of 1, large standard deviation of 1.7, and a 1:3
unbalanced design), a sample sizéNof 164 (11 = 41,n, = 123) patients is necessary. The Nominal Power

of 0.9 in the “Fixed Scenario Elements” table represents the input target power, and the Actual Power column

in the “Computed N Total” table is the power at the sample size (N Total) adjusted to achieve the speci ed
sample weighting exactly.
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Note the following characteristics of the analysis, and ways you can modify them if you want:

The total sample sizes are rounded up to multiples of the weight sums (2 for the 1:1 design, 3 for
the 1:2 design, and 4 for the 1:3 design) to ensure that each group size is an integer. To request raw
fractional sample size solutions, use the NFRACTIONAL option.

Only the group weight that varies (the one for group 2) is displayed as an output column, while the

weight for group 1 appears in the “Fixed Scenario Elements” table. To display the group weights

together in output columns, use the matched version of the value list rather than the crossed version.

If you can specify only differences between group means (instead of their individual values), or if you

want to display the mean differences instead of the individual means, use the MEANDIFF= option

instead of the GROUPMEANS= option.

The following statements implement all of these modi cations:

proc power;

run;

twosamplemeans
nfractional
meandiff =1t 2 by 05
stddev =12 17
groupweights = (1 1) (1 2) (1 3)
power =09
ntotal =,

Figure 89.5 shows the new results.

Figure 89.5 Sample Size Analysis for Two-Sample t Test Using Mean Differences
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Figure 89.5 continued

Note that the Nominal Power of 0.9 applies to the raw computed sample size (Fractional N Total), and the
Actual Power column applies to the rounded sample size (Ceiling N Total). Some of the adjusted sample
sizes in Figure 89.5 are lower than those in Figure 89.4 because underlying group sample sizes are allowed to
be fractional (for example, the rst Ceiling N Total of 63 corresponding to equal group sizes of 31.5).
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Syntax: POWER Procedure

The following statements are available in the POWER procedure:

PROC POWER < options > ;
COXREG <options > ;
LOGISTIC <options > ;
MULTREG < options > ;
ONECORR <options > ;
ONESAMPLEFREQ <options> ;
ONESAMPLEMEANS <options > ;
ONEWAYANOVA <options > ;
PAIREDFREQ <options > ;
PAIREDMEANS < options > ;
PLOT < plot-options > </ graph-options > ;
TWOSAMPLEFREQ <options > ;
TWOSAMPLEMEANS <options > ;
TWOSAMPLESURVIVAL <options> ;
TWOSAMPLEWILCOXON <options > ;

The statements in the POWER procedure consist of the PROC POWER statement,anabtsi$ state-
ments(for requesting speci ¢ power and sample size analyses), and the PLOT statement (for producing
graphs). The PROC POWER statement and at least one of the analysis statements are required. The analysis
statements are COXREG, LOGISTIC, MULTREG, ONECORR, ONESAMPLEFREQ, ONESAMPLE-
MEANS, ONEWAYANOVA, PAIREDFREQ, PAIREDMEANS, TWOSAMPLEFREQ, TWOSAMPLE-
MEANS, TWOSAMPLESURVIVAL, and TWOSAMPLEWILCOXON.

You can use multiple analysis statements and multiple PLOT statements. Each analysis statement produces a
separate sample size analysis. Each PLOT statement refers to the previous analysis statement and generates a
separate graph (or set of graphs).

The name of an analysis statement describes the framework of the statistical analysis for which sample
size calculations are desired. You use options in the analysis statements to identify the result parameter to
compute, to specify the statistical test and computational options, and to provide one or more scenarios for
the values of relevant analysis parameters.

Table 89.1 summarizes the basic functions of each statement in PROC POWER. The syntax of each statement
in Table 89.1 is described in the following pages.

Table 89.1 Statements in the POWER Procedure

Statement Description

PROC POWER Invokes the procedure

COXREG Cox proportional hazards regression

LOGISTIC Likelihood ratio chi-square test of a single predictor in logistic
regression with binary response

MULTREG Tests of one or more coef cients in multiple linear regression

ONECORR Fisher'z test and test of (partial) correlation
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Table 89.1 continued

Statement Description

ONESAMPLEFREQ Tests, con dence interval precision, and equivalence tests of a
single binomial proportion

ONESAMPLEMEANS One-samplé test, con dence interval precision, or equivalence test

ONEWAYANOVA One-way ANOVA including single-degree-of-freedom contrasts

PAIREDFREQ McNemar's test for paired proportions

PAIREDMEANS Paired test, con dence interval precision, or equivalence test

PLOT Displays plots for previous sample size analysis

TWOSAMPLEFREQ Chi-square, likelihood ratio, and Fisher's exact tests for two
independent proportions

TWOSAMPLEMEANS Two-samplé test, con dence interval precision, or equivalence
test

TWOSAMPLESURVIVAL Log-rank, Gehan, and Tarone-Ware tests for comparing two
survival curves
TWOSAMPLEWILCOXON  Wilcoxon-Mann-Whitney (rank-sum) test for 2 independent groups

See the section “Summary of Analyses” on page 7214 for a summary of the analyses available and the syntax
required for them.

PROC POWER Statement
PROC POWER <options > ;

The PROC POWER statement invokes the POWER procedure. You can specify the following option.

PLOTONLY
speci es that only graphical results from the PLOT statement should be produced.

COXREG Statement
COXREG < options > ;

The COXREG statement performs power and sample size analyses for the score test of a single scalar
predictor in Cox proportional hazards regression for survival data, possibly in the presence of one or more
covariates that might be correlated with the tested predictor.

Summary of Options

Table 89.2 summarizes thptions available in the COXREG statement.
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Table 89.2 COXREG Statement Options

Option Description

De ne analysis

TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

SIDES= Speci es the number of sides and the direction of the statistical test
Specify effects

RSQUARE= Speci es theR? value from the regression of the predictor of interest on

the remaining predictors
HAZARDRATIO=  Speci es the hazard ratio

Specify variability

STDDEV= Speci es the standard deviation of the predictor variable being tested
Specify sample size
EVENTPROB= Speci es the probability that an uncensored event occurs

EVENTSTOTAL=  Speci es the expected total number of events
NFRACTIONAL Enables fractional input and output for sample sizes

NTOTAL= Speci es the sample size
Specify power
POWER= Speci es the desired power of the test

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.3 summarizes the valid result parameters for different analyses in the COXREG statement.

Table 89.3 Summary of Result Parameters in the COXREG

Statement
Analyses Solve For Syntax
TEST=SCORE Power POWER-=.
Sample size NTOTAL=.
EVENTSTOTAL=.

Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.
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EVENTPROB=number-list
speci es the probability that an uncensored event occurs. You must specify this option when you
use the NTOTAL= option, and it is ignored when you use the EVENTSTOTAL= option. If you are
computing power, the input sample size is multiplied by the event probability to determine the number
of events. If you are computing sample size, the internally computed number of events is divided by
the event probability to compute the sample size. For information about specifyingrtther-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

EVENTSTOTAL=number-list
EVENTTOTAL=number-list

EETOTAL=number-list
speci es the expected number of uncensored events, or requests a solution for this parameter by
specifying a missing value (EVENTSTOTAL=.). The NFRACTIONAL option is automatically
enabled when you use the EVENTSTOTAL= option. You must use either the EVENTSTOTAL= option
or the NTOTAL= option, and you cannot use both. For information about specifyinguthber-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

HAZARDRATIO= number-list

HR=number-list
speci es the hazard ratio for a one-unit increase in the predictor of intefe$tolding any other
predictors constant. The hazard ratio is equaxp. 1/, where ; is the regression coef cient of;.
For information about specifying theimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. This option is automatically enabled when you use
the EVENTSTOTAL= option. For information about the rami cations of the presence (and absence)
of the NFRACTIONAL option, see the section “Sample Size Adjustment Options” on page 7219.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). You must use either the NTOTAL= option or the EVENTSTOTAL= option, and you
cannot use both. The number of events is used internally in calculations, and the sample size is the ratio
of the number of events (EVENTSTOTAL) and the event probability EVENTPROB. For information
about specifying theaumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUTPUT-
ORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

SIDES=
ALPHA=
EVENTPROB=
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RSQUARE=
HAZARDRATIO=
STDDEV=
NTOTAL=
EVENTSTOTAL=
POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same or-
der in which their corresponding options are specied in the COXREG statement. The OUT-
PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order
in which their correspondingptions are speci ed in the COXREG statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a

percentage. For information about specifying tlenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

RSQUARE=number-list
speci es theR? value from the regression of the predictor of interest on the remaining predictors.
The sample size is either multiplied (if you are computing power) or divided (if you are computing
sample size) by a factor of  R?/. For information about specifying threimber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test or con dence interval.

For information about specifying theyword-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216. You can specify the follovikegvords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating a positive correlation
between the tested predictor and survival—that is, a hazard ratio less than 1.

L speci es a lower one-sided test, with the alternative hypothesis indicating a negative correlation
between the tested predictor and survival—that is, a hazard ratio greater than 1.

By default, SIDES=2.

STDDEV=number-list
STD=number-list

speci es the standard deviation of the predictor of interest. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

TEST=SCORE
speci es the score test in Cox proportional hazards regression. This is the default test option.
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Restrictions on Option Combinations

To specify the sample size, choose one of the following parameterizations:

sample size (by using the NTOTAL= option) and event probability (by using the EVENTPROB=
option)

number of events (by using the EVENTSTOTAL= option)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the TWOSAMPLESUR-
VIVAL statement.

Score Test for Cox Proportional Hazards Regression
You can use the NTOTAL= and EVENTPROB= options, as in the following statements. Default values for
the SIDES=, ALPHA=, and TEST= options specify a two-sided score test with a signi cance level of 0.05.

proc power;
coxreg
hazardratio = 1.4
rsquare = 0.15

stddev = 1.2
ntotal = 80
eventprob = 0.8
power = .

run;

You can also use the EVENTSTOTAL= option, as in the following statements:

proc power;
coxreg
hazardratio = 1.6
rsquare = 0.2

stddev = 1.1
power = 0.9
eventstotal = .

run;

LOGISTIC Statement
LOGISTIC <options > ;

The LOGISTIC statement performs power and sample size analyses for the likelihood ratio chi-square test of
a single predictor in binary logistic regression, possibly in the presence of one or more covariates that might
be correlated with the tested predictor.
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Summary of Options

Table 89.4 summarizes thptions available in the LOGISTIC statement.

Table 89.4 LOGISTIC Statement Options

Option Description

De ne analysis

TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

COVARIATES= Speci es the distributions of predictor variables

TESTPREDICTOR=  Speci es the distribution of the predictor variable being tested

VARDIST= De nes a distribution for a predictor variable

Specify effects

CORR= Speci es the multiple correlation between the predictor and the covariates

COVODDSRATIOS= Speci es the odds ratios for the covariates
COVREGCOEFFS=  Speci es the regression coef cients for the covariates
DEFAULTUNIT= Speci es the default change in the predictor variables
INTERCEPT= Speci es the intercept

RESPONSEPROB= Speci es the response probability

TESTODDSRATIO=  Speci es the odds ratio being tested

TESTREGCOEFF= Speci es the regression coef cient for the predictor variable

UNITS= Speci es the changes in the predictor variables

Specify sample size

NFRACTIONAL Enables fractional input and output for sample sizes

NTOTAL= Speci es the sample size

Specify power

POWER= Speci es the desired power of the test

Specify computational method

DEFAULTNBINS= Speci es the default number of categories for each predictor variable
NBINS= Speci es the number of categories for predictor variables

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.5 summarizes the valid result parameters in the LOGISTIC statement.

Table 89.5 Summary of Result Parameters in the LOGISTIC

Statement
Analyses Solve For  Syntax
TEST=LRCHI Power POWER=.

Sample size NTOTAL=.
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Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

CORR=number-list
speci es the multiple correlation § between the tested predictor and the covariates. If you also specify
the COVARIATES= option, then the sample size is either multiplied (if you are computing power) or
divided (if you are computing sample size) by a factorlof  2/. For information about specifying
thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

COVARIATES=grouped-name-list
speci es the distributions of any predictor variables in the model but not being tested, using labels
speci ed with the VARDIST= option. The distributions are assumed to be independent of each
other and of the tested predictor. If this option is omitted, then the tested predictor speci ed by the
TESTEDPREDICTOR= option is assumed to be the only predictor in the model. For information about
specifying thegrouped-name-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

COVODDSRATIOS=grouped-number-list
speci es the odds ratios for the covariates in the full model (including variables in the TESTPREDIC-
TOR= and COVARIATES= options). The ordering of the values corresponds to the ordering in the
COVARIATES= option. If the response variable is coded&as1 for success and = O for failure,
then the odds ratio for each covariatés the odds oY = 1 whenX = a divided by the odds of =1
whenX = b, wherea andb are determined from the DEFAULTUNIT= and UNITS= options. Values
must be greater than zero. For information about specifyingth@ed-number-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

COVREGCOEFFS=grouped-number-list
speci es the regression coef cients for the covariates in the full model including the test predictor (as
speci ed by the TESTPREDICTOR= option). The ordering of the values corresponds to the ordering
in the COVARIATES= option. For information about specifying greuped-number-list, see the
section “Specifying Value Lists in Analysis Statements” on page 7216.

DEFAULTNBINS=number
speci es the default number of categories (or “bins”) into which the distribution for each predictor
variable is divided in internal calculations. Higher values increase computational time and memory
requirements but generally lead to more accurate results. However, if the value is too high, then
numerical instability can occur. Lower values are less likely to produce “No solution computed” errors.
Each test predictor or covariate that is absent from the NBINS= option derives its bin number from the
DEFAULTNBINS= option. The default value is DEFAULTNBINS=10.

There are two variable distributions for which the number of bins can be overridden internally:

For an ordinal distribution, the number of ordinal values is always used as the number of bins.

For a binomial distribution, if the requested number of bins is larger thad, wheren is the
sample size parameter of the binomial distribution, then exactiyL bins are used.
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DEFAULTUNIT=change-spec
speci es the default change in the predictor variables assumed for odds ratios speci ed with the
COVODDSRATIOS= and TESTODDSRATIO= options. Each test predictor or covariate that is absent
from the UNITS= option derives its change value from the DEFAULTUNIT= option. The value must
be nonzero. The default value is DEFAULTUNIT=1. This option can be used only if at least one of the
COVODDSRATIOS= and TESTODDSRATIO= options is used.

Valid speci cations forchange-spec are as follows:

number de nes the odds ratio as the ratio of the response variable odds ¥hemnto the odds when
X =a—number for any constana.

<+|->SD de nes the odds ratio as the ratio of the odds wikenato the odds wheX =a— (or
X=a+ ,if SDis preceded by a minus sign (-)) for any constnvhere is the standard
deviation ofX (as determined from the VARDIST= option).

multiple*SD de nes the odds ratio as the ratio of the odds wbéen a to the odds wheiX = a —
multiple *  for any constana, where is the standard deviation &f (as determined from the
VARDIST= option).

PERCENTILES(p1, p2) de nes the odds ratio as the ratio of the odds whkeis equal to itgp2
100th percentile to the odds whihis equal to itgpl  100th percentile (where the percentiles
are determined from the distribution speci ed in the VARDIST= option). Valuepioandp2
must be strictly between 0 and 1.

INTERCEPT=number-list
speci es the intercept in the full model (including variables in the TESTPREDICTOR= and COVARI-
ATES= options). For information about specifying tih@nber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NBINS=(“name” = number <..."name" = number >)
speci es the number of categories (or “bins”) into which the distribution for each predictor variable
(identi ed by its name from the VARDIST= option) is divided in internal calculations. Higher values
increase computational time and memory requirements but generally lead to more accurate results.
However, if the value is too high, then numerical instability can occur. Lower values are less likely
to produce “No solution computed” errors. Each predictor variable that is absent from the NBINS=
option derives its bin number from the DEFAULTNBINS= option.

There are two variable distributions for which the NBINS= value can be overridden internally:

For an ordinal distribution, the number of ordinal values is always used as the number of bins.

For a binomial distribution, if the requested number of bins is largerthad, wheren is the
sample size parameter of the binomial distribution, then exactlyl bins are used.

NFRACTIONAL
NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment

Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.
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NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). Values must be at least one. For information about specifyinguhber-list, see the
section “Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

DEFAULTNBINS=
NBINS=

ALPHA=
RESPONSEPROB=
INTERCEPT=
TESTPREDICTOR=
TESTODDSRATIO=
TESTREGCOEFF=
COVARIATES=
COVODDSRATIOS=
COVREGCOEFFS=
CORR=

NTOTAL=

POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same or-
der in which their corresponding options are speci ed in the LOGISTIC statement. The OUT-
PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order in
which their correspondingptions are speci ed in the LOGISTIC statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlaenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

RESPONSEPROB=number-list
speci es the response probability in the full model when all predictor variables (including variables in
the TESTPREDICTOR= and COVARIATES= options) are equal to their means. The log odds of this
probability are equal to the intercept in the full model where all predictor are centered at their means.
If the response variable is codeds 1 for success and = O for failure, then this probability is
eqgual to the mean of in the full model when all Xs are equal to their means. Values must be strictly
between zero and one. For information about specifyingtineber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

TEST=LRCHI

speci es the likelihood ratio chi-square test of a single model parameter in binary logistic regression.
This is the default test option.
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TESTODDSRATIO=number-list
speci es the odds ratio for the predictor variable being tested in the full model (including variables in
the TESTPREDICTOR= and COVARIATES= options). If the response variable is codéd dsfor
success andl = 0 for failure, then the odds ratio for thébeing tested is the odds ¥f=1 whenX =a
divided by the odds of = 1 whenX = b, wherea andb are determined from the DEFAULTUNIT= and
UNITS= options. Values must be greater than zero. For information about specifyingrtiber-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

TESTPREDICTOR=name-list
speci es the distribution of the predictor variable being tested, using labels speci ed with the
VARDIST= option. This distribution is assumed to be independent of the distributions of the co-
variates as de ned in the COVARIATES= option. For information about specifyinghee-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

TESTREGCOEFF=number-list
speci es the regression coef cient for the predictor variable being tested in the full model including the
covariates speci ed by the COVARIATES= option. For information about specifyingntingber-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

UNITS=("name” = change-spec <..."name" = change-spec >)
speci es the changes in the predictor variables assumed for odds ratios speci ed with the COV-
ODDSRATIOS= and TESTODDSRATIO= options. Each predictor variable winasee (from
the VARDIST= option) is absent from the UNITS option derives its change value from the DE-
FAULTUNIT= option. This option can be used only if at least one of the COVODDSRATIOS= and
TESTODDSRATIO= options is used.

Valid speci cations forchange-spec are as follows:

number de nes the odds ratio as the ratio of the response variable odds Mhento the odds when
X =a—number for any constana.

<+|->SD de nes the odds ratio as the ratio of the odds wikenato the odds wheX =a— (or
X=a+ ,if SDis preceded by a minus sign (-)) for any constnthere is the standard
deviation ofX (as determined from the VARDIST= option).

multiple*SD de nes the odds ratio as the ratio of the odds wben a to the odds wheiX = a —
multiple for any constang, where is the standard deviation &f (as determined from the
VARDIST= option).

PERCENTILES(p1, p2) de nes the odds ratio as the ratio of the odds wheis equal to itgp2
100th percentile to the odds whihis equal to itgpl  100th percentile (where the percentiles
are determined from the distribution speci ed in the VARDIST= option). Valuepioandp2
must be strictly between 0 and 1.

Each unit value must be nonzero.

VARDIST(" label")=distribution (parameters)
de nes a distribution for a predictor variable.

For the VARDIST= option,
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label identi es the variable distribution in the output and with the COVARIATES= and
TESTPREDICTOR= options.

distribution speci es the distributional form of the variable.

parameters speci es one or more parameters associated with the distribution.

Thedistributions andparameters are named and de ned in the same way as the distributions and
arguments in the CDF SAS function; for more information, SA&& Language Reference: Dictionary
Choices for distributional forms and their parameters are as follows:

ORDINAL ((values) : (probabilities)) is an ordered categorical distribution. Tha&ues are any
numbers separated by spaces. Pphababilities are numbers between 0 and 1 (inclusive)
separated by spaces. Their sum must be exactly 1. The numpebabilities must match the
number ofvalues.

BETA (a,b <,I,r >) is a beta distribution with shape parameterandb and optional location
parameters andr. The values of andb must be greater than 0, ahdhust be less than The
default values fot andr are 0 and 1, respectively.

BINOMIAL (p, n) is a binomial distribution with probability of successand number of independent
Bernoulli trialsn. The value op must be greater than 0 and less than 1,mnulst be an integer
greater than 0. Ih = 1, then the distribution is binary.

EXPONENTIAL () is an exponential distribution with scale which must be greater than O.

GAMMA (a, ) is a gamma distribution with shajpeand scale . The values oh and must be
greater than 0.

LAPLACE ( , ) is a Laplace distribution with location and scale . The value of must be
greater than O.

LOGISTIC ( , ) isalogistic distribution with location and scale . The value of must be greater
than 0.

LOGNORMAL ( , ) isalognormal distribution with location and scale . The value of must
be greater than 0.

NORMAL ( , ) isanormal distribution with mean and standard deviation The value of must
be greater than 0.

POISSON (m) is a Poisson distribution with meam. The value oin must be greater than 0.
UNIFORM (I, r) is a uniform distribution on the intervék, r ¢, wherel < r.

Restrictions on Option Combinations
To specify the intercept in the full model, choose one of the following two parameterizations:

intercept (using the INTERCEPT= options)

Prob{y = 1) when all predictors are equal to their means (using the RESPONSEPROB= option)

To specify the effect associated with the predictor variable being tested, choose one of the following two
parameterizations:



LOGISTIC Statement F 7131

odds ratio (using the TESTODDSRATIO= options)
regression coef cient (using the TESTREGCOEFFS= option)

To describe the effects of the covariates in the full model, choose one of the following two parameterizations:

odds ratios (using the COVODDSRATIOS= options)

regression coef cients (using the COVREGCOEFFS= options)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the LOGISTIC statement.

Likelihood Ratio Chi-Square Test for One Predictor
You can express effects in terms of response probability and odds ratios, as in the following statements:

proc power;
logistic
vardist("x1a") normal(0, 2)
vardist("x1b") normal(0, 3)
vardist("x2") = poisson(7)
vardist("x3a") = ordinal((-5 0 5) : (.3 .4 .3))
vardist("x3b") ordinal((-5 0 5) : (4 .3 .3))
testpredictor = "x1a" "x1b"
covariates = "x2" | "x3a" "x3b"
responseprob = 0.15
testoddsratio = 1.75
covoddsratios = (2.1 1.4)
ntotal = 100
power = ;

run;

The VARDIST= options de ne the distributions of the predictor variables. The TESTPREDICTOR=
option speci es two scenarios for the test predictor distribution, Normal(10,2) and Normal(10,3). The
COVARIATES= option speci es two covariates, the rst with a Poisson(7) distribution. The second covariate
has an ordinal distribution on the values —5, 0, and 5 with two scenarios for the associated probabilities: (.3,
4,.3)and (.4, .3, .3). The response probability in the full model with all variables equal to zero is speci ed by
the RESPONSEPROB= option as 0.15. The odds ratio for a unit decrease in the tested predictor is speci ed
by the TESTODDSRATIO= option to be 1.75. Corresponding odds ratios for the two covariates in the full
model are speci ed by the COVODDSRATIOS= option to be 2.1 and 1.4. The POWER=. option requests a
solution for the power at a sample size of 100 as speci ed by the NTOTAL= option.

Default values of the TEST= and ALPHA= options specify a likelihood ratio test of the rst predictor with a
signi cance level of 0.05. The default of DEFAULTUNIT=1 speci es that all odds ratios are de ned in terms
of unit changes in predictors. The default of DEFAULTNBINS=10 speci es that each of the three predictor
variables is discretized into a distribution with 10 categories in internal calculations.

You can also express effects in terms of regression coef cients, as in the following statements:
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proc power;
logistic
vardist("x1a") normal(0, 2)
vardist("x1b") normal(0, 3)
vardist("x2") = poisson(7)
vardist("x3a") ordinal((-5 0 5) : (.3 .4 .3))
vardist("x3b") = ordinal((-5 0 5) : (.4 .3 .3))
testpredictor = "x1a" "x1b"
covariates = "x2" | "x3a" "x3b"
intercept = -6.928162
testregcoeff = 0.5596158
covregcoeffs = (0.7419373 0.3364722)
ntotal = 100
power = ;

run;

The regression coef cients for the tested predictor (TESTREGCOEFF=0.5596158) and covariates (COV-
REGCOEFFS=(0.7419373 0.3364722)) are determined by taking the logarithm of the corresponding odds
ratios. The intercept in the full model is speci ed as —6.928162 by the INTERCEPT= option. This number
is calculated according to the formula at the end of “Analyses in the LOGISTIC Statement” on page 7225,
which expresses the intercept in terms of the response probability, regression coef cients, and predictor
means:

InterceptD log .0:5596158.0/C 0:7419373.7/C 0:3364722.0/

1 0:15

MULTREG Statement
MULTREG < options > ;

The MULTREG statement performs power and sample size analyses for TypeeBts of sets of predictors
in multiple linear regression, assuming either xed or normally distributed predictors.

Summary of Options

Table 89.6 summarizes thgtions available in the MULTREG statement.

Table 89.6 MULTREG Statement Options

Option Description

De ne analysis

TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

MODEL= Speci es the assumed distribution of the predictors
NFULLPREDICTORS= Speci es the number of predictors in the full model
NOINT Speci es a no-intercept model

NREDUCEDPREDICTORS= Speci es the number of predictors in the reduced model
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Table 89.6 continued

Option Description

NTESTPREDICTORS= Speci es the number of predictors being tested
Specify effects

PARTIALCORR= Speci es the patrtial correlation
RSQUAREDIFF= Speci es the difference R?

RSQUAREFULL= Speci es thdR? of the full model
RSQUAREREDUCED= Speci es thR? of the reduced model

Specify sample size

NFRACTIONAL Enables fractional input and output for sample sizes
NTOTAL= Speci es the sample size

Specify power

POWER= Speci es the desired power

Control ordering in output
OUTPUTORDER= Controls the order of parameters

Table 89.7 summarizes the valid result parameters in the MULTREG statement.

Table 89.7 Summary of Result Parameters in the MULTREG

Statement
Analyses Solve For  Syntax
TEST=TYPE3 Power POWER-=.

Sample size  NTOTAL-=.

Dictionary of Options

ALPHA=number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

MODEL=keyword-list
speci es the assumed distribution of the tested predictors. MODEL=FIXED indicates a xed predictor
distribution. MODEL=RANDOM (the default) indicates a joint multivariate normal distribution
for the response and tested predictors. You can use the aliases CONDITIONAL for FIXED and
UNCONDITIONAL for RANDOM. For information about specifying tHeyword-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

FIXED  xed predictors
RANDOM random (multivariate normal) predictors
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NFRACTIONAL
NFRAC

enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.

NFULLPREDICTORS=number-list

NFULLPRED=number-list
speci es the number of predictors in the full model, not counting the intercept. For information

about specifying thaumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

NOINT
speci es a no-intercept model (for both full and reduced models). By default, the intercept is included
in the model. If you want to test the intercept, you can specify the NOINT option and simply consider
the intercept to be one of the predictors being tested. For information about specifymgrtber-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NREDUCEDPREDICTORS=number-list
NREDUCEDPRED=number-list

NREDPRED=number-list
speci es the number of predictors in the reduced model, not counting the intercept. This is the
same as the difference between values of the NFULLPREDICTORS= and NTESTPREDICTORS=
options. Note that supplying a value of 0 is the same as specifyifgtast of a Pearson correlation.
This option cannot be used at the same time as the NTESTPREDICTORS= option. For information
about specifying thaumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

NTESTPREDICTORS=number-list

NTESTPRED=number-list
speci es the number of predictors being tested. This is the same as the difference between values
of the NFULLPREDICTORS= and NREDUCEDPREDICTORS= options. Note that supplying
identical values for the NTESTPREDICTORS= and NFULLPREDICTORS= options is the same as
specifying anF test of a Pearson correlation. This option cannot be used at the same time as the
NREDUCEDPREDICTORS= option. For information about specifyingriin@ber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). The minimum acceptable value for the sample size depends on the MODEL=, NOINT,
NFULLPREDICTORS=, NTESTPREDICTORS=, and NREDUCEDPREDICTORS= options. It
ranges fronp + 1 top + 3, wherep is the value of the NFULLPREDICTORS option. For further
information about minimum NTOTAL values, see Table 89.32. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:
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MODEL=
NFULLPREDICTORS=
NTESTPREDICTORS=
NREDUCEDPREDICTORS=
ALPHA=
PARTIALCORR=
RSQUAREFULL=
RSQUAREREDUCED=
RSQUAREDIFF=
NTOTAL=

POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same or-
der in which their corresponding options are speci ed in the MULTREG statement. The OUT-
PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order in
which their correspondingptions are speci ed in the MULTREG statement.

PARTIALCORR=number-list

PCORR=number-list
speci es the partial correlation between the tested predictors and the response, adjusting for any other
predictors in the model. For information about specifyingribmber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlaenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

RSQUAREDIFF=number-list

RSQDIFF=number-list
speci es the difference ilR? between the full and reduced models. This is equivalent to the proportion
of variation explained by the predictors you are testing. It is also equivalent to the squared semipartial
correlation of the tested predictors with the response. For information about specifyingrther-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

RSQUAREFULL=number-list

RSQFULL=number-list
speci es theR? of the full model, whereR? is the proportion of variation explained by the model.
For information about specifying threimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

RSQUAREREDUCED=number-list

RSQREDUCED=number-list

RSQRED=number-list
speci es theR? of the reduced model, wheRR? is the proportion of variation explained by the
model. If the reduced model is an empty or intercept-only model (in other words, if NREDUCEDPRE-
DICTORS=0 or NTESTPREDICTORS=NFULLPREDICTORS), then RSQUAREREDUCED=0 is
assumed. For information about specifying tlenber-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.
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TEST=TYPE3
speci es a Type llIF test of a set of predictors adjusting for any other predictors in the model. This is
the default test option.

Restrictions on Option Combinations

To specify the number of predictors, use any two of these three options:

the number of predictors in the full model (NFULLPREDICTORS=)
the number of predictors in the reduced model (NREDUCEDPREDICTORS=)
the number of predictors being tested (NTESTPREDICTORS=)

To specify the effect, choose one of the following parameterizations:

partial correlation (by using the PARTIALCORR= option)

R? for the full and reduced models (by using any two of RSQUAREDIFF=, RSQUAREFULL=, and
RSQUAREREDUCED=)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the MULTREG statement.

Type Il F Test of a Set of Predictors

You can express effects in terms of partial correlation, as in the following statements. Default values of the
TEST=, MODEL=, and ALPHA= options specify a Type HRltest with a signi cance level of 0.05, assuming
normally distributed predictors.

proc power;
multreg

model = random
nfullpredictors = 7
ntestpredictors = 3
partialcorr = 0.35
ntotal = 100
power = ;

run;

You can also express effects in termsRoF:

proc power;
multreg

model = fixed
nfullpredictors = 7
ntestpredictors = 3
rsquarefull = 0.9
rsquarediff = 0.1
ntotal = .
power = 0.9;

run;
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ONECORR Statement
ONECORR <options > ;

The ONECORR statement performs power and sample size analyses for tests of simple and partial Pearson
correlation between two variables. Both Fishertest and thé test are supported.

Summary of Options

Table 89.8 summarizes tlwptions available in the ONECORR statement.

Table 89.8 ONECORR Statement Options

Option Description

De ne analysis

DIST= Speci es the underlying distribution assumed for the test statistic
TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

MODEL= Speci es the assumed distribution of the variables
NPARTIALVARS= Speci es the number of variables adjusted for in the correlation
NULLCORR= Speci es the null value of the correlation

SIDES= Speci es the number of sides and the direction of the statistical test
Specify effects

CORR= Speci es the correlation

Specify sample size
NFRACTIONAL Enables fractional input and output for sample sizes

NTOTAL= Speci es the sample size
Specify power
POWER= Speci es the desired power of the test

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.9 summarizes the valid result parameters in the ONECORR statement.

Table 89.9 Summary of Result Parameters in the ONECORR

Statement
Analyses Solve For Syntax
TEST=PEARSON Power POWER=.

Sample size  NTOTAL=.
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Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

CORR=number-list
speci es the correlation between two variables, possibly adjusting for other variables as determined
by the NPARTIALVARS= option. For information about specifying tihenber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

DIST=FISHERZ | T
speci es the underlying distribution assumed for the test statistic. FISHERZ corresponds to Fisher's
normalizing transformation of the correlation coef cient. T corresponds ta trensformation of the
correlation coef cient. Note that DIST=T is equivalent to analyses in the MULTREG statement with
NTESTPREDICTORS=1. The default value is FISHERZ.

MODEL=keyword-list
speci es the assumed distribution of the rst variable when DIST=T. The second variable is assumed
to have a normal distribution. MODEL=FIXED indicates a xed distribution. MODEL=RANDOM
(the default) indicates a joint bivariate normal distribution with the second variable. You can use the
aliases CONDITIONAL for FIXED and UNCONDITIONAL for RANDOM. This option can be used
only for DIST=T. For information about specifying tteyword-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

FIXED xed variables

RANDOM random (bivariate normal) variables

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.

NPARTIALVARS= number-list

NPVARS=number-list
speci es the number of variables adjusted for in the correlation between the two primary variables.
The default value is 0, which corresponds to a simple correlation. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value (NTO-
TAL=.). Values for the sample size must be at lgast3 when DIST=T and MODEL=CONDITIONAL,
and at leasp + 4 when either DIST=FISHER or when DIST=T and MODEL=UNCONDITIONAL,
wherep is the value of the NPARTIALVARS option. For information about specifyingribmber-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.



ONECORR Statement F 7139

NULLCORR=number-list

NULLC=number-list
speci es the null value of the correlation. The default value is 0. This option can be used only with
the DIST=FISHERZ analysis. For information about specifyingibmber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

MODEL=
SIDES=

NULL=

ALPHA=
NPARTIALVARS=
CORR=
NTOTAL=
POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same or-

der in which their corresponding options are speci ed in the ONECORR statement. The OUT-

PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order in
which their correspondingptions are speci ed in the ONECORR statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test. You can specify the
following keywords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating a correlation greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating a correlation less than
the null value.

By default, SIDES=2.

TEST=PEARSON

speci es a test of the Pearson correlation coef cient between two variables, possibly adjusting for
other variables. This is the default test option.
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Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the ONECORR statement.

Fisher's z Test for Pearson Correlation
The following statements demonstrate a power computation for Fisher's z test for correlation. Default values
of TEST=PEARSON, ALPHA=0.05, SIDES=2, and NPARTIALVARS=0 are assumed.

proc power;
onecorr dist=fisherz
nullcorr = 0.15

corr = 0.35
ntotal = 180
power =

run;

t Test for Pearson Correlation
The following statements demonstrate a sample size computation fotebiefor correlation. Default values
of TEST=PEARSON, MODEL=RANDOM, ALPHA=0.05, and SIDES=2 are assumed.

proc power;
onecorr dist=t
npartialvars = 4

corr = 0.45
ntotal = .
power = 0.85;

run;

ONESAMPLEFREQ Statement
ONESAMPLEFREQ <options > ;

The ONESAMPLEFREQ statement performs power and sample size analyses for exact and approximate
tests (including equivalence, noninferiority, and superiority) and con dence interval precision for a single
binomial proportion.

Summary of Options

Table 89.10 summarizes thetions available in the ONESAMPLEFREQ statement.

Table 89.10 ONESAMPLEFREQ Statement Options

Option Description

De ne analysis

Cl= Speci es an analysis of precision of a con dence interval
TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

EQUIVBOUNDS= Speci es the lower and upper equivalence bounds
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Table 89.10 continued

Option Description

LOWER= Speci es the lower equivalence bound

MARGIN= Speci es the equivalence or noninferiority or superiority margin
NULLPROPORTION= Speci es the null proportion

SIDES= Speci es the number of sides and the direction of the statistical test
UPPER= Speci es the upper equivalence bound

Specify effect

HALFWIDTH= Speci es the desired con dence interval half-width

PROPORTION= Speci es the binomial proportion

Specify variance estimation

VAREST= Speci es how the variance is computed

Specify sample size

NFRACTIONAL Enables fractional input and output for sample sizes

NTOTAL= Speci es the sample size

Specify power and related probabilities

POWER= Speci es the desired power of the test

PROBWIDTH= Speci es the probability of obtaining a con dence interval half-width less

than or equal to the value speci ed by HALFWIDTH=

Choose computational method
METHOD= Speci es the computational method

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.11 summarizes the valid result parameters for different analyses in the ONESAMPLEFREQ
statement.

Table 89.11 Summary of Result Parameters in the
ONESAMPLEFREQ Statement

Analyses Solve For Syntax
CI=WILSON Prob(width) PROBWIDTH=.
CI=AGRESTICOULL Prob(width) PROBWIDTH=.
CI=JEFFREYS Prob(width) PROBWIDTH-=.
CI=EXACT Prob(width) PROBWIDTH=.
CI=WALD Prob(width) PROBWIDTH=.
CI=WALD_CORRECT Prob(width) PROBWIDTH=.
TEST=ADJZ METHOD=EXACT Power POWER-=.
TEST=ADJZ METHOD=NORMAL Power POWER-=.

