




















Inequality Tests for One ROC Curve  260-11 

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

Numeric Report 
 
Numeric Results for Testing AUC0 = AUC1 with Discrete (Rating) Data  
Test Type = Two-Sided.  FPR1 = 0.0.  FPR2 = 1.0.  B = 1.000.  Allocation Ratio = 2.000.  
 
Power N+ N- AUC0' AUC1' Diff' AUC0 AUC1 Diff Alpha Beta 
0.9001 1582 3164 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.0999 
0.9007 381 762 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0993 
0.9024 85 170 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0976 
 

This report shows the sample size needed to achieve 90% power for each value of AUC1.  

Example 3 – Partial Area under Curve 
Continuing on with Example 2, the investigator knows that FPR values between 0.0 and 0.20 are 
the only values of interest. Hence, he wants to investigate the sample size needed when the FPR 
range is confined to this range. 

The panel from Example 2 is modified as follows.  

Setup 
This section presents the values of each of the parameters needed to run this example. First, from 
the PASS Home window, load the Inequality Tests for One ROC Curve procedure window by 
clicking on Diagnostic Tests (ROC Curves), then One ROC Curve. You may then follow along 
here by making the appropriate entries as listed below or load the completed template Example3 
from the Template tab on the procedure window. 

Option Value 
Data Tab 
Upper FPR ..............................................0.20 

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

Numeric Results 
 

Numeric Results for Testing AUC0 = AUC1 with Discrete (Rating) Data  
Test Type = Two-Sided.  FPR1 = 0.0.  FPR2 = 0.200.  B = 1.000. Allocation Ratio = 2.000.  
 
Power N+ N- AUC0' AUC1' Diff' AUC0 AUC1 Diff Alpha Beta 
0.9001 2663 5326 0.8000 0.8250 0.0250 0.1280 0.1370 0.0090 0.0500 0.0999 
0.9002 645 1290 0.8000 0.8500 0.0500 0.1280 0.1460 0.0180 0.0500 0.0998 
0.9013 144 288 0.8000 0.9000 0.1000 0.1280 0.1640 0.0360 0.0500 0.0987 
 

Note that the necessary sample size has almost doubled. 



260-12  Inequality Tests for One ROC Curve 

Example 4 – Validation using Obuchowski  
The formulas used in this module were given in Obuchowski and McClish (1997). On page 1538, 
they provide an example which will be duplicated here. The study investigated the accuracy of 
MRI for detecting abnormalities in patients with symptomatic knees. In order to do this, they 
wanted to know the sample size that would be needed to construct a 95% confidence interval so 
that the length of the confidence interval is no more than 0.10.  

The measure of diagnostic accuracy is the AUC from an FPR of 0.0 to an FPR of 1.0. The 
allocation ratio is 1.5. B = 1.0. The value of A is found to be 1.2. This translates to an AUC0 of 
0.7995. The value of AUC1 = AUC0 + 0.10 / 2, where 0.10 is the maximum length of the 
confidence interval. A two-tailed confidence interval is envisioned in which alpha is 0.05. In 
order to find the sample size of a confidence interval, the power is set to 50%. In their article, 
they found N+ = 161 and N- = 242. 

Setup 
This section presents the values of each of the parameters needed to run this example. First, from 
the PASS Home window, load the Inequality Tests for One ROC Curve procedure window by 
clicking on Diagnostic Tests (ROC Curves), then One ROC Curve. You may then follow along 
here by making the appropriate entries as listed below or load the completed template Example4 
from the Template tab on the procedure window. 

Option Value 
Data Tab 
Find (Solve For) ......................................N+ 
Power ......................................................0.50 
Alpha .......................................................0.05 
N+ (Size of Positive Group) ....................Ignored since this is the Find Setting 
N- (Size of Negative Group)....................Use R 
R (Sample Allocation Ratio) ....................1.5 
AUC0 (Area Under Curve|H0).................0.7995 
AUC1 (Area Under Curve|H1).................0.8495 
Lower FPR ..............................................0.00 
Upper FPR ..............................................1.00 
Type of Data............................................Discrete (Ratings) 
B (SD Ratio = SD-/SD+)..........................1 
Alternative Hypothesis ............................Two-Sided Test 
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Output 
Click the Run button to perform the calculations and generate the following output. 