Sample size  NTOTAL=.
TEST=EQUIV_ADJZ METHOD=EXACT Power POWER-=.
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Table 89.11 continued

Analyses Solve For Syntax
TEST=EQUIV_ADJZ METHOD=NORMAL Power POWER-=.
Sample size NTOTAL=.
TEST=EQUIV_EXACT Power POWER-=.
TEST=EQUIV_Z METHOD=EXACT Power POWER-=.
TEST=EQUIV_Z METHOD=NORMAL Power POWER-=.
Sample size NTOTAL=.
TEST=EXACT Power POWER-=.
TEST=Z METHOD=EXACT Power POWER=.
TEST=Z METHOD=NORMAL Power POWER-=.

Sample size NTOTAL=.

Dictionary of Options

ALPHA= number-list

Cl

speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. If the Cl=and SIDES=1 options are used, then the value
must be less than 0.5. For information about specifyingitimber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

CI=AGRESTICOULL | AC
CI=JEFFREYS

CI=EXACT | CLOPPERPEARSON | CP
CI=WALD

CI=WALD_CORRECT

CI=WILSON | SCORE

speci es an analysis of precision of a con dence interval for the sample binomial proportion.

The value of the Cl= option speci es the type of con dence interval. The CI=AGRESTICOULL option

is a generalization of the “Adjusted Wald / add 2 successes and 2 failures” interval of Agresti and
Coull (1998) and is presented in Brown, Cai, and DasGupta (2001). It corresponds to the TABLES
/ BINOMIAL (AGRESTICOULL) option in PROC FREQ. The CI=JEFFREYS option speci es
the equal-tailed Jeffreys prior Bayesian interval, which corresponds to the TABLES / BINOMIAL
(JEFFREYS) option in PROC FREQ. The CI=EXACT option speci es the exact Clopper-Pearson
con dence interval based on enumeration, which corresponds to the TABLES / BINOMIAL (EXACT)
option in PROC FREQ. The CI=WALD option speci es the con dence interval based on the Wald test
(also commonly called thetest or normal-approximation test), which corresponds to the TABLES

/ BINOMIAL (WALD) option in PROC FREQ. The CI=WALD_CORRECT option speci es the
con dence interval based on the Wald test with continuity correction, which corresponds to the
TABLES / BINOMIAL (CORRECT WALD) option in PROC FREQ. The CI=WILSON option (the
default) speci es the con dence interval based on the score statistic, which corresponds to the TABLES
/ BINOMIAL (WILSON) option in PROC FREQ.
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Instead of power, the relevant probability for this analysis is the probability of achieving a desired
precision. Speci cally, it is the probability that the half-width of the con dence interval will be at most
the value speci ed by the HALFWIDTH= option.

EQUIVBOUNDS=grouped-number-list
speci es the lower and upper equivalence bounds, representing the same information as the combination
of the LOWER= and UPPER= options but grouping them together. The EQUIVBOUNDS= option
can be used only with equivalence analyses (TEST=EQUIV_ADJZ | EQUIV_EXACT | EQUIV_Z).
Values must be strictly between 0 and 1. For information about specifyingréhiped-number-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

HALFWIDTH=number-list
speci es the desired con dence interval half-width. The half-width for a two-sided interval is the
length of the con dence interval divided by two. This option can be used only with the CI= analysis.
For information about specifying threimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

LOWER=number-list
speci es the lower equivalence bound for the binomial proportion. The LOWER= option can be used
only with equivalence analyses (TEST=EQUIV_ADJZ | EQUIV_EXACT | EQUIV_Z). Values must be
strictly between 0 and 1. For information about specifyingrit@ber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

MARGIN=number-list
speci es the equivalence or noninferiority or superiority margin, depending on the analysis.

The MARGIN= option can be used with one-sided analyses (SIDES =1 | U | L), in which case it
speci es the margin added to the null proportion value in the hypothesis test, resulting in a noninferiority
or superiority test (depending on the agreement between the effect and hypothesis directions and the
sign of the margin). A test with a null proportigry and a marginm is the same as a test with null
proportionpg C m and no margin.

The MARGIN= option can also be used with equivalence analyses (TEST=EQUIV_ADJZ |
EQUIV_EXACT | EQUIV_Z) when the NULLPROPORTION= option is used, in which case it
speci es the lower and upper equivalence bounds@s m andpo C m, wherepg is the value of the
NULLPROPORTION= option andis the value of the MARGIN= option.

The MARGIN= option cannot be used in conjunction with the SIDES=2 option. (Instead, specify an
equivalence analysis by using TEST=EQUIV_ADJZ or TEST=EQUIV_EXACT or TEST=EQUIV_2Z).
Also, the MARGIN= option cannot be used with the Cl= option.

Values must be strictly between —1 and 1. In addition, the sum of NULLPROPORTION and MARGIN
must be strictly between 0 and 1 for one-sided analyses, and the derived lower equivalence bound (2 *
NULLPROPORTION — MARGIN) must be strictly between 0 and 1 for equivalence analyses.

For information about specifying theimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

METHOD=EXACT | NORMAL
speci es the computational method. METHOD=EXACT (the default) computes exact results by using
the binomial distribution. METHOD=NORMAL computes approximate results by using the normal
approximation to the binomial distribution.
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NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. This option is invalid when the METHOD=EXACT
option is speci ed. See the section “Sample Size Adjustment Options” on page 7219 for information
about the rami cations of the presence (and absence) of the NFRACTIONAL option.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). For information about specifying theimber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NULLPROPORTION=number-list

NULLP=number-list
speci es the null proportion. A value of 0.5 corresponds to the sign test. For information about speci-
fying the number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

SIDES=
NULLPROPORTION=
ALPHA=
PROPORTION=
NTOTAL=

POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order in
which their corresponding options are speci ed in the ONESAMPLEFREQ statement. The OUT-
PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order in
which their correspondingptions are speci ed in the ONESAMPLEFREQ statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlaenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

PROBWIDTH=number-list
speci es the desired probability of obtaining a con dence interval half-width less than or equal to the
value speci ed by the HALFWIDTH= option. A missing value (PROBWIDTH=.) requests a solution
for this probability. Values are expressed as probabilities (for example, 0.9) rather than percentages.
This option can be used only with the Cl= analysis. For information about specifyimgthiger-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.
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PROPORTION=number-list

P=number-list
speci es the binomial proportion—that is, the expected proportion of successes in the hypothetical
binomial trial. For information about specifying thember-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test. For information about
specifying thekeyword-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216. You can specify the followikgywords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating a proportion greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating a proportion less than
the null value.

If the effect size is zero, then SIDES=1 is not permitted; instead, specify the direction of the test
explicitly in this case with either SIDES=L or SIDES=U. By default, SIDES=2.

TEST= ADJZ | EQUIV_ADJZ | EQUIV_EXACT | EQUIV_Z | EXACT | Z

TEST
speci es the statistical analysis. TEST=ADJZ speci es a normal-approximagst with continu-
ity adjustment. TEST=EQUIV_ADJZ speci es a hormal-approximate two-sided equivalence test
based on the statistic with continuity adjustment and a TOST (two one-sided tests) procedure.
TEST=EQUIV_EXACT speci es the exact binomial two-sided equivalence test based on a TOST (two
one-sided tests) procedure. TEST=EQUIV_Z speci es a normal-approximate two-sided equivalence
test based on thestatistic without any continuity adjustment, which is the same as the chi-square
statistic, and a TOST (two one-sided tests) procedure. TEST or TEST=EXACT (the default) speci-
es the exact binomial test. TEST=Z speci es a normal-approxinztst without any continuity
adjustment, which is the same as the chi-square test when SIDES=2.

UPPER=number-list
speci es the upper equivalence bound for the binomial proportion. The UPPER= option can be used
only with equivalence analyses (TEST=EQUIV_ADJZ | EQUIV_EXACT | EQUIV_Z). Values must be
strictly between 0 and 1. For information about specifyingrtti@ber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

VAREST=keyword-list
speci es how the variance is computed in the test statistic for the TEST=Z, TEST=ADJZ,
TEST=EQUIV_Z, and TEST=EQUIV_ADJZ analyses. For information about specifyingeyweord-
list, see the section “Specifying Value Lists in Analysis Statements” on page 7216 k&faldrds are
as follows:

NULL (the default) estimates the variance by using the null proportion(s) (speci ed by some com-
bination of the NULLPROPORTION=, MARGIN=, LOWER=, and UPPER= options). For
TEST=Z and TEST=ADJZ, the null proportion is the value of the NULLPROPORTION=
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option plus the value of the MARGIN= option (if it is used). For TEST=EQUIV_Z and
TEST=EQUIV_ADJZ, there are two null proportions, which correspond to the lower and
upper equivalence bounds, one for each test in the TOST (two one-sided tests) procedure.

SAMPLE estimates the variance by using the observed sample proportion.

This option is ignored if the analysis is one other than TEST=2Z, TEST=ADJZ, TEST=EQUIV_Z, or
TEST=EQUIV_ADJZ.

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the ONESAMPLEFREQ
statement.

Exact Test of a Binomial Proportion
The following statements demonstrate a power computation for the exact test of a binomial proportion.
Defaults for the SIDES= and ALPHA= options specify a two-sided test with a 0.05 signi cance level.

proc power;
onesamplefreq test=exact
nullproportion = 0.2
proportion = 0.3
ntotal = 100
power = ;
run;

Z Test

The following statements demonstrate a sample size computation fatdékeof a binomial proportion.
Defaults for the SIDES=, ALPHA=, and VAREST= options specify a two-sided test with a 0.05 signi cance
level that uses the null variance estimate.

proc power;
onesamplefreq test=z method=normal

nullproportion = 0.8
proportion = 0.85
sides = u
ntotal = .
power = .9;

run;

z Test with Continuity Adjustment

The following statements demonstrate a sample size computation fotdleof a binomial proportion with

a continuity adjustment. Defaults for the SIDES=, ALPHA=, and VAREST= options specify a two-sided test
with a 0.05 signi cance level that uses the null variance estimate.

proc power;
onesamplefreq test=adjz method=normal

nullproportion = 0.15
proportion = 0.1
sides = |
ntotal = .
power = .9;

run;



ONESAMPLEFREQ Statement F 7147

Exact Equivalence Test for a Binomial Proportion
You can specify equivalence bounds by using the EQUIVBOUNDS= option, as in the following statements:

proc power;
onesamplefreq test=equiv_exact
proportion = 0.35
equivbounds = (0.2 0.4)
ntotal = 50
power = ;
run;

You can also specify the combination of NULLPROPORTION= and MARGIN= options:

proc power;
onesamplefreq test=equiv_exact
proportion = 0.35
nullproportion = 0.3
margin = 0.1
ntotal = 50
power = ;
run;

Finally, you can specify the combination of LOWER= and UPPER= options:

proc power;
onesamplefreq test=equiv_exact
proportion = 0.35

lower = 0.2
upper = 0.4
ntotal = 50
power = ;

run;

Note that the three preceding analyses are identical.

Exact Noninferiority Test for a Binomial Proportion

A noninferiority test corresponds to an upper one-sided test with a negative-valued margin, as demonstrated
in the following statements:

proc power;
onesamplefreq test=exact
sides = U

proportion = 0.15
nullproportion = 0.1

margin = -0.02
ntotal = 130
power = ;

run;

Exact Superiority Test for a Binomial Proportion

A superiority test corresponds to an upper one-sided test with a positive-valued margin, as demonstrated in
the following statements:
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proc power;
onesamplefreq test=exact
sides = U

proportion = 0.15
nullproportion = 0.1

margin = 0.02
ntotal = 130
power =

run;

Con dence Interval Precision

The following statements performs a con dence interval precision analysis for the Wilson score-based
con dence interval for a binomial proportion. The default value of the ALPHA= option speci es a con dence
level of 0.95.

proc power;
onesamplefreq ci=wilson
halfwidth = 0.1
proportion = 0.3
ntotal = 70
probwidth = ;

run;

Restrictions on Option Combinations

To specify the equivalence bounds for TEST=EQUIV_ADJZ, TEST=EQUIV_EXACT, and TEST=EQUIV_Z,
use any of these three option sets:

lower and upper equivalence bounds, using the EQUIVBOUNDS= option
lower and upper equivalence bounds, using the LOWER= and UPPER= options

null proportion (NULLPROPORTION=) and margin (MARGIN=)

ONESAMPLEMEANS Statement
ONESAMPLEMEANS <options> ;
The ONESAMPLEMEANS statement performs power and sample size analyddsd$ts, equivalence tests,
and con dence interval precision involving one sample.
Summary of Options

Table 89.12 summarizes tlptions available in the ONESAMPLEMEANS statement.
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Table 89.12 ONESAMPLEMEANS Statement Options

Option Description

De ne analysis

Cl= Speci es an analysis of precision of the con dence interval for the mean
DIST= Speci es the underlying distribution assumed for the test statistic
TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

LOWER= Speci es the lower equivalence bound for the mean

NULLMEAN= Speci es the null mean

SIDES= Speci es the number of sides and the direction of the statistical test
UPPER= Speci es the upper equivalence bound for the mean

Specify effect

HALFWIDTH= Speci es the desired con dence interval half-width

MEAN= Speci es the mean

Specify variability

Cv= Speci es the coef cient of variation

STDDEV= Speci es the standard deviation

Specify sample size
NFRACTIONAL Enables fractional input and output for sample sizes

NTOTAL= Speci es the sample size

Specify power and related probabilities

POWER= Speci es the desired power of the test

PROBTYPE= Speci es the type of probability for the PROBWIDTH= option
PROBWIDTH= Speci es the probability of obtaining a con dence interval half-width less

than or equal to the value speci ed by HALFWIDTH=

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.13 summarizes the valid result parameters for different analyses in the ONESAMPLEMEANS
statement.

Table 89.13 Summary of Result Parameters in the
ONESAMPLEMEANS Statement

Analyses Solve For Syntax

TEST=T DIST=NORMAL Power POWER=.
Sample size NTOTAL=.
Alpha ALPHA=.
Mean MEAN-=.
Standard Deviation STDDEV=.

TEST=T DIST=LOGNORMAL Power POWER-=.

Sample size NTOTAL=.
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Table 89.13 continued

Analyses Solve For Syntax

TEST=EQUIV Power POWER-=.
Sample size NTOTAL=.

CI=T Prob(width) PROBWIDTH=.
Sample size NTOTAL=.

Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test or requests a solution for alpha by specifying a
missing value (ALPHA=.). The default is 0.05, which corresponds to the usual 01I®% = 5%
level of signi cance. If the Cl=and SIDES=1 options are used, then the value must be less than 0.5.
For information about specifying threimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

Cl

CI=T
speci es an analysis of precision of the con dence interval for the mean. Instead of power, the relevant
probability for this analysis is the probability of achieving a desired precision. Speci cally, it is the
probability that the half-width of the con dence interval will be at most the value speci ed by the
HALFWIDTH= option. If neither the Cl= option nor the TEST= option is used, the default is TEST=T.

CV=number-list
speci es the coef cient of variation, de ned as the ratio of the standard deviation to the mean on
the original data scale. You can use this option only with DIST=LOGNORMAL. For information
about specifying thaumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

DIST=LOGNORMAL | NORMAL
speci es the underlying distribution assumed for the test statistic. NORMAL corresponds the normal
distribution, and LOGNORMAL corresponds to the lognormal distribution. The default value is
NORMAL.

HALFWIDTH=number-list
speci es the desired con dence interval half-width. The half-width is de ned as the distance between
the point estimate and a nite endpoint. This option can be used only with the CI=T analysis. For
information about specifying theumber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

LOWER=number-list
speci es the lower equivalence bound for the mean. This option can be used only with the
TEST=EQUIV analysis. For information about specifying tiuenber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.
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MEAN=number-list
speci es the mean, in the original scale, or requests a solution for the mean by specifying a missing value
(MEAN=.). The mean is arithmetic if DIST=NORMAL and geometric if DIST=LOGNORMAL. This
option can be used only with the TEST=T and TEST=EQUIV analyses. For information about specify-
ing thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). For information about specifying theimber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NULLMEAN=number-list

NULLM=number-list
speci es the null mean, in the original scale (whether DIST=NORMAL or DIST=LOGNORMAL).
The default value is 0 when DIST=NORMAL and 1 when DIST=LOGNORMAL. This option can be
used only with the TEST=T analysis. For information about specifyingtingber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

SIDES=
NULLMEAN=
LOWER=
UPPER=
ALPHA=
MEAN=
HALFWIDTH=
STDDEV=
Cv=
NTOTAL=
POWER=
PROBTYPE=
PROBWIDTH=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order
in which their corresponding options are speci ed in the ONESAMPLEMEANS statement. The
OUTPUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order
in which their correspondingptions are speci ed in the ONESAMPLEMEANS statement.
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POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than
as a percentage. This option can be used only with the TEST=T and TEST=EQUIV analyses. For
information about specifying theumber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

PROBTYPE=keyword-list
speci es the type of probability for the PROBWIDTH= option. A value of CONDITIONAL (the
default) indicates the conditional probability that the con dence interval half-width is at most the
value speci ed by the HALFWIDTH= option, given that the true mean is captured by the con dence
interval. A value of UNCONDITIONAL indicates the unconditional probability that the con dence
interval half-width is at most the value speci ed by the HALFWIDTH= option. You can use the alias
GIVENVALIDITY for CONDITIONAL. The PROBTYPE= option can be used only with the CI=T
analysis. For information about specifying tkeyword-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

CONDITIONAL  width probability conditional on interval containing the mean
UNCONDITIONAL unconditional width probability

PROBWIDTH=number-list
speci es the desired probability of obtaining a con dence interval half-width less than or equal to the
value speci ed by the HALFWIDTH= option. A missing value (PROBWIDTH=.) requests a solution
for this probability. The type of probability is controlled with the PROBTYPE= option. Values are
expressed as probabilities (for example, 0.9) rather than percentages. This option can be used only
with the CI=T analysis. For information about specifying thnber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test or con dence interval.
For information about specifying thHeyword-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216. Vakdywords and their interpretation for the TEST= analyses are as
follows:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating a mean greater than
the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating a mean less than the
null value.

For con dence intervals, SIDES=U refers to an interval between the lower con dence limit and in nity,
and SIDES=L refers to an interval between minus in nity and the upper con dence limit. For both of
these cases and SIDES=1, the con dence interval computations are equivalent. The SIDES= option
can be used only with the TEST=T and CI=T analyses. By default, SIDES=2.
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STDDEV=number-list
STD=number-list

speci es the standard deviation, or requests a solution for the standard deviation by specifying a
missing value (STDDEV=.). You can use this option only with DIST=NORMAL. For information

about specifying theumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

TEST=EQUIV | T
TEST

speci es the statistical analysis. TEST=EQUIV speci es an equivalence test of the mean by using a
two one-sided tests (TOST) analysis (Schuirmann 1987). TEST or TEST=T (the default) speci es a
test on the mean. If neither the TEST= option nor the Cl= option is used, the default is TEST=T.

UPPER=number-list

speci es the upper equivalence bound for the mean, in the original scale (whether DIST=NORMAL
or DIST=LOGNORMAL). This option can be used only with the TEST=EQUIV analysis. For
information about specifying theumber-list, see the section “Specifying Value Lists in Analysis

Statements” on page 7216.
Restrictions on Option Combinations

To de ne the analysis, choose one of the following parameterizations:

a statistical test (by using the TEST= option)

con dence interval precision (by using the Cl= option)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the ONESAMPLEMEANS
statement.

One-Sample t Test
The following statements demonstrate a power computation for the one-satregie Default values for

the DIST=, SIDES=, NULLMEAN=, and ALPHA= options specify a two-sided test for zero mean with a
normal distribution and a signi cance level of 0.05.

proc power;
onesamplemeans test=t
mean = 7
stddev = 3
ntotal = 50
power = ;

run;

One-Sample t Test with Lognormal Data
The following statements demonstrate a sample size computation for the one-staspfer lognormal data.

Default values for the SIDES=, NULLMEAN=, and ALPHA= options specify a two-sided test for unit mean
with a signi cance level of 0.05.
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proc power;
onesamplemeans test=t dist=lognormal
mean = 7
cv = 0.8
ntotal = .
power = 0.9;

run;

Equivalence Test for Mean of Normal Data

The following statements demonstrate a power computation for the TOST equivalence test for a normal mean

Default values for the DIST= and ALPHA= options specify a normal distribution and a signi cance level of
0.05.

proc power;
onesamplemeans test=equiv
lower = 2
upper = 7
mean = 4
stddev = 3
ntotal = 100
power = ;
run;

Equivalence Test for Mean of Lognormal Data

The following statements demonstrate a sample size computation for the TOST equivalence test for a
lognormal mean. The default of ALPHA=0.05 speci es a signi cance level of 0.05.

proc power;
onesamplemeans test=equiv dist=lognormal
lower = 1
upper = 5
mean = 3
cv = 0.6
ntotal = .
power = 0.85;
run;

Con dence Interval for Mean

By default CI=T analyzes the conditional probability of obtaining the desired precision, given that the interval

contains the true mean, as in the following statements. The defaults of SIDES=2 and ALPHA=0.05 specify a
two-sided interval with a con dence level of 0.95.

proc power;
onesamplemeans ci = t
halfwidth = 14
stddev = 8
ntotal = 50
probwidth = ;

run;
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ONEWAYANOVA Statement
ONEWAYANOVA < options > ;

The ONEWAYANOVA statement performs power and sample size analyses for one-degree-of-freedom
contrasts and the overdiltest in one-way analysis of variance.

Summary of Options

Table 89.14 summarizes tptions available in the ONEWAYANOVA statement.

Table 89.14 ONEWAYANOVA Statement Options

Option Description

De ne analysis

TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

CONTRAST= Speci es coef cients for single-degree-of-freedom hypothesis tests
NULLCONTRAST= Speci es the null value of the contrast

SIDES= Speci es the number of sides and the direction of the statistical test
Specify effect

GROUPMEANS= Speci es the group means

Specify variability

STDDEV= Speci es the error standard deviation

Specify sample size and allocation

GROUPNS= Speci es the group sample sizes

GROUPWEIGHTS= Speci es the sample size allocation weights for the groups
NFRACTIONAL Enables fractional input and output for sample sizes
NPERGROUP= Speci es the common sample size per group

NTOTAL= Speci es the sample size

Specify power

POWER= Speci es the desired power of the test

Control ordering in output
OUTPUTORDER=  Controls the output order of parameters

Table 89.15 summarizes the valid result parameters for different analyses in the ONEWAYANOVA statement.

Table 89.15 Summary of Result Parameters in the

ONEWAYANOVA Statement
Analyses Solve For Syntax
TEST=CONTRAST Power POWER=.

Sample size NTOTAL=.
NPERGROUP==.
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Table 89.15 continued

Analyses Solve For  Syntax
TEST=OVERALL  Power POWER-=.
Sample size NTOTAL=.
NPERGROUP==.

Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

CONTRAST= (values )< (...values) >
speci es coef cients for single-degree-of-freedom hypothesis tests. You must provide a coef cient
for every mean appearing in the GROUPMEANS= option. Specify multiple contrasts either with
additional sets of coef cients or with additional CONTRAST= options. For example, you can specify
two different contrasts of ve means by using the following:

CONTRAST = (1 -1 0 0 0) (1 0 -1 0 0)

GROUPMEANS=grouped-number-list

GMEANS=grouped-number-list
speci es the group means. This option is used to implicitly set the number of groups. For informa-
tion about specifying thgrouped-number-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

GROUPNS=grouped-number-list

GNS=grouped-number-list
speci es the group sample sizes. The number of groups represented must be the same as with the
GROUPMEANS= option. For information about specifying tireuped-number-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

GROUPWEIGHTS=grouped-number-list

GWEIGHTS=grouped-number-list
speci es the sample size allocation weights for the groups. This option controls how the total sample
size is divided between the groups. Each set of values across all groups represents relative allocation
weights. Additionally, if the NFRACTIONAL option is not used, the total sample size is restricted to be
eqgual to a multiple of the sum of the group weights (so that the resulting design has an integer sample
size for each group while adhering exactly to the group allocation weights). The number of groups
represented must be the same as with the GROUPMEANS= option. Values must be integers unless
the NFRACTIONAL option is used. The default value is 1 for each group, amounting to a balanced
design. For information about specifying th@uped-number-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.
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NFRACTIONAL
NFRAC

enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the

NFRACTIONAL option.

NPERGROUP=number-list
NPERG=number-list

speci es the common sample size per group or requests a solution for the common sample size per
group by specifying a missing value (NPERGROUP==.). Use of this option implicitly speci es a
balanced design. For information about specifyingrtaber-list, see the section “Specifying Value

Lists in Analysis Statements” on page 7216.

NTOTAL=number-list

speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). For information about specifying theimber-list, see the section “Specifying Value

Lists in Analysis Statements” on page 7216.

NULLCONTRAST=number-list
NULLC=number-list

speci es the null value of the contrast. The default value is 0. This option can be used only with
the TEST=CONTRAST analysis. For information about specifyingntireber-list, see the section

“Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX

controls how the input and default analysis parameters are ordered in the output.
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following

order of their correspondingptions:

CONTRAST=
SIDES=
NULLCONTRAST=
ALPHA=
GROUPMEANS=
STDDEV=
GROUPWEIGHTS=
NTOTAL=
NPERGROUP==
GROUPNS=
POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order
in which their corresponding options are speci ed in the ONEWAYANOVA statement. The OUT-
PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order in
which their correspondingptions are speci ed in the ONEWAYANOVA statement.
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POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlaenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test. For information about
specifying thekeyword-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216. You can specify the followikgywords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating an effect greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating an effect less than the
null value.

You can use this option only with the TEST=CONTRAST analysis. By default, SIDES=2.

STDDEV=number-list
STD=number-list

speci es the error standard deviation. For information about specifyinguinber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

TEST=CONTRAST | OVERALL
speci es the statistical analysis. TEST=CONTRAST speci es a one-degree-of-freedom test of a
contrast of means. The test is the uskdkst for the two-sided case and the usutdst for the
one-sided case. TEST=OVERALL speci es the oveFatest of equality of all means. The default is
TEST=CONTRAST if the CONTRAST= option is used, and TEST=0VERALL otherwise.

Restrictions on Option Combinations

To specify the sample size and allocation, choose one of the following parameterizations:

sample size per group in a balanced design (by using the NPERGROUP== option)
total sample size and allocation weights (by using the NTOTAL= and GROUPWEIGHTS= options)

individual group sample sizes (by using the GROUPNS= option)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the ONEWAYANOVA
statement.
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One-Degree-of-Freedom Contrast

You can use the NPERGROUP== option in a balanced design, as in the following statements. Default values
for the SIDES=, NULLCONTRAST=, and ALPHA= options specify a two-sided test for a contrast value of

0 with a signi cance level of 0.05.

proc power;
onewayanova test=contrast

contrast = (1 0 -1)
groupmeans = 3 | 7 | 8
stddev = 4
npergroup = 50
power = ;

run;

You can also specify an unbalanced design with the NTOTAL= and GROUPWEIGHTS= options:

proc power;
onewayanova test=contrast
contrast = (1 0 -1)
groupmeans = 3 | 7 | 8

stddev = 4
groupweights = (1 2 2)
ntotal = .

power = 0.9;

run;

Another way to specify the sample sizes is with the GROUPNS= option:

proc power;
onewayanova test=contrast

contrast = (1 0 -1)
groupmeans = 3 | 7 | 8
stddev = 4
groupns = (20 40 40)
power = ;

run;

Overall F Test
The following statements demonstrate a power computation for the overall F test in a one-way ANOVA. The
default of ALPHA=0.05 speci es a signi cance level of 0.05.

proc power;
onewayanova test=overall
groupmeans = 3 | 7 | 8
stddev = 4
npergroup = 50
power = ;
run;
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PAIREDFREQ Statement
PAIREDFREQ <options > ;

The PAIREDFREQ statement performs power and sample size analyses for McNemar's test for paired
proportions.

Summary of Options

Table 89.16 summarizes tlptions available in the PAIREDFREQ statement.

Table 89.16 PAIREDFREQ Statement Options

Option Description

De ne analysis

DIST= Speci es the underlying distribution assumed for the test statistic

TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

NULLDISCPROPRATIO= Speci es the null value of the ratio of discordant proportions

SIDES= Speci es the number of sides and the direction of the statistical test or
con dence interval

Specify effects

CORR= Speci es the correlation between members of a pair

DISCPROPDIFF= Speci es the discordant proportion differepge  p1o

DISCPROPORTIONS= Speci es the two discordant proportigng,andpo1

DISCPROPRATIO= Speci es the ratipg; =p1o

ODDSRATIO= Speciesthe odds ratigg1=.1 p1/*=@; =1 p;1/e

PAIREDPROPORTIONS= Speci es the two paired proportigmns,andp 1

PROPORTIONDIFF= Speci es the proportion differenze p1

REFPROPORTION= Speci es either the reference rst proportigra  or the reference discordant
proportionp1g

RELATIVERISK= Speci es the relative risk 1=p;

TOTALPROPDISC= Speci es the discordant proportion syny C poz

Specify sample size

NFRACTIONAL Enables fractional input and output for sample sizes

NPAIRS= Speci es the total number of proportion pairs

Specify power

POWER= Speci es the desired power of the test

Choose computational method
METHOD= Speci es the computational method

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.17 summarizes the valid result parameters in the PAIREDFREQ statement.
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Table 89.17 Summary of Result Parameters in the
PAIREDFREQ Statement

Analyses Solve For  Syntax
TEST=MCNEMAR METHOD=CONNOR Power POWER-=.
Sample size NPAIRS=.
TEST=MCNEMAR METHOD=EXACT Power POWER-=.
TEST=MCNEMAR METHOD=MIETTINEN Power POWER-=.

Sample size NPAIRS=.

Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

CORR=number-list
speci es the correlation between members of a pair. For information about specifyingaheer-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

DISCPROPORTIONS=grouped-number-list

DISCPS=grouped-number-list
speci es the two discordant proportions;g andpo1. For information about specifying thggouped-
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

DISCPROPDIFF=number-list

DISCPDIFF=number-list
speci es the differenc@o;  p1o between discordant proportions. For information about specifying
thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

DISCPROPRATIO=number-list
DISCPRATIO=number-list

speci es the ratigpg; =p10 of discordant proportions. For information about specifyingriin@ber-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

DIST=EXACT_COND | NORMAL
speci es the underlying distribution assumed for the test statistic. EXACT_COND corresponds to the
exact conditional test, based on the exact binomial distribution of the two types of discordant pairs
given the total number of discordant pairs. NORMAL corresponds to the conditional test based on the
normal approximation to the binomial distribution of the two types of discordant pairs given the total
number of discordant pairs. The default value is EXACT_COND.

METHOD=CONNOR | EXACT | MIETTINEN
speci es the computational method. METHOD=EXACT (the default) uses the exact binomial
distributions of the total number of discordant pairs and the two types of discordant pairs.
METHOD=CONNOR uses an approximation from Connor (1987), and METHOD=MIETTINEN uses
an approximation from Miettinen (1968). The CONNOR and MIETTINEN methods are valid only for
DIST=NORMAL.
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NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option. This option cannot be used with METHOD=EXACT.

NPAIRS=number-list
speci es the total number of proportion pairs (concordant and discordant) or requests a solution for
the number of pairs by specifying a missing value (NPAIRS=.). For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NULLDISCPROPRATIO= number-list
NULLDISCPRATIO= number-list
NULLRATIO=number-list

NULLR=number-list
speci es the null value of the ratio of discordant proportions. The default value is 1. For information
about specifying theumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

ODDSRATIO=number-list

OR=number-list
speci esthe oddsrati@g1=.1 p1/*=Q1=.1 p1 /e Forinformation about specifying tm@mber-
list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

SIDES=
NULLDISCPROPRATIO=
ALPHA=
PAIREDPROPORTIONS=
PROPORTIONDIFF=
ODDSRATIO=
RELATIVERISK=
CORR=
DISCPROPORTIONS=
DISCPROPDIFF=
TOTALPROPDISC=
REFPROPORTION=
DISCPROPRATIO=
NPAIRS=

POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order
in which their corresponding options are speci ed in the PAIREDFREQ statement. The OUT-
PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order
in which their correspondingptions are speci ed in the PAIREDFREQ statement.
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PAIREDPROPORTIONS=grouped-number-list
PPROPORTIONS=grouped-number-list
PAIREDPS=grouped-number-list
PPS=grouped-number-list

speci es the two paired proportionp; andp 1. For information about specifying thgouped-
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlaenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

PROPORTIONDIFF=number-list

PDIFF=number-list
speci es the proportion differengg1 p1 . For information about specifying theimber-list, see the
section “Specifying Value Lists in Analysis Statements” on page 7216.

REFPROPORTION=number-list

REFP=number-list
speci es either the reference rst proportign  (when used in conjunction with the PROPORTION-
DIFF=, ODDSRATIO=, or RELATIVERISK= option) or the reference discordant propontign
(when used in conjunction with the DISCPROPDIFF= or DISCPROPRATIO= option). For information
about specifying theumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

RELATIVERISK= number-list

RR=number-list
speci es the relative rislp 1=p; . For information about specifying theimber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test or con dence interval.
For information about specifying theyword-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216. You can specify the follovikegvords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating an effect greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating an effect less than the
null value.

If the effect size is zero, then SIDES=1 is not permitted; instead, specify the direction of the test
explicitly in this case with either SIDES=L or SIDES=U. By default, SIDES=2.
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TEST=MCNEMAR
speci es the McNemar test of paired proportions. This is the default test option.

TOTALPROPDISC=number-list
TOTALPDISC=number-list

PDISC=number-list
speci es the sum of the two discordant proportiopss C poz1. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

Restrictions on Option Combinations

To specify the proportions, choose one of the following parameterizations:

discordant proportions (using the DISCPROPORTIONS= option)

difference and sum of discordant proportions (using the DISCPROPDIFF= and TOTAL-
PROPDISC=0ptions)

difference of discordant proportions and reference discordant proportion (using the DISCPROPDIFF=
and REFPROPORTION= options)

ratio of discordant proportions and reference discordant proportion (using the DISCPROPRATIO= and
REFPROPORTION= options)

ratio and sum of discordant proportions (using the DISCPROPRATIO= and TOTAL-
PROPDISC=options)

paired proportions and correlation (using the PAIREDPROPORTIONS= and CORR= options)

proportion difference, reference proportion, and correlation (using the PROPORTIONDIFF=, REF-
PROPORTION=, and CORR= options)

odds ratio, reference proportion, and correlation (using the ODDSRATIO=, REFPROPORTION=, and
CORR= options)

relative risk, reference proportion, and correlation (using the RELATIVERISK=, REFPROPORTION=,
and CORR= options)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the PAIREDFREQ
statement.

McNemar Exact Conditional Test

You can express effects in terms of the individual discordant proportions, as in the following statements.
Default values for the TEST=, SIDES=, ALPHA=, and NULLDISCPROPRATIO= options specify a two-
sided McNemar test for no effect with a signi cance level of 0.05.
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proc power;
pairedfreq dist=exact_cond
discproportions = 0.15 | 0.45
npairs = 80
power = ;
run;

You can also express effects in terms of the difference and sum of discordant proportions:

proc power;
pairedfreq dist=exact_cond
discpropdiff = 0.3
totalpropdisc = 0.6
npairs = 80
power = ;

run;
You can also express effects in terms of the difference of discordant proportions and the reference discordant
proportion:

proc power;
pairedfreq dist=exact_cond
discpropdiff = 0.3
refproportion = 0.15
npairs = 80
power = ;
run;

You can also express effects in terms of the ratio of discordant proportions and the denominator of the ratio:

proc power;
pairedfreq dist=exact_cond
discpropratio = 3

refproportion = 0.15
npairs = 80
power = ;

run;
You can also express effects in terms of the ratio and sum of discordant proportions:

proc power;
pairedfreq dist=exact_cond
discpropratio = 3

totalpropdisc = 0.6
npairs = 80
power = ;

run;
You can also express effects in terms of the paired proportions and correlation:
proc power;

pairedfreq dist=exact_cond
pairedproportions = 0.6 | 0.8

corr = 0.4
npairs = 45
power = ;

run;
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You can also express effects in terms of the proportion difference, reference proportion, and correlation:

proc power;

pairedfreq dist=exact_cond
proportiondiff = 0.2
refproportion = 0.6

corr = 0.4
npairs = 45
power = .;

run;

You can also express effects in terms of the odds ratio, reference proportion, and correlation:

proc power;

pairedfreq dist=exact_cond
oddsratio = 2.66667
refproportion = 0.6

corr = 04
npairs = 45
power = .;

run;
You can also express effects in terms of the relative risk, reference proportion, and correlation:

proc power;

pairedfreq dist=exact_cond

relativerisk = 1.33333
refproportion = 0.6

corr = 0.4
npairs = 45
power = ;

run;

McNemar Normal Approximation Test

The following statements demonstrate a sample size computation for the normal-approximate McNemar test.
The default value for the METHOD= option speci es an exact sample size computation. Default values for
the TEST=, SIDES=, ALPHA=, and NULLDISCPROPRATIO= options specify a two-sided McNemar test

for no effect with a signi cance level of 0.05.

proc power;

pairedfreq dist=normal method=connor
discproportions = 0.15 | 0.45

npairs

power

.9;
run;

PAIREDMEANS Statement

PAIREDMEANS < options > ;

The PAIREDMEANS statement performs power and sample size analyseteéts, equivalence tests, and
con dence interval precision involving paired samples.



PAIREDMEANS Statement F 7167

Summary of Options

Table 89.16 summarizes tptions available in the PAIREDMEANS statement.

Table 89.18 PAIREDMEANS Statement Options

Option Description

De ne analysis

Cl= Speci es an analysis of precision of the con dence interval for the mean
difference

DIST= Speci es the underlying distribution assumed for the test statistic

TEST= Speci es the statistical analysis

Specify analysis information

ALPHA= Speci es the signi cance level

LOWER= Speci es the lower equivalence bound

NULLDIFF= Speci es the null mean difference

NULLRATIO= Speci es the null mean ratio

SIDES= Speci es the number of sides and the direction of the statistical test or
con dence interval

UPPER= Speci es the upper equivalence bound

Specify effects

HALFWIDTH= Speci es the desired con dence interval half-width

MEANDIFF= Speci es the mean difference

MEANRATIO= Speci es the geometric mean ratig= 1

PAIREDMEANS= Speci es the two paired means
Specify variability

CORR= Speci es the correlation between members of a pair

Cv= Speci es the common coef cient of variation

PAIREDCVS= Speci es the coef cient of variation for each member of a pair
PAIREDSTDDEVS= Speci es the standard deviation of each member of a pair
STDDEV= Speci es the common standard deviation

Specify sample size

NFRACTIONAL Enables fractional input and output for sample sizes
NPAIRS= Speci es the number of pairs

Specify power and related probabilities

POWER= Speci es the desired power of the test

PROBTYPE= Speci es the type of probability for the PROBWIDTH= option
PROBWIDTH= Speci es the probability of obtaining a con dence interval half-width less

than or equal to the value speci ed by the HALFWIDTH=

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.19 summarizes the valid result parameters for different analyses in the PAIREDMEANS statement.
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Table 89.19 Summary of Result Parameters in the
PAIREDMEANS Statement

Analyses Solve For Syntax
TEST=DIFF Power POWER-=.
Sample size NPAIRS=.
TEST=RATIO Power POWER-=.
Sample size NPAIRS=.
TEST=EQUIV_DIFF Power POWER-=.
Sample size NPAIRS=.
TEST=EQUIV_RATIO Power POWER=.

Sample size NPAIRS=.

CI=DIFF Prob(width) PROBWIDTH=.
Sample size NPAIRS=.

Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. If the Cl= and SIDES=1 options are used, then the value

must be less than 0.5. For information about specifyingitmaber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

Cl

CI=DIFF
speci es an analysis of precision of the con dence interval for the mean difference. Instead of power,
the relevant probability for this analysis is the probability of achieving a desired precision. Speci cally,

it is the probability that the half-width of the observed con dence interval will be at most the value

speci ed by the HALFWIDTH= option. If neither the Cl= option nor the TEST= option is used, the
default is TEST=DIFF.

CORR=number-list

speci es the correlation between members of a pair. For tests that assume lognormal data
(DIST=LOGNORMAL, or TEST=RATIO or TEST=EQUIV_RATIO), values of the CORR= op-
tion are restricted to the range, ; y/, where

1
exp log.CViC 1/log.CV5C1/ 2 1
D
L

CViCV,
1
exp log.CVZC 1/log.CV3C1/ % 1

uD
CV,1CV,

andCV are theCV; coef cient of variation values speci ed by the CV= or PAIREDCVS= option.
See “Paired Test for Mean Ratio with Lognormal Data (TEST=RATIO)” on page 7259 for more



PAIREDMEANS Statement F 7169

information about this restriction on correlation values. For information about specifyimyiser-
list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

CV=number-list
speci es the coef cient of variation that is assumed to be common to both members of a pair. The
coef cient of variation is de ned as the ratio of the standard deviation to the mean on the original data
scale. You can use this option only with DIST=LOGNORMAL. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

DIST=LOGNORMAL | NORMAL
speci es the underlying distribution assumed for the test statistic. NORMAL corresponds the normal
distribution, and LOGNORMAL corresponds to the lognormal distribution. The default value (also
the only acceptable value in each case) is NORMAL for TEST=DIFF, TEST=EQUIV_DIFF, and
CI=DIFF; and LOGNORMAL for TEST=RATIO and TEST=EQUIV_RATIO.

HALFWIDTH=number-list
speci es the desired con dence interval half-width. The half-width is de ned as the distance between
the point estimate and a nite endpoint. This option can be used only with the CI=DIFF analysis.
For information about specifying threimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

LOWER=number-list
speci es the lower equivalence bound for the mean difference or mean ratio, in the original scale
(whether DIST=NORMAL or DIST=LOGNORMAL). This option can be used only with the
TEST=EQUIV_DIFF and TEST=EQUIV_RATIO analyses. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

MEANDIFF=number-list
speci es the mean difference, de ned as the mean of the difference between the second and rst mem-
bers of a pair, » 1. This option can be used only with the TEST=DIFF and TEST=EQUIV_DIFF
analyses. When TEST=EQUIV_DIFF, the mean difference is interpreted as the treatment mean minus
the reference mean. For information about specifyingntimber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

MEANRATIO=number-list
speci es the geometric mean ratio, de ned as= 1. This option can be used only with the
TEST=RATIO and TEST=EQUIV_RATIO analyses. When TEST=EQUIV_RATIO, the mean ratio is
interpreted as the treatment mean divided by the reference mean. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.

NPAIRS=number-list
speci es the number of pairs or requests a solution for the number of pairs by specifying a missing
value (NPAIRS=.). For information about specifying thenber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.
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NULLDIFF=number-list
NULLD=number-list

speci es the null mean difference. The default value is 0. This option can be used only with the
TEST=DIFF analysis. For information about specifying tlienber-list, see the section “Specifying

Value Lists in Analysis Statements” on page 7216.

NULLRATIO= number-list
NULLR=number-list

speci es the null mean ratio. The default value is 1. This option can be used only with the
TEST=RATIO analysis. For information about specifying thenber-list, see the section “Spec-

ifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX

controls how the input and default analysis parameters are ordered in the output.
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following

order of their correspondingptions:

SIDES=
NULLDIFF=
NULLRATIO=
LOWER=
UPPER=
ALPHA=
PAIREDMEANS=
MEANDIFF=
MEANRATIO=
HALFWIDTH=
STDDEV=
PAIREDSTDDEVS=
Cv=
PAIREDCVS=
CORR=
NPAIRS=
POWER=
PROBTYPE=
PROBWIDTH=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order
in which their corresponding options are speci ed in the PAIREDMEANS statement. The OUT-
PUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order in

which their correspondingptions are speci ed in the PAIREDMEANS statement.

PAIREDCVS=grouped-number-list

speci es the coef cient of variation for each member of a pair. Unlike the CV= option, the PAIRED-
CVS= option supports different values for each member of a pair. The coef cient of variation is
de ned as the ratio of the standard deviation to the mean on the original data scale. Values must be
nonnegative (unless both are equal to zero, which is permitted). This option can be used only with
DIST=LOGNORMAL. For information about specifying thgouped-number-list, see the section

“Specifying Value Lists in Analysis Statements” on page 7216.
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PAIREDMEANS=grouped-number-list

PMEANS=grouped-number-list
speci es the two paired means, in the original scale. The means are arithmetic if DIST=NORMAL and
geometric if DIST=LOGNORMAL. This option cannot be used with the CI=DIFF analysis. When
TEST=EQUIV_DIFF, the means are interpreted as the reference mean ( rst) and the treatment mean
(second). For information about specifying treuped-number-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

PAIREDSTDDEVS=grouped-number-list

PAIREDSTDS=grouped-number-list

PSTDDEVS=grouped-number-list

PSTDS=grouped-number-list
speci es the standard deviation of each member of a pair. Unlike the STDDEV= option, the PAIRED-
STDDEVS= option supports different values for each member of a pair. This option can be used only
with DIST=NORMAL. For information about specifying thgouped-number-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. This option cannot be used with the CI=DIFF analysis. For information about specifying
thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

PROBTYPE=keyword-list
speci es the type of probability for the PROBWIDTH= option. A value of CONDITIONAL (the
default) indicates the conditional probability that the con dence interval half-width is at most the
value speci ed by the HALFWIDTH= option, given that the true mean difference is captured by the
con dence interval. A value of UNCONDITIONAL indicates the unconditional probability that the
con dence interval half-width is at most the value speci ed by the HALFWIDTH= option. you can
use the alias GIVENVALIDITY for CONDITIONAL. The PROBTYPE= option can be used only with
the CI=DIFF analysis. For information about specifying kibgword-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

CONDITIONAL  width probability conditional on interval containing the mean
UNCONDITIONAL unconditional width probability

PROBWIDTH=number-list
speci es the desired probability of obtaining a con dence interval half-width less than or equal to the
value speci ed by the HALFWIDTH= option. A missing value (PROBWIDTH=.) requests a solution
for this probability. The type of probability is controlled with the PROBTYPE= option. Values are
expressed as probabilities (for example, 0.9) rather than percentages. This option can be used only with
the CI=DIFF analysis. For information about specifying tluenber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test or con dence interval.
For information about specifying theyword-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216. Vakdywords and their interpretation for the TEST= analyses are as
follows:
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1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating an effect greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating an effect less than the
null value.

For con dence intervals, SIDES=U refers to an interval between the lower con dence limit and in nity,
and SIDES=L refers to an interval between minus in nity and the upper con dence limit. For both

of these cases and SIDES=1, the con dence interval computations are equivalent. You cannot use
the SIDES= option with the TEST=EQUIV_DIFF and TEST=EQUIV_RATIO analyses. By default,
SIDES=2.

STDDEV=number-list

STD=number-list
speci es the standard deviation assumed to be common to both members of a pair. This option can be
used only with DIST=NORMAL. For information about specifying th@nber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

TEST=DIFF | EQUIV_DIFF | EQUIV_RATIO | RATIO

TEST
speci es the statistical analysis. TEST or TEST=DIFF (the default) speci es a pate=d on the
mean difference. TEST=EQUIV_DIFF speci es an additive equivalence test of the mean difference by
using a two one-sided tests (TOST) analysis (Schuirmann 1987). TEST=EQUIV_RATIO speci es a
multiplicative equivalence test of the mean ratio by using a TOST analysis. TEST=RATIO speci es a
pairedt test on the geometric mean ratio. If neither the TEST= option nor the Cl= option is used, the
default is TEST=DIFF.

UPPER=number-list
speci es the upper equivalence bound for the mean difference or mean ratio, in the original scale
(whether DIST=NORMAL or DIST=LOGNORMAL). This option can be used only with the
TEST=EQUIV_DIFF and TEST=EQUIV_RATIO analyses. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

Restrictions on Option Combinations

To de ne the analysis, choose one of the following parameterizations:

a statistical test (by using the TEST= option)

con dence interval precision (by using the Cl= option)
To specify the means, choose one of the following parameterizations:

individual means (by using the PAIREDMEANS= option)

mean difference (by using the MEANDIFF= option)
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mean ratio (by using the MEANRATIO= option)
To specify the coef cient of variation, choose one of the following parameterizations:

common coef cient of variation (by using the CV= option)

individual coef cients of variation (by using the PAIREDCVS= option)

To specify the standard deviation, choose one of the following parameterizations:

common standard deviation (by using the STDDEV= option)

individual standard deviations (by using the PAIREDSTDDEVS= option)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the PAIREDMEANS
statement.

Paired t Test
You can express effects in terms of the mean difference and variability in terms of a correlation and common

standard deviation, as in the following statements. Default values for the DIST=, SIDES=, NULLDIFF=, and
ALPHA= options specify a two-sided test for no difference with a normal distribution and a signi cance
level of 0.05.

proc power;
pairedmeans test=diff
meandiff = 7

corr = 0.4
stddev = 12
npairs = 50
power = .;

run;
You can also express effects in terms of individual means and variability in terms of correlation and individual
standard deviations:

proc power;
pairedmeans test=diff
pairedmeans = 8 | 15
corr = 0.4
pairedstddevs = (7 12)
npairs = .
power 0.9;

run;

Paired t Test of Mean Ratio with Lognormal Data

You can express variability in terms of correlation and a common coef cient of variation, as in the following
statements. Defaults for the DIST=, SIDES=, NULLRATIO= and ALPHA= options specify a two-sided test
of mean ratio = 1 assuming a lognormal distribution and a signi cance level of 0.05.
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proc power;
pairedmeans test=ratio

meanratio = 7
corr = 0.3
cv = 1.2
npairs = 30
power = ;

run;

You can also express variability in terms of correlation and individual coef cients of variation:

proc power;
pairedmeans test=ratio

meanratio = 7
corr = 0.3
pairedcvs = 0.8 | 0.9
npairs = 30
power = ;

run;

Additive Equivalence Test for Mean Difference with Normal Data

The following statements demonstrate a sample size computation for a TOST equivalence test for a normal
mean difference. Default values for the DIST= and ALPHA= options specify a normal distribution and a

signi cance level of 0.05.

proc power;
pairedmeans test=equiv_diff
lower = 2
upper = 5
meandiff = 4
corr = 0.2
stddev = 8
npairs =
power = 0.9;
run;

Multiplicative Equivalence Test for Mean Ratio with Lognormal Data

The following statements demonstrate a power computation for a TOST equivalence test for a lognormal
mean ratio. Default values for the DIST= and ALPHA= options specify a lognormal distribution and a

signi cance level of 0.05.

proc power;
pairedmeans test=equiv_ratio
lower = 3
upper = 7
meanratio = 5
corr = 0.2
cv = 1.1
npairs = 50

power = .;
run;
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Con dence Interval for Mean Difference

By default CI=DIFF analyzes the conditional probability of obtaining the desired precision, given that the
interval contains the true mean difference, as in the following statements. The defaults of SIDES=2 and
ALPHA=0.05 specify a two-sided interval with a con dence level of 0.95.

proc power;
pairedmeans ci = diff
halfwidth = 4
corr = 0.35
stddev = 8
npairs = 30
probwidth = ;
run;

PLOT Statement
PLOT < plot-options > </ graph-options > ;

The PLOT statement produces a graph or set of graphs for the sample size analysis de ned by the previous
analysis statement. Thuot-options de ne the plot characteristics, and theph-options are SAS/GRAPH-

style options. If ODS Graphics is enabled, then the PLOT statement uses ODS Graphics to create graphs. For
example:

ods graphics on;

proc power;
onesamplemeans
mean =510
ntotal = 150
stddev = 30 50
power = .

plot x=n mMin=100 max=200;
run;

ods graphics off;

Otherwise, traditional graphics are produced. For example:

ods graphics off;

proc power;
onesamplemeans
mean =510
ntotal = 150
stddev = 30 50
power = .;

plot x=n Min=100 max=200;
run;

For more information about enabling and disabling ODS Graphics, see the section “Enabling and Disabling
ODS Graphics” on page 609 in Chapter 21, “Statistical Graphics Using ODS."
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Options

You can specify the followinglot-options in the PLOT statement.

INTERPOL=JOIN | NONE

speci es the type of curve to draw through the computed points. The INTERPOL=JOIN option
connects computed points by straight lines. The INTERPOL=NONE option leaves computed points
unconnected.

KEY=BYCURVE < ( bycurve-options ) >
KEY=BYFEATURE < ( byfeature-options ) >
KEY=ONCURVES

speci es the style of key (or “legend”) for the plot. The defaultis KEY=BYFEATURE, which speci es

a key with a column of entries for each plot feature (line style, color, and/or symbol). Each entry shows
the mapping between a value of the feature and the value(s) of the analysis parameter(s) linked to that
feature. The KEY=BYCURVE option speci es a key with each row identifying a distinct curve in the
plot. The KEY=ONCURVES option places a curve-speci c label adjacent to each curve.

You can specify the followindgpyfeature-options in parentheses after the KEY=BYCURVE option.

NUMBERS=OFF | ON
speci es how the key should identify curves. If NUMBERS=O0OFF, then the key includes symbol,
color, and line style samples to identify the curves. If NUMBERS=0N, then the key includes
numbers matching numeric labels placed adjacent to the curves. The defaultis NUMBERS=ON.

POS=BOTTOM | INSET
speci es the position of the key. The POS=BOTTOM option places the key below the X axis.
The POS=INSET option places the key inside the plotting region and attempts to choose the least
crowded corner. The defaultis POS=BOTTOM.

You can specify the followingyfeature-options in parentheses after KEY=BYFEATURE option.

POS=BOTTOM | INSET
speci es the position of the key. The POS=BOTTOM option places the key below the X axis.
The POS=INSET option places the key inside the plotting region and attempts to choose the least
crowded corner. The defaultis POS=BOTTOM.

MARKERS=ANALYSIS | COMPUTED | NICE | NONE

speci es the locations for plotting symbols.

The MARKERS=ANALYSIS option places plotting symbols at locations that correspond to the values
of the relevant input parameter from the analysis statement preceding the PLOT statement.

The MARKERS=COMPUTED option (the default) places plotting symbols at the locations of actual
computed points from the sample size analysis.

The MARKERS=NICE option places plotting symbols at tick mark locations (corresponding to the
argument axis).

The MARKERS=NONE option disables plotting symbols.
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MAX=number | DATAMAX
speci es the maximum of the range of values for the parameter associated with the “argument” axis
(the axis that isiot representing the parameter being solved for). The default is DATAMAX, which
speci es the maximum value that occurs for this parameter in the analysis statement that precedes the
PLOT statement.

MIN=number | DATAMIN
speci es the minimum of the range of values for the parameter associated with the “argument” axis
(the axis that is1ot representing the parameter being solved for). The default is DATAMIN, which
speci es the minimum value that occurs for this parameter in the analysis statement that precedes the
PLOT statement.

NPOINTS=number

NPTS=number
speci es the number of values for the parameter associated with the “argument” axis (the axis that is
not representing the parameter being solved for). You cannot use the NPOINTS= and STEP= options
simultaneously. The default value for typical situations is 20.

STEP=number
speci es the increment between values of the parameter associated with the “argument” axis (the axis
that isnot representing the parameter being solved for). You cannot use the STEP=and NPOINTS=
options simultaneously. By default, the NPOINTS= option is used instead of the STEP= option.

VARY ( feature <BY parameter-list > <, ..., feature <BY parameter-list >>)
speci es how plot features should be linked to varying analysis parameters. Availabfegiloes are
COLOR, LINESTYLE, PANEL, and SYMBOL. A “panel” refers to a separate plot with a heading
identifying the subset of values represented in the plot.

Theparameter-list is a list of one or more names separated by spaces. Each name must match the name
of an analysis option used in the analysis statement preceding the PLOT statement. Also, the name
must be thgrimary name for the analysis option—that is, the one listed rst in the syntax description.

If you omit the < BY parameter-list > portion for a feature, then one or more multivalued parameters
from the analysis will be automatically selected for you.

X=EFFECT | N | POWER
speci es a plot with the requested type of parameter on the X axis and the parameter being solved for
on the Y axis. When X=EFFECT, the parameter assigned to the X axis is the one most representative of
“effect size.” When X=N, the parameter assigned to the X axis is the sample size. When X=POWER,
the parameter assigned to the X axis is the one most representative of “power” (either power itself or
a similar probability, such as Prob(Width) for con dence interval analyses). You cannot use the X=
and Y= options simultaneously. The default is X=POWER, unless the result parameter is power or
Prob(Width), in which case the default is X=N.

You can use the X=N option only when a scalar sample size parameter is used as input in the analysis.
For example, X=N can be used with total sample size or sample size per group, or with two group
sample sizes when one is being solved for.

Table 89.20 summarizes the parameters representing effect size in different analyses.
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Table 89.20 Effect Size Parameters for Different Analyses

Analysis Statement and Options Effect Size Parameters
COXREG Hazard ratio
LOGISTIC None
MULTREG Partial correlation oR?
difference
ONECORR Correlation
ONESAMPLEFREQ TEST Proportion
ONESAMPLEFREQ CI Cl half-width
ONESAMPLEMEANS TEST=T,
ONESAMPLEMEANS TEST=EQUIV Mean
ONESAMPLEMEANS CI=T CI half-width
ONEWAYANOVA None
PAIREDFREQ Discordant proportion difference
or ratio
PAIREDMEANS TEST=DIFF,
PAIREDMEANS TEST=EQUIV_DIFF Mean difference
PAIREDMEANS TEST=RATIO,
PAIREDMEANS TEST=EQUIV_RATIO Mean ratio
PAIREDMEANS CI=DIFF CI half-width
TWOSAMPLEFREQ Proportion difference, odds ratio,

or relative risk

TWOSAMPLEMEANS TEST=DIFF,
TWOSAMPLEMEANS TEST=DIFF_SATT,
TWOSAMPLEMEANS TEST=EQUIV_DIFF Mean difference

TWOSAMPLEMEANS TEST=RATIO,
TWOSAMPLEMEANS TEST=EQUIV_RATIO Mean ratio

TWOSAMPLEMEANS CI=DIFF ClI half-width
TWOSAMPLESURVIVAL Hazard ratio if used, else none
TWOSAMPLEWILCOXON None

XOPTS=( x-options )
speci es plot characteristics pertaining to the X axis.

You can specify the following-options in parentheses.

CROSSREF=NO | YES
speci es whether the reference lines de ned by the REFeption should be crossed with a
reference line on the Y axis that indicates the solution point on the curve.
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REF=number-list
speci es locations for reference lines extending from the X axis across the entire plotting region.
For information about specifying theimber-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

Y=EFFECT | N | POWER
speci es a plot with the requested type of parameter on the Y axis and the parameter being solved for
on the X axis. When Y=EFFECT, the parameter assigned to the Y axis is the one most representative of
“effect size.” When Y=N, the parameter assigned to the Y axis is the sample size. When Y=POWER,
the parameter assigned to the Y axis is the one most representative of “power” (either power itself or a
similar probability, such as Prob(Width) for con dence interval analyses). You cannot use the Y= and
X= options simultaneously. By default, the X= option is used instead of the Y= option.

YOPTS=( y-options )
speci es plot characteristics pertaining to the Y axis.

You can specify the following-options in parentheses.

CROSSREF=NO | YES

speci es whether the reference lines de ned by the REFoption should be crossed with a
reference line on the X axis that indicates the solution point on the curve.

REF=number-list
speci es locations for reference lines extending from the Y axis across the entire plotting region.
For information about specifying theimber-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

You can specify the followingraph-options in the PLOT statement after a slash (/).

DESCRIPTION="string '
speci es a descriptive string of up to 40 characters that appears in the “Description” eld of the
graphics catalog. The description does not appear on the plots. By default, PROC POWER assigns a
description either of the formY* versusX” (for a single-panel plot) or of the formY' versusX (S),”
whereY is the parameter on the Y axiX,is the parameter on the X axis, aBds a description of the
subset represented on the current panel of a multipanel plot.

NAME="string '
speci es a name of up to eight characters for the catalog entry for the plot. The default name is,PLOT
wheren is the number of the plot statement within the current invocation of PROC POWER. If the
name duplicates the name of an existing entry, SAS/GRAPH software adds a number to the duplicate
name to create a unique entry—for example, PLOT11 and PLOT12 for the second and third panels of
a multipanel plot generated in the rst PLOT statement in an invocation of PROC POWER.

TWOSAMPLEFREQ Statement
TWOSAMPLEFREQ <options > ;

The TWOSAMPLEFREQ statement performs power and sample size analyses for tests of two independent
proportions. The Farrington-Manning score, Pearson's chi-square, Fisher's exact, and likelihood ratio
chi-square tests are supported.
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Summary of Options

Table 89.21 summarizes tlptions available in the TWOSAMPLEFREQ statement.

Table 89.21 TWOSAMPLEFREQ Statement Options

Option

Description

De ne analysis
TEST=

Specify analysis information
ALPHA=
NULLODDSRATIO=
NULLPROPORTIONDIFF=
NULLRELATIVERISK=
SIDES=

Specify effects
GROUPPROPORTIONS=
ODDSRATIO=
PROPORTIONDIFF=
REFPROPORTION=
RELATIVERISK=

Speci es the statistical analysis

Speci es the signi cance level
Speci es the null odds ratio
Speci es the null proportion difference
Speci es the null relative risk
Speci es the number of sides and the direction of the statistical test or
con dence interval

Speci es the two independent proportipnsndp
Speci es the odds ratifg,=.1 po/*=@=.1 p1/e
Speci es the proportion differengg  p1
Speci es the reference proporfian
Speci es the relative risk,=p1

Specify sample size and allocation

GROUPNS=
GROUPWEIGHTS=
NFRACTIONAL
NPERGROUP=
NTOTAL=

Specify power
POWER=

Control ordering in output
OUTPUTORDER=

Speci es the two group sample sizes

Speci es the sample size allocation weights for the two groups
Enables fractional input and output for sample sizes

Speci es the common sample size per group
Speci es the sample size

Speci es the desired power of the test

Controls the output order of parameters

Table 89.22 summarizes the valid result parameters for different analyses in the TWOSAMPLEFREQ

statement.

Table 89.22 Summary of Result Parameters in the

TWOSAMPLEFREQ Statement

Analyses Solve For Syntax
TEST=FISHER Power POWER=.
Sample size NTOTAL=.
NPERGROUP-=.
TEST=FM Power POWER=.

Sample size NTOTAL=.
NPERGROUP=.
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Table 89.22 continued

Analyses Solve For ~ Syntax
TEST=FM_RR Power POWER=.
Sample size NTOTAL=.
NPERGROUP=.
TEST=LRCHI  Power POWER=.
Sample size NTOTAL=.
NPERGROUP-=.
TEST=PCHI Power POWER-=.
Sample size NTOTAL=.
NPERGROUP-=.

Dictionary of Options

ALPHA=number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPPROPORTIONS=grouped-number-list

GPROPORTIONS=grouped-number-list

GROUPPS=grouped-number-list

GPS=grouped-number-list
speci es the two independent proportiomps, andp,. For information about specifying thyggouped-
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPNS=grouped-number-list

GNS=grouped-number-list
speci es the two group sample sizes. For information about specifyingrthgped-number-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPWEIGHTS=grouped-number-list

GWEIGHTS=grouped-number-list

speci es the sample size allocation weights for the two groups. This option controls how the total
sample size is divided between the two groups. Each pair of values for the two groups represents
relative allocation weights. Additionally, if the NFRACTIONAL option is not used, the total sample
size is restricted to be equal to a multiple of the sum of the two group weights (so that the resulting
design has an integer sample size for each group while adhering exactly to the group allocation
weights). Values must be integers unless the NFRACTIONAL option is used. The default value is
(1 1), a balanced design with a weight of 1 for each group. For information about specifying the
grouped-number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.
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NPERGROUP=number-list

NPERG=number-list
speci es the common sample size per group or requests a solution for the common sample size per
group by specifying a missing value (NPERGROUP=.). Use of this option implicitly speci es a
balanced design. For information about specifyingrttiber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). For information about specifying theimber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NULLODDSRATIO= number-list

NULLOR=number-list
speci es the null odds ratio. You can specify this option only if you also specify the ODDSRATIO=
and TEST=PCHI options. The NULLODDSRATIO= option is inconsistent with TEST=PCHI, which
tests the proportion difference rather than the odds ratio, and its value is converted internally to a
NULLPROPORTIONDIFF value by xing the reference proportion. For information about specifying
thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216. By
default, NULLOR=1.

NULLPROPORTIONDIFF=number-list

NULLPDIFF=number-list
speci es the null proportion difference. You can specify this option only if you also specify the
GROUPPROPORTIONS= or PROPORTIONDIFF= option and the TEST=FM or TEST=PCHI option.
If you are using a nondefault null value, then TEST=FM is recommended. For information about spec-
ifying the number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.
By default, NULLPDIFF=0.

NULLRELATIVERISK= number-list

NULLRR=number-list
speci es the null relative risk. You can specify this option only if you also specify the GROUPPRO-
PORTIONS= or RELATIVERISK= option and the TEST=FM_RR or TEST=PCHI option. If you are
using a nondefault null value, then TEST=FM_RR is recommended. The NULLRELATIVERISK=
option is inconsistent with TEST=PCHI, which tests the proportion difference rather than the relative
risk, and its value is converted internally to a NULLPROPORTIONDIFF value by xing the reference
proportion. For information about specifying thember-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216. By default, NULLRR=1.

ODDSRATIO=number-list

OR=number-list
speci es the odds rati@g,=.1 po/*=@=.1 p1/ Forinformation about specifying theimber-
list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:
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SIDES=
NULLPROPORTIONDIFF=
NULLODDSRATIO=
NULLRELATIVERISK=
ALPHA=
GROUPPROPORTIONS=
REFPROPORTION=
PROPORTIONDIFF=
ODDSRATIO=
RELATIVERISK=
GROUPWEIGHTS=
NTOTAL=

NPERGROUP=
GROUPNS=

POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order
in which their corresponding options are speci ed in the TWOSAMPLEFREQ statement. The
OUTPUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order
in which their correspondingptions are speci ed in the TWOSAMPLEFREQ statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

PROPORTIONDIFF=number-list

PDIFF=number-list
speci es the proportion differenge, p;. For information about specifying threimber-list, see the
section “Specifying Value Lists in Analysis Statements” on page 7216.

REFPROPORTION=number-list

REFP=number-list
speci es the reference proportigni . For information about specifying theimber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

RELATIVERISK= number-list

RR=number-list
speci es the relative rislp,=p;. For information about specifying theimber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test or con dence interval.
For information about specifying theyword-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216. You can specify the follovikegvords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
2 speci es a two-sided test.
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u speci es an upper one-sided test, with the alternative hypothesis indicating an effect greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating an effect less than the
null value.

If the effect size is zero, then SIDES=1 is not permitted; instead, specify the direction of the test
explicitly in this case with either SIDES=L or SIDES=U. By default, SIDES=2.

TEST=FISHER | FM | FM_RR | LRCHI | PCHI
speci es the statistical analysis. You can specify the following values:

FISHER speci es Fisher's exact test.

FM speci es the score test of Farrington and Manning (1990) for proportion difference.
FM_RR speci es the score test of Farrington and Manning (1990) for relative risk.

LRCHI speci es the likelihood ratio chi-square test.

PCHI speci es Pearson's chi-square test for proportion difference.

If you are using a nondefault null value for a noninferiority or superiority test, then TEST=FM or
TEST=FM_RR is the most appropriate choice. In the absence of any nondefault null values, the default
is TEST=PCHI. If you specify at least one nonzero null difference by using the NULLPROPOR-
TIONDIFF= option, then the default is TEST=FM. If you specify at least one null relative risk not
equal to 1 by using the NULLRR= option, then the default is TEST=FM_RR. For information about
the power and sample size computational methods and formulas, see the section “Analyses in the
TWOSAMPLEFREQ Statement” on page 7263.

Restrictions on Option Combinations

To specify the proportions, choose one of the following parameterizations:

individual proportions (by using the GROUPPROPORTIONS= option)

difference between proportions and reference proportion (by using the PROPORTIONDIFF= and
REFPROPORTION= options)

odds ratio and reference proportion (by using the ODDSRATIO= and REFPROPORTION= options)
relative risk and reference proportion (by using the RELATIVERISK= and REFPROPORTION=
options)

To specify the sample size and allocation, choose one of the following parameterizations:

sample size per group in a balanced design (by using the NPERGROUP= option)
total sample size and allocation weights (by using the NTOTAL= and GROUPWEIGHTS= options)

individual group sample sizes (by using the GROUPNS= option)
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Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the TWOSAMPLEFREQ
statement.

Pearson Chi-Square Test for Two Proportions

You can use the NPERGROUP= option in a balanced design and express effects in terms of the individual
proportions, as in the following statements. Default values for the SIDES= and ALPHA= options specify a
two-sided test with a signi cance level of 0.05.

proc power;
twosamplefreq test=pchi
groupproportions = (.15 .25)
nullproportiondiff = .03
npergroup = 50
power = ;
run;

You can also specify an unbalanced design by using the NTOTAL= and GROUPWEIGHTS= options and

express effects in terms of the odds ratio. The default value of the NULLODDSRATIO= option speci es a
test of no effect.

proc power;
twosamplefreq test=pchi
oddsratio = 2.5

refproportion = 0.3
groupweights = (1 2)
ntotal = .

power = 0.8;

run;

You can also specify sample sizes with the GROUPNS= option and express effects in terms of relative risks.
The default value of the NULLRELATIVERISK= option speci es a test of no effect.

proc power;
twosamplefreq test=pchi
relativerisk = 1.5
refproportion = 0.2
groupns = 40 | 60
power = ;
run;

You can also express effects in terms of the proportion difference. The default value of the NULLPROPOR-
TIONDIFF= option speci es a test of no effect, and the default value of the GROUPWEIGHTS= option
speci es a balanced design.

proc power;
twosamplefreq test=pchi
proportiondiff = 0.15
refproportion = 0.4
ntotal = 100
power = ;
run;
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Farrington-Manning Score Test for Proportion Difference

The following statements demonstrate a sample size computation for the Farrington-Manning score test for

the difference of two independent proportions:

proc power;
twosamplefreq test=fm
proportiondiff = 0.06
refproportion = 0.32
nullproportiondiff = -0.02

sides = u
ntotal = .
power = 0.85;

run;

Farrington-Manning Score Test for Relative Risk

The following statements demonstrate a sample size computation for the Farrington-Manning score test for

the relative risk of two independent proportions:

proc power;
twosamplefreq test=fm_rr
relativerisk = 1.1
refproportion = 0.32
nullrelativerisk = 0.95

sides = u
ntotal = .
power = 0.9;

run;

Fisher's Exact Conditional Test for Two Proportions

The following statements demonstrate a power computation for Fisher's exact conditional test for two
proportions. Default values for the SIDES= and ALPHA= options specify a two-sided test with a signi cance

level of 0.05.

proc power;
twosamplefreq test=fisher
groupproportions = (.35 .15)
npergroup = 50
power = ;
run;

Likelihood Ratio Chi-Square Test for Two Proportions

The following statements demonstrate a sample size computation for the likelihood ratio chi-square test
for two proportions. Default values for the SIDES= and ALPHA= options specify a two-sided test with a

signi cance level of 0.05.

proc power;
twosamplefreq test=lIrchi
oddsratio = 2
refproportion = 0.4
npergroup = .
power = 0.9;
run;
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TWOSAMPLEMEANS Statement
TWOSAMPLEMEANS < options > ;

The TWOSAMPLEMEANS statement performs power and sample size analyses for pooled and uhpooled
tests, equivalence tests, and con dence interval precision involving two independent samples.

Summary of Options

Table 89.23 summarizes tlptions available in the TWOSAMPLEMEANS statement.

Table 89.23 TWOSAMPLEMEANS Statement Options

Option

Description

De ne analysis
Cl=

DIST=

TEST=

Speci es an analysis of precision of the con dence interval
Speci es the underlying distribution assumed for the test statistic
Speci es the statistical analysis

Specify analysis information

ALPHA=
LOWER=
NULLDIFF=
NULLRATIO=
SIDES=

UPPER=

Specify effects
HALFWIDTH=
GROUPMEANS=
MEANDIFF=
MEANRATIO=
Specify variability
Cv=
GROUPSTDDEVS=
STDDEV=

Speci es the signi cance level
Speci es the lower equivalence bound
Speci es the null mean difference
Speci es the null mean ratio
Speci es the number of sides and the direction of the statistical test or
con dence interval
Speci es the upper equivalence bound

Speci es the desired con dence interval half-width
Speci es the two group means

Speci es the mean difference

Speci es the geometric mean ratiog= 1

Speci es the common coef cient of variation
Speci es the standard deviation of each group
Speci es the common standard deviation

Specify sample size and allocation

GROUPNS=
GROUPWEIGHTS=
NFRACTIONAL
NPERGROUP=
NTOTAL=

Speci es the two group sample sizes

Speci es the sample size allocation weights for the two groups
Enables fractional input and output for sample sizes

Speci es the common sample size per group
Speci es the sample size

Specify power and related probabilities

POWER=
PROBTYPE=

Speci es the desired power of the test
Speci es the type of probability for the PROBWIDTH= option
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Table 89.23 continued
Option Description

PROBWIDTH= Speci es the desired probability of obtaining a con dence interval half-
width less than or equal to the value speci ed

Control ordering in output
OUTPUTORDER=  Controls the output order of parameters

Table 89.24 summarizes the valid result parameters for different analyses in the TWOSAMPLEMEANS
statement.

Table 89.24 Summary of Result Parameters in the
TWOSAMPLEMEANS Statement

Analyses Solve For Syntax
TEST=DIFF Power POWER-=.
Sample size NTOTAL-=.
NPERGROUP-=.
Group sample size  GROUPNS$H | .
GROUPNS=. h2

GROUPNS=(1))
GROUPNS= (n2)

Group weight GROUPWEIGHTSw1| .
GROUPWEIGHTS=. W2
GROUPWEIGHTS=W1.)
GROUPWEIGHTS= (w2)

Alpha ALPHA=.

Group mean GROUPMEANSmean .
GROUPMEANS=. mean2
GROUPMEANS= (neanl)
GROUPMEANS= (mean2

Mean difference MEANDIFF=.

Standard deviation STDDEV=.

TEST=DIFF_SATT Power POWER=.
Sample size NTOTAL-=.

NPERGROUP-=.
TEST=RATIO Power POWER-=.
Sample size NTOTAL=.

NPERGROUP=.
TEST=EQUIV_DIFF Power POWER=.
Sample size NTOTAL-=.

NPERGROUP-=.
TEST=EQUIV_RATIO Power POWER-=.
Sample size NTOTAL-=.

NPERGROUP-=.
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Table 89.24 continued

Analyses Solve For Syntax
CI=DIFF Prob(width) PROBWIDTH=.
Sample size NTOTAL-=.
NPERGROUP-=.

Dictionary of Options

ALPHA=number-list

Cl

speci es the level of signi cance of the statistical test or requests a solution for alpha by specifying a
missing value (ALPHA=.). The default is 0.05, which corresponds to the usual 010®% = 5%

level of signi cance. If the Cl=and SIDES=1 options are used, then the value must be less than 0.5.
For information about specifying theimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

CI=DIFF

speci es an analysis of precision of the con dence interval for the mean difference, assuming equal
variances. Instead of power, the relevant probability for this analysis is the probability that the interval
half-width is at most the value speci ed by the HALFWIDTH= option. If neither the TEST= option
nor the Cl= option is used, the default is TEST=DIFF.