Numeric Results 
 

Numeric Results for Testing AUC0 = AUC1 with Discrete (Rating) Data  
Test Type = Two-Sided.  FPR1 = 0.0.  FPR2 = 0.200.  B1 = 1.000.  B2 = 1.000.  Allocation Ratio = 2.000.  
 
Power N+ N- AUC1' AUC2' Diff' AUC1 AUC2 Diff Alpha Beta 
0.5026 162 243 0.7995 0.8495 0.0500 0.7995 0.8495 0.0500 0.0500 0.4974 
 

Note that the sample sizes of 162 and 243 are within one of the results of Obuchowski. The 
difference occurs because their values of 161 and 242 produce a power that is slightly less than 
0.5, so PASS increased the sample size slightly. 
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Chapter 265 

Inequality Tests 
for Two ROC 
Curves 
Introduction 
Receiver operating characteristic (ROC) curves are used to summarize the accuracy of diagnostic 
tests. The technique is used when a criterion variable is available which is used to make a yes or 
no decision. The area under the ROC curve (AUC) is a popular summary index of an ROC curve.  

This module computes power and sample size for comparing the AUC’s of two diagnostic tests 
obtained from the same patients. The methodology of Obuchowski and McClish (1997) is used  
when the criterion variable yields a discrete value. The methodology of Hanley and McNeil 
(1983) is used when the criterion variable yields a continuous value.  

Technical Details 
In the following, we suppose that we have two groups of patients, those with a condition of 
interest (the disease) and those without it. A patient’s classification may be known from extensive 
diagnosis or based on the value of another diagnostic test. The diagnostic tests of interest are 
performed on each patient and the resulting test values are recorded. At each specified cutoff 
value of the criterion variable, the true positive rate (TPR) and the false positive rate (FPR) are 
calculated. An ROC curve is generating by plotting TPR versus FPR. The plot allows the 
consequences of using various cutoff values to be evaluated. The area under the ROC curve, 
either for the whole or partial range, is often used as a summary measure of the accuracy of the 
test.  

It should be noted that TPR is similar to the statistical power of the diagnostic test at a particular 
cutoff value of the criterion variable. Similarly, FPR is an estimate of the probability that the 
diagnostic test results in a type I (alpha) error. Thus the ROC curve may be interpreted as a plot 
of the diagnostic test’s power versus it’s significance level at various possible criterion cutoff 
values. 

Users of ROC curves have developed special names for TPR and FPR. They call TPR the 
sensitivity of the test and 1 - FPR the specificity of the test. Statisticians will be more familiar 
with using the word power instead of sensitivity and the phrase ‘1 - alpha’ instead of specificity. 
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An ROC curve may be summarized by the area under it (AUC). This area has an additional 
interpretation. Suppose that a rater is asked to study two subjects, one that is actually disease 
positive and one that is disease negative. The AUC is equal to the probability that the rater will 
give the disease positive subject a higher score than the disease negative subject. That is, the 
AUC is the probability that the rater will correctly order the two subjects as to which is more 
likely to have the disease. 

Several methods of computing the AUC have been proposed. One method uses the trapezoidal 
rule to calculate the AUC directly. Another method, called the binormal model, computes the area 
by fitting two normal distributions to the data.  

The Binormal Model 
Let X denote the distribution of the criterion variable for normal (non-diseased) patients and Y 
denote the distribution of the criterion variable for abnormal (diseased) patients. It is assumed that 

( )X ~ ,N μ σ− −
2  

and 

( )Y ~ ,N +μ σ+
2  

The partial area under the ROC curve, AUC, is defined as 

( ) (θ φi i i
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Note that for the full range area under the curve, c1 = −∞  and c2 = ∞ .  

Maximum likelihood estimates of A and B can be computed. The variances and covariance of 
these MLE’s can be estimated from Fisher’s information matrix. 