CV=number-list

speci es the coef cient of variation assumed to be common to both groups. The coef cient of variation

is de ned as the ratio of the standard deviation to the mean on the original data scale. You can use this
option only with DIST=LOGNORMAL. For information about specifying thember-list, see the
section “Specifying Value Lists in Analysis Statements” on page 7216.

DIST=LOGNORMAL | NORMAL

speci es the underlying distribution assumed for the test statistic. NORMAL corresponds
the normal distribution, and LOGNORMAL corresponds to the lognormal distribution. The
default value (also the only acceptable value in each case) is NORMAL for TEST=DIFF,
TEST=DIFF_SATT, TEST=EQUIV_DIFF, and CI=DIFF; and LOGNORMAL for TEST=RATIO and
TEST=EQUIV_RATIO.

GROUPMEANS=grouped-number-list
GMEANS=grouped-number-list

speci es the two group means or requests a solution for one group mean given the other. Means are in
the original scale. They are arithmetic if DIST=NORMAL and geometric if DIST=LOGNORMAL.
This option cannot be used with the CI=DIFF analysis. When TEST=EQUIV_DIFF, the means are
interpreted as the reference mean (rst) and the treatment mean (second). For information about
specifying thegrouped-number-list, see the section “Specifying Value Lists in Analysis Statements”

on page 7216.
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GROUPNS=grouped-number-list

GNS=grouped-number-list
speci es the two group sample sizes or requests a solution for one group sample size given the other.
For information about specifying thgouped-number-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

GROUPSTDDEVS=grouped-number-list
GSTDDEVS=grouped-number-list
GROUPSTDS=grouped-number-list

GSTDS=grouped-number-list
speci es the standard deviation of each group. Unlike the STDDEV= option, the GROUPSTD-
DEVS== option supports different values for each group. It is valid only for the Satterthwtage
(TEST=DIFF_SATT DIST=NORMAL). For information about specifying theuped-number-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPWEIGHTS=grouped-number-list

GWEIGHTS=grouped-number-list
speci es the sample size allocation weights for the two groups, or requests a solution for one group
weight given the other. This option controls how the total sample size is divided between the two
groups. Each pair of values for the two groups represents relative allocation weights. Additionally, if
the NFRACTIONAL option is not used, the total sample size is restricted to be equal to a multiple
of the sum of the two group weights (so that the resulting design has an integer sample size for each
group while adhering exactly to the group allocation weights). Values must be integers unless the
NFRACTIONAL option is used. The default value is (1 1), a balanced design with a weight of 1 for
each group. For information about specifying theuped-number-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

HALFWIDTH=number-list
speci es the desired con dence interval half-width. The half-width is de ned as the distance between
the point estimate and a nite endpoint. This option can be used only with the CI=DIFF analysis.
For information about specifying theimber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

LOWER=number-list
speci es the lower equivalence bound for the mean difference or mean ratio, in the origi-
nal scale (whether DIST=NORMAL or DIST=LOGNORMAL). Values must be greater than 0
when DIST=LOGNORMAL. This option can be used only with the TEST=EQUIV_DIFF and
TEST=EQUIV_RATIO analyses. For information about specifyingrithmber-list, see the section
“Specifying Value Lists in Analysis Statements” on page 7216.

MEANDIFF=number-list
speci es the mean difference, de ned as 1, Or requests a solution for the mean difference
by specifying a missing value (MEANDIFF=.). This option can be used only with the TEST=DIFF,
TEST=DIFF_SATT, and TEST=EQUIV_DIFF analyses. When TEST=EQUIV_DIFF, the mean differ-
ence is interpreted as the treatment mean minus the reference mean. For information about specifying
thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.
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MEANRATIO=number-list
speci es the geometric mean ratio, de ned as= 1. This option can be used only with the
TEST=RATIO and TEST=EQUIV_RATIO analyses. When TEST=EQUIV_RATIO, the mean ratio is
interpreted as the treatment mean divided by the reference mean. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.

NPERGROUP=number-list

NPERG=number-list
speci es the common sample size per group or requests a solution for the common sample size per
group by specifying a missing value (NPERGROUP=.). Use of this option implicitly speci es a
balanced design. For information about specifyingrtti@ber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). For information about specifying theimber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NULLDIFF=number-list

NULLD=number-list
speci es the null mean difference. The default value is 0. This option can be used only with the
TEST=DIFF and TEST=DIFF_SATT analyses. For information about specifyinguimner-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

NULLRATIO=number-list

NULLR=number-list
speci es the null mean ratio. The default value is 1. This option can be used only with the
TEST=RATIO analysis. For information about specifying thenber-list, see the section “Spec-
ifying Value Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

SIDES=
NULLDIFF=
NULLRATIO=
LOWER=
UPPER=
ALPHA=
GROUPMEANS=
MEANDIFF=
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MEANRATIO=
HALFWIDTH=
STDDEV=
GROUPSTDDEVS==
Cv=
GROUPWEIGHTS=
NTOTAL=
NPERGROUP=
GROUPNS=
POWER=
PROBTYPE=
PROBWIDTH=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order
in which their corresponding options are speci ed in the TWOSAMPLEMEANS statement. The
OUTPUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order
in which their correspondingptions are speci ed in the TWOSAMPLEMEANS statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER-=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. This option cannot be used with the CI=DIFF analysis. For information about specifying
thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

PROBTYPE=keyword-list
speci es the type of probability for the PROBWIDTH= option. A value of CONDITIONAL (the
default) indicates the conditional probability that the con dence interval half-width is at most the
value speci ed by the HALFWIDTH= option, given that the true mean difference is captured by the
con dence interval. A value of UNCONDITIONAL indicates the unconditional probability that the
con dence interval half-width is at most the value speci ed by the HALFWIDTH= option. you can
use the alias GIVENVALIDITY for CONDITIONAL. The PROBTYPE-= option can be used only with
the CI=DIFF analysis. For information about specifying kiegword-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

CONDITIONAL width probability conditional on interval containing the mean
UNCONDITIONAL unconditional width probability

PROBWIDTH=number-list
speci es the desired probability of obtaining a con dence interval half-width less than or equal to the
value speci ed by the HALFWIDTH= option. A missing value (PROBWIDTH=.) requests a solution
for this probability. The type of probability is controlled with the PROBTYPE= option. Values are
expressed as probabilities (for example, 0.9) rather than percentages. This option can be used only with
the CI=DIFF analysis. For information about specifying tlaenber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test or con dence interval.
For information about specifying theyword-list, see the section “Specifying Value Lists in Analysis
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Statements” on page 7216. Vakdywords and their interpretation for the TEST= analyses are as
follows:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating an effect greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating an effect less than the
null value.

For con dence intervals, SIDES=U refers to an interval between the lower con dence limit and in nity,
and SIDES=L refers to an interval between minus in nity and the upper con dence limit. For both

of these cases and SIDES=1, the con dence interval computations are equivalent. You cannot use
the SIDES= option with the TEST=EQUIV_DIFF and TEST=EQUIV_RATIO analyses. By default,
SIDES=2.

STDDEV=number-list

STD=number-list
speci es the standard deviation assumed to be common to both groups, or requests a solution for the
common standard deviation with a missing value (STDDEV=.). This option can be used only with
DIST=NORMAL. For information about specifying thmmber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

TEST=DIFF | DIFF_SATT | EQUIV_DIFF | EQUIV_RATIO | RATIO

TEST
speci es the statistical analysis. TEST or TEST=DIFF (the default) speci es a pooést on the
mean difference, assuming equal variances. TEST=DIFF_SATT speci es a Satterthwaite unpooled
test on the mean difference, assuming unequal variances. TEST=EQUIV_DIFF speci es an additive
equivalence test of the mean difference by using a two one-sided tests (TOST) analysis (Schuirmann
1987). TEST=EQUIV_RATIO speci es a multiplicative equivalence test of the mean ratio by using a
TOST analysis. TEST=RATIO speci es a pooletest on the mean ratio, assuming equal coef cients
of variation. If neither the TEST= option nor the Cl= option is used, the default is TEST=DIFF.

UPPER=number-list
speci es the upper equivalence bound for the mean difference or mean ratio, in the original scale
(whether DIST=NORMAL or DIST=LOGNORMAL). This option can be used only with the
TEST=EQUIV_DIFF and TEST=EQUIV_RATIO analyses. For information about specifying the
number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

Restrictions on Option Combinations

To de ne the analysis, choose one of the following parameterizations:

a statistical test (by using the TEST= option)

con dence interval precision (by using the Cl= option)

To specify the means, choose one of the following parameterizations:
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individual group means (by using the GROUPMEANS= option)
mean difference (by using the MEANDIFF= option)
mean ratio (by using the MEANRATIO= option)

To specify standard deviations in the Satterthwhitsst (TEST=DIFF_SATT), choose one of the following
parameterizations:

common standard deviation (by using the STDDEV= option)

individual group standard deviations (by using the GROUPSTDDEVS== option)
To specify the sample sizes and allocation, choose one of the following parameterizations:

sample size per group in a balanced design (by using the NPERGROUP= option)
total sample size and allocation weights (by using the NTOTAL= and GROUPWEIGHTS= options)
individual group sample sizes (by using the GROUPNS= option)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the TWOSAMPLEMEANS
statement.

Two-Sample t Test Assuming Equal Variances

You can use the NPERGROUP= option in a balanced design and express effects in terms of the mean
difference, as in the following statements. Default values for the DIST=, SIDES=, NULLDIFF=, and
ALPHA= options specify a two-sided test for no difference with a normal distribution and a signi cance
level of 0.05.

proc power;
twosamplemeans test=diff
meandiff = 7
stddev = 12
npergroup = 50
power = ;
run;

You can also specify an unbalanced design by using the NTOTAL= and GROUPWEIGHTS= options and
express effects in terms of individual group means:

proc power;
twosamplemeans test=diff
groupmeans = 8 | 15

stddev = 4
groupweights = (2 3)
ntotal = .

power = 0.9;

run;

Another way to specify the sample sizes is with the GROUPNS= option:
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proc power;
twosamplemeans test=diff
groupmeans = 8 | 15
stddev = 4
groupns = (25 40)
power = ;
run;

Two-Sample Satterthwaite t Test Assuming Unequal Variances

The following statements demonstrate a power computation for the two-sample Satterthestitdlowing
unequal variances. Default values for the DIST=, SIDES=, NULLDIFF=, and ALPHA= options specify a
two-sided test for no difference with a normal distribution and a signi cance level of 0.05.

proc power;
twosamplemeans test=diff_satt
meandiff = 3

groupstddevs = | 8
groupweights = (1 2)
ntotal = 60
power = ;

run;

Two-Sample Pooled t Test of Mean Ratio with Lognormal Data

The following statements demonstrate a power computation for the potastof a lognormal mean ratio.
Default values for the DIST=, SIDES=, NULLRATIO=, and ALPHA= options specify a two-sided test of
mean ratio = 1 assuming a lognormal distribution and a signi cance level of 0.05.

proc power;
twosamplemeans test=ratio
meanratio = 7
cv = 0.8
groupns = 50 | 70
power = ;
run;

Additive Equivalence Test for Mean Difference with Normal Data

The following statements demonstrate a sample size computation for the TOST equivalence test for a normal
mean difference. A default value of GROUPWEIGHTS=(1 1) speci es a balanced design. Default values
for the DIST= and ALPHA= options specify a signi cance level of 0.05 and an assumption of normally
distributed data.

proc power;
twosamplemeans test=equiv_diff
lower = 2
upper = 5
meandiff = 4
stddev = 8
ntotal

run;
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Multiplicative Equivalence Test for Mean Ratio with Lognormal Data

The following statements demonstrate a power computation for the TOST equivalence test for a lognormal
mean ratio. Default values for the DIST=and ALPHA= options specify a signi cance level of 0.05 and an
assumption of lognormally distributed data.

proc power;
twosamplemeans test=equiv_ratio
lower = 3
upper = 7
meanratio = 5
cv = 0.75
npergroup = 50
power = ;
run;

Con dence Interval for Mean Difference

By default CI=DIFF analyzes the conditional probability of obtaining the desired precision, given that the
interval contains the true mean difference, as in the following statements. The defaults of SIDES=2 and
ALPHA=0.05 specify a two-sided interval with a con dence level of 0.95.

proc power;
twosamplemeans ci = diff
halfwidth = 4
stddev = 8
groupns = (30 35)
probwidth = ;

run;

TWOSAMPLESURVIVAL Statement
TWOSAMPLESURVIVAL <options > ;

The TWOSAMPLESURVIVAL statement performs power and sample size analyses for comparing two
survival curves. The log-rank, Gehan, and Tarone-Ware rank tests are supported.

Summary of Options

Table 89.25 summarizes tlgptions available in the TWOSAMPLESURVIVAL statement.

Table 89.25 TWOSAMPLESURVIVAL Statement Options

Option Description

De ne analysis

TEST= Speci es the statistical analysis
Specify analysis information

ACCRUALTIME= Speci es the accrual time
ALPHA= Speci es the signi cance level

FOLLOWUPTIME= Speci es the follow-up time
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Table 89.25 continued

Option Description

SIDES= Speci es the number of sides and the direction of the statistical test or
con dence interval

TOTALTIME= Speci es the total time

Specify effects

CURVE= De nes a survival curve

GROUPMEDSURVTIMES= Speci es the median survival times in each group

GROUPSURVEXPHAZARDS= Speci es exponential hazard rates of the survival curve for each group

GROUPSURVIVAL= Speci es the survival curve for each group

HAZARDRATIO= Speci es the hazard ratio

REFSURVEXPHAZARD= Speci es the exponential hazard rate of the survival curve for the reference
group

REFSURVIVAL= Speci es the survival curve for the reference group

Specify loss information

GROUPLOSS= Speci es the exponential loss survival curve for each group

GROUPLOSSEXPHAZARDS= Speci es the exponential hazards of the loss in each group

GROUPMEDLOSSTIMES= Speci es the median times of the loss in each group

Specify sample size and allocation
ACCRUALRATEPERGROUP=  Speci es the common accrual rate per group

ACCRUALRATETOTAL= Speci es the total accrual rate

EVENTSTOTAL= Speci es the expected total number of events
GROUPACCRUALRATES= Speci es the accrual rate for each group

GROUPNS= Speci es the two group sample sizes

GROUPWEIGHTS= Speci es the sample size allocation weights for the two groups
NFRACTIONAL Enables fractional input and output for sample sizes
NPERGROUP= Speci es the common sample size per group

NTOTAL= Speci es the sample size

Specify power

POWER= Speci es the desired power of the test

Specify computational method
NSUBINTERVAL= Speci es the number of subintervals per unit time

Control ordering in output
OUTPUTORDER= Controls the output order of parameters

Table 89.26 summarizes the valid result parameters for different analyses in the TWOSAMPLESURVIVAL
statement.
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Table 89.26 Summary of Result Parameters in the
TWOSAMPLESURVIVAL Statement

Analyses Solve For Syntax

TEST=GEHAN Power POWER-=.
Sample size NTOTAL=.
NPERGROUP-=.
EVENTSTOTAL=.
ACCRUALRATETOTAL=.
ACCRUALRATEPERGROUP-=.
TEST=LOGRANK Power POWER-=.
Sample size NTOTAL-=.
NPERGROUP-=.
EVENTSTOTAL=.
ACCRUALRATETOTAL=.
ACCRUALRATEPERGROUP=.
TEST=TARONEWARE Power POWER=.
Sample size  NTOTAL-=.
NPERGROUP-=.
EVENTSTOTAL-=.
ACCRUALRATETOTAL=.
ACCRUALRATEPERGROUP=.

Dictionary of Options

ACCRUALRATEPERGROUP= number-list
ACCRUALRATEPERG= number-list
ARPERGROUP=number-list

ARPERG=number-list
speci es the common accrual rate per group or requests a solution for the common accrual rate per
group by specifying a missing value (ACCRUALRATEPERGROUP=.). The accrual rate per group is
the number of subjects in each group that enters the study per time unit during the accrual period. Use
of this option implicitly speci es a balanced design. The NFRACTIONAL option is automatically
enabled when the ACCRUALRATEPERGROUP= option is used. For information about specifying
thenumber-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

ACCRUALRATETOTAL= number-list

ARTOTAL= number-list
speci es the total accrual rate or requests a solution for the accrual rate by specifying a missing value
(ACCRUALRATETOTAL=.). The total accrual rate is the total number of subjects that enter the study
per time unit during the accrual period. The NFRACTIONAL option is automatically enabled when
the ACCRUALRATETOTAL= option is used. For information about specifyingrbmber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.
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ACCRUALTIME= number-list | MAX
ACCTIME=number-list | MAX
ACCRUALT=number-list | MAX

ACCT=number-list | MAX
speci es the accrual time. Accrual is assumed to occur uniformly from time 0 to the time speci ed by
the ACCRUALTIME= option. If the GROUPSURVIVAL= or REFSURVIVAL= option is used, then
the value of the total time (the sum of accrual and follow-up times) must be less than or equal to the
largest time ireachmultipoint (piecewise linear) survival curve. If the ACCRUALRATEPERGROUP=,
ACCRUALRATETOTAL=, or GROUPACCRUALRATES= option is used, then the accrual time must
be greater than 0. For information about specifyingrttmaber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

ACCRUALTIME=MAX can be used when each scenario in the analysis contains at least one piece-
wise linear survival curve (in the GROUPSURVIVAL= or REFSURVIVAL= option). It causes the
accrual time to be automatically set, separately for each scenario, to the maximum possible time
supported by the piecewise linear survival curve(s) in that scenario. It is not compatible with the
FOLLOWUPTIME=MAX option or the TOTALTIME= option.

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

CURVE("label")=points
de nes a survival curve.

For the CURVE= option,

label identi es the curve in the output and with the GROUPLOSS=, GROUPSUR-
VIVAL=, and REFSURVIVAL= options.
points speci es one or more (time, survival) pairs on the curve, where the survival value

denotes the probability of surviving until at least the speci ed time.

A single-point curve is interpreted as exponential, and a multipoint curve is interpreted as piecewise
linear. Points can be expressed in either of two forms:

a series of time:survival pairs separated by spaces. For example:
1:0.9 2:0.7 3:0.6

a DOLIST of times enclosed in parentheses, followed by a colon (:), followed by a DOLIST of
survival values enclosed in parentheses. For example:

(1 to 3 by 1):(0.9 0.7 0.6)
The DOLIST format is the same as in the DATA step.

Points can also be expressed as combinations of the two forms. For example:

1:0.9 2:0.8 (3 to 6 by 1):(0.7 0.65 0.6 0.55)

The points have the following restrictions:
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The time values must be nonnegative and strictly increasing.
The survival values must be strictly decreasing.
The survival value at a time of 0 must be equal to 1.

If there is only one point, then the time must be greater than 0, and the survival value cannot be 0
or 1.

EVENTSTOTAL=number-list
EVENTTOTAL=number-list

EETOTAL=number-list
speci es the expected total number of events—that is, deaths, whether observed or censored—during
the entire study period, or requests a solution for this parameter by specifying a missing value
(EVENTSTOTAL=.). The NFRACTIONAL option is automatically enabled when the EVENTSTO-
TAL= option is used. For information about specifying thenber-list, see the section “Specifying
Value Lists in Analysis Statements” on page 7216.

FOLLOWUPTIME=number-list | MAX

FUTIME=number-list | MAX

FOLLOWUPT=number-list | MAX

FUT=number-list | MAX
speci es the follow-up time, the amount of time in the study past the accrual time. If the GROUPSUR-
VIVAL= or REFSURVIVAL= option is used, then the value of the total time (the sum of accrual and
follow-up times) must be less than or equal to the largest tireaghmultipoint (piecewise linear)
survival curve. For information about specifying tiember-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

FOLLOWUPTIME=MAX can be used when each scenario in the analysis contains at least one
piecewise linear survival curve (in the GROUPSURVIVAL= or REFSURVIVAL= option). It causes
the follow-up time to be automatically set, separately for each scenario, to the maximum possible
time supported by the piecewise linear survival curve(s) in that scenario. It is not compatible with the
ACCRUALTIME=MAX option or the TOTALTIME= option.

GROUPACCRUALRATES= grouped-number-list

GACCRUALRATES= grouped-number-list

GROUPARS=grouped-number-list

GARS=grouped-number-list
speci es the accrual rate for each group. The groupwise accrual rates are the numbers of subjects in
each group that enters the study per time unit during the accrual period. The NFRACTIONAL option
is automatically enabled when the GROUPACCRUALRATES= option is used. For information about
specifying thegrouped-number-list, see the section “Specifying Value Lists in Analysis Statements”
on page 7216.

GROUPLOSS=grouped-name-list

GLOSS=grouped-name-list
speci es the exponential loss survival curve for each group, by using labels speci ed with the CURVE=
option. Loss is assumed to follow an exponential curve, indicating the expected rate of censoring (in
other words, loss to follow-up) over time. For information about specifyingjtheped-name-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.
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GROUPLOSSEXPHAZARDS= grouped-number-list
GLOSSEXPHAZARDS= grouped-number-list
GROUPLOSSEXPHS=grouped-number-list

GLOSSEXPHS=grouped-number-list
speci es the exponential hazards of the loss in each group. Loss is assumed to follow an exponential
curve, indicating the expected rate of censoring (in other words, loss to follow-up) over time. If none
of the GROUPLOSSEXPHAZARDS=, GROUPLOSS=, and GROUPMEDLOSSTIMES= options
are used, the default of GROUPLOSSEXPHAZARDS=(0 0) indicates no loss to follow-up. For
information about specifying thgrouped-number-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

GROUPMEDLOSSTIMES=grouped-number-list
GMEDLOSSTIMES=grouped-number-list
GROUPMEDLOSSTS=grouped-number-list

GMEDLOSSTS=grouped-number-list
speci es the median times of the loss in each group. Loss is assumed to follow an exponential
curve, indicating the expected rate of censoring (in other words, loss to follow-up) over time. For
information about specifying thgrouped-number-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

GROUPMEDSURVTIMES=grouped-number-list
GMEDSURVTIMES=grouped-number-list
GROUPMEDSURVTS=grouped-number-list

GMEDSURVTS=grouped-number-list
speci es the median survival times in each group. When the GROUPMEDSURVTIMES= option is
used, the survival curve in each group is assumed to be exponential. For information about specifying
thegrouped-number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPNS=grouped-number-list

GNS=grouped-number-list
speci es the two group sample sizes. For information about specifyingrtiuped-number-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPSURVEXPHAZARDS=grouped-number-list
GSURVEXPHAZARDS=grouped-number-list
GROUPSURVEXPHS=grouped-number-list

GEXPHS=grouped-number-list
speci es exponential hazard rates of the survival curve for each group. For information about specifying
thegrouped-number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPSURVIVAL=grouped-name-list
GSURVIVAL=grouped-name-list
GROUPSURV=grouped-name-list

GSURV=grouped-name-list
speci es the survival curve for each group, by using labels speci ed with the CURVE= option. For
information about specifying thgrouped-name-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.
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GROUPWEIGHTS=grouped-number-list

GWEIGHTS=grouped-number-list

speci es the sample size allocation weights for the two groups. This option controls how the total
sample size is divided between the two groups. Each pair of values for the two groups represents
relative allocation weights. Additionally, if the NFRACTIONAL option is not used, the total sample
size is restricted to be equal to a multiple of the sum of the two group weights (so that the resulting
design has an integer sample size for each group while adhering exactly to the group allocation
weights). Values must be integers unless the NFRACTIONAL option is used. The default value is
(1 1), a balanced design with a weight of 1 for each group. For information about specifying the
grouped-number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

HAZARDRATIO= number-list

HR=number-list
speci es the hazard ratio of the second group's survival curve to the rst group's survival curve. For
information about specifying theumber-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216.

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. This option is automatically enabled when
any of the following options are used: ACCRUALRATEPERGROUP=, ACCRUALRATETOTAL-=,
EVENTSTOTAL=, and GROUPACCRUALRATES=. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.

NPERGROUP=number-list

NPERG=number-list
speci es the common sample size per group or requests a solution for the common sample size per
group by specifying a missing value (NPERGROUP=.). Use of this option implicitly speci es a
balanced design. For information about specifyingrttiaber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NSUBINTERVAL=number-list
NSUBINTERVALS= number-list
NSUB=number-list

NSUBS=number-list
speci es the number of subintervals per unit time to use in internal calculations. Higher values increase
computational time and memory requirements but generally lead to more accurate results. The default
value is 12. For information about specifying th@nber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). For information about specifying theimber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.
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OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

SIDES=

ACCRUALTIME=
FOLLOWUPTIME=
TOTALTIME=
NSUBINTERVAL=

ALPHA=

REFSURVIVAL=
GROUPSURVIVAL=
REFSURVEXPHAZARD=
HAZARDRATIO=
GROUPSURVEXPHAZARDS=
GROUPMEDSURVTIMES=
GROUPLOSSEXPHAZARDS=
GROUPLOSS=
GROUPMEDLOSSTIMES=
GROUPWEIGHTS=

NTOTAL=
ACCRUALRATETOTAL=
EVENTSTOTAL=
NPERGROUP=
ACCRUALRATEPERGROUP=
GROUPNS=
GROUPACCRUALRATES=
POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order in
which their corresponding options are speci ed in the TWOSAMPLESURVIVAL statement. The
OUTPUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order
in which their correspondingptions are speci ed in the TWOSAMPLESURVIVAL statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlaenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

REFSURVEXPHAZARD=number-list

REFSURVEXPH=number-list
speci es the exponential hazard rate of the survival curve for the rst (reference) group. For information
about specifying theumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.
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REFSURVIVAL=name-list

REFSURV=name-list
speci es the survival curve for the rst (reference) group, by using labels speci ed with the CURVE=
option. For information about specifying tlname-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test or con dence interval.
For information about specifying theyword-list, see the section “Specifying Value Lists in Analysis
Statements” on page 7216. You can specify the follovikegvords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis favoring better survival in the
second group.

L speci es a lower one-sided test, with the alternative hypothesis favoring better survival in the
rst (reference) group.

By default, SIDES=2.

TEST=GEHAN | LOGRANK | TARONEWARE
speci es the statistical analysis. TEST=GEHAN speci es the Gehan rank test. TEST=LOGRANK
(the default) speci es the log-rank test. TEST=TARONEWARE speci es the Tarone-Ware rank test.

TOTALTIME=number-list | MAX

TOTALT=number-list | MAX
speci es the total time, which is equal to the sum of accrual and follow-up times. If the GROUP-
SURVIVAL= or REFSURVIVAL= option is used, then the value of the total time must be less than
or equal to the largest time imachmultipoint (piecewise linear) survival curve. For information
about specifying theumber-list, see the section “Specifying Value Lists in Analysis Statements” on
page 7216.

TOTALTIME=MAX can be used when each scenario in the analysis contains at least one piecewise
linear survival curve (in the GROUPSURVIVAL= or REFSURVIVAL= option). It causes the total time

to be automatically set, separately for each scenario, to the maximum possible time supported by the
piecewise linear survival curve(s) in that scenario. It is not compatible with the ACCRUALTIME=MAX
option or the FOLLOWUPTIME=MAX option.

Restrictions on Option Combinations

To specify the survival curves, choose one of the following parameterizations:

arbitrary piecewise linear or exponential curves (by using the CURVE= and GROUPSURVIVAL=
options)

curves with proportional hazards (by using the CURVE=, REFSURVIVAL=, and HAZARDRATIO=
options)

exponential curves, by using one of the following parameterizations:
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— median survival times (by using the GROUPMEDSURVTIMES= option)

— the hazard ratio and the hazard of the reference curve (by using the HAZARDRATIO= and
REFSURVEXPHAZARD= options)

— the individual hazards (by using the GROUPSURVEXPHAZARDS= option)
To specify the study time, use any two of the following three options:

accrual time (by using the ACCRUALTIME= option)
follow-up time (by using the FOLLOWUPTIME= option)

total time, the sum of accrual and follow-up times (by using the TOTALTIME= option)
To specify the sample size and allocation, choose one of the following parameterizations:

sample size per group in a balanced design (by using the NPERGROUP= option)
accrual rate per group in a balanced design (by using the ACCRUALRATEPERGROUP= option)
total sample size and allocation weights (by using the NTOTAL= and GROUPWEIGHTS= options)

total accrual rate and allocation weights (by using the ACCRUALRATETOTAL= and GROUP-
WEIGHTS= options)

expected total number of events and allocation weights (by using the EVENTSTOTAL= and GROUP-
WEIGHTS= options)

individual group sample sizes (by using the GROUPNS= option)
individual group accrual rates (by using the GROUPACCRUALRATES= option)

The values of parameters that involve expected number of events or accrual rate are converted internally to
the analogous sample size parameterization (that is, the NPERGROUP=, NTOTAL=, or GROUPNS= option)

for the purpose of sample size adjustments according to the presence or absence of the NFRACTIONAL
option.

To specify the exponential loss curves, choose one of the following parameterizations:

a point on the loss curve of each group (by using the CURVE= and GROUPLOSS= options)
median loss times (by using the GROUPMEDLOSSTIMES= option)

the individual loss hazards (by using the GROUPLOSSEXPHAZARDS= option)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the TWOSAMPLESUR-
VIVAL statement.
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Log-Rank Test for Two Survival Curves

You can use the NPERGROUP= option in a balanced design and specify piecewise linear or exponential
survival curves by using the CURVE= and GROUPSURVIVAL= options, as in the following statements.
Default values for the SIDES=, ALPHA=, NSUBINTERVAL=, and GROUPLOSSEXPHAZARDS= options
specify a two-sided test with a signi cance level of 0.05, an assumption of no loss to follow-up, and the use
of 12 subintervals per unit time in computations.

proc power;
twosamplesurvival test=logrank
curve("Control") = (1 2 3):(0.8 0.7 0.6)
curve("Treatment”) = (5):(.6)
groupsurvival = "Control" | "Treatment"
accrualtime = 2
followuptime = 1
npergroup = 50
power = ;
run;

In the preceding example, the “Control” curve is piecewise linear (since it has more than one point), and the
“Treatment” curve is exponential (since it has only one point).

You can also specify an unbalanced design by using the NTOTAL= and GROUPWEIGHTS= options and
specify piecewise linear or exponential survival curves with proportional hazards by using the CURVE=,
REFSURVIVAL=, and HAZARDRATIO= options:

proc power;
twosamplesurvival test=logrank
curve("Control") = (1 2 3):(0.8 0.7 0.6)
refsurvival = "Control"
hazardratio = 1.5
accrualtime = 2

followuptime = 1
groupweights = (1 2)
ntotal = .
power = 0.8;

run;

Instead of computing sample size, you can compute the accrual rate by using the ACCRUALRATETOTAL=
option:

proc power;
twosamplesurvival test=logrank
curve("Control") = (1 2 3):(0.8 0.7 0.6)
refsurvival = "Control"
hazardratio = 1.5
accrualtime = 2

followuptime = 1
groupweights = (1 2)
accrualratetotal = .
power = 0.8;

run;

or the expected number of events by using the EVENTSTOTAL= option:
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proc power;

run;

twosamplesurvival test=logrank

curve("Control") = (1 2 3):(0.8 0.7 0.6)
refsurvival = "Control"

hazardratio = 1.5

accrualtime = 2

followuptime = 1

groupweights = (1 2)

eventstotal = .

power = 0.8;

You can also specify sample sizes with the GROUPNS= option and specify exponential survival curves in
terms of median survival times:

proc power;

run;

twosamplesurvival test=logrank

groupmedsurvtimes = (16 22)
accrualtime = 6

totaltime = 18

groupns = 40 | 60

power = ;

You can also specify exponential survival curves in terms of the hazard ratio and reference hazard. The
default value of the GROUPWEIGHTS= option speci es a balanced design.

proc power;

run;

twosamplesurvival test=logrank

hazardratio = 1.2
refsurvexphazard = 0.7
accrualtime = 2
totaltime = 4

ntotal = 100

power = .;

You can also specify exponential survival curves in terms of the individual hazards, as in the following
statements:

proc power;
twosamplesurvival test=logrank

run;

groupsurvexphazards = 0.7 | 0.84
accrualtime = 2

totaltime = 4

ntotal = .

power = 0.9;

Gehan Rank Test for Two Survival Curves
In addition to the log-rank test, you can also specify the Gehan tank test, as in the following statements.
Default values for the SIDES=, ALPHA=, NSUBINTERVAL=, and GROUPLOSSEXPHAZARDS= options
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specify a two-sided test with a signi cance level of 0.05, an assumption of no loss to follow-up, and the use
of 12 subintervals per unit time in computations.

proc power;
twosamplesurvival test=gehan

groupmedsurvtimes = 5 | 7
accrualtime = 3
totaltime = 6
npergroup = .
power = 0.8;

run;

Tarone-Ware Rank Test for Two Survival Curves

You can also specify the Tarone-Ware tank test, as in the following statements. Default values for the SIDES=,
ALPHA=, NSUBINTERVAL=, and GROUPLOSSEXPHAZARDS= options specify a two-sided test with a
signi cance level of 0.05, an assumption of no loss to follow-up, and the use of 12 subintervals per unit time
in computations.

proc power;
twosamplesurvival test=taroneware

groupmedsurvtimes = 5 | 7
accrualtime = 3
totaltime = 6
npergroup = 100
power = ;

run;

TWOSAMPLEWILCOXON Statement
TWOSAMPLEWILCOXON < options > ;

The TWOSAMPLEWILCOXON statement performs power and sample size analyses for the Wilcoxon-
Mann-Whitney test (also called the Wilcoxon rank-sum test, Mann-Whitney-Wilcoxon test, or Mann-Whitney
U test) for two independent groups.

Note that the O'Brien-Castelloe approach to computing power for the Wilcoxon test is approximate, based on
asymptotic behavior as the total sample size gets large. The quality of the power approximation degrades for
small sample sizes; conversely, the quality of the sample size approximation degrades if the two distributions
are far apart, so that only a small sample is needed to detect a signi cant difference. But this degradation
is rarely a problem in practical situations, in which experiments are usually performed for relatively close
distributions.

Summary of Options

Table 89.27 summarizes tloptions available in the TWOSAMPLEWILCOXON statement.

Table 89.27 TWOSAMPLEWILCOXON Statement Options

Option Description

De ne analysis
TEST= Speci es the statistical analysis
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Table 89.27 continued

Option Description

Specify analysis information

ALPHA= Speci es the signi cance level

SIDES= Speci es the number of sides and the direction of the statistical test
Specify distributions

VARDIST= De nes a distribution for a variable

VARIABLES= Speci es the distributions of two or more variables

Specify sample size and allocation

GROUPNS= Speci es the two group sample sizes

GROUPWEIGHTS= Speci es the sample size allocation weights for the two groups
NFRACTIONAL Enables fractional input and output for sample sizes

NPERGROUP= Speci es the common sample size per group
NTOTAL= Speci es the sample size

Specify power

POWER= Speci es the desired power of the test

Specify computational options
NBINS= Speci es the number of categories for each variable

Control ordering in output
OUTPUTORDER=  Controls the output order of parameters

Table 89.28 summarizes the valid result parameters in the TWOSAMPLEWILCOXON statement.

Table 89.28 Summary of Result Parameters in the
TWOSAMPLEWILCOXON Statement

Analyses Solve For Syntax
TEST=WMW Power POWER=.
Sample size NTOTAL-=.
NPERGROUP-=.

Dictionary of Options

ALPHA= number-list
speci es the level of signi cance of the statistical test. The default is 0.05, which corresponds to the
usual 0.05 100% = 5% level of signi cance. For information about specifying tlaenber-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.

GROUPNS=grouped-number-list

GNS=grouped-number-list
speci es the two group sample sizes. For information about specifyingrtiuped-number-list, see
the section “Specifying Value Lists in Analysis Statements” on page 7216.
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GROUPWEIGHTS=grouped-number-list

GWEIGHTS=grouped-number-list

speci es the sample size allocation weights for the two groups. This option controls how the total
sample size is divided between the two groups. Each pair of values for the two groups represents
relative allocation weights. Additionally, if the NFRACTIONAL option is not used, the total sample
size is restricted to be equal to a multiple of the sum of the two group weights (so that the resulting
design has an integer sample size for each group while adhering exactly to the group allocation
weights). Values must be integers unless the NFRACTIONAL option is used. The default value is
(1 1), a balanced design with a weight of 1 for each group. For information about specifying the
grouped-number-list, see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NBINS=number-list
speci es the number of categories (or “bins”) each variable's distribution is divided into (unless it is
ordinal, in which case the categories remain intact) in internal calculations. Higher values increase
computational time and memory requirements but generally lead to more accurate results. However, if
the value is too high, then numerical instability can occur. Lower values are less likely to produce “No
solution computed” errors. The default value is 1000. For information about specifyingriier-list,
see the section “Specifying Value Lists in Analysis Statements” on page 7216.

NFRACTIONAL

NFRAC
enables fractional input and output for sample sizes. See the section “Sample Size Adjustment
Options” on page 7219 for information about the rami cations of the presence (and absence) of the
NFRACTIONAL option.

NPERGROUP=number-list

NPERG=number-list
speci es the common sample size per group or requests a solution for the common sample size per
group by specifying a missing value (NPERGROUP=.). Use of this option implicitly speci es a
balanced design. For information about specifyingrti@ber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

NTOTAL=number-list
speci es the sample size or requests a solution for the sample size by specifying a missing value
(NTOTAL=.). For information about specifying theimber-list, see the section “Specifying Value
Lists in Analysis Statements” on page 7216.