Define Δ = −θ θ1 2  to be the difference in the accuracies (AUC’s) of the two tests. A test of 
whether the two AUC’s are different amounts to testing whether Δ = 0. The test statistic for this 
test is  

( )
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where  is the variance of ( )var $
0 Δ $Δ under the null hypothesis of equality. The above test statistic 

results in the following formula for computing sample size  

( ) ( )
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z V z VAlt
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Rating Data 
When the criterion values are discrete rating values, Obuchowski and McClish (1997) showed that 
the variances could be calculated using 

( ) ( ) ( ) ( )V V V C0 1 1 12$ $ $ $ , $Δ = + −θ θ θ 1θ  
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R N
N

= −

+

 

( ) (A B TNR FPRi i i i= −− −Φ Φ1 1 )  

r−  and  are the correlations between the results of the two diagnostics tests for normal and 
abnormal patients, respectively. For the most conservative results, set 

r+
Bi = 1. 

Continuous Data 
When the criterion values are continuous, Obuchowski (1998) suggests that the following formulas 
of Hanley and McNeil (1983) are more appropriate. Note that these formulas cannot be used for 
evaluating the AUC for a partial range. 

( ) ( ) ( ) ( )V V V C$ $ $ $ , $Δ = + −θ θ θ1 2 12 θ2  
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( ) ( ) ( )C r V V$ , $θ θ θ θ1 2 1 22=  

and r is derived from a special table provided by Hanley and McNeil (1983). 

Procedure Options 
This section describes the options that are unique to this procedure. These are located on the 
panel associated with the Data tab. To find out more about using the other tabs such as 
Axes/Legend/Grid, Plot Text, and Template, refer to the Procedure Templates chapter. 

Data Tab 
The Data tab contains most of the parameters and options that you will be concerned with. 

Solve For 

Find (Solve For) 
This option specifies the parameter to be solved for from the other parameters. Under most 
situations, you will select either Power and Beta for a power analysis or N for sample size 
determination. 

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

Select Power and Beta when you want to calculate the power of an experiment that has already 
been run. 
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Error Rates 

Power or Beta 
This option specifies one or more values for power or for beta (depending on the chosen setting). 
Power is the probability of rejecting a false null hypothesis, and is equal to one minus Beta. Beta 
is the probability of a type-II error, which occurs when a false null hypothesis is not rejected.  

Values must be between zero and one. Historically, the value of 0.80 (Beta = 0.20) was used for 
power. Now, 0.90 (Beta = 0.10) is also commonly used. 

A single value may be entered here or a range of values such as 0.8 to 0.95 by 0.05 may be 
entered.  

Alpha (Significance Level) 
This option specifies one or more values for the probability of a type-I error. A type-I error occurs 
when a true null hypothesis is rejected.  

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

You may enter a range of values such as 0.01 0.05 0.10 or 0.01 to 0.10 by 0.01. 

Sample Size 

N+ (Size of Positive Group) 
Specify the number of patients, that is, the sample size, in the positive (abnormal or diseased) 
group. Note that these values are ignored when you are solving for N+. You may enter a range of 
values such as 10 to 100 by 10. 

N- (Size of Negative Group) 
Specify the number of patients, that is, the sample size, in the negative (normal) group. Enter Use 
R to base N- on the value of N+. You may enter a range of values such as 10 to 100 by 10. 

• Use R 
When Use R is entered here, N- is calculated using the formula  

N- = [R(N+)] 

where R is the Sample Allocation Ratio and the operator [Y] is the first integer greater than or 
equal to Y. For example, if you want N+ = N-, enter Use R here and set R = 1. 

R (Sample Allocation Ratio) 
Enter a value (or range of values) for R, the allocation ratio between samples. This value is only 
used when N- is set to Use R.  

When used, N- is calculated from N+ using the formula: N- = [R(N+)] where [Y] is the next 
integer greater than or equal to Y. Note that setting R = 1.0 forces N- = N+. 
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Test 

Alternative Hypothesis 
Specify whether the test is one-sided or two-sided. When a two-sided test is selected, the value of 
alpha is divided by two.  

Note that most researchers assume that, unless stated otherwise, all statistical tests are two-sided. 
If you use a one-sided test, you should clearly state and justify this in all reports. 

Effect Size – Area Under the Curve 

AUC1 (Area Under Curve 1) 
Specify one or more values of the AUC for diagnostic test 1. The range of values is from 0.5 
(indicative of a test useless in diagnosis) to 1.0 (indicative of a test that is perfect in diagnosis). 