OUTPUTORDER=INTERNAL | REVERSE | SYNTAX
controls how the input and default analysis parameters are ordered in the output. OUT-
PUTORDER=INTERNAL (the default) arranges the parameters in the output according to the following
order of their correspondingptions:

SIDES

NBINS=

ALPHA=
VARIABLES=
GROUPWEIGHTS=
NTOTAL=
NPERGROUP=
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GROUPNS=
POWER=

The OUTPUTORDER=SYNTAX option arranges the parameters in the output in the same order in
which their corresponding options are speci ed in the TWOSAMPLEWILCOXON statement. The
OUTPUTORDER=REVERSE option arranges the parameters in the output in the reverse of the order
in which their correspondingptions are speci ed in the TWOSAMPLEWILCOXON statement.

POWER=number-list
speci es the desired power of the test or requests a solution for the power by specifying a missing
value (POWER=.). The power is expressed as a probability, a number between 0 and 1, rather than as a
percentage. For information about specifying tlaenber-list, see the section “Specifying Value Lists
in Analysis Statements” on page 7216.

SIDES=keyword-list
speci es the number of sides (or tails) and the direction of the statistical test. You can specify the
following keywords:

1 speci es a one-sided test, with the alternative hypothesis in the same direction as the effect.
speci es a two-sided test.

u speci es an upper one-sided test, with the alternative hypothesis indicating an effect greater
than the null value.

L speci es a lower one-sided test, with the alternative hypothesis indicating an effect less than the
null value.

By default, SIDES=2.

TEST=WMW
speci es the Wilcoxon-Mann-Whitney test for two independent groups This is the default test option.

VARDIST(" label")=distribution (parameters)
de nes a distribution for a variable.

For the VARDIST= option,

label identi es the variable distribution in the output and with the VARIABLES= option.
distribution speci es the distributional form of the variable.
parameters speci es one or more parameters associated with the distribution.

The distributions andparameters are named and de ned in the same way as the distributions and
arguments in the CDF SAS function; for more information, SA& Language Reference: Dictionary
Choices for distributional forms and their parameters are as follows:

ORDINAL ((values) : (probabilities)) is an ordered categorical distribution. Tha&lues are any
numbers separated by spaces. Phababilities are numbers between 0 and 1 (inclusive)
separated by spaces. Their sum must be exactly 1. The numpebabilities must match the
number ofvalues.
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BETA (a,b <,I,r>) is a beta distribution with shape parametarandb and optional location
parametersandr. The values o& andb must be greater than 0, ahdhust be less than The
default values fot andr are 0 and 1, respectively.

BINOMIAL (p, n) is a binomial distribution with probability of successand number of independent
Bernoulli trialsn. The value op must be greater than 0 and less than 1,mnulst be an integer
greater than 0. Ih = 1, then the distribution is binary.

EXPONENTIAL () is an exponential distribution with scalge which must be greater than 0.

GAMMA (a, ) is a gamma distribution with shapeand scale . The values o and must be
greater than O.

LAPLACE ( , ) is a Laplace distribution with location and scale . The value of must be
greater than 0.

LOGISTIC ( , ) isalogistic distribution with location and scale . The value of must be greater
than 0.

LOGNORMAL ( , ) isalognormal distribution with location and scale . The value of must
be greater than O.

NORMAL ( , ) isanormal distribution with meanand standard deviation The value of must
be greater than O.

POISSON (m) is a Poisson distribution with meam. The value ofn must be greater than O.
UNIFORM (I, r) is a uniform distribution on the intervék, r +, wherel < r.

VARIABLES= grouped-name-list

VARS=grouped-name-list
speci es the distributions of two or more variables, using labels speci ed with the VARDIST= option.
For information about specifying thgouped-name-list, see the section “Specifying Value Lists in
Analysis Statements” on page 7216.

Restrictions on Option Combinations

To specify the sample size and allocation, choose one of the following parameterizations:

sample size per group in a balanced design (using the NPERGROUP= option)
total sample size and allocation weights (using the NTOTAL= and GROUPWEIGHTS= options)
individual group sample sizes (using the GROUPNS= option)

Option Groups for Common Analyses

This section summarizes the syntax for the common analyses that are supported in the TWOSAMPLEWIL-
COXON statement.

Wilcoxon-Mann-Whitney Test for Comparing Two Distributions

The following statements performs a power analysis for Wilcoxon-Mann-Whitney tests comparing an ordinal
variable with each other type of distribution. Default values for the ALPHA=, NBINS=, SIDES=, and
TEST= options specify a two-sided test with a signi cance level of 0.05 and the use of 1000 categories per
distribution when discretization is needed.
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proc power;
twosamplewilcoxon

vardist("myordinal”) = ordinal (0 1 2) : (.2 .3 .5))

vardist("mybetal") beta (1, 2)

vardist("mybeta2") beta (1, 2, 0, 2)

vardist("mybinomial®) = binomial (.3, 3)

vardist("myexponential”) = exponential (2)

vardist("mygamma") = gamma (1.5, 2)

vardist("mylaplace") = laplace (1, 2)

vardist("mylogistic") = logistic (1, 2)

vardist("mylognormal™) = lognormal (1, 2)

vardist("mynormal”) = normal (3, 2)

vardist("mypoisson”) = poisson (2)

vardist("myuniform™) = uniform (0, 2)

variables = "myordinal" | "mybetal” "mybeta2" "mybinomial"
"myexponential” "mygamma” "mylaplace"
"mylogistic" "mylognormal” "mynormal”
"mypoisson” "myuniform"”

ntotal = 40
power = ;
run;

Details;: POWER Procedure

Overview of Power Concepts

In statistical hypothesis testing, you typically express the belief that some effect exists in a population by
specifying an alternative hypothesis . You state a null hypothesidg as the assertion that the effect does

not exist and attempt to gather evidence to rejggtin favor of H;. Evidence is gathered in the form of
sample data, and a statistical test is used to assgsk H is rejected but there really iw effect, this is

called aType | error. The probability of a Type | error is usually designated “alpha” pand statistical tests

are designed to ensure thats suitably small (for example, less than 0.05).

If there really is an effect in the population bdt is notrejected in the statistical test, thegpe Il error

has been made. The probability of a Type Il error is usually designated “beta"Thne probability 1 — of
avoiding a Type Il error—that is, correctly rejectihty and achieving statistical signi cance—is called the
power (NOTE: Another more general de nition of power is the probability of rejectithg for any given

set of circumstances, even those that correspohthtbeing true. The POWER procedure uses this more
general de nition.)

An important goal in study planning is to ensure an acceptably high level of power. Sample size plays a
prominent role in power computations because the focus is often on determining a suf cient sample size to
achieve a certain power, or assessing the power for a range of different sample sizes.

Some of the analyses in the POWER procedure focupreaisionrather than power. An analysis of
con dence interval precision is analogous to a traditional power analysis, with “Cl Half-Width” taking
the place of effect size and “Prob(Width)” taking the place of power. ThHalf-Widthis the margin of
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error associated with the con dence interval, the distance between the point estimate and an endpoint. The
Prob(Width)is the probability of obtaining a con dence interval witth mosta target half-width.

Summary of Analyses

Table 89.29 gives a summary of the analyses supported in the POWER procedure. The name of the analysis
statement re ects the type of data and design. The TEST=, Cl=, and DIST= options specify the focus of
the statistical hypothesis (in other words, the criterion on which the research question is based) and the test
statistic to be used in data analysis.

Table 89.29 Summary of Analyses

Analysis Statement Options

Cox proportional hazards regression: score COXREG
test

Logistic regression: likelihood ratio LOGISTIC

chi-square test

Multiple linear regression: Type IF test MULTREG

Correlation: Fisher'z test ONECORR DIST=FISHERZ
Correlation:t test ONECORR DIST=T
Binomial proportion: exact test ONESAMPLEFREQ TEST=EXACT
Binomial proportion:z test ONESAMPLEFREQ TEST=Z
Binomial proportion:z test with continuity = ONESAMPLEFREQ TEST=ADJZ

adjustment

Binomial proportion: exact equivalence test ONESAMPLEFREQ TEST=EQUIV_EXACT

Binomial proportion:z equivalence test ONESAMPLEFREQ TEST=EQUIV_Z

Binomial proportion:z test with continuity = ONESAMPLEFREQ TEST=EQUIV_ADJZ

adjustment

Binomial proportion: con dence interval ONESAMPLEFREQ CI=AGRESTICOULL
CI=JEFFREYS
CI=EXACT
CI=WALD
CI=WALD_CORRECT
CI=WILSON

One-samplé test ONESAMPLEMEANS TEST=T

One-samplé test with lognormal data ONESAMPLEMEANS TEST=T
DIST=LOGNORMAL

One-sample equivalence test for mean of ONESAMPLEMEANS TEST=EQUIV

normal data

One-sample equivalence test for mean of ONESAMPLEMEANS TEST=EQUIV

lognormal data

DIST=LOGNORMAL




Summary of Analyses F 7215

Table 89.29 continued

Analysis Statement Options

Con dence interval for a mean ONESAMPLEMEANS CI=T

One-way ANOVA: one-degree-of-freedom ONEWAYANOVA TEST=CONTRAST
contrast

One-way ANOVA: overallF test ONEWAYANOVA TEST=0OVERALL
McNemar exact conditional test PAIREDFREQ

McNemar normal approximation test PAIREDFREQ DIST=NORMAL
Pairedt test PAIREDMEANS TEST=DIFF
Pairedt test of mean ratio with lognormal dataPAIREDMEANS TEST=RATIO
Paired additive equivalence of mean PAIREDMEANS TEST=EQUIV_DIFF
difference with normal data

Paired multiplicative equivalence of mean PAIREDMEANS TEST=EQUIV_RATIO
ratio with lognormal data

Con dence interval for mean of paired PAIREDMEANS CI=DIFF
differences

Farrington-Manning score test for proportionTWOSAMPLEFREQ TEST=FM
difference

Farrington-Manning score test for relative risk WOSAMPLEFREQ TEST=FM_RR
Pearson chi-square test for two independenTWOSAMPLEFREQ TEST=PCHI
proportions

Fisher's exact test for two independent TWOSAMPLEFREQ TEST=FISHER
proportions

Likelihood ratio chi-square test for two TWOSAMPLEFREQ TEST=LRCHI

independent proportions

Two-sampld test assuming equal variances  TWOSAMPLEMEANS TEST=DIFF

Two-sample Satterthwaiteest assuming TWOSAMPLEMEANS TEST=DIFF_SATT
unequal variances

Two-sample pooletlitest of mean ratio with  TWOSAMPLEMEANS TEST=RATIO
lognormal data

Two-sample additive equivalence of mean TWOSAMPLEMEANS TEST=EQUIV_DIFF
difference with normal data

Two-sample multiplicative equivalence of TWOSAMPLEMEANS TEST=EQUIV_RATIO
mean ratio with lognormal data

Two-sample con dence interval formean TWOSAMPLEMEANS CI=DIFF

difference

Log-rank test for comparing two survival TWOSAMPLESURVIVAL TEST=LOGRANK
curves

Gehan rank test for comparing two survival TWOSAMPLESURVIVAL TEST=GEHAN
curves

Tarone-Ware rank test for comparing two  TWOSAMPLESURVIVAL TEST=TARONEWARE
survival curves

Wilcoxon-Mann-Whitney (rank-sum) test TWOSAMPLEWILCOXON
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Specifying Value Lists in Analysis Statements

To specify one or more scenarios for an analysis parameter (or set of parameters), you provide a list of values
for the statement option that corresponds to the parameter(s). To identify the parameter you want to solve for,
you place missing values in the appropriate list.

There are ve basic types of such listeyword-lists, number-lists, grouped-number-lists, name-lists, and
grouped-name-lists. Some parameters, such as the direction of a test, have values represented by one or
more keywords in &eyword-list. Scenarios for scalar-valued parameters, such as power, are represented by a
number-list. Scenarios for groups of scalar-valued parameters, such as group sample sizes in a multigroup
design, are represented byrauped-number-list. Scenarios for named parameters, such as reference survival
curves, are represented byiame-list. Scenarios for groups of named parameters, such as group survival
curves, are represented bg@uped-name-list.

The following subsections explain these ve basic types of lists.

Keyword-Lists

A keyword-list is a list of one or more keywords, separated by spaces. For example, you can specify both
two-sided and upper-tailed versions of a one-sartsst as follows:

SIDES = 2 U

Number-Lists

A number-list can be one of two things: a series of one or more numbers expressed in the form of one or
more DOLISTS, or a missing value indicator (.).

The DOLIST format is the same as in the DATA step language. For example, for the one-séespieou
can specify four scenarios (30, 50, 70, and 100) for a total sample size in any of the following ways.

NTOTAL
NTOTAL

30 50 70 100
30 to 70 by 20 100

A missing value identi es a parameter as the result parameter; it is valid only with options representing

parameters you can solve for in a given analysis. For example, you can request a solution for NTOTAL as
follows:

NTOTAL = .

Grouped-Number-Lists

A grouped-number-list speci es multiple scenarios for numeric values in two or more groups, possibly
including missing value indicators to solve for a speci ¢ group. The list can assume one of two general forms,
a “crossed” version and a “matched” version.
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Crossed Grouped-Number-Lists

The crossed version of a grouped number list consists of a semesnbkr-lists (see the section “Number-

Lists” on page 7216), one representing each group, with groups separated by a vertical bar (|). The values
for each group represent multiple scenarios for that group, and the scenarios for each individual group are
crossed to produce the set of all scenarios for the analysis option. For example, you can specify the following
six scenarios for the sizes; n,/ of two groups

.20; 30/.20; 40/.20; 50/
.25; 30/.25; 40/.25; 50/

as follows:
GROUPNS = 20 25 | 30 40 50

If the analysis can solve for a value in one group given the other groups, then onenofrtbeer-lists in a
crossed grouped-number-list can be a missing value indicator (.). For example, in a two-sabipk you
can posit three scenarios for the group 2 sample size while solving for the group 1 sample size:

GROUPNS = . | 30 40 50

Some analyses can involve more than two groups. For example, you can spe@fy 2 = 6 scenarios for
the means of three groups in a one-way ANOVA as follows:

GROUPMEANS = 10 12 | 10 to 20 by 5 | 24

Matched Grouped-Number-Lists

The matched version of a grouped number list consists of a series of numeric lists, each enclosed in
parentheses. Each list consists of a value for each group and represents a single scenario for the analysis
option. Multiple scenarios for the analysis option are represented by multiple lists. For example, you can
express the crossed grouped-number-list

GROUPNS = 20 25 | 30 40 50

alternatively in a matched format:

GROUPNS = (20 30) (20 40) (20 50) (25 30) (25 40) (25 50)

The matched version is particularly useful when you want to include only a subset of all combinations of
individual group values. For example, you might want to pair 20 only with 50, and 25 only with 30 and 40:

GROUPNS = (20 50) (25 30) (25 40)

If the analysis can solve for a value in one group given the other groups, then you can replace the value for
that group with a missing value indicator (.). If used, the missing value indicator must occur in the same
group in every scenario. For example, you can solve for the group 1 sample size (as in the section “Crossed
Grouped-Number-Lists” on page 7217) by using a matched format:
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GROUPNS = (. 30) (. 40) (. 50)

Some analyses can involve more than two groups. For example, you can specify two scenarios for the means
of three groups in a one-way ANOVA:

GROUPMEANS = (15 24 32) (12 25 36)

Name-Lists

A name-list is a list of one or more names that are enclosed in single or double quotation marks and separated
by spaces. For example, you can specify two scenarios for the reference survival curve in a log-rank test as
follows:

REFSURVIVAL = "Curve A" "Curve B"

Grouped-Name-Lists

A grouped-name-list speci es multiple scenarios for names in two or more groups. The list can assume one
of two general forms, a “crossed” version and a “matched” version.

Crossed Grouped-Name-Lists

The crossed version of a grouped name list consists of a senemeflists (see the section “Name-Lists”

on page 7218), one representing each group, with groups separated by a vertical bar (]). The values for each
group represent multiple scenarios for that group, and the scenarios for each individual group are crossed
to produce the set of all scenarios for the analysis option. For example, you can specify the following six
scenarios for the survival curves; ; ¢,/ of two groups

."Curve A" "Curve C'."Curve A", "Curve D'/. "Curve A";"Curve EY
."Curve B"™ "Curve C'l."Curve B""Curve D'/. "Curve B" "Curve E'/

as follows:

GROUPSURVIVAL = "Curve A" "Curve B" | "Curve C" "Curve D"
"Curve E"

Matched Grouped-Name-Lists

The matched version of a grouped name list consists of a series of name lists, each enclosed in parentheses.
Each list consists of a name for each group and represents a single scenario for the analysis option. Multiple
scenarios for the analysis option are represented by multiple lists. For example, you can express the crossed
grouped-name-list

GROUPSURVIVAL = "Curve A" "Curve B" | "Curve C" "Curve D"
"Curve E"

alternatively in a matched format:
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GROUPSURVIVAL = ("Curve A" "Curve C")

("Curve A" "Curve D")
("Curve A" "Curve E")
("Curve B" "Curve C")
("Curve B" "Curve D")
("Curve B" "Curve E")

The matched version is particularly useful when you want to include only a subset of all combinations of
individual group values. For example, you might want to pair “Curve A’ only with “Curve C”, and “Curve B”
only with “Curve D" and “Curve E”:

GROUPSURVIVAL = ("Curve A" "Curve C")
("Curve B" "Curve D")
("Curve B" "Curve E")

Sample Size Adjustment Options

By default, PROC POWER rounds sample sizes conservatively (down in the input, up in the output) so that
all total sizes (and individual group sample sizes, if a multigroup design) are integers. This is generally
considered conservative because it selects the closest realistic design pravidiogtthe power of the
(possibly fractional) input or mathematically optimized design. In addition, in a multigroup design, all group
sizes are adjusted to be multiples of the corresponding group weights. For example, if GROUPWEIGHTS =
(2 6), then all group 1 sample sizes become multiples of 2, and all group 2 sample sizes become multiples of
6 (and all total sample sizes become multiples of 8).

With the NFRACTIONAL option, sample size input is hot rounded, and sample size output (whether total or
groupwise) are reported in two versions, a raw “fractional” version and a “ceiling” version rounded up to the
nearest integer.

Whenever an input sample size is adjusted, both the original (“nominal”) and adjusted (“actual”) sample
sizes are reported. Whenever computed output sample sizes are adjusted, both the original input (“nominal”)
power and the achieved (“actual”) power at the adjusted sample size are reported.

Error and Information Output

The Error column in the main output table provides reasons for missing results and ags numerical results
that are bounds rather than exact answers. For example, consider the sample size analysis implemented by
the following statements:

proc power;
twosamplefreq test=fm_rr

relativerisk=1.0001
refproportion=.4
nullrelativerisk=1
power=.9
ntotal=.;

run;
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Figure 89.6 Error Column

The output in Figure 89.6 reveals that the sample size to achieve a power of 0.9 could not be computed, but
that the sample size 2.15E+09 achieves a power of 0.473.

The Info column provides further details about Error column entries, warnings about any boundary conditions
detected, and notes about any adjustments to input. Note that the Info column is hidden by default in the
main output. You can view it by using the ODS OUTPUT statement to save the output as a data set and the
PRINT procedure. For example, the following SAS statements print both the Error and Info columns for a
power computation in a two-sampiéest:

proc power;
twosamplemeans
meandiff= 0 7
stddev=2
ntotal=2 5
power=.;
ods output output=Power;
run;

proc print noobs data=Power;
var MeanDiff NominalNTotal NTotal Power Error Info;
run;

The output is shown in Figure 89.7.

Figure 89.7 Error and Info Columns
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The mean difference of 0 speci ed with the MEANDIFF= option leads to a “No effect” message to appear
in the Info column. The sample size of 2 speci ed with the NTOTAL= option leads to an “Invalid input”
message in the Error column and an “NTotal too small” message in the Info column. The sample size of 5

leads to an “Input N adjusted” message in the Info column because it is rounded down to 4 to produce integer
group sizes of 2 per group.

Displayed Output
If you use the PLOTONLY option in the PROC POWER statement, the procedure displays only graphical
output. Otherwise, the displayed output of the POWER procedure includes the following:

the “Fixed Scenario Elements” table, which shows all applicable single-valued analysis parameters, in

the following order: distribution, method, parameters that are input explicitly, and parameters that are
supplied with defaults

an output table that shows the following when applicable (in order): the index of the scenario, all
multivalued input, ancillary results, the primary computed result, and error descriptions

plots (if requested)

For each input parameter, the order of the input values is preserved in the output.

Ancillary results include the following:

Actual Power, the achieved power, if it differs from the input (Nominal) power value

Actual Prob(Width), the achieved precision probability, if it differs from the input (Nominal) probability
value

Actual Alpha, the achieved signi cance level, if it differs from the input (Nominal) alpha value

fractional sample size, if the NFRACTIONAL option is used in the analysis statement

If sample size is the result parameter and the NFRACTIONAL option is used in the analysis statement, then
both “Fractional” and “Ceiling” sample size results are displayed. Fractional sample sizes correspond to the
“Nominal” values of power or precision probability. Ceiling sample sizes are simply the fractional sample

sizes rounded up to the nearest integer; they correspond to “Actual” values of power or precision probability.

ODS Table Names

PROC POWER assigns a name to each table that it creates. You can use these names to reference the table
when using the Output Delivery System (ODS) to select tables and create output data sets. These names are
listed in Table 89.30. For more information about ODS, see Chapter 20, “Using the Output Delivery System.”
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Table 89.30 ODS Tables Produced by PROC POWER

ODS Table Name Description Statement

FixedElements Factoid with single-valued analysis parameters Default*

Output All input and computed analysis parameters, error messages, &sdault
information messages for each scenario

PlotContent Data contained in plots, including analysis parameters and indi€@OT

identifying plot features.NOTE: This table is saved as a data set
and not displayed in PROC POWER output.)

*Depends on input.

Computational Resources

Memory

In the TWOSAMPLESURVIVAL statement, the amount of required memory is roughly proportional to the
product of the number of subintervals (speci ed by the NSUBINTERVAL= option) and the total time of the
study (speci ed by the ACCRUALTIME=, FOLLOWUPTIME=, and TOTALTIME= options). If you run out

of memory, then you can try either specifying a smaller number of subintervals, changing the time scale to a
use a longer time unit (for example, years instead of months), or both.

CPU Time

In the Satterthwaitétest analysis (TWOSAMPLEMEANS TEST=DIFF_SATT), the required CPU time
grows as the mean difference decreases relative to the standard deviations. In the PAIREDFREQ statement,
the required CPU time for the exact power computation (METHOD=EXACT) grows with the sample size.

Computational Methods and Formulas

This section describes the approaches that PROC POWER uses to compute power for each analysis. The rst
subsection de nes some common notation. The following subsections describe the various power analyses,
including discussions of the data, statistical test, and power formula for each analysis. Unless otherwise
indicated, computed values for parameters besides power (for example, sample size) are obtained by solving
power formulas for the desired parameters.
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Common Notation

Table 89.31 displays notation for some of the more common parameters across analyses. The Associated
Syntax column shows examples of relevant analysis statement options, where applicable.

Table 89.31 Common Notation

Symbol Description Associated Syntax
Signi cance level ALPHA=
N Total sample size NTOTAL=, NPAIRS=
n; Sample size inth group NPERGROUP=,
GROUPNS=
Wi Allocation weight forith group (standardized to sum GROUPWEIGHTS=
to 1)
(Arithmetic) mean MEAN=
i (Arithmetic) mean irith group GROUPMEANS=,
PAIREDMEANS=
di (Arithmetic) mean difference, » p0r T R MEANDIFF=
0 Null mean or mean difference (arithmetic) NULL=, NULLDIFF=
Geometric mean MEAN=
i Geometric mean irth group GROUPMEANS=,
PAIREDMEANS=
0 Null mean or mean ratio (geometric) NULL=, NULLRATIO=
Standard deviation (or common standard deviation pgTf DDEV=
group)
i Standard deviation irth group GROUPSTDDEVS=,
PAIREDSTDDEVS=
di Standard deviation of differences
Ccv Coef cient of variation, de ned as the ratio of the = CV=, PAIREDCVS=

standard deviation to the (arithmetic) mean on the
original data scale

Correlation CORR=

T R Treatment and reference (arithmetic) means for GROUPMEANS=,
equivalence test PAIREDMEANS=

T, R Treatment and reference geometric means for GROUPMEANS-=,
equivalence test PAIREDMEANS=

L Lower equivalence bound LOWER=

U Upper equivalence bound UPPER=

t.;/ t distribution withdf and noncentrality

F. 1; 2;/ Fdistribution with numeratodf 1, denominatodf
2, and noncentrality
tp pth percentile ot distribution withdf
Fpi 1o pth percentile of distribution with numeratodf 1
and denominatodf »
Bin.N; p/ Binomial distribution with sample sizd and
proportionp
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A “lower one-sided” test is associated with SIDES=L (or SIDES=1 with the effect smaller than the null

value), and an “upper one-sided” test is associated with SIDES=U (or SIDES=1 with the effect larger than
the null value).

Owen (1965) de nes a function, known as Owe@sthat is convenient for representing terms in power
formulas for con dence intervals and equivalence tests:
P— Z
2 b tx

Q .t la;b/D ———— ~ p= x 1 .x/ dx

where . / and”. [ are the density and cumulative distribution function of the standard normal distribution,
respectively.

Analyses in the COXREG Statement

Score Test of a Single Scalar Predictor in Cox Proportional Hazards Regression (TEST=SCORE)

The power-computing formula is based on Hsieh and Lavori (2000, equation (2) and the section “Variance
In ation Factor” on page 556).

De ne the following notation for a Cox proportional hazards regression analysis:

N D # subjects .NTOTAL/
K D # predictors

x D .X1;:::;xk /°D vector of predictors
x1 D predictor of interest
X 1D Xoiiiiixg /0

h.tjx/ D hazard function for survival time given evaluated at time
ho.t/ D baseline hazard at tirme
h; D hazard ratio for one-unit increasexa (HAZARDRATIO)
pe D Prob.eventis uncensoréd . EVENTPROB
D standard deviation of; (STDDEV)
D Corr.x 1;X1/

R? D 2 D R? value from regression of; onx 1 .RSQUARH
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The Cox proportional hazards regression model is

log.htjx=ho.t// D x
D 1X1C C K XK

You can convert a regression coef cient to a hazard ratio by using the equmtidrexp. 1/.
The hypothesis test of the rst predictor variable is

Ho\fgrDl

< h, o 1; two-sided
H1W h; <1; upperone-sided
" hy>1; lowerone-sided

The upper and lower one-sided cases are expressed differently than in other analyses. This ihpechuse
corresponds to a negative correlation between the tested predictor and survival and thus, by the convention
used in PROC POWER for regression analyses, the lower side.

The approximate power is

AP0

P .
"oz Npe.l R2/log.h/ ; upper one-sided
P .
powerD . 1 = 2z Npe.l1 R2?/log.h,/ ; lower one-sided
Tz, P Npe.l R2/logh/ C1 ~= 2z 5 P Npe.l1 R2?/log.h,/ ; two-sided

For the one-sided cases, a closed-form inversion of the power equation yields an approximate total sample
size

!
Zpower C 71

N D
pe.l R2/ 2log.h,/

For the two-sided case, the solution fbiis obtained by numerically inverting the power equation.

Analyses in the LOGISTIC Statement

Likelihood Ratio Chi-Square Test for One Predictor (TEST=LRCH]I)
The power-computing formula is based on Shieh and O'Brien (1998); Shieh (2000); Self, Mauritsen, and
Ohara (1992), and Hsieh (1989).
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De ne the following notation for a logistic regression analysis:

N D # subjects .NTOTAL/
K D # predictors (not counting intercept)

XD X1;::i5Xk /°D random variables for predictor vector
X 1D Xp;iiixk /0
D. 1::::; k/°D Ex D mean predictor vector
Xi D .xi1;:::;xik /9D predictor vector for subjedt .i 2 1;:::;N/

pi D Prob.Y; D 1jxj/ .i 21;:::;N/
D Prob.Y; D 1jx; D / .RESPONSEPROB
Uj D unit change foy th predictor .UNITS/
OR; D Odds.Y; D 1jxj D c¢/=0dds.Y; D 1jxj D c U;/ .c arbitraryi 2 1;:::;N;
j 21;:::;K/ (TESTODDSRATIO ifj D 1;COVODDSRATIOS ifj > 1/

%q D TESTREGCOEFF, others = COVREGCOEHRFS
D Corr.x 1;x1/ .CORR
¢; D #distinct possible values of; .j 2 1;:::;K/. foranyi/ .NBINS/
? D gth possiblevalue at; .9 21;:::;6/) 21;:::,K/

Xgi
foranyi/ .VARDIST/

gi D Prob x; ngj 92156l 215K/
foranyi/ .VARDIST/

K
CD ¢; D # possible values of; .for anyi/

iD1
x? D mth possible value of;, .m 2 1;:::;C/
mDProb x, Dx, .m21;:::;C/

The logistic regression model is

log lL D %e C %

Pi
The hypothesis test of the rst predictor variable is

HoWa D O
Hi{\Mq o O
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Assuming independence among all predictor variablgsis de ned as follows:

W
m D h.msjlj m21;..:;C/
jD1
whereh.m;j/ is calculated according to the following algorithm:
zD ml
do j DK to 1l
h.m;j/ Dmod.z 1;g/C1l
zD oor.z 1l/=g/C1l
end

j

h.m;j/ 1 2 K 1 K
111 1 1 1
111 1 1 2

1 1 1 CK

1 1 2 1

1 1 2 2

m 1 1 2 Ck
C1 Co Ck 1 1

C1 C Ck 1 2

Cla ¢ Ck 1 Ck

Thex?, values are determined in a completely analogous manner.

The discretization is handled as follows (unless the distribution is ordinal, or binomial with sample size
parameter at least as large as requested number of bins); fgenerate; quantiles at evenly spaced
probability values such that each such quantile is at the midpoint of a bin with prob%ljailim other words,

g

?
Xgj D

th quantile of relevant distribution

1
g D a (same for allg)
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The primary noncentrality for the power computation is

? )é: ? ?
e D2 m b% W/ m m b. m/ b. 5/

where
exp. /

1C exp. /

b./ Dlog.1Cexp.//
m D %g C %X,
7 D %g¢ C %o %2,

b/ D

where

%Q?J D %g C %q 1 D interceptin reduced model, absorbing the tested predictor

The power is
powerD P 2.1:¢« °N.1 2/ 2

The factor.1 2/ is the adjustment for correlation between the predictor that is being tested and other
predictors, from Hsieh (1989).

Alternative input parameterizations are handled by the following transformations:

%g D log YR %0’

D log.OR; /

%9 5
j

Analyses in the MULTREG Statement

Type Il F Test in Multiple Regression (TEST=TYPE3)

Maxwell (2000) discusses a number of different ways to represent effect sizes (and to compute exact power
based on them) in multiple regression. PROC POWER supports two of these, multiple partial correlation and
R? in full and reduced models.

Let p denote the total number of predictors in the full model (excluding the intercept), avidiiote the
response variable. You are testing that the coef cientsiof 1 predictors in a seX4 are 0, controlling for
all of the other predictorX i, which consistsop pi1 Ovariables.

The hypotheses can be expressed in two different ways. The rstis in termsofx ., the multiple partial
correlation between the predictorsXn and the responsé adjusting for the predictors iK ;:

Hovv$x1jx DO
HiWiy ix , >0
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The second is in terms of the multiple correlations in full (x ,.x ,/) and reduced (yjx ,) nested models:

2
H0W\2(j.xl;x 1/ YiX 1 DO

2
HlW\Z(j.xl;x J yjx ., >0

Note that the squared values 6fj x,.x ,; and yjx , arethe populatioR? values for full and reduced
models.

The test statistic can be written in terms of the sample multiple partial correRtignx ,,

8 R
< N 1 p/%; intercept
F D ) YX 1jX 1
TN prReaxs no intercept
. X ;
1 RYX 1iX 1

or the sample multiple correlations in fuR¢; x ,:x ,/) and reducedRyx ,) models,

? RZ . . RZ.
< N 1 p/X2Xa% 2l YX 1. intercept
F D 1 RYJ.X 1.X 1/
2 R2. . . ; R2.
N p/ XX ol YIX g, no intercept
1 RY]X]_;X 1/

The test is the usual Type IR test in multiple regression:

F F1 .p1;N 1 p/; intercept

Reject Ho if Fi. puN pl: no intercept

Although the test is invariant to whether the predictors are assumed to be random or xed, the power is
affected by this assumption. If the response and predictors are assumed to have a joint multivariate normal
distribution, then the exact power is given by the following formula:

8

2 R2, .
N 1 YX 1jX . o

<P P1 " TR Fi1 .pu;N 1 p/ ; intercept

powerD . , XX g

PR in: S F N p/ ; no intercept

' 2 1 pl! p y p
pl 1 RYX iX

8 1] 1

p Fi_.pasN 1 p/ .

< P R{y, L © intercept

D YXX 1 Fp puN 1 plc% P

=] R2 ] F1 .p1;N p/ .
YX1JX 1 Fq .p1:N p/CNTlﬂ '

no intercept

The distribution OR\Z(leX ) (for any $lex 1) is given in Chapter 32 of Johnson, Kotz, and Balakrishnan
(1995). Sample size tables are presented in Gatsonis and Sampson (1989).

If the predictors are assumed to have xed values, then the exact power is given by the norfeentral
distribution. The noncentrality parameter is

2
YX1jX
D N 1) 1

2
1 YX1jX 1
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or equivalently,
2 2
Yj.X 1;X 1/ ij 1

2
1 Yj.X 1;X 1/

DN

The power is

P.Fpiy N 1 p;/ F1 .p1;N 1 p/l; intercept

power D PFpiN p;/ Fi puN pli; no intercept

The minimum acceptable input valuedfdepends on several factors, as shown in Table 89.32.

Table 89.32 Minimum Acceptable Sample Size Values in the MULTREG Statement

Predictor Type Interceptin Model? pi D 1?  Minimum N

Random Yes Yes p+3
Random Yes No p+2
Random No Yes p+2
Random No No p+1
Fixed Yes Yes or No p+2
Fixed No Yes or No p+1

Analyses in the ONECORR Statement

Fisher's z Test for Pearson Correlation (TEST=PEARSON DIST=FISHERZ)
Fisher'sz transformation (Fisher 1921) of the sample correlaBan x ,.x ,/ is de ned as

1CRyjx,:x 4/
1 Ryjx.x 1/

leIo
5 g

Fisher'sz test assumes the approximate normal distribution 2/ for z, where

D }Iog 1C vjx,x 4/ YjX 13X 1/?
2 1 YiX X 1/ 2.N 1 p/

and
1
2p .
N 3 p~

wherep? is the number of variables partialed out (Anderson 1984, pp. 132-133)\gnd x ,/ is the
partial correlation betweeYi andX 1 adjusting for the set of zero or more variab}s; .

The test statistic

1 1C o 0

? 2,1
z’D.N 3 ‘12z =lo
P 2°9 1T, 2N 1 p7




Computational Methods and Formulas F 7231

is assumed to have a normal distributldn; / , where ¢ is the null partial correlation andand are
derived from Section 16.33 of Stuart and Ord (1994):

5C 2

D .N 3 p?/% Elog 1C YiX ;X 1/ Yj.X1;X 1/9 YiX 1:X 91/
2 1 Yj.X l';X 1/ 2.N 1 p/ 4.N #1 p/
2 4 .
11C 2 YjiX1: X 1/ C3 YiX1X 1/ }Iog 1C o 0
8N 1 p?/32 2 1 o 2N 1 p?/
n #

2 2 4
N 3 p? c 4 Yixax o ~22 6 9ixix 1 3 Yixax 1
N 1 p’ 2N 1 p?l 6N 1 pi/2

The approximate power is computed as

; upper one-sided

APPOPO
>
N
N[

>
N
[~

power D ; lower one-sided

N

N
iy

SEDMNM

>

i\
N
@)
>

———2 : two-sided

N
N

Because the test is biased, the achieved signi cance level might differ from the nominal signi cance level.
The actual alpha is computed in the same way as the power, except that the correlpgion ,; is replaced
by the null correlation .

t Test for Pearson Correlation (TEST=PEARSON DIST=T)
The two-sided case is identical to multiple regression with an intercepp am 1, which is discussed in the
section “Analyses in the MULTREG Statement” on page 7228.

Letp? denote the number of variables partialed out. For the one-sided cases, the test statistic is

(DN 2 p?hRvxix.

N[

2
1 Ryxx 4

which is assumed to have a null distributiontd 2 p~?/.

If the X andY variables are assumed to have a joint multivariate normal distribution, then the exact power is
given by the following formula:
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8 2 3
E< PA4N 2 p?/%RYXl—jxl% tt .N 2 p?/5; upperone-sided
2
powerD ., 2 ' Ry 3
2 pAN 2 p?/%RYXl—Jxll t.N 2 p?/5; lowerone-sided
.8 n 1 R$X 1iX 1 ’ #
2P Ryx.x o b N 2p" - ypperone-sided
b " 7 N 2 p?/ICN 2 p?lg
2P Ryjx,x 1 tN 29" - |owerone-sided

2N 2 p?/CN 2 p?/2

The distribution oRy; x ,:x ,/ (given the underlying true correlatior x ,.x ,/) is given in Chapter 32 of
Johnson, Kotz, and Balakrishnan (1995).

If the X variables are assumed to have xed values, then the exact power is given by the nortcentral
distributiont.N 2 p?; /, where the noncentrality is

D N% YleX 1 T
2 2
L Ixaix .
The power is
PtN 2 p?;/ t. .N 2 p?/; upperone-sided
powerD  p N 2 p?:/ t.N 2 p?/; lowerone-sided

Analyses in the ONESAMPLEFREQ Statement

Exact Test of a Binomial Proportion (TEST=EXACT)
Let X be distributed aBin.N; p/ . The hypotheses for the test of the proportere as follows:

Ho\%' D po
< p @ po; two-sided
HiW p>po; upperone-sided
p<po; lowerone-sided

The exact test assumes binomially distributed data and reduiresl and0 < pg < 1. The test statistic is

X D number of successés Bin.N; p/

The signi cance probability is split symmetrically for two-sided tests, in the sense that each tail is lled
with as much as possible up te2 .
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Exact power computations are based on the binomial distribution and computing formulas such as the
following from Johnson, Kotz, and Kemp (1992, equation 3.20):

PX CjN;p/DP F,., 12—pp/ where 1D 2Cand ,D2N CC1/
1.

Let C. andCy denote lower and upper critical values, respectively. Letlenote the achieved (actual)
signi cance level, which for two-sided tests is the sum of the favorable major tgi) @nd the opposite
minor tail ( ).

For the upper one-sided case,
Cyu D minfC W.X  Cjpo/ g
RejectHg if X Cy

aDP.X Cyjpo/
powerD P.X  Cyjp/

For the lower one-sided case,

C. D maxfC W.X  Cjpo/ g
RejectHg if X C_
aDP.X CLjpo/
powerD P.X  C_jp/

For the two-sided case,

C. D maxfiC W.X Cjpo/ =9

Cu D minfCW.X Cjpo/ =9

RejectHpif X CLorX Cy
aDP.X CpLorX Cyjpo/
powerD P.X C_orX Cyjp/

z Test for Binomial Proportion Using Null Variance (TEST=Z VAREST=NULL)
For the normal approximation test, the test statistic is

X Npo

zx/ b —2 PO
@®po.1 pole2

For the METHOD=EXACT option, the computations are the same as described in the section “Exact Test of
a Binomial Proportion (TEST=EXACT)” on page 7232 except for the de nitions of the critical values.

For the upper one-sided case,

Cy D minfC Wz.C/ Z1 ¢



7234 F Chapter 89: The POWER Procedure

For the lower one-sided case,

C.DmaxtCW.C/ zg

For the two-sided case,

C. DmaxfCw.C/ z_g

2

Cy D minfCW.C/ 1z 59

For the METHOD=NORMAL option, the test statiscX/ is assumed to have the normal distribution
!

Nzp po/  pl pl
@1 polez Po-l po/

The approximate power is computed as

N

!
z CpN P Po °
a Pol Pof
1ol pl
p Pol Po |
; PNprro
~ 1 / .
power D g—=0 PO lower one-sided
pPO-l po/ | p !
2 cPNplro ;. PNprro

~ 2 Po-l po/ c" 2 g Po-l po/
pl _pl pl_p/ !
Po-l po/ po-l po/

; upper one-sided

AP

O

two-sided

The approximate sample size is computed in closed form for the one-sided cases by inverting the power
equation,

pP— p_—_ !>
N D Zpower P1 p/C2zy Po.1  po/
P Po

and by numerical inversion for the two-sided case.

z Test for Binomial Proportion Using Sample Variance (TEST=Z VAREST=SAMPLE)
For the normal approximation test using the sample variance, the test statistic is

X Npo
@ 01 (p/.%
wherefOD X=N.

Zs. Xl D

For the METHOD=EXACT option, the computations are the same as described in the section “Exact Test of
a Binomial Proportion (TEST=EXACT)” on page 7232 except for the de nitions of the critical values.

For the upper one-sided case,

Cyu DminfCW.C/ zz ¢
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For the lower one-sided case,

C. DmaxftCwWs.C/ zg

For the two-sided case,

C. DmaxfC Ws.C/ z_g

2

Cuy D minfC W,.C/ 2z 59

For the METHOD=NORMAL option, the test statistfc;.X/ is assumed to have the normal distribution
I
L !
Nz. /
2.p IOO1 -1
@1 p/ Y3
(see Chow, Shao, and Wang (2003, p. 82)).

The approximate power is computed as

8

S p_ .

2 z C N % ; upper one-sided

- P_— o .

powerD z N % ; lower one-sided

T p_— " N p_— .

z_C NpPBo Cc~ z_ NpEPBo_ - two-sided
2 p.l p/ 2 p.l1 p/

The approximate sample size is computed in closed form for the one-sided cases by inverting the power
equation,

Zpower C 21
P Po

and by numerical inversion for the two-sided case.

NDpl p/

z Test for Binomial Proportion with Continuity Adjustment Using Null Variance (TEST=ADJZ

VAREST=NULL)

For the normal approximation test with continuity adjustment, the test statistic is (Pagano and Gauvreau
1993, p. 295):

X Npo C 0:5-1fX<Np 09/ 0:5-1fX>Np 09/

Z.XI D .
®po.1  po/e?

For the METHOD=EXACT option, the computations are the same as described in the section “Exact Test of
a Binomial Proportion (TEST=EXACT)” on page 7232 except for the de nitions of the critical values.

For the upper one-sided case,

Cyu DminfCW..C/ z1 ¢
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For the lower one-sided case,

C. DmaxfC Ww..C/ zg

For the two-sided case,

C. DmaxfC W..C/ z_g

2

Cy D minfCW..C/ 2z 59

For the METHOD=NORMAL option, the test statistic,.X/ is assumed to have the normal distribution
N.: 2/,where and 2 are derived as follows.

For convenience of notation, de ne

1

kD p—
2 Npo.l pof

Then
E E&:..X/*D 2kNp 2kNpg C kP.X <Np o/ kP.X>Np o/
and

Var & X/*D 4k’Np.1  p/ Ck?®@E P.X D Npo/s k?@®.X <Np o/ P.X>Np o/
C4k? E Xlixenp og E Xlixsnp og  4K*Np ®.X <Np o/ P.X>Np ofe

The probabilitiesP.X D Npg/, P.X < Np o/, andP.X > Np o/ and the truncated expectations
E Xlix<np og @NdE Xlixsnp ,g are approximated by assuming the normal-approximate distribution of
X,N.Np;Np.1 p//. Letting . / and”. / denote the standard normal PDF and CDF, respectively, and
de ning d as

N N
dD Po p1
@®Ep.1  p/e2

the terms are computed as follows:

P.X D Npo/ D O
P.X <Np o/ D ".d/
PX>Npo/D1 ~d/

E Xlixenp og D Np~d/  @p.1 p/ez .d/
E Xlixsnp oo D NDE ~.d/ «C @p.1 p/e? .dI

The mean and variance @f..X/ are thus approximated by

Dk@&\p 2NpgC2.d/ 1
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and
h ) i
2D 4k?* Np1 p/C~d/ .1 ~d// 2.Npl pl/lz d/

The approximate power is computed as

8
2~ z C . .
P ; upper one-sided
~ 4 . .
powerD , lower one-sided
N z_C L Z_ ]
2 C . : two-sided

The approximate sample size is computed by humerical inversion.

z Test for Binomial Proportion with Continuity Adjustment Using Sample Variance (TEST=ADJZ
VAREST=SAMPLE)
For the normal approximation test with continuity adjustment using the sample variance, the test statistic is

X Npo C 0:5.1fx<Np og/ O:5.1fX>Np 09/

Zes X! D .
EOL @/

wherefOD X=N.

For the METHOD=EXACT option, the computations are the same as described in the section “Exact Test of
a Binomial Proportion (TEST=EXACT)” on page 7232 except for the de nitions of the critical values.

For the upper one-sided case,

Cu DminfCW.C/ z ¢

For the lower one-sided case,

For the two-sided case,

2

Cu D minfC W ..C/ 1z >9

For the METHOD=NORMAL option, the test statisti.s.X/ is assumed to have the normal distribution
N.: 2/,where and 2 are derived as follows.

For convenience of notation, de ne
1

D p—
2 Np.l p/
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Then
E &:s.X/* 2kNp 2kNppoC kP.X <Np o/ kP.X>Np of
and

Var Ecs. X/ 4k?Np.1 p/ Ck?@E P.X D Npgle k?@.X <Np o/ P.X>Np o/
C 4k?* E Xlixenp og E Xlixsnp og  4KPNp @.X <Np o/ P.X>Np of*

The probabilitiesP.X D Npo/, P.X < Np o/, andP.X > Np o/ and the truncated expectations
E Xlfx<np og @NdE Xlixsnp ,g are approximated by assuming the normal-approximate distribution of
X,N.Np;Np.1 p//. Letting . / and". / denote the standard normal PDF and CDF, respectively, and
de ning d as

Npo Np

dD -
@®Ep.1  p/e2

the terms are computed as follows:

P.X DNpo/DO
P.X<Np o/ D ".d/
PX>Npo D1 "d/

E Xlixenp o9 D Np~.d/  @p.1 p/ez .d/
E Xlixsnp g DNDE ~.d/ «C @®p.1 p/e? .d/

The mean and variance 8f;s.X/ are thus approximated by
Dk@&\p 2NpgC2.d/ 1
and
h L i
2D 4k?* Np1 p/C~d/ .1 "d// 2.Np.l pllz dl

The approximate power is computed as

8
A~ z C . .
A ; upper one-sided
<., _
powerD . ; lower one-sided
X z_C R z ]
. C . : two-sided

The approximate sample size is computed by numerical inversion.
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Exact Equivalence Test of a Binomial Proportion (TEST=EQUIV_EXACT)
The hypotheses for the equivalence test are

HoW< | or p> y
HW p v
where | and y are the lower and upper equivalence bounds, respectively.

The analysis is the two one-sided tests (TOST) procedure as described in Chow, Shao, and Wang (2003) on p.
84, but using exact critical values as on p. 116 instead of normal-based critical values.

Two different hypothesis tests are carried out:

Hao\ﬁ'l< L
Halw L

and

HpoWW >
Hp W

cC C

If Hao is rejected in favor oH 51 andH g is rejected in favor oH ¢, thenHg is rejected in favor oH 1.

The test statistic for each of the two tedtk,( versusH ;1 andH g versusHyq) is

X D number of successés Bin.N; p/

Let Cy denote the critical value of the exact upper one-sided tddt,gfversusH 51, and letC, denote the
critical value of the exact lower one-sided testyfy versusHy;. These critical values are computed in

the section “Exact Test of a Binomial Proportion (TEST=EXACT)” on page 7232. Both of these tests are
rejectedifand only itCy X  C_. Thus, the exact power of the equivalence test is

powerD P.Cy X C_/
DP.X Cy/ P.X C.CU

The probabilities are computed using Johnson and Kotz (1970, equation 3.20).

z Equivalence Test for Binomial Proportion Using Null Variance (TEST=EQUIV_Z VAREST=NULL)
The hypotheses for the equivalence test are

HoW< | or p> gy
HIW p v
where | and y are the lower and upper equivalence bounds, respectively.

The analysis is the two one-sided tests (TOST) procedure as described in Chow, Shao, and Wang (2003) on p.
84, but using the null variance instead of the sample variance.
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Two different hypothesis tests are carried out:
HaolW <
H alW L
and
HpoW> v
Hp W v

If Hyo is rejected in favor oH 31 andH q is rejected in favor oHq, thenHg is rejected in favor oH 1.

The test statistic for the test bf9 versusH 4 is
X N L

Z_ Xl D -
(S |_.l |_/'E

The test statistic for the test bf,q versusHy, is
X Ny

Zy Xl D -
® U.l U/'E

For the METHOD=EXACT option, le€Cy denote the critical value of the exact upper one-sided tedtgf
versusH ;3 usingZ, .X/ . This critical value is computed in the section “z Test for Binomial Proportion
Using Null Variance (TEST=Z VAREST=NULL)” on page 7233. Similarly, &t denote the critical value
of the exact lower one-sided testldf,q versusH; usingZ .X/ . Both of these tests are rejected if and
onlyif Cy X C_. Thus, the exact power of the equivalence test is

powerD P.Cy X C./
DP.X Cy/ P.X C.CUV

The probabilities are computed using Johnson and Kotz (1970, equation 3.20).

For the METHOD=NORMAL opti?n, the test statisttg . X/ is assumed to have the normal distribution
N%.p o/ pl pl/ -

.1 L/ R

and the test statisti¢ . X/ is assun?ed to have the normal distribution

N

N%.p u/  pl1 p/
.1 /e ul uf
(see Chow, Sh%o and Wang (2003, p 84)). c‘)l'he approxmate powler is computed as
p

N

7 Np_P— z C Np_P_
powerD ~ % ’Xc E“ ——— E
Y Ll pl
u-l U/ L1 L/

The approximate sample size is computed by numerically inverting the power formula, using the sample size
estimateNg of Chow, Shao, and Wang (2003, p. 85) as an initial guess:

2
z1 C Zicpower=2

0:5. ¢ L/ j P 05. . C U/J

NoD p.1 p/
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z Equivalence Test for Binomial Proportion Using Sample Variance (TEST=EQUIV_Z
VAREST=SAMPLE)
The hypotheses for the equivalence test are

HoW< | or p> y
HIW p v
where | and y are the lower and upper equivalence bounds, respectively.

The analysis is the two one-sided tests (TOST) procedure as described in Chow, Shao, and Wang (2003) on p.
84.

Two different hypothesis tests are carried out:
H aOW < L
H alw L

and

HpoW>
HpdW v

If Hyo is rejected in favor oH 31 andH g is rejected in favor oHq, thenH is rejected in favor oH 1.
The test statistic for the test bfo versusH 1 is
X N L
EoL @/ K
wherefOD X=N.

Zy X/ D

The test statistic for the test bf,q versusHy,; is
X Ny
®EL @/ o

For the METHOD=EXACT option, le€Cy denote the critical value of the exact upper one-sided tedtgf
versusH 51 usingZ g, .X/ . This critical value is computed in the section “z Test for Binomial Proportion
Using Sample Variance (TEST=Z VAREST=SAMPLE)” on page 7234. SimilarhCjetdenote the critical
value of the exact lower one-sided testbfy versusH, usingZ sy . X/ . Both of these tests are rejected if
andonlyifCy X  C_. Thus, the exact power of the equivalence test is

Zu Xl D

powerD P.Cy X C./
DP.X Cy/ P.X C.CU

The probabilities are computed using Johnson and Kotz (1970, equation 3.20).

For the METHOD=NORMAL option, the test statistfc;; .X/ is assumed to have the normal distribution
!
N %p |_/

il
@1l ple2
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and the test statisti€ 5y . X/ is assumed to have the normal distribution
|

1
Nz. /
2.p ul 1
@1 p/ 2
(see Chow, Shao, and Wang (2003), p. 84).

N

The approximate power is computed as
! !

pOWGrDA VA pﬁﬁp:U cC™ z Cpﬁﬁp:L 1
p.1 p/ p.1 p/

The approximate sample size is computed by numerically inverting the power formula, using the sample size
estimateN of Chow, Shao, and Wang (2003, p. 85) as an initial guess:
z7 Czic power/=2 2

No D p.1
oDpPL P s T 7T p 05.C ul]

z Equivalence Test for Binomial Proportion with Continuity Adjustment Using Null Variance
(TEST=EQUIV_ADJZ VAREST=NULL)
The hypotheses for the equivalence test are

HoW< | or p> y
HW p v
where | and y are the lower and upper equivalence bounds, respectively.

The analysis is the two one-sided tests (TOST) procedure as described in Chow, Shao, and Wang (2003) on p.
84, but using the null variance instead of the sample variance.

Two different hypothesis tests are carried out:

HaO\N< L
Halw L

and

Hpo\W >
Hp W

cC C

If Hao is rejected in favor oH 51 andH g is rejected in favor oH g, thenH is rejected in favor oH ;.
The test statistic for the test bfyg versusH 1 is

X N | CO5.kxen ¢ O05.Lxsn

h 1
NP1 ©°

Zo XI' D

wherefOD X=N.
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The test statistic for the test bf,q versusHy,; is

X N U C 0:5'le<N Ug/ 0:5'1fX>N Ug/

n I%
NQ1

Zcy XI'D

For the METHOD=EXACT option, le€y denote the critical value of the exact upper one-sided tedt,gf
versusH 41 usingZ . .X/ . This critical value is computed in the section “z Test for Binomial Proportion
with Continuity Adjustment Using Null Variance (TEST=ADJZ VAREST=NULL)"” on page 7235. Similarly,
let C. denote the critical value of the exact lower one-sided tebt@f versusH ,; usingZ .y .X/ . Both of
these tests are rejected ifand onlCif X  C_. Thus, the exact power of the equivalence test is

powerD P.Cy X C./
DP.X Cy/ P.X C.CUVl

The probabilities are computed using Johnson and Kotz (1970, equation 3.20).

For the METHOD=NORMAL option, the test statisti,, .X/ is assumed to have the normal distribution
N. ; 2/,andZ.y X/ is assumed to have the normal distributn y; 3/, where |, y, 2, and
5 are derived as follows.

For convenience of notation, de ne

1
2N L1 L/
1

2Nyl uf

k. D

ky D

Then

EE&., X/ 2kkNp 2kkN |  CkpP.X<N [/ kPX>N _/
E @& .X/* 2kyNp 2kyN y CkyP.X<N y/ kyP.X>N y/

and

Var B X/+ 4k?*Np.l p/Ck?@E PX DN  /» k*@®X<N [/ PX>N /@
C4k? E Xlixen g E Xlixsn g A4KENp @ X <N [/ PX>N /s

Var Ecy X/+ 4k3Np.l p/Cki®E PX DN yle k3 ®X<N y/ PX>N (/¢
C4ki E Xlixen yg E Xlpon yg 4kGNp @ X <N y/ PX>N y/e

The probabilitese. X D N /,PX <N [ /,PX>N [ /,PX DN y/,PX <N y/, and
P.X >N y/ and the truncated expectatioBs X1ix«y , g, E Xlixsn g E Xlix<n g, and
E Xlixsn g areapproximated by assuming the normal-approximate distributignofNp; Np.1 - p//.



7244 F Chapter 89: The POWER Procedure

Letting . / and”. / denote the standard normal PDF and CDF, respectively, and dechiranddy as

N N
d. D '-—pl
@®Ep.1  p/e2

N N
dy D U—pl
@®Ep.1  p/e2

the terms are computed as follows:

PXDN /DO
PXDN y/DO
PX<N _/D"d ./
PX<N y/D"d y/
PX>N (/D1 ~d ./
PX>N y/D1 ~dy/

E Xlixen g DNpd / @pl p/ez d ./
E Xlixen o DNpd y/ @Ep.l p/ez dy/
E Xlixsn g DNp@E ~d (/+C@p.l p/et .d ./
E Xlixsn yg DNPE "d y/+C @p.l p/e .dy/

The mean and variance 8f;. .X/ andZ .y .X/ are thus approximated by

L D k|_ G’;'Np 2N | c2d |_/ 1e
UDkU (E\lp 2N UCZA.d U/ 1.

and H .
|

2 D 4k? th.l p/C~d /.1 °d // 2.Npl pllz d ./ _

|

2p4k? Npl p/C°dy/.1 “dy/l 2.Npl pliz dy!

The approximate power is computed as

U ~ 2z C
C - L
U L

1

powerD ~

The approximate sample size is computed by numerically inverting the power formula.

z Equivalence Test for Binomial Proportion with Continuity Adjustment Using Sample Variance
(TEST=EQUIV_ADJZ VAREST=SAMPLE)
The hypotheses for the equivalence test are

HoW< | or p> y
HW p U
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where | and y are the lower and upper equivalence bounds, respectively.

The analysis is the two one-sided tests (TOST) procedure as described in Chow, Shao, and Wang (2003) on p.
84.

Two different hypothesis tests are carried out:

Hao\ﬁ'l< L
Halw L

and

HpoW>
HpsW v

If Hao is rejected in favor oH 31 andH g is rejected in favor oHyq, thenH g is rejected in favor oH 1.

The test statistic for the test bfo versusH 1 is

X N L C 0:5'1fX<N Lg/ 0:5'1fX>N
E©OL @/

/
ZesL X1 D LJ

wherefOD X=N.

The test statistic for the test bf,q versusHy, is

X N y C 0:5.2x<n UQ/ 0:5.2x>N Ug/
®OL @/

ZCSU .X/ D

For the METHOD=EXACT option, le€Cy denote the critical value of the exact upper one-sided teldt,gf
versusH 41 usingZ ¢ .X/ . This critical value is computed in the section “z Test for Binomial Proportion
with Continuity Adjustment Using Sample Variance (TEST=ADJZ VAREST=SAMPLE)"” on page 7237.
Similarly, letC_ denote the critical value of the exact lower one-sided teBlyf versusH , usingZ csy . X/ .

Both of these tests are rejected ifand onIZif X C_. Thus, the exact power of the equivalence test is

powerD P.Cy X C./
DP.X Cy/ P.X C.CUVl

The probabilities are computed using Johnson and Kotz (1970, equation 3.20).

For the METHOD=NORMAL option, the test statistf.5, .X/ is assumed to have the normal distribution
N. ; 2/,andZcsy.X/ is assumed to have the normal distributn y; 3/, where |, y, 2 and
5 are derived as follows.

For convenience of notation, de ne

1

kD p—
2 Np.1 p/
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Then

E @& X/e 2kNp 2kN | CKkP.X<N |/ KkP.X>N [/
E@&u. X/ 2kNp 2kN y CKkP.X<N y/ kP.X>N y/

and

Var E.g X/* 4k?Np.l1 p/Ck®*CE PX DN (/o kK?@X<N [/ PX>N /¥
C4k?* E Xlixen g E Xlixon g 4K*Np @ X <N [/ P.X>N /s

Var Eesy X/ 4k?Np.1 p/Ck?’@® PX DN yle kK*@®@X<N y/ PX>N yl¥
C4k? E Xlixen yg E Xlpxon yg 4KPNp @ X <N y/ PX>N yl/e

The probabilitese. X D N /,PX <N [ /,PX>N [ /,PX DN y/,PX <N y/, and
P.X >N y/ and the truncated expectatioBs X1ix<y , g, E Xlixsn g E Xlix<n g, and
E Xlixsn g areapproximated by assuming the normal-approximate distributignofNp; Np.1 - p//.
Letting . / and”. / denote the standard normal PDF and CDF, respectively, and dechirenddy, as

N N
d, D L—pl
@®Ep.1  p/e2

N N
dy D U—pl
@®p.1  plez

the terms are computed as follows:

PXDN /DO
PXDN y/DO
PX<N _/D"d ./
PX<N y/D"d y/
PX>N (/D1 ~d./
PX>N y/D1 ~dy/

E Xlixen g DNpd (/ @p.l p/et d ./
E Xlixen ,g DNp.d y/ @Ep.l p/ez dy/
E Xlixsn g DNp@E ~d (/+C@p.l p/et .d ./
E Xlixsn yg DNPE “d y/+C @p.l p/e .dy/

The mean and variance @f.5| .X/ andZ sy .X/ are thus approximated by

LDk(ENp 2N |_C2A.d |_/ 1.
UDk(ENp 2N UCZA.d U/ 1.
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and H _
|
2 D 4K th.l p/C™d (/.1 ~d // 2.Npl pllz d ./

2pak? Npl p/Cdy/.1 “dyll 2.Npd pliz dyl

The approximate power is computed as

U ~ 2z C
C fc~ L
U L

powerD ~ 1
The approximate sample size is computed by humerically inverting the power formula.

Wilson Score Con dence Interval for Binomial Proportion (CI=WILSON)
The two-sidedl00.1  / % con dence interval fop is

1
XCI'Z 71 ,Nz 22,
AT =27 o @/iC =
Nsz - Nsz - ® 4N

So the half-width for the two-sidetl00.1  / % con dence interval is

l 1
2 T2

2 1—2

1
Z:|_:N2
Nnez , P PC

1 =2

half-width D

Prob(Width) is calculated exactly by adding up the probabilities of observingXazh 1;:::;Ngthat
produces a con dence interval whose half-width is at most a target value

X
Prob.Width / D P.X D i/1nalf-widthen

iDO

For references and more details about this and all other con dence intervals associated with the Cl= option,
see “Binomial Proportion” on page 2702 in Chapter 40, “The FREQ Procedure.”

Agresti-Coull “Add k Successes and Failures” Con dence Interval for Binomial Proportion
(CI=AGRESTICOULL)
The two-sidedl00.1  / % con dence interval fop is

22

0 1
, o= XC -1
X C =2 =2 NCzl o NCz? _,
- < Z —
NCz2 v N C z2

1 =2 1 =2



7248 F Chapter 89: The POWER Procedure

So the half-width for the two-sidetlD0.1  / % con dence interval is

0 111
Zf =2 Zf 2 2
XC 2 XC =
halfowidth NCz7 _, NCzi _,
alf-widthD z; -,
NCzZ _,

produces a con dence interval whose half-width is at most a target value

X
Prob.Width/ D P.X D i/1ngif-widthen
iDO

Jeffreys Con dence Interval for Binomial Proportion (CI=JEFFREYS)
The two-sidedl00.1  / % con dence interval fop is

where
0; X DO
L;.X/ D '
J Beta-s xci1=2n xc1=2; X >0
and
Uy X/ D Beta; -2 ixci1=2;n xc1=2; X <N

1; XDN

The half-width of this two-sided00.1 / % con dence interval is de ned as half the width of the full
interval:

1
half-width D > Uy X1 Ly X/

produces a con dence interval whose half-width is at most a target value

X
Prob.Width/ D PX Dill half-width<nh

iDO
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Exact Clopper-Pearson Con dence Interval for Binomial Proportion (CI=EXACT)
The two-sidedl00.1  / % con dence interval fop is

GEE .X/; U E X/ e
where

0; XDO

Le X/'D Beta-p ;xn xc1; X>0

and

Beta; -2 ixcin x3 X <N
Ug .X/ D 1 XD N

The half-width of this two-sided00.1 / % con dence interval is de ned as half the width of the full
interval:

half-width D % Ue X/ Lg.X/1/

produces a con dence interval whose half-width is at most a target value

X
Prob.Width/ D P.X D i/1nalf-widthen
iDO

Wald Con dence Interval for Binomial Proportion (CI=WALD)
The two-sidedl00.1  / % con dence interval fop is

oL @ :

74
(8] 1 =2 N

So the half-width for the two-sidetlD0.1  / % con dence interval is

oL @ :

half-widthD z; -, N

produces a con dence interval whose half-width is at most a target value

X!
Prob.Width/ D P.X D i/1ngif-widthen

iDO
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Continuity-Corrected Wald Con dence Interval for Binomial Proportion (CI=WALD_CORRECT)
The two-sidedl00.1  / % con dence interval fop is

" #

/2 1
© 2 o, PO e

N 2N

So the half-width for the two-sidetl00.1  / % con dence interval is

oL @ F 1

half-widthD z; -, N o™

produces a con dence interval whose half-width is at most a target value

X
Prob.Width/ D P.X D i/1nalf-widthen
iDO

Analyses in the ONESAMPLEMEANS Statement

One-Sample t Test (TEST=T)
The hypotheses for the one-samptest are

HoW D
o8 0

< o g; two-sided
HiW > ; upperone-sided
" < o; lowerone-sided

The test assumes normally distributed data and reghiires2. The test statistics are

0
S

21T F.AN 1, 2/

tDN?Z i N 1/

wherelis the sample meas,is the sample standard deviation, and

DN?Z 0

The test is

t2 F; .1;N 1/; two-sided
Reject Ho if  t t; .N 1/ upper one-sided
“t t.N 1/ lower one-sided
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Exact power computations fotests are discussed in O'Brien and Muller (1993, Section 8.2), although not
speci cally for the one-sample case. The power is based on the nonceatrdf distributions:

8
<P F1;N 1% F; .I;N 1 :; two-sided
powerD P.tN 1;/ t1 N 1//; upper one-sided
P.tN 1;/ t.N 1//; lower one-sided

Solutions forN, , and are obtained by numerically inverting the power equation. Closed-form solutions
for other parameters, in terms afare as follows:

N|=

D (N C o
INZ. o jj>0
unde ned otherwise

One-Sample t Test with Lognormal Data (TEST=T DIST=LOGNORMAL)

The lognormal case is handled by reexpressing the analysis equivalently as a nhormality-based test on the
log-transformed data, by using properties of the lognormal distribution as discussed in Johnson, Kotz, and
Balakrishnan (1994, Chapter 14). The approaches in the section “One-Sareplé TEST=T)" on page 7250

then apply.

In contrast to the usualtest on normal data, the hypotheses with lognormal data are de ned in terms of
geometric means rather than arithmetic means. This is because the transformation of a null arithmetic mean
of lognormal data to the normal scale depends on the unknown coef cient of variation, resulting in an
ill-de ned hypothesis on the log-transformed data. Geometric means transform cleanly and are more natural
for lognormal data.

The hypotheses for the one-samptest with lognormal data are

HoW-D 1
g

= —o 1 two-sided
HiW — > 1; upper one-sided
: —<1; lower one-sided

Let ? and ? be the (arithmetic) mean and standard deviation of the normal distribution of the log-
transformed data. The hypotheses can be rewritten as follows:

Hovg'-’ D log. of

< ?walog. of; two-sided
HiW 7> log. o/; upperone-sided
" ?<log. of; lowerone-sided

where ? D log. / .
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The test assumes lognormally distributed data and reghiires2.

The power is
8
<P FIN 1;% F; .I;N 1/ : two-sided
powerD P.tN 1;/ t1 N 1//; upper one-sided
PN 1;/ t.N 1/; lower one-sided
where

?
D N% |2g. ol

1
D log.CV?C 1/ 2

Equivalence Test for Mean of Normal Data (TEST=EQUIV DIST=NORMAL)
The hypotheses for the equivalence test are

HoW | or >
Hi W U
The analysis is the two one-sided tests (TOST) procedure of Schuirmann (1987). The test assumes normally

distributed data and requir®s 2. Phillips (1990) derives an expression for the exact power assuming a
two-sample balanced design; the results are easily adapted to a one-sample design:

N 1% I
powerDQn 1 - t1 N 1/ llJ 10; n = v L
N 2 2N 2ty N U/
N 1/3, I
QN 1 t1 .N l//; ll_ 10; 1 2 v L
N 2 2N 2ty N 1/
whereQ . ; | ; /is Owen's Q function, de ned in the section “Common Notation” on page 7223.

Equivalence Test for Mean of Lognormal Data (TEST=EQUIV DIST=LOGNORMAL)

The lognormal case is handled by reexpressing the analysis equivalently as a hormality-based test on the
log-transformed data, by using properties of the lognormal distribution as discussed in Johnson, Kotz, and
Balakrishnan (1994, Chapter 14). The approaches in the section “Equivalence Test for Mean of Normal Data
(TEST=EQUIV DIST=NORMAL)” on page 7252 then apply.

In contrast to the additive equivalence test on normal data, the hypotheses with lognormal data are de ned in
terms of geometric means rather than arithmetic means. This is because the transformation of an arithmetic
mean of lognormal data to the normal scale depends on the unknown coef cient of variation, resulting in an
ill-de ned hypothesis on the log-transformed data. Geometric means transform cleanly and are more natural
for lognormal data.

The hypotheses for the equivalence test are

HoW L or u
HW < < y
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where 0< | < y

The analysis is the two one-sided tests (TOST) procedure of Schuirmann (1987) on the log-transformed data.
The test assumes lognormally distributed data and regiires2. Diletti, Hauschke, and Steinijans (1991)
derive an expression for the exact power assuming a crossover design; the results are easily adapted to a

one-sample design:
I

log. / log. N 1/7.log. log. /I
powerd Qy 1 .t N 1 091 109 uly, /%.log. y/ log. /I

°N 2 22N *t; N i

log. / log. N 1/3.log, log. /I

QOn 1 t1 N 1/ og. / Olg L/|0; /2 ?g ul/ log. /I
N 2 2°N 2t; N 1/

where
1
D log.CV2C 1/ ?

is the standard deviation of the log-transformed data,@nd | ; / is Owen's Q function, de ned in the
section “Common Notation” on page 7223.

Con dence Interval for Mean (CI=T)

This analysis of precision applies to the standabdsed con dence interval:
h i

S . S . H
h)N tp .N 1/pﬁ, NCt; _.N 1/pﬁ ;  two-sided

N t; .N l/p%; 1 g upper one-sided
1 ; WNCt; .N l/p%; lower one-sided

whereXis the sample mean arsds the sample standard deviation. The “half-width” is de ned as the distance
from the point estimatéNto a nite endpoint,
halfwidth ( t; N 1/9%; two-sided
alf-width D ti .N  1/p%-; one-sided
A “valid” conference interval captures the true mean. The exact probability of obtaining at most the target
con dence interval half-width, unconditional or conditional on validity, is given by Beal (1989):
!

8
<P AN U UMY two-sided
Pr.half-width  h/ D . BEE
N 2 h2N.N 1/ . ;
éP I\}I1 1/ =7 N ow one-sided
. . < £ 20N 1 t; _.N 1/0I
Pr.half-width  hj 1 13 ’ _
validity/ D. o/ Qn 1.0;010;by/e; two-sided
" Qn 1.t N 1/010;by/; one-sided
where
hN 12
b, D —
ty N LN 2

¢ D number of sides



7254 F Chapter 89: The POWER Procedure

andQ . ; | ; /is Owen's Q function, de ned in the section “Common Notation” on page 7223.
A “quality” con dence interval is both suf ciently narrow (half-width h) and valid:

Pr(quality)D Pr.half-width  h and validity
D Pr.half-width hjvalidity/.1  /

Analyses in the ONEWAYANOVA Statement

One-Degree-of-Freedom Contrast (TEST=CONTRAST)
The hypotheses are

Ho\Ué[ 1C Ccs oDy

< ¢ 1C Ccg go ¢y, two-sided
HiW ¢ 1C Ccg g >Cp; upperone-sided
"¢ 1C Ccs g <cg;, lowerone-sided

The test is the usu#l test for a contrast in one-way ANOVA. It assumes normal data with common group
variances and requiréé G C landn; 1

O'Brien and Muller (1993, Section 8.2.3.2) give the exact power as
8
<P FIN G:;?% F; .I;N G/ : two-sided

powerD P.tN G;/ t1 N G//; upper one-sided
P.tN G;/ t.N G//; lower one-sided
where
0 1
P
DNZ ip1G i Cog
Ps ¢ z
iDLl w

Overall F Test (TEST=OVERALL)
The hypotheses are

HoWiD D D g
HiWi & ; for somei;j

whereG is the number of groups.

The test is the usual overdiltest for equality of means in one-way ANOVA. It assumes normal data with
common group variances and requides G C 1andn; 1.

O'Brien and Muller (1993, Section 8.2.3.1) give the exact power as
powerDP.F.G 1;,N G;/ Fi. .G 1I;N GJ//
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where the noncentrality is
P !
iGD L Wi i N 2

DN 5

and

ND Wi
iD1

Analyses in the PAIREDFREQ Statement

Overview of Conditional McNemar tests

Notation:
Case
Failure Success
Control  Failure| ngg No1 No
Success njg N1 niy
No nq N

noo D # fcontrol=failure, case=failuge
no1 D # fcontrol=failure, case=success
nig D # fcontrol=success, case=failgre
ni; D # fcontrol=success, case=sucapss
N D ngo C ng1 C n1g C n11
Nnp D np1 C nyg  # discordant pairs
Nii
QD
j D theoretical population value of
1D 100C 11
1D 01C 11
D Corr.control observatiorcase observatidn (within a pair)

DPR D "discordant proportion ratioD o
10

DPRo D null DPR
Power formulas are given here in terms of the discordant proportighand ;. If the input is speci ed in
terms off 1; 1; @ thenitcan be converted into values forg; o1gas follows:

oD 11 4/ .1 4l 11 4 47
10D 01C 1 1
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All McNemar tests covered in PROC POWER aamnditional] meaning thatp is assumed xed at its
observed value.

For the usuaDPRg D 1, the hypotheses are

Hngl D 1
< 18 1; two-sided

HiW 1> 1; upperone-sided
' 1< 1; lowerone-sided

The test statistic for both tests covered in PROC POWER (DIST=EXACT_COND and DIST=NORMAL) is
the McNemar statistiQ v , which has the following form wheBPRg D 1.

.No1 n10/2

Qm, D
0 No1 C N1o

For the conditional McNemar tests, this is equivalent to the square .M statistic for the test of a
single proportion (normal approximation to binomial), where the proportie@;igl—m, the null is 0.5, and
“N”is np (see, for example, Schork and Williams 1980):

0, 1
. 2 . 01 01
ZX! D Mor Mo '0'5/1 | N@nD' 01C01 10 (:'5/; 01C 10 01C 10 A
@p 0:5.1 0:5/e2 @5.1 0:5/s2 0:5.1 0:5/
D No1 .No1 C nlo/.015/
o1 C Nio/0:5.1  0:5/2
n n
p o 101
SEOl C nyp*2
D Qwm,

This can be generalized to a custom null fer&—, which is equivalent to specifying a custom null DPR:
2 3
e g tz 1
00C 10 ¢ 10%0 1C pprs

So, a conditional McNemar test (asymptotic or exact) with a custom null is equivalent to the test of a single

proportionp 1 ¢ with a null valuepo —21 _ with a sample size aip :
01 10 1C 555 0

HO\%l D po
< p1 @ po; two-sided
HiW pi1>po; one-sided U
" p1<po;, one-sidedL
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which is equivalent to

H o\lgPR D DPRg

< DPR o DPRg; two-sided
H,;W DPR > DPRyp; one-sided U
DPR < DPRy; one-sided L

The general form of the test statistic is thus

2
.No1  Np po/

D - oz
Qw Np Po-1  po/

The two most common conditional McNemar tests assume either the exact conditional distrib@ign of
(covered by the DIST=EXACT_COND analysis) or a standard normal distributio@ {pr(covered by the
DIST=NORMAL analysis).

McNemar Exact Conditional Test (TEST=MCNEMAR DIST=EXACT_COND)

For DIST=EXACT_COND, the power is calculated assuming that the test is conducted by using the exact
conditional distribution ofQy, (conditional onnp). The power is calculated by rst computing the
conditional power for each possibig . The unconditional power is computed as a weighted average over
all possible outcomes afp :

X
power D P.np/P.Rejectpy D pojnp/

np DO

wherenp | Bin. o1 C 10;N/, andP.Rejectp; D pojnp/ is calculated by using the exact method in the
section “Exact Test of a Binomial Proportion (TEST=EXACT)” on page 7232.

The achieved signi cance level, reported as “Actual Alpha” in the analysis, is computed in the same way
except by using the actual alpha of the one-sample test in place of its power:

X
actual alphaD P.np/ *.p1;pojno/

np DO

where ?.p1:pojnp/ is the actual alpha calculated by using the exact method in the section “Exact Test of a
Binomial Proportion (TEST=EXACT)"” on page 7232 with proportion, null po, and sample sizep, .

McNemar Normal Approximation Test (TEST=MCNEMAR DIST=NORMAL)
For DIST=NORMAL, power is calculated assuming the test is conducted by using the normal-approximate
distribution ofQy (conditional omp ).

For the METHOD=EXACT option, the power is calculated in the same way as described in the section
“McNemar Exact Conditional Test (TEST=MCNEMAR DIST=EXACT_COND)” on page 7257, except
thatP.Rejectpy D pojnp/ is calculated by using the exact method in the section “z Test for Binomial
Proportion Using Null Variance (TEST=Z VAREST=NULL)” on page 7233. The achieved signi cance
level is calculated in the same way as described at the end of the section “McNemar Exact Conditional Test
(TEST=MCNEMAR DIST=EXACT_COND)" on page 7257.
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For the METHOD=MIETTINEN option, approximate sample size for the one-sided cases is computed
according to equation (5.6) in Miettinen (1968):
2
1

z1 .p10 C Po1/ C Zpower -P10 C Por/? F.por  P10/2.3C p1o C por/ ?
N D

P10Cpor/-Por Pio/?

Approximate power for the one-sided cases is computed by solving the sample size equation for power, and
approximate power for the two-sided case follows easily by summing the one-sided powers e&ch at

8 !

2 1

2~ Po Pw/®pnCpul? z1 pwCpul . upper one-sided

§ (R10Cpo1/?2 2por P10/2.3Cp1oCpor/e? |

::‘;" Po1 Pi1o/@E.p 100901/-% Z1 .mepOi/ : lower one-sided
power D ®w0Cpo/? FPo plf/2-3cplocpoll°2!

Por P1o/@®.p10Cpor/*2 2z, j-plonm/

T
Qe10Cpo1/2 $.por P10/2.3Cp1oCpo1/e? |

h !
Por P1o/®.p10Cpo1/*2 z; _.p10Cpor/ .
2 — ; two-sided

(10Cpor/2 $por P10/2.3Cp1oCpor/e?
The two-sided solution foN is obtained by numerically inverting the power equation.
In general, compared to METHOD=CONNOR, the METHOD=MIETTINEN approximation tends to be

slightly more accurate but can be slightly anticonservative in the sense of underestimating sample size and
overestimating power (Lachin 1992, p. 1250).

~

SOOI

For the METHOD=CONNOR option, approximate sample size for the one-sided cases is computed according
to equation (3) in Connor (1987):
L 2
27 p10Cpu/zC Zpower P10 C Po1 -Por P1o/? ?
N D

Po1  P1o/?

Approximate power for the one-sided cases is computed by solving the sample size equation for power, and
approximate power for the two-sided case follows easily by summing the one-sided powers e2ch at
!

1 1

~ Ppo1 P/N2 z; p 10(:pl01/2 : upper one-sided
@EoCpor por Pio/2e? I

1 1

~ Por P1o/N2 z3 .p1oCpoi/2

T
(EoCpor por Pio/2e? |
! !

1 1
Por P1/N 2 2z, 7-P10C901/2

T
@0Cpor por Pio/2e? I

1 1
Por Po/N2 z; _.p1oCpor/2 .
2 I ;  two-sided

@0oCpor por Ppio/2e?
The two-sided solution foN is obtained by numerically inverting the power equation.
In general, compared to METHOD=MIETTINEN, the METHOD=CONNOR approximation tends to be

slightly less accurate but slightly conservative in the sense of overestimating sample size and underestimating
power (Lachin 1992, p. 1250).

N\ 222200

: lower one-sided

power D

A~

SOOI
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Analyses in the PAIREDMEANS Statement

Paired t Test (TEST=DIFF)
The hypotheses for the pairéetkest are

Hngdi D o

< dgi & o; two-sided
HiW 4 > o; upperone-sided
" 4 < o; lowerone-sided

The test assumes normally distributed data and reghiires2. The test statistics are
!

N
S
21 F.AN 1. %

tDN? I tN 1/

wheredNands, are the sample mean and standard deviation of the differences and

DNZ di 0
di
and
2 2 5
di D 1C 2 2 12 z
The test is
8
<t? F; .1:N 1/; two-sided
Reject Ho if ., t t1 .N 1/ upper one-sided
“t t.N 1/ lower one-sided

Exact power computations fotests are given in O'Brien and Muller (1993, Section 8.2.2):

8
<P FI;N 1;2% F; .I;N 1/ : two-sided
powerD P.tN 1;/ t1 N 1//; upper one-sided
P.tN 1;/ t.N 1//; lower one-sided

Paired t Test for Mean Ratio with Lognormal Data (TEST=RATIO)

The lognormal case is handled by reexpressing the analysis equivalently as a nhormality-based test on the
log-transformed data, by using properties of the lognormal distribution as discussed in Johnson, Kotz, and
Balakrishnan (1994, Chapter 14). The approaches in the section “Pdiest(TEST=DIFF)” on page 7259

then apply.

In contrast to the usualtest on normal data, the hypotheses with lognormal data are de ned in terms of
geometric means rather than arithmetic means.
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The hypotheses for the pairétest with lognormal pairgYs; Yogare

< —i o ; two-sided
H{W —i > ; upperone-sided
- 2< 4 lowerone-sided

Let 7, 3, [, Z,and ? be the (arithmetic) means, standard deviations, and correlation of the bivariate
normal distribution of the log-transformed dditag Y1;log Yog The hypotheses can be rewritten as follows:

Hovgg 2D log. of

< 2 Zolog. of; two-sided
HiW 2  7>log. o/; upperone-sided
"2 7<log. of/; lower one-sided
where
1Dlog 1
> D log >

1
7D log.CV2C 1/ 2
1
7D log.CV5C 1/ °
D logf CV;CV,C 1g
? 2

12

andCV1, CV,, and are the coef cients of variation and the correlation of the original untransformed pairs
fY1; Yog The conversion from to ? is given by equation (44.36) on page 27 of Kotz, Balakrishnan, and
Johnson (2000) and due to Jones and Miller (1966).

The valid range of is restrictedta | ; y/, where

1
exp  log.CViC 1/log.CV5C1/ %> 1
L D

CV.CV;
1
exp log.CV2C 1/log.CV3C1/ > 1

D
v CV.CV,

These bounds are computed from equation (44.36) on page 27 of Kotz, Balakrishnan, and Johnson (2000)
by observing that is a monotonically increasing function of and plugging in the values’ D 1and
? D 1. Note that when the coef cients of variation are equaV(y D CV, D CV), the bounds simplify to

1
Ccv2c1
uD1

L D
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The test assumes lognormally distributed data and regNires2. The power is

8
<P FI;N 1;2% F; .I;N 1/ ; two-sided

powerD P.tN 1;/ t1 N 1//; upper one-sided
P.tN 1;/ t.N 1//; lower one-sided
where
DN L Z Z log. of

and

? 22 22 ? 0?7
D1C2 212

Additive Equivalence Test for Mean Difference with Normal Data (TEST=EQUIV_DIFF)
The hypotheses for the equivalence test are

HoWgi < L or 4 > u

H W di U

The analysis is the two one-sided tests (TOST) procedure of Schuirmann (1987). The test assumes normally
distributed data and requir®s 2. Phillips (1990) derives an expression for the exact power assuming a

two-sample balanced design; the results are easily adapted to a paired design:
!

: N 1/3. /
powerDQy 1 . tn N 1 -2 Yjo sAB R
d N 2 24 N 2.t7 .N :l.//
- N 13 /o
QN 1 t1 .N l//; di Il_lo; 12 v -
d N 2 24 N 27 N 1/
where
1
i D fC 2 2 1,°
andQ . ; | ; /is Owen's Q function, de ned in the section “Common Notation” on page 7223.

Multiplicative Equivalence Test for Mean Ratio with Lognormal Data (TEST=EQUIV_RATIO)

The lognormal case is handled by reexpressing the analysis equivalently as a normality-based test on the
log-transformed data, by using properties of the lognormal distribution as discussed in Johnson, Kotz, and
Balakrishnan (1994, Chapter 14). The approaches in the section “Additive Equivalence Test for Mean
Difference with Normal Data (TEST=EQUIV_DIFF)” on page 7261 then apply.

In contrast to the additive equivalence test on normal data, the hypotheses with lognormal data are de ned in
terms of geometric means rather than arithmetic means.

The hypotheses for the equivalence test are
T
HoW~— L or — U
R

T
HiW < —< ¢
R
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where 0< | < y

The analysis is the two one-sided tests (TOST) procedure of Schuirmann (1987) on the log-transformed data.
The test assumes lognormally distributed data and regiires2. Diletti, Hauschke, and Steinijans (1991)

derive an expression for the exact power assuming a crossover design; the results are easily adapted to a
paired design:

0 1
log = log. u/ N 1.log. y/ log. L/
powerDQn 1@ t, N 1/ R i 10:- 2. ?g- u/ log. L/ 5
’°N 2 2°?N 2ty N 1/
0 1

log =~ log. ./ 1
’N 27N z.t; N 1/

N

where 7 is the standard deviation of the differences between the log-transformed pairs (in other words,
the standard deviation ¢dg.Y+/ log.Yr/, whereYr andYg are observations from the treatment and
reference, respectively), computed as

1
? ?2 ?2 ? 0?2?22
D R C T 2 R T

N|=

2D log.CV4 C 1/

2 2 3

1+ D log.CV: C1/

P |ng CVgCVt C 1g
°D ? 2

R T

whereCVg, CVt, and are the coef cients of variation and the correlation of the original untransformed
pairsfYr;Yrg andQ . ; | ; / is Owen's Q function. The conversion fromto ? is given by equation
(44.36) on page 27 of Kotz, Balakrishnan, and Johnson (2000) and due to Jones and Miller (1966), and
Owen's Q function is de ned in the section “Common Notation” on page 7223.

The valid range of is restrictedta [ ; y/, where

1
exp  log.CVE C 1/log.CVZC1/ 2 1

D
L CVRCV7

1
exp log.CV4 C1l/log.CVZC1/? 1
D
U

CVRrCVry

These bounds are computed from equation (44.36) on page 27 of Kotz, Balakrishnan, and Johnson (2000)
by observing that is a monotonically increasing function of and plugging in the values’ D 1and
? D 1. Note that when the coef cients of variation are equ@V(r D CV1 D CV), the bounds simplify to

1
CVv2c1
uD1

L D
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Con dence Interval for Mean Difference (CI=DIFF)
This analysis of precision applies to the standabpdsed con dence interval:

h i
hd\l i, N UL dNcty N U ; two-sided

Nt N Ve 1 d upper one-sided
1 dNcy N Ve lower one-sided

wheredVands, are the sample mean and standard deviation of the differences. The “half-width” is de ned
as the distance from the point estimd¥o a nite endpoint,

(

_ t;, _.N 1/¢; two-sided
half-width D 2 N

t; .N 1/psd—n; one-sided

A “valid” conference interval captures the true mean difference. The exact probability of obtaining at most
the target con dence interval half-widtlh unconditional or conditional on validity, is given by Beal (1989):

validity/

8 !

P IN U NN YV osided
Pr.half-width h/ D, a to N

~ 2 .

" P 2N 1 % : one-sided

8 h

T4 -
Prhaffwidth hj < T 2 Qn 1.t N0l |

D.  0;by/ Qun 1.0;010;by/s; two-sided

4 Qn 1.t1 .N  1/;010;b1/; one-sided

where

oty N LN Z
¢ D number of sides
andQ . ; | ; /is Owen's Q function, de ned in the section “Common Notation” on page 7223.

A “guality” con dence interval is both suf ciently narrow (half-width h) and valid:

Pr(quality)D Pr.half-width hand validity
D Pr.half-width  hjvalidity/.1  /

Analyses in the TWOSAMPLEFREQ Statement

Overview of the 2 2 Table
Notation:



7264 F Chapter 89: The POWER Procedure

Outcome
Failure Success
Group 1in1 Xq X1 nq
2|1 Ny X X2 nz
N m m N

X1 D # successes in group 1
X2 D # successes in group 2
m D x; C xo D total# successes

X
D =

Ny

D -2

n2
m
oD N D w1p@ C w2pQ

The hypotheses are

Ho\%z p1 D po
< p2 P19 po; two-sided

HiW p, pi1>po; upperone-sided
" p2 p1<po; lowerone-sided

wherepg is constrained to be 0 for the likelihood ratio and Fisher's exact teghg. ¢ O in an upper one-sided
test orpp > 0 in a lower one-sided test, then the test is a noninferiority tegtg b 0 in an upper one-sided
test orpg < 0 in a lower one-sided test, then the test is a superiority test. Althpygdas unconstrained for

the Pearson chi-square tgsg, @ 0 is not recommended for that test. The Farrington-Manning score test is a
better choice whepg =& 0.

Internal calculations are performed in termgaf p», andpg. An input set consisting of ORy1, andORg
is transformed as follows:
.OR/p 1
1 p1C .OR/pl

P1o D p1

p2 D

ORop10
1 P1o C .ORo/plo
PoD p20 P10

P20 D

An input set consisting of RRy1, andRRg is transformed as follows:

p>D .RRIp:
P10 D p1

P20 D .RRo/p 10
Po D p20 P10
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The transformation of eithédRgy or RRg to pg is not unique. The chosen parameterization xes the null
valuepig at the input value op1. Some values dDRg or RRg might lead to invalid values gdp (pg O
orpo 1), inwhich case an “Invalid input” error occurs.

Farrington-Manning Score Test for Proportion Difference (TEST=FM)

The Farrington-Manning score test for proportion difference is based on equations (1), (2), and (12) in
Farrington and Manning (1990). The test statistic, which is assumed to have a null distribuXidh bf
underHg, is

Zewn D 1 PR P1 Po D Ewyw,e R P11 po ;
le @1/ C Rl Qf 2 @®opR.1 @1/ CwipR.l @ofe2

n2

wherep@ andp® are the maximum likelihood estimates of the proportions under the restrp@iof®; D po.

Sample size for the one-sided cases is given by equations (4) and (12) in Farrington and Manning (1990).
One-sided power is computed by inverting the sample size formula. Power for the two-sided case is computed
by adding the lower-sided and upper-sided powers, each evaluate?l.zample size for the two-sided case

is obtained b\g/ numerically inverting the power formula,

é ~ .p2 pi1 po/Nw 1W2/2 zy  @opQ.l Ql/Cwpo 1 Qo 53 : upper one-sided
2 @2p1.1 p1/Cwypz.l pz/‘ .
i ~ P2 P1 po/Nw 1wp/2 z; GEpQR.1 @1/CwipQ.1 Qo/e2 : lower one-sided

T
@p1.1 p1/Cwipa.l pa/e2 |

powerDE ~ P2 P1 Po/NWiw2/Z z; _GE2pQ.1 Q1/CwipQ.l Qa/+2
§ @,p1.1 p1/Cwipe.l pzl-% |
g R P2 p1 Po/.Nw 1W2/% z, 7GE/zp(i).l Pi/CwipQ.1 QZI-%. ) i
: T ;. two-sided
@&,p1.1 p1/Cwipz.l pale2
where
@ D 2ucosw/ b=.3a/
R D ® po
w D C cos l.v=u®//=3
v D b= 3%3 bc=.6&%/ C d=.2a/
u D signv/ b2=3a/2 c=.3a/
a D 1Cwi=w
b D EC wi=w, C P2 C .W1=W2/p1 C Po.W1=W> C 2/
¢ D p2Cpo.2p2Cwi=w, C1/CpyC .Wi=wo/py
d D p2po.1C pof

For the one-sided cases, a closed-form inversion of the power equation yields an approximate total sample
size of .
I'2
1 1
zy fwop@l Qi/ CwipRl Q2/9? C Zpower fWopi1.l  pa/ Cwipo.l po/g?
WiWz2.p2  P1 Po/?
For the two-sided case, the solution fdiis obtained by numerically inverting the power equation.

N D
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Farrington-Manning Score Test for Relative Risk (TEST=FM_RR)
The Farrington-Manning score test is based on equations (5), (6), and (13) in Farrington and Manning (1990).
The test statistic, which is assumed to have a null distributidw.6f 1/ underH g, is

RR RR
ZEMR D @ OF@ T D @W]_Wz'% F@ OF@ T
RREPQ1 @1/  p@.1 @of WoRR3p@.1 @1/ CwipRl @of 2
niq na

wherep@ andpQ are the maximum likelihood estimates of the proportions under the restrp@=p® D
RRo.

Sample size for the one-sided cases is given by equations (8) and (13) in Farrington and Manning (1990).
One-sided power is computed by inverting the sample size formula. Power for the two-sided case is computed
by adding the lower-sided and upper-sided powers, each evaluate?l.eample size for the two-sided case

is obtained by numerically inverting the power formula,

8 !
N 1 1
2 o~ . RRpQ/.N /2 RRZ2pQ.1 /C 1 /#2 .
A e} 0PQ/Nw 1w z; @RRZpQ.1 Q1 lWpo Q2 : upper one-sided
':‘ (EQRRSpl.l p1/Cwipz.1 p2/‘2 ]
N 1 1
2 A ) RRopQ/.N 12 RR2pQ.1 /C 1 /2 .
2 s] oPQ/NwW w3 z; @RRZQ Qll wipQ.1 Q2 : lower one-sided
< 0 @E>RR3p1.1 p1/Cwipp.l pa/e?
1
powerDé R @.pQ RRopQ/.Nw 1wz/% z; ?GEQRRS[:Q.l P1/Cwipl.1 @2/-2A
2 1
E O @RR%pl.l p1/CW1p2.l p2/°2 1
2 / /% W RR2 / /%
2 R PR RRopQ/Nw 1wz/2 z;, _WrnRR{pR.1 Q1/CwipQ.1 Q2/ .
2 @ ' 2 0 . A two-sided
) (EQRRSpl.l p1/Cwipz.1 p2/‘2
where
2 1
© D b .bc 4ac/z
2a
R D ®=RRo
a D 1Cwi=w
b D ERg 1C .W1=W2/p 1/ C P2 C Wi1=Woe
c D RRo.pzc.W]_:Wz/pl/

For the one-sided cases, a closed-form inversion of the power equation yields an approximate total sample
size of

2 1 2 1 2

Z1 WzRROFQ.l Qll C W1@.1 Qz/ 2C Zpower WzRRopl.l pl/ C W1p2.1 pz/ 2

N D

wiwz.p2  RRopi1/?

For the two-sided case, the solution fdiis obtained by numerically inverting the power equation.
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Pearson Chi-Square Test for Two Proportions (TEST=PCHI)
The usual Pearson chi-square test is unconditional. The test statistic
R P po D @Wlwz'ZpQ 01 po

I:Ol @/ 1 C 1 2 @1 ®/°%

ni

is assumed to have a null distributionfO; 1/.

Sample size for the one-sided cases is given by equation (4) in Fleiss, Tytun, and Ury (1980). One-sided
power is computed as suggested by Diegert and Diegert (1981) by inverting the sample size formula. Power
for the two-sided case is computed by adding the lower-sided and upper-sided powers each evakted at
Sample size for the two-sided case is obtained by numerically inverting the power formula. A custom null
valuepg for the proportion differencp, p; is also supported, but it is not recommended. If you are using

a nondefault null value, then the Farrington-Manning score test is a better choice.

8
< 1 1
2 ~ P2 p1 polNwws/2 7 CEN1|01CW2P2/% Wip1 Wppa/e2 ; upper one-sided
2 @2p1l pi/Cwipz.l pale?
2 - P2 pP1 po/Nw 1W2/2 23 CENlplCW2p2/11 Wip1 Wapa/e 5 : lower one-sided
< @211 pi/Cwipal pal+? N

power D . .p2 p1 po/Nw 1W2/2 zy ;@ 1p2Cwzpa/l wipy wzpa/e 2

®>p;.1 p1/Cw1p2.l pal+? I
1 1t
R P2 p1 po/Nw jwy/2 z, 7Ch—i\llplcwzpz/-l Wip1 Wzpa/e2

SO

T ; two-sided
@,p1.1 p1/Cwipa.l p2/e2

For the one-sided cases, a closed-form inversion of the power equation yields an approximate total sample
size
h . L2
z7 fwipi Cwopall wipr Wop2/g2 C Zpower fWopi1.l  p1/ Cwipo.l  pa/g@?
WiWwz2.p2  P1 Po/?

For the two-sided case, the solution fdiis obtained by numerically inverting the power equation.

N D

Likelihood Ratio Chi-Square Test for Two Proportions (TEST=LRCH]I)
The usual likelihood ratio chi-square test is unconditional. The test statistic

i io) 1 9
zr D. 1fp2<plg/{J 2N wi fPlog D Cwi.l @i/log 1—©'

iD1

is assumed to have a null distributionfO; 1/ and an alternative distribution &f. ; 1/ , where
v

u
X . .
1 {" Pi 1 pi
DNz2. 1 [t 2 wipilog ———— Cw;.1 illo
fp2<p 19 o1 iPi 10g wip1 C waopy ! Pi 9 1 .wip; Cwopa/
The approximate power is
8
< . z1 upper one-sided
powerD . - z1 [ lower one-sided

h Z; c” z; , ; two-sided
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For the one-sided cases, a closed-form inversion of the power equation yield an approximate total sample size
2

N D Zpower C 71

For the two-sided case, the solution fdiis obtained by numerically inverting the power equation.

Fisher's Exact Conditional Test for Two Proportions (Test=FISHER)
Fisher's exact test is conditional on the observed total number of sucaesdeéswer and sample size
computations are based on a test with similar power properties, the continuity-adjusted arcsine test. The test

statistic |

-

1 1 2
zp D .ANwqiw>o/2 arcsin C A 1
A 1W2 PR C Sow, Lim<rs 119> pag

I#

N

: 1
arcsin p@C M.lfmqeg 19> pad/

is assumed to have a null distributionf0; 1/ and an alternative distribution &f. ; 1/ , where

|
1:

1 . 1 2
D .4ANwiw,/2 arcsin p,C m.lfp2<p 19 Lipospa.d

I#

1
2

) 1
arcsin  p; C M-lfp1<p 2 Lipy>p oo/

The approximate power for the one-sided balanced case is given by Walters (1979) and is easily extended to
the unbalancgd and two-sided cases:

<. 1 [ upper one-sided
powerD . - z; 1 lower one-sided
- z . C° 2, _ ; two-sided

The approximation is valid only fdd  1=.2wywaojp1  p2j/.

Analyses in the TWOSAMPLEMEANS Statement

Two-Sample t Test Assuming Equal Variances (TEST=DIFF)
The hypotheses for the two-sampliest are
H ngdi D o

< d4i © g; two-sided
HiW 4 > o; upperone-sided
" 4 < o, lowerone-sided

The test assumes normally distributed data and common standard deviation per group, and itNequBges
ni 1,andn, 1. The test statistics are

N Mg 0
S

tD NZ.wiwy/? i tN 20

21 F.IN  2; %
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whereXy andXy are the sample means aggis the pooled standard deviation, and

DN%.W1W2/% M
The testis
8
< t2 F; .I;N 2/; two-sided
Reject Ho if t t; .N 2/ upper one-sided
t t.N 2/ lower one-sided

Exact power computations fotests are given in O'Brien and Muller (1993, Section 8.2.1):

8

<P FI;N 22 F; .I;N 2/ : two-sided
powerD P.tN 2;/ t N 2//; upper one-sided

PN 2/ t.N 2/ lower one-sided

Solutions forN, ny, nz, , and are obtained by numerically inverting the power equation. Closed-form
solutions for other parameters, in terms pére as follows:

d D .Nw jwy/ %C 0
1D .Nw 1W2/%C 0 2

2D(.NW1W2/%C 0 1

LNWawo/Z. g o/, 1J>0

unde ned otherwise

1 1h1 422 i%. O<iji ALINZld o
wiD, 2 2% N oz 0 CoShloRNEme

unde ned otherwise

1 1h 422 i%. T ANE S ol
woD 2 21 Fg o 0 0 pNeEE

unde ned otherwise

Finally, here is a derivation of the solution faw :

Solve the equation forw; (which requires the quadratic formula). Then determine the ranggivenws :

(
o O when wy; DO or 1; if . g of 0
Wi ( INZ=a o when wyD % if . g o/<O
D 0: when wy DO or 1; if . 4 o/ <0
A INZ=a o when wyD % if . g o O
This implies
i ] }N%J di o)

2
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Two-Sample Satterthwaite t Test Assuming Unequal Variances (TEST=DIFF_SATT)
The hypotheses for the two-sample Satterthwiiést are

H OV\édi D o
< d4i © o, two-sided

HiW 4 > o; upperone-sided
" 4 < o; lowerone-sided

The test assumes normally distributed data and reghlires3,n; 1, andn, 1. The test statistics are

[} ¢
tD)M 1 loDN%M 1
fes? e

ni n2 W1 W2

F D t2

NE| o

whereX and®y are the sample means asidands; are the sample standard deviations.

DiSantostefano and Muller (1995, p. 585) state, the test is based on assuming thad gineés distributed
asF.1; / ,where is given by Satterthwaite's approximation (Satterthwaite 1946),

2 2 2 2 2 2
1 2 1 2
ni C n2 W1 c W2
D 2 2 2 2 D 2 2 2 2
_1 2 1 2
ny na Wy wo
ng 1 C n, 1 Nw 1 1C Nw, 1

Since is unknown, in practice it must be replaced by an estimate

s £
ny ~ ny wi T wg
P G ° 2 2 °
ni n2 W1 W2
np 1 n, 1 Nwi, 1 C Nwj, 1
So the test is
8
<F F; .1;Q two-sided
Reject Ho if . t t1 .Q upper one-sided
Tt t.Q lower one-sided

Exact solutions for power for the two-sided and upper one-sided cases are given in Moser, Stevens, and Watts
(1989). The lower one-sided case follows easily by using symmetry. The equations are as follows:
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8 R;
2 P.F.I;N 2;/>
2 h.u/F1 .1;v.u/l ju/f.u/ du; two-sided
S 0P tN 2 2/>
powerD @u/*zt; .v.ull ju f.u/ du; upper one-sided
2 R
2 4P N 2 3/<
. @/ 2 t wvoull ju ful du; lower one-sided
where
1 u
=C=X= niCny 2/
ni no
h.u/ D
1/cC yii Llc i
Nq .No —22 n 12n2
1 u
v.u/ D HC n2
1 u?
nZny 1/ nZn, 1/
- di 0/2
D 2 2
1 _2
ni no
" H#np 1 " # niCny 2
niCny 2 —<_ - N <
f.u D N ine U ° ue 1c 2 1 u_12 i
. € Nl g np 1 22.n1 1/ ng 1 22

The densityf.u/ is obtained from the fact that

u 2
— F.nz Lim U

2
Because the test is biased, the achieved signi cance level might differ from the nominal signi cance level.

The actual alpha is computed in the same way as the power, except that the mean diffgreiceeplaced
by the null mean differencey.

Two-Sample Pooled t Test of Mean Ratio with Lognormal Data (TEST=RATIO)

The lognormal case is handled by reexpressing the analysis equivalently as a normality-based test on the
log-transformed data, by using properties of the lognormal distribution as discussed in Johnson, Kotz, and
Balakrishnan (1994, Chapter 14). The approaches in the section “Two-Safgde Assuming Equal
Variances (TEST=DIFF)” on page 7268 then apply.

In contrast to the usualtest on normal data, the hypotheses with lognormal data are de ned in terms of
geometric means rather than arithmetic means. The test assumes equal coef cients of variation in the two
groups.
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The hypotheses for the two-sampliest with lognormal data are

—i o o; two-sided
H{W —i > ; upperone-sided
- 2< 4 lowerone-sided

Let Z Z and ? be the (arithmetic) means and common standard deviation of the corresponding normal
distributions of the log-transformed data. The hypotheses can be rewritten as follows:

Hovgg 7D log. of

< 2 Zolog. of; two-sided
HiW 2  7>log. o/; upperone-sided
"2 7<log. of/; lower one-sided
where
7D log 1
2D log

The test assumes lognormally distributed data and regiires3,n; 1, andn, 1.

The power is
8
<P F1;N 2;2% F; .I;N 2/ ; two-sided
powerD P.tN 2;/ t N 2//; upper one-sided
PN 2;/ t.N 2/; lower one-sided
where
2 7 log. of

D N %.W1W2/%

?

1
D log.CV2C 1/ ?

Additive Equivalence Test for Mean Difference with Normal Data (TEST=EQUIV_DIFF)
The hypotheses for the equivalence test are

HoWgi < L or 4 > u

H1 W di u
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The analysis is the two one-sided tests (TOST) procedure of Schuirmann (1987). The test assumes normally
distributed data and requirés  3,n; 1, andn, 1. Phillips (1990) derives an expression for the exact
power assuming a balanced design; the results are easily adapted to an unbalanced design:

!

- N 2/3. /
powerDQn 2 . tt N 2/, — % YU o d LR
N 2.wiwy/ 2 2N z.wiwy/ 2.t; .N 2[//
- N 2/3, / '
Oy » t1 N 2,— % L o UL

N %.W]_Wz/ % ’2N %.W]_Wz/ %.tl .N 21/

whereQ . ; | ; / is Owen's Q function, de ned in the section “Common Notation” on page 7223.

Multiplicative Equivalence Test for Mean Ratio with Lognormal Data (TEST=EQUIV_RATIO)

The lognormal case is handled by reexpressing the analysis equivalently as a normality-based test on the
log-transformed data, by using properties of the lognormal distribution as discussed in Johnson, Kotz, and
Balakrishnan (1994, Chapter 14). The approaches in the section “Additive Equivalence Test for Mean
Difference with Normal Data (TEST=EQUIV_DIFF)” on page 7272 then apply.

In contrast to the additive equivalence test on normal data, the hypotheses with lognormal data are de ned in
terms of geometric means rather than arithmetic means.

The hypotheses for the equivalence test are
T
H ()V-V— L or — U
R

T
R

where 0< | < y

The analysis is the two one-sided tests (TOST) procedure of Schuirmann (1987) on the log-transformed data.
The test assumes lognormally distributed data and reghires3, n; 1, andn, 1. Diletti, Hauschke,

and Steinijans (1991) derive an expression for the exact power assuming a crossover design; the results are
easily adapted to an unbalanced two-sample design:

0 1
log = log. u/ N 2/5.log. v/ log. /I
powerDQy - @ t, N 2/ i 10, 2.log. u 9 M A
’N 2.Wiwy/ 2 2 °N 2.wiwy/ 2.7 .N 21/
0 1

log —log. L/IO' N 2/3.og. y/ log. /I

N zwiwy/ 2 2 ?N zwawy/ 2ty N2/

A

Qn 2@.t1 .N 211,

where
1
D log.CV?C 1/ ?

is the (assumed common) standard deviation of the normal distribution of the log-transformed data, and
Q .; 1; /is Owen's Q function, de ned in the section “Common Notation” on page 7223.
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Con dence Interval for Mean Difference (CI=DIFF)
This analysis of precision applies to the standabpdsed con dence interval:

h
S
)M Nl/ tl 5.N Z/W’I
S . .
h BN N/ CHy §.N 2/% ; two-sided
S . . H
N M/t N 2/%, 1 i upper one-sided

1 ; N MJ/Ct; N 2/p—=— : |owerone-sided
NW1W2

wherexN andXy are the sample means aggis the pooled standard deviation. The “half-width” is de ned
as the distance from the point estim¥y§e M1 to a nite endpoint,

half-width ( ti ;N 22— two-sided
alf-width D t; .N 2/%; one-sided

A “valid” conference interval captures the true mean. The exact probability of obtaining at most the target
con dence interval half-width, unconditional or conditional on validity, is given by Beal (1989):

8 !
<P 2N 2/ MR Zwiwel o gwosided
Pr.half-width  h/ D N
T 2 h2N.N  2/w 1wa/ . .
.8P Nh 2/ TN 2 S one-sided
P -
Pr.half-width hj = 1 2Qn 2 .ty N 201 .
validity) D, 0/ Qu 2.0;010;bp/; two-sided
" 2 Qn 2.t1 N 2/;010;bp/; one-sided
where
hN  2/z
b, D - -
1 E.N 2/IN z2.wiwao/ 2
¢ D number of sides
andQ . ; | ; / is Owen's Q function, de ned in the section “Common Notation” on page 7223.

A “quality” con dence interval is both suf ciently narrow (half-width h) and valid:

Pr(quality)D Pr.half-width hand validity
D Pr.half-width  hjvalidity/.1  /

Analyses in the TWOSAMPLESURVIVAL Statement

Rank Tests for Two Survival Curves (TEST=LOGRANK, TEST=GEHAN, TEST=TARONEWARE)
The method is from Lakatos (1988) and Cantor (1997, pp. 83-92).
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De ne the following notation:

Xj .i/ D ithinput time point on survival curve for gropp
S .i/ D input survivor function value that correspondXfoi/
h; .t/ D hazard rate for group at timet
%q .t/ D loss hazard rate for groypat timet
j D exponential hazard rate for gropp

_ hy.t/
R D hazard ratio of group 2 to group 1 (assumed constant) value gf —

hy.t/
m; D median survival time for group
b D number of subintervals per time unit
T D accrual time
D follow-up time after accrual
L; D exponential loss rate for groyp
XL D inputtime point on loss curve for groyp
SL;j D input survivor function value that correspondsdb
mL; D median survival time for group
ri D rank forith time point
Each survival curve can be speci ed in one of several ways.
For exponential curves:
— asingle pointX; .1/; Sj .1// on the curve
— median survival time
— hazard rate
— hazard ratio (for curve 2, with respect to curve 1)
For piecewise linear curves with proportional hazards:
— asetof point$.X 1.1/; S1.1//; . X 1.2/;S1.2//;::: g(for curve 1)
— hazard ratio (for curve 2, with respect to curve 1)
For arbitrary piecewise linear curves:
— asetof point$.X; .1/;S; .1//; X .2[,S; .2/I;::: g
Atotal of M C 1 evenly spaced time poinfsg D O;t1;t2;:::;tmy D T C gare used in calculations, where

M D oor.. TC /b/
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The hazard function is calculated for each survival curve at each time point. For an exponential curve, the
(constant) hazard is given by one of the following, depending on the input parameterization:

i
1R

log. 3/

N\ 2200

h] t/ D mj
log.S; .1/
X .U
log.S1.1//
X1.1/ R

e

For a piecewise linear curve, de ne the following additional notation:

t.

D largest input timeX such thaiX  t;
tiC D smallest input timeX such thatX >t ;

The hazard is computed by using linear interpolation as follows:
St IS .tic/
St/ St/ t ot CSut/tC ot

hj ti/ D

With proportional hazards, the hazard rate of group 2's curve in terms of the hazard rate of group 1's curve is
h,.t/ D h;.t/IR

Hazard function valued%y .tj/g for the loss curves are computed in an analogous way from
ij ;XLJ‘ ;SLj ;ij g

The expected number at ridk .i/ at timei in groupj is calculated for each group and time points 0 through
M —1, as follows:

Nj .0/ D NWJ'
1

: : 1 0, . 1

g, > g

De ne ; as the ratio of hazards ang as the ratio of expected numbers at risk for titne
. ho.ti/
"7 hoti!
No.i/
i D 2
Nl.l/

The expected number of deaths in each subinterval is calculated as follows:
1
D; D @& .ti/Nq1.i/ C hy.ti/Ny.i/ e b

The rank values are calculated as follows according to which test statistic is used:

8
< 1; log-rank

ri D B‘l'i/ C Na.if; Gehan
N1.i/ C N».i/; Tarone-Ware
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The distribution of the test statistic is approximated\b¥e; 1/ where

h i
PM 1D-r- i i
ED iao 1c 1iC
TPV Ty 2
iDo i 1c /2

Note thatN > can be factored out of the me&nand so it can be expressed equivalently as

2|:)M 1 ')oh i3
! Dr i i
DO i 1C
EDNIE?DNI] gp° £
D7r?%
iDo ~i'i a1c /2

whereE ? is free ofN and

, , 1
D’ D hyti/N7.i/ Chati/NJ.il =
8
< 1; log-rank
r’D . Ni-i/ CNJi/;  Gehan
" " N7l CNj.i/; Tarone-Ware

N7.0/ D w
2. 2. 1 1 1
The approximate power is
8
27 N E? 7z upper one-sided
powerD . ~ N?E’ z lower one-sided

~ NzE? z _ C~ N:ZE’? z7 & two-sided

Note that the upper and lower one-sided cases are expressed differently than in other analyses. This is because
E? > 0 corresponds to a higher survival curve in group 1 and thus, by the convention used in PROC power
for two-group analyses, the lower side.

For the one-sided cases, a closed-form inversion of the power equation yield an approximate total sample size

2
Zpower C 21

N D =

For the two-sided case, the solution fdiis obtained by numerically inverting the power equation.

Accrual rates are converted to and from sample sizes according to the eqyafion; =T, whereg; is the
accrual rate for group

Expected numbers of events—that is, deaths, whether observed or censored—are converted to and from
sample sizes according to the equation

(njhl SjR/; i TDO

n 1 £ ,7S.TC tdt; T>0

g D
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whereg is the expected number of events in grgupor an exponential curve, the equation simpli es to

5 Nl exp j/; i TDO
9 n 1 %exp. i/l exp. j.TC I/ T>0
For a piecewise linear curve, rst de ni§; as the number of time points in the following collection:
T C , and input time points for groujpstrictly between andT C . Denote the ordered set of these points

between adjacent input time points if they do not coincide with any input time points. Then the equation for
a piecewise linear curve simpli es to
D(njhl Sj./; i TDO
Ki 1
G n 1 % idl Usict Ui S.Ui/CS.ujici ; T>0

Analyses in the TWOSAMPLEWILCOXON Statement

Wilcoxon-Mann-Whitney Test for Comparing Two Distributions (TEST=WMW)

The power approximation in this section is applicable to the Wilcoxon-Mann-Whitney (WMW) test as
invoked with the WILCOXON option in the PROC NPAR1WAY statement of the NPAR1WAY procedure.
The approximation is based on O'Brien and Gastelloe (2006) and an estimator Bl oqgs. See
O'Brien and Castelloe (2006) for a de nition W o4ds, Which need not be derived in detail here for
purposes of explaining the power formula.

Let Y7 andY; be independent observations from any two distriutions that you want to compare using the
WMW test. For purposes of deriving the asymptotic distributio W o4ds (and consequently the power
computation as well), these distributions must be formulated as ordered categorical (“ordinal”) distributions.

If a distribution is continuous, it can be discretized using a large number of categories with negligible loss
of accuracy. Each nonordinal distribution is divided ibtoategories, wherk is the value of the NBINS
parameter, with breakpoints evenly spaced on the probability scale. That is, each bin contains an equal
probability 1b for that distribution. Then the breakpoints across both distributions are pooled to form

a collection ofC bins (heretofore called “categories”), and the probabilities of bin membership for each
distribution are recalculated. The motivation for this method of binning is to avoid degenerate representations
of the distributions—that is, small handfuls of large probabilities among mostly empty bins—as can be
caused by something like an evenly spaced grid across raw values rather than probabilities.

After the discretization process just mentioned, there are now two ordinal distributions, each with a set of
probabilities across a common set@brdered categories. For simplicity of notation, assume (without loss
of generality) the response values tolhe: : ; C. Represent the conditional probabilities as

and the group allocation weights as
w; D r’\ll—' D Prob.groupDi/; i2fl;2g

The joint probabilities can then be calculated simply as
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The next step in the power computation is to compute the probabilities that a randomly chosen pair of
observations from the two groups is concordant, discordant, or tied. It is useful to de ne these probabilities
as functions of the termRs; andRdj , de ned as follows, wher&' is a random observation drawn from the

joint distribution across groups and categories:

Rs; D Prob.Y is concordant with celi;j/ / C EProb .Y is tied with celli;j/ /
D Prob..group<i andY <j/ or.group>i andY >j//C
1
EProb.groupc iandY D j/

¥ L
D Wg 3¢ lg ilc jro C Elgn i;cDj
gD1cD1

and

1
Rdj D Prob.Y is discordant with celi;j/ / C EProb .Y is tied with celli;j/ /
D Prob..group<i andY >j/ or.group>i andY <j//C
1
EProb.groupo iandY D j/

X X 1
D Wglde lg irc jro C§|gui;cDj
gD1cD1

For an independent random drad; Y, from the two distributions,

1 .
P. D Prob.Yz; Y, concordantC EProb.Yl;Yg tied/

X €
D WiFQRSij
iD1jD1

and

. 1 .
P4 D Prob.Ys; Y, discordantC EProb.Yl;Yz tied/
X
D Wi FQ Rdij
iD1jD1
Then

Pc
WMW 54gs D —
Pd

Proceeding to compute the theoretical standard error associateMMW o445 (that is, the population
analogue to the sample standard error),

2 31
2 X F ,
SE.WMW oq4qs/ D — 4 Wil WMW gqesRdj  Rsj “=NOS
d ip1jp1
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Converting to the natural log scale and using the delta method,

WMW o4ds

SE.log. WMW oggs// D

The next step is to produce a “smoothed” version ofZheC cell probabilities that conforms to the null
hypothesis of the Wilcoxon-Mann-Whitney test (in other words, independence h th& contingency
table of probabilities). LeSE, ,.109. WMW oq4q4s// denote the theoretical standard errofagf. WMW oq4qds/
assumingHo.

Finally, compute the power using the noncentral chi-square and normal distributions:

8
N SEy ,.10g. WMW oqqs // I .
P P Z  —S£Tog WW oae 7 2L "Nz ;  upper one-sided
SE .log. WMW 1 1 .
powerD . P Z  “oSoq v et ’Nz ;  lower one-sided
A Tog. - .
N | 2
~ SE .log. WMW Il .
- P 21, 72N/ Ho 00 odds 2 1/ : two-sided

SE. log. WMW oggs /7 1

where
N 2 SE.log. WMW oqgs//

is the primary noncentrality—that is, the “effect size” that quanti es how much the two conjectured distri-
butions differ.Z is a standard normal random variablé, df : nc/ is a noncentral 2 random variable with
degrees of freedomif and noncentralityc, andN is the total sample size.

ODS Graphics

Statistical procedures use ODS Graphics to create graphs as part of their output. ODS Graphics is described
in detail in Chapter 21, “Statistical Graphics Using ODS.”

Before you create graphs, ODS Graphics must be enabled (for example, by specifying the ODS GRAPH-
ICS ON statement). For more information about enabling and disabling ODS Graphics, see the section
“Enabling and Disabling ODS Graphics” on page 609 in Chapter 21, “Statistical Graphics Using ODS."

The overall appearance of graphs is controlled by ODS styles. Styles and other aspects of using ODS
Graphics are discussed in the section “A Primer on ODS Statistical Graphics” on page 608 in Chapter 21,
“Statistical Graphics Using ODS.”

If ODS Graphics is not enabled, then PROC POWER creates traditional graphics.

You can reference every graph produced through ODS Graphics with a name. The names of the graphs that
PROC POWER generates are listed in Table 89.33, along with the required statements and options.



Examples: POWER Procedure F 7281

Table 89.33 Graphs Produced by PROC POWER

ODS Graph Name Plot Description Option

PowerPlot Plot with two of the following three parameters on th®LOT
X and Y axes: power, sample size, and effect size

PowerAbort Empty plot that shows an error message when a pRLOT

could not be produced

Examples: POWER Procedure

Example 89.1: One-Way ANOVA
This example deals with the same situation as in Example 48.1 of Chapter 48, “The GLMPOWER Procedure.”

Hocking (1985, p. 109) describes a study of the effectiveness of electrolytes in reducing lactic acid buildup
for long-distance runners. You are planning a similar study in which you will allocate ve different uids to
runners on a 10-mile course and measure lactic acid buildup immediately after the run. The uids consist of
water and two commercial electrolyte drinks, EZDure and LactoZap, each prepared at two concentrations,
low (EZD1 and LZ1) and high (EZD2 and LZ2).

You conjecture that the standard deviation of lactic acid measurements given any particular uid is about
3.75, and that the expected lactic acid values will correspond roughly to those in Table 89.34. You are least
familiar with the LZ1 drink and hence decide to consider a range of reasonable values for that mean.

Table 89.34 Mean Lactic Acid Buildup by Fluid

Water EZD1 EZD2 LZ1 LZ2
356 33.7 30.2 290r28 259

You are interested in four different comparisons, shown in Table 89.35 with appropriate contrast coef cients.

Table 89.35 Planned Comparisons

Contrast Coef cients

Comparison Water EZD1 EZD2 LZ1 LZ2
Water versus electrolytes 4 -1 -1 -1 -1
EZD versus LZ 0 1 1 -1 -1
EZD1 versus EZD2 0 1 -1 0 0
LZ1 versus LZ2 0 0 0 1 -1

For each of these contrasts you want to determine the sample size required to achieve a power of 0.9 for
detecting an effect with magnitude in accord with Table 89.34. You are not yet attempting to choose a single
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sample size for the study, but rather checking the range of sample sizes needed for individual contrasts. You
plan to test each contrast atD 0:025 In the interests of reducing costs, you will provide twice as many
runners with water as with any of the electrolytes; in other words, you will use a sample size weighting
scheme of 2:1:1:1:1. Use the ONEWAYANOVA statement in the POWER procedure to compute the sample
sizes.

The statements required to perform this analysis are as follows:

proc power;

onewayanova
groupmeans = 35.6 | 33.7 | 30.2 | 29 28 | 25.9
stddev = 3.75
groupweights = (2 1 1 1 1)
alpha = 0.025
ntotal = .
power = 0.9
contrast = (4 -1 -1 -1-1) (0 1 1-1-1)

0o 1-1 0 00O 0 O 1-1)

run;

The NTOTAL= option with a missing value (.) indicates total sample size as the result parameter. The
GROUPMEANS= option with values from Table 89.34 speci es your conjectures for the means. With only
one mean varying (the LZ1 mean), the “crossed” notation is simpler, showing scenarios for each group mean,
separated by vertical bars (|). For more information about crossed and matched notations for grouped values,
see the section “Specifying Value Lists in Analysis Statements” on page 7216. The contrasts in Table 89.35
are speci ed with the CONTRAST= option, by using the “matched” notation with each contrast enclosed

in parentheses. The STDDEV=, ALPHA=, and POWER= options specify the error standard deviation,
signi cance level, and power. The GROUPWEIGHTS= option speci es the weighting schemes. Default
values for the NULLCONTRAST= and SIDES= options specify a two-sidedt of the contrast equal to 0.

See Output 89.1.1 for the results.

Output 89.1.1 Sample Sizes for One-Way ANOVA Contrasts
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Output 89.1.1 continued

The sample sizes in Output 89.1.1 range from 24 for the comparison of water versus electrolytes to 480 for
the comparison of LZ1 versus LZ2, both assuming the smaller LZ1 mean. The sample size for the latter
comparison is relatively large because the small mean difference of 28 — 25.9 = 2.1 is hard to detect.

The Nominal Power of 0.9 in the “Fixed Scenario Elements” table in Output 89.1.1 represents the input
target power, and the Actual Power column in the “Computed N Total” table is the power at the sample size
(N Total) adjusted to achieve the speci ed sample weighting. Note that all of the sample sizes are rounded
up to multiples of 6 to preserve integer group sizes (since the group weights add up to 6). You can use the
NFRACTIONAL option in the ONEWAYANOVA statement to compute raw fractional sample sizes.

Suppose you want to plot the required sample size for the range of power values from 0.5 to 0.95. First,
de ne the analysis by specifying the same statements as before, but add the PLOTONLY option to the PROC
POWER statement to disable the nongraphical results. Next, specify the PLOT statement with X=POWER
to request a plot with power on the X axis. (The result parameter, here sample size, is always plotted on
the other axis.) Use the MIN= and MAX= options in the PLOT statement to specify the power range. The
following statements produce the plot shown in Output 89.1.2.

ods graphics on;

proc power plotonly;
onewayanova

groupmeans = 35.6 | 33.7 | 30.2 | 29 28 | 25.9
stddev = 3.75

groupweights = (2 1 1 1 1)

alpha = 0.025

ntotal
power =
contrast

0.9
=4 -1-1
o 1
plot x=power min=.5 m
run;

0 1 1-1-1)

-1-1)
-1 0 000 O O 1 -1);
5;

ax=.9
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Output 89.1.2 Plot of Sample Size versus Power for One-Way ANOVA Contrasts

In Output 89.1.2, the line style identi es the contrast, and the plotting symbol identi es the group means
scenario. The plot shows that the required sample size is highest for the (0 0 0 1 —1) contrast, which
corresponds to the test of LZ1 versus LZ2 that was previously found to require the most resources, in either
cell means scenario.

Note that some of the plotted points in Output 89.1.2 are unevenly spaced. This is because the plotted points
are theroundedsample size results at their correspondaatual power levels. The range speci ed with

the MIN=and MAX= values in the PLOT statement correspondsatminalpower levels. In some cases,
actual power is substantially higher than nominal power. To obtain plots with evenly spaced points (but with
fractional sample sizes at the computed points), you can use the NFRACTIONAL option in the analysis
statement preceding the PLOT statement.
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Finally, suppose you want to plot the power for the range of sample sizes you will likely consider for the
study (the range of 24 to 480 that achieves 0.9 power for different comparisons). In the ONEWAYANOVA
statement, identify power as the result (POWER=.), and specify NTOTAL=24. The following statements
produce the plot:

proc power plotonly;
onewayanova
groupmeans = 35.6 | 33.7 | 30.2 | 29 28 | 25.9
stddev = 3.75
groupweights = (2 1 1 1 1)
alpha = 0.025
ntotal = 24
power =
contrast = (4 -1 -1 -1 -1) 0 1 1 -1 -1)
(0o 1-1 0 00O 0 O 1-1y;
plot x=n min=24 max=480;
run;

ods graphics off;
The X=N option in the PLOT statement requests a plot with sample size on the X axis.

Note that the value speci ed with the NTOTAL=24 option is not used. It is overridden in the plot by
the MIN=and MAX= options in the PLOT statement, and the PLOTONLY option in the PROC POWER
statement disables nongraphical results. But the NTOTAL= option (along with a value) is still needed in the
ONEWAYANOVA statement as a placeholder, to identify the desired parameterization for sample size.

Output 89.1.3 shows the resulting plot.
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Output 89.1.3 Plot of Power versus Sample Size for One-Way ANOVA Contrasts

Although Output 89.1.2 and Output 89.1.3 surface essentially the same computations for practical power
ranges, they each provide a different quick visual assessment. Output 89.1.2 reveals the range of required
sample sizes for powers of interest, and Output 89.1.3 reveals the range of achieved powers for sample sizes
of interest.

Example 89.2: The Sawtooth Power Function in Proportion Analyses

For many common statistical analyses, the power curve is monotonically increasing: the more samples
you take, the more power you achieve. However, in statistical analyses of discrete data, such as tests of
proportions, the power curve is often nonmonotonic. A small increase in sample size can resigitiease

in power, a decrease that is sometimes substantial. The explanation is that the actual signi cance level (in
other words, the achieved Type | error rate) for discrete tests strays below the target level and varies with
sample size. The power loss from a decrease in the Type | error rate can outweigh the power gain from
an increase in sample size. The example discussed here demonstrates this “sawtooth” phenomenon. For
additional discussion on the topic, see Chernick and Liu (2002).

Suppose you have a new scheduling system for an airline, and you want to determine how many ights you
must observe to have at least an 80% chance of establishing an improvement in the proportion of late arrivals
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on a speci c travel route. You will use a one-sided exact binomial proportion test with a null proportion of
30%, the frequency of late arrivals under the previous scheduling system, and a nominal signi cance level of

= 0.05. Well-supported predictions estimate the new late arrival rate to be about 20%, and you will base
your sample size determination on this assumption.

The POWER procedure does not currently compute exact sample size directly for the exact binomial test.
But you can get an initial estimate by computing the approximate sample size requirezitBstaUse
the ONESAMPLEFREQ statement in the POWER procedure with TEST=Z and METHOD=NORMAL to

compute the approximate sample size to achieve a power of 0.8 by usintetiie The following statements
perform the analysis:

proc power;
onesamplefreq test=z method=normal

sides =1

alpha = 0.05
nullproportion = 0.3

proportion =02

ntotal = .

power = 0.8;

run;

The NTOTAL= option with a missing value (.) indicates sample size as the result parameter. The SIDES=1
option speci es a one-sided test. The ALPHA=, NULLPROPORTION=, and POWER= options specify

the signi cance level of 0.05, null value of 0.3, and target power of 0.8, respectively. The PROPORTION=
option speci es your conjecture of 0.3 for the true proportion.

Output 89.2.1 Approximate Sample Size for z Test of a Proportion

The results, shown in Output 89.2.1, indicate that you need to observeMboiit9 ights to have an 80%
chance of rejecting the hypothesis of a late arrival proportion of 30% or higher, if the true proportion is 20%,
by using thez test. A similar analysis (Output 89.2.2) reveals an approximate sample dize @P9 for the

ztest with continuity correction, which is performed by using TEST=ADJZ:
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proc power;
onesamplefreq test=adjz method=normal

sides =1

alpha = 0.05
nullproportion = 0.3

proportion = 0.2

ntotal = .

power = 0.8;

run;

Output 89.2.2 Approximate Sample Size for z Test with Continuity Correction

Based on the approximate sample size results, you decide to explore the power of the exact binomial test for

sample sizes between 110 and 140. The following statements produce the plot:
ods graphics on;

proc power plotonly;
onesamplefreq test=exact

sides =1
alpha = 0.05
nullproportion = 0.3
proportion = 0.2
ntotal = 119
power =

plot x=n min=110 max=140 step=1

yopts=(ref=.8) xopts=(ref=119 129);
run;

The TEST=EXACT option in the ONESAMPLEFREQ statement speci es the exact binomial test, and the
missing value (.) for the POWER= option indicates power as the result parameter. The PLOTONLY option in
the PROC POWER statement disables nongraphical output. The PLOT statement with X=N requests a plot
with sample size on the X axis. The MIN=and MAX= options in the PLOT statement specify the sample size
range. The YOPTS=(REF=) and XOPTS=(REF=) options add reference lines to highlight the approximate
sample size results. The STEP=1 option produces a point at each integer sample size. The sample size value
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speci ed with the NTOTAL= option in the ONESAMPLEFREQ statement is overridden by the MIN= and
MAX= options in the PLOT statement. Output 89.2.3 shows the resulting plot.

Output 89.2.3 Plot of Power versus Sample Size for Exact Binomial Test

Note the sawtooth pattern in Output 89.2.3. Although the power surpasses the target level dfl0.8 at
=119, it decreases to 0.79 witth = 120 and further to 0.76 witlN = 122 before rising again to 0.81

with N = 123. Not untilN = 130 does the power stay above the 0.8 target. Thus, a more conservative
sample size recommendation of 130 might be appropriate, depending on the precise goals of the sample size
determination.

In addition to considering alternative sample sizes, you might also want to assess the sensitivity of the power
to inaccuracies in assumptions about the true proportion. The following statements produce a plot including
true proportion values of 0.18 and 0.22. They are identical to the previous statements except for the additional
true proportion values speci ed with the PROPORTION= option in the ONESAMPLEFREQ statement.
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proc power plotonly;
onesamplefreq test=exact

sides =1

alpha = 0.05
nullproportion = 0.3

proportion = 0.18 0.2 0.22
ntotal = 119

power =

plot x=n mMin=110 max=140 step=1
yopts=(ref=.8) xopts=(ref=119 129);
run;

Output 89.2.4 shows the resulting plot.

Output 89.2.4 Plot for Assessing Sensitivity to True Proportion Value

The plot reveals a dramatic sensitivity to the true proportion valueNEdr19, the power is about 0.92 if the
true proportion is 0.18, and as low as 0.62 if the proportion is 0.22. Note also that the power jumps occur at
the same sample sizes in all three curves; the curves are only shifted and stretched vertically. This is because

spikes and valleys in power curves are invariant to the true proportion value; they are due to changes in the
critical value of the test.
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A closer look at some ancillary output from the analysis sheds light on this property of the sawtooth pattern.

You can add an ODS OUTPUT statement to save the plot content that corresponds to Output 89.2.3 to a data
set:

proc power plotonly;
ods output plotcontent=PlotData;
onesamplefreq test=exact

sides =1
alpha = 0.05
nullproportion = 0.3
proportion = 0.2
ntotal = 119
power =

plot x=n mMin=110 max=140 step=1
yopts=(ref=.8) xopts=(ref=119 129);
run;

ThePlotData data set contains parameter values for each point in the plot. The parameters include underlying

characteristics of the putative test. The following statements print the critical value and actual signi cance
level along with sample size and power:

proc print data=PlotData;
var NTotal LowerCritVal Alpha Power;
run;

Output 89.2.5 shows the plot data.
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Output 89.2.5 Numerical Content of Plot

Note that whenever the critical value changes, the actijiaimps up to a value close to the nominat

0.05, and the power also jumps up. Then while the critical value stays constant, the aahechpower

slowly decrease. The critical value is independent of the true proportion value. So you can achieve a locally
maximal power by choosing a sample size corresponding to a spike on the sawtooth curve, and this choice is
locally optimalregardlessof the unknown value of the true proportion. Locally optimal sample sizes in this
case include 115, 119, 123, 127, 130, and 134.

As a point of interest, the power does not always jump sharply and decrease gradually. The shape of the
sawtooth depends on the direction of the test and the location of the null proportion relative to 0.5. For
example, if the direction of the hypothesis in this example is reversed (by switching true and null proportion
values) so that the rejection region is in the upper tail, then the power curve exhibits sharp decreases and
gradual increases. The following statements are similar to those producing the plot in Output 89.2.3 but with
values of the PROPORTION= and NULLPROPORTION= options switched:



Example 89.2: The Sawtooth Power Function in Proportion Analyses F 7293

proc power plotonly;
onesamplefreq test=exact

sides =1
alpha = 0.05
nullproportion = 0.2
proportion = 0.3
ntotal = 119
power =
plot x=n min=110 max=140 step=1;

run;

The resulting plot is shown in Output 89.2.6.

Output 89.2.6 Plot of Power versus Sample Size for Another One-sided Test

Finally, two-sided tests can lead to even more irregular power curve shapes, since changes in lower and upper
critical values affect the power in different ways. The following statements produce a plot of power versus
sample size for the scenario of a two-sided test with high alpha and a true proportion close to the null value:
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proc power plotonly;
onesamplefreq test=exact

sides =2
alpha = 0.2
nullproportion = 0.1
proportion = 0.09
ntotal = 10
power =

plot x=n min=2 max=100 step=1;
run;
ods graphics off;

Output 89.2.7 shows the resulting plot.

Output 89.2.7 Plot of Power versus Sample Size for a Two-Sided Test

Due to the irregular shapes of power curves for proportion tests, the question “Which sample size should |
use?” is often insuf cient. A sample size solution produced directly in PROC POWER reveals the smallest
possible sample size to achieve your target power. But as the examples in this section demonstrate, it is
helpful to consult graphs for answers to questions such as the following:
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Which sample size will guarantee that all higher sample sizes also achieve my target power?

Given a candidate sample size, can | increase it slightly to achieve locally maximal power, or perhaps
even decrease it and get higher power?

Example 89.3: Simple AB/BA Crossover Designs

Crossover trials are experiments in which each subject is given a sequence of different treatments. They are
especially common in clinical trials for medical studies. The reduction in variability from taking multiple
measurements on a subject allows for more precise treatment comparisons. The simplest such design is the
AB/BA crossover, in which each subject receives each of two treatments in a randomized order.

Under certain simplifying assumptions, you can test the treatment difference in an AB/BA crossover trial by
using either a paired or two-sampleest (or equivalence test, depending on the hypothesis). This example
will demonstrate when and how you can use the PAIREDMEANS statement in PROC POWER to perform
power analyses for AB/BA crossover designs.

Senn (1993, Chapter 3) discusses a study comparing the effects of two bronchodilator medications in treatment
of asthma, by using an AB/BA crossover design. Suppose you want to plan a similar study comparing two
new medications, “Xilodol” and “Brantium.” Half of the patients would be assigned to sequence AB, getting

a dose of Xilodol in the rst treatment period, a wash-out period of one week, and then a dose of Brantium in
the second treatment period. The other half would be assigned to sequence BA, following the same schedule
but with the drugs reversed. In each treatment period you would administer the drugs in the morning and then
measure peak expiratory ow (PEF) at the end of the day, with higher PEF representing better lung function.

You conjecture that the mean and standard deviation of PEF are aReuB30 and o = 40 for Xilodol

and g =310and g =55 for Brantium, and that each pair of measurements on the same subject will have
a correlation of about 0.3. You want to compute the power of both one-sided and two-sided tests of mean
difference, with a signi cance level of = 0.01, for a sample size of 100 patients and also plot the power for

a range of 50 to 200 patients. Note that the allocation ratio of patients to the two sequences is irrelevant in
this analysis.

The choice of statistical test depends on which assumptions are reasonable. One possibitiégtisA

paired or two-sampletest is valid when there is no carryover effect and no interactions between patients,
treatments, and periods. See Senn (1993, Chapter 3) for more details. The choice between a paired or
a two-sample test depends on what you assume about the period effect. If you assume no period effect,
then a paired test is the appropriate analysis for the design, with the rst member of each pair being the
Xilodol measurement (regardless of which sequence the patient belongs to). Otherwise, the twd-szshple
approach is called for, since this analysis adjusts for the period effect by using an extra degree of freedom.

Suppose you assume no period effect. Then you can use the PAIREDMEANS statement in PROC POWER
with the TEST=DIFF option to perform a sample size analysis for the patest. Indicate power as the

result parameter by specifying the POWER= option with a missing value (.). Specify the conjectured means
and standard deviations for each drug by using the PAIREDMEANS= and PAIREDSTDDEVS= options and
the correlation by using the CORR= option. Specify both one- and two-sided tests by using the SIDES=
option, the signi cance level by using the ALPHA= option, and the sample size (in terms of humber of
pairs) by using the NPAIRS= option. Generate a plot of power versus sample size by specifying the PLOT
statement with X=N to request a plot with sample size on the X axis. (The result parameter, here power, is
always plotted on the other axis.) Use the MIN=and MAX= options in the PLOT statement to specify the
sample size range (as numbers of pairs).
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The following statements perform the sample size analysis:

ods graphics on;

proc power;
pairedmeans test=diff

pairedmeans = (330 310)
pairedstddevs = (40 55)
corr =03
sides =12
alpha = 0.01
npairs = 100
power =

plot x=n min=50 max=200;
run;

ods graphics off;

Default values for the NULLDIFF=and DIST= options specify a null mean difference of 0 and the assumption
of normally distributed data. The output is shown in Output 89.3.1 and Output 89.3.2.

Output 89.3.1 Power for Paired t Analysis of Crossover Design
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Output 89.3.2 Plot of Power versus Sample Size for Paired t Analysis of Crossover Design

The “Computed Power” table in Output 89.3.1 shows that the power with 100 patients is about 0.8 for the
two-sided test and 0.87 for the one-sided test with the alternative of larger Brantium mean. In Output 89.3.2,
the line style identi es the number of sides of the test. The plotting symbols identify locations of actual
computed powers; the curves are linear interpolations of these points. The plot demonstrates how much
higher the power is in the one-sided test than in the two-sided test for the range of sample sizes.

Suppose now that instead of detecting a difference between Xilodol and Brantium, you want to establish
that they are similar—in particular, that the absolute mean PEF difference is at most 35. You might consider
this goal if, for example, one of the drugs has fewer side effects and if a difference of no more than 35
is considered clinically small. Instead of a standatelst, you would conduct aequivalence testf the
treatment mean difference for the two drugs. You would test the hypothesis that the true difference is less
than —35 or more than 35 against the alternative that the mean difference is between —35 and 35, by using an
additive model and a two one-sided tests (“TOST") analysis.

Assuming no period effect, you can use the PAIREDMEANS statement with the TEST=EQUIV_DIFF option

to perform a sample size analysis for the paired equivalence test. Indicate power as the result parameter by
specifying the POWER= option with a missing value (.). Use the LOWER= and UPPER= options to specify
the equivalence bounds of —35 and 35. Use the PAIREDMEANS=, PAIREDSTDDEVS=, CORR=, and
ALPHA= options in the same way as in th&est at the beginning of this example to specify the remaining
parameters.
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The following statements perform the sample size analysis:

proc power;

pairedmeans test=equiv_add
lower = -35
upper = 35
pairedmeans = (330 310)
pairedstddevs = (40 55)
corr =03
alpha = 0.01
npairs = 100
power =

run;

The default option DIST=NORMAL speci es an assumption of normally distributed data. The output is
shown in Output 89.3.3.

Output 89.3.3 Power for Paired Equivalence Test for Crossover Design

The power for the paired equivalence test with 100 patients is about 0.6.

Example 89.4: Noninferiority Test with Lognormal Data

The typical goal in noninferiority testing is to conclude that a new treatment or process or product is not
appreciably worse than some standard. This is accomplished by convincingly rejecting a one-sided null
hypothesis that the new treatment is appreciably worse than the standard. When designing such studies,
investigators must de ne precisely what constitutes “appreciably worse.”
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You can use the POWER procedure for sample size analyses for a variety of noninferiority tests, by specifying

custom, one-sided null hypotheses for common tests. This example illustrates the strategy (often called
Blackwelder's scheme; Blackwelder 1982) by comparing the means of two independent lognormal samples.
The logic applies to one-sample, two-sample, and paired-sample problems involving normally distributed

measures and proportions.

Suppose you are designing a study hoping to show that a new (less expensive) manufacturing process does
not produce appreciably more pollution than the current process. Quantifying “appreciably worse” as 10%,
you seek to show that the mean pollutant level from the new process is less than 110% of that from the current
process. In standard hypothesis testing notation, you seek to reject

HoWw—*_  1:10

current

in favor of

HaW—%_ <1:10
current
This is described graphically in Figure 89.8. Mean ratios below 100% are better levels for the new process; a
ratio of 100% indicates absolute equivalence; ratios of 100-110% are “tolerably” worse; and ratios exceeding
110% are appreciably worse.

Figure 89.8 Hypotheses for the Pollutant Study

An appropriate test for this situation is the common two-grbtgst on log-transformed data. The hypotheses
become

H O\Abg . newl |Og - current / |Og110/
H A\Abg . newl |Og . Current/ < |Ogllo/

Measurements of the pollutant level will be taken by using laboratory models of the two processes and will
be treated as independent lognormal observations with a coef cient of variatior) between 0.5 and 0.6

for both processes. You will end up with 300 measurements for the current process and 180 for the new one.
It is important to avoid a Type | error here, so you set the Type | error rate to 0.01. Your theoretical work
suggests that the new process will actually reduce the pollutant by about 10% (to 90% of current), but you
need to compute and graph the power of the study if the new levels are actually between 70% and 120% of
current levels.

Implement the sample size analysis by using the TWOSAMPLEMEANS statement in PROC POWER
with the TEST=RATIO option. Indicate power as the result parameter by specifying the POWER= option
with a missing value (.). Specify a series of scenarios for the mean ratio between 0.7 and 1.2 by using
the MEANRATIO= option. Use the NULLRATIO= option to specify the null mean ratio of 1.10. Specify
SIDES=L to indicate a one-sided test with the alternative hypothesis stating that the meanloatér than

the null value. Specify the signi cance level, scenarios for the coef cient of variation, and the group sample
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sizes by using the ALPHA=, CV=, and GROUPNS= options. Generate a plot of power versus mean ratio by
specifying the PLOT statement with the X=EFFECT option to request a plot with mean ratio on the X axis.
(The result parameter, here power, is always plotted on the other axis.) Use the STEP= option in the PLOT
statement to specify an interval of 0.05 between computed points in the plot.

The following statements perform the desired analysis:
ods graphics on;

proc power;
twosamplemeans test=ratio
meanratio = 0.7 to 1.2 by 0.1
nullratio = 1.10

sides =L

alpha = 0.01

cv = 05 0.6
groupns = (300 180)
power =

plot x=effect step=0.05;
run;

ods graphics off;

Note the use of SIDES=L, which forces computations for cases that need a rejection region that is opposite to
the one providing the most one-tailed power; in this case, it is the lower tail. Such cases will show power
that is less than the prescribed Type | error rate. The default option DIST=LOGNORMAL speci es the
assumption of lognormally distributed data. The default MIN= and MAX= options in the plot statement
specify an X axis range identical to the effect size range in the TWOSAMPLEMEANS statement (mean
ratios between 0.7 and 1.2).

Output 89.4.1 and Output 89.4.2 show the results.

Output 89.4.1 Power for Noninferiority Test of Ratio
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Output 89.4.1 continued

Output 89.4.2 Plot of Power versus Mean Ratio for Noninferiority Test



7302 F Chapter 89: The POWER Procedure

The “Computed Power” table in Output 89.4.1 shows that power exceeds 0.90 if the true mean ratio is
90% or less, as surmised. But power is unacceptably low (0.31-0.42) if the processes happen to be truly
equivalent. Note that the power is identical to the alpha level (0.01) if the true mean ratio is 1.10 and below
0.01 if the true mean ratio is appreciably worse (>110%). In Output 89.4.2, the line style identi es the
coef cient of variation. The plotting symbols identify locations of actual computed powers; the curves are
linear interpolations of these points.

Example 89.5: Multiple Regression and Correlation

You are working with a team of preventive cardiologists investigating whether elevated serum homocysteine
levels are linked to atherosclerosis (plaque buildup) in coronary arteries. The planned analysis is an ordinary
least squares regression to assess the relationship between total homocysteine level (tHcy) and a plaque
burden index (PBI), adjusting for six other variables: age, gender, plasma levels of folate, Bignitamin

B12, and a serum cholesterol index. You will regress PBI on tHcy and the six other predictors (plus the
intercept) and use a Type IH test to assess whether tHcy is a signi cant predictor after adjusting for the
others. You wonder whether 100 subjects will provide adequate statistical power.

This is a correlational study at a single time. Subjects will be screened so that about half will have had a
heart problem. All eight variables will be measured during one visit. Most clinicians are familiar with simple
correlations between two variables, so you decide to pose the statistical problem in terms of estimating and
testing the partial correlation betwein = tHcy andY = PBI, controlling for the six other predictor variables
(Ryx,jx ,)- This greatly simpli es matters, especially the elicitation of the conjectured effect.

You use partial regression plots like that shown in Figure 89.9 to teach the team that the partial correlation
between PBI and tHcy is the correlation of two sets of residuals obtained from ordinary regression models,
one from regressing PBI on the six covariates and the other from regressing tHcy on the same covariates.
Thus each subject has “expected” tHcy and PBI values based on the six covariates. The cardiologists believe
that subjects whose tHcy is relatively higher than expected will also have a PBI that is relatively higher than
expected. The partial correlation quanti es that adjusted association just as a standard simple correlation
does with the unadjusted linear association between two variables.

Figure 89.9 Partial Regression Plot
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Based on previously published studies of various coronary risk factors and after viewing a set of scatterplots
showing various correlations, the team surmises that the true partial correlation is likely to be at least 0.35.

You want to compute the statistical power for a sample si2¢ ©f100 by using = 0.05. You also want to

plot power for sample sizes between 50 and 150. Use the MULTREG statement to compute the power and the
PLOT statement to produce the graph. Since the predictors are observed rather than xed in advanced, and a
joint multivariate normal assumption seems tenable, use MODEL=RANDOM. The following statements
perform the power analysis:

ods graphics on;

proc power;
multreg
model = random
nfullpredictors = 7
ntestpredictors = 1
partialcorr = 0.35
ntotal = 100
power = ;
plot x=n min=50 max=150;
run;

ods graphics off;

The POWER-=. option identi es power as the parameter to compute. The NFULLPREDICTORS= option
speci es seven total predictors (not including the intercept), and the NTESTPREDICTORS= option indicates
that one of those predictors is being tested. The PARTIALCORR= and NTOTAL= options specify the partial
correlation and sample size, respectively. The default value for the ALPHA= option sets the signi cance
level to 0.05. The X=N option in the plot statement requests a plot of sample size on the X axis, and the
MIN= and MAX= options specify the sample size range.

Output 89.5.1 shows the output, and Output 89.5.2 shows the plot.

Output 89.5.1 Power Analysis for Multiple Regression
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Output 89.5.2 Plot of Power versus Sample Size for Multiple Regression

For the sample sizH = 100, the study is almost balanced with respect to Type | and Type Il error rates, with
=0.05and =1-0.937 =0.063. The study thus seems well designed at this sample size.

Now suppose that in a follow-up meeting with the cardiologists, you discover that their speci ¢ intent is to
demonstrate that the (partial) correlation between PBI and tHcy is greater than 0.2. You suggest changing the
planned data analysis to a one-sided Fishetést with a null correlation of 0.2. The following statements
perform a power analysis for this test:

proc power;
onecorr dist=fisherz

npvars = 6
corr = 0.35
nullcorr = 0.2
sides = 1
ntotal = 100
power =

run;

The DIST=FISHERZ option in the ONECORR statement speci es Fiskzdest. The NPARTIALVARS=
option speci es that six additional variables are adjusted for in the partial correlation. The CORR= option



Example 89.5: Multiple Regression and Correlation F 7305

speci es the conjectured correlation of 0.35, and the NULLCORR= option indicates the null value of 0.2.
The SIDES= option speci es a one-sided test.

Output 89.5.3 shows the output.

Output 89.5.3 Power Analysis for Fisher's z Test

The power for Fisher'gtest is less than 50%, the decrease being mostly due to the smaller effect size (relative
to the null value). When asked for a recommendation for a new sample size goal, you compute the required
sample size to achieve a power of 0.95 (to balance Type | and Type Il errors) and 0.85 (a threshold deemed to
be minimally acceptable to the team). The following statements perform the sample size determination:

proc power;
onecorr dist=fisherz

npvars = 6
corr = 0.35
nullcorr = 0.2
sides = 1
ntotal = .
power = 0.85 0.95;

run;

The NTOTAL=. option identi es sample size as the parameter to compute, and the POWER= option speci es
the target powers.
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