Since the AUC may include a portion of the ROC curve that is not of interest because the FPR 
values are unrealistic, you may be interested in only a portion of the area. In this case, you can 
specify a range of FPR values for which the area is to be calculated. Unfortunately, the definition 
of the area becomes more difficult. When analyzing the whole ROC curve, the area is known to 
be between 0.50 and 1.0. Following the suggestion of Obuchowski and McClish (1997),  the 
following transformation is applied so that the values of AUC remain between 0.5 and 1.0. 

AUC AUC
′ = +

−
−

⎛
⎝⎜

⎞
⎠⎟

1
2

1 min
max min  

where 

max = −FPR FPR2 1 

( )min max
= +

2
2 1FPR FPR

 
Thus, when a partial range is entered for FPR1 and FPR2, the values entered here are assumed to 
be AUC' and are translated to AUC using the above formulas. 

AUC2 (Area Under Curve 2) 
Specify one or more values of the AUC for diagnostic test 2. The range of values is from 0.5 
(indicative of a test useless in diagnosis) to 1.0 (indicative of a test that is perfect in diagnosis). 
Note that, as discussed above, this is the value of AUC’ when a partial area is being analyzed. 

Effect Size – False Positive Rate 
Limits 

Lower FPR 
This option specifies the lower (left) limit of the false positive rate (FPR) for which the area is to 
be computed. If the area under the whole ROC curve is wanted, set this value to 0.0. If the partial 
area is wanted, set this value to the desired left limit. 

Note that the range of possible values is 0.0 <= Lower FPR < Upper FPR <= 1.0 
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Upper FPR 
This option specifies the upper (right) limit of the false positive rate (FPR). If the area under the 
whole ROC curve is wanted, set this value to 1.0. If the partial area is wanted, set this value to the 
desired right limit. 

Note that the range of possible values is 0.0 <= Lower FPR < Upper FPR <= 1.0 

Effect Size – Correlations 

Correlation+ 
This is the correlation between the two diagnostic-test scores for the positive group. Although 
correlations can range between -1 and 1, typical values are from 0.3 to 0.6.  

Note that if you want to analyze a design in which a separate set of patients receive each 
diagnostic test, this may be done by setting this correlation value to 0. 

Correlation- 
This is the correlation between the two diagnostic-test scores for the negative group. Although 
correlations can range between -1 and 1, typical values are from 0.3 to 0.6.  

Note that if you want to analyze a design in which a separate set of patients receive each 
diagnostic test, this may be done by setting this correlation value to 0. 

Effect Size – Type of Data 

Type of Data 
Specify the type of data that will be collected from the tests. The formulas for the variance are 
determined by this option. Possible types are: 

• Continuous 
The test results are from a continuum of possible values. The Hanley and McNeil (1983) 
variance formulas are used. Note that this option does not allow a partial range of FPR values 
to be analyzed. 

• Discrete (Ratings) 
The test results are from a small set of rating values such as 1, 2, 3, 4, 5. The Obuchowski & 
McClish (1997) variance formulas are used. 

B1 (SD Ratio) 
B1 is the ratio of the standard deviation of the negative group to the positive group (SD-/SD+) for 
diagnostic test 1. That is, assuming the binormal model 

B1 1

1

= −

+

σ
σ

 

Note that this parameter is ignored for continuous data. 

Although B1 can be any positive number, typical values are between 0.3 and 3.0. Obuchowski 
suggests that if the value of B1 is not known, a value of 1.0 is used since this will result in a 
conservative (extra large) sample size. She reports that in her experience, typical values are much 
less than 1.0, often near 0.3. 
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B2 (SD Ratio) 
B2 is the ratio of the standard deviation of the negative group to the positive group (SD-/SP+) for 
diagnostic test 2. That is, assuming the binormal model 

B2 2

2

= −

+

σ
σ

 

Note that this parameter is ignored for continuous data. 

Although B2 can be any positive number, typical values are between 0.3 and 3.0. Obuchowski 
suggests that if the value of B2 is not known, a value of 1.0 is used since this will result in a 
conservative (extra large) sample size. She reports that in her experience, typical values are much 
less than 1.0, often near 0.3. 

Example 1 – Calculating Power  
An investigator wants to compare the accuracy of two diagnostic tests which yield measurements 
on a rating scale from 1 to 5. Historically, such tests have had an AUC of 0.80. The investigator 
wants to investigate three alternative AUC values: 0.825, 0.850, and 0.900. A two-sided test is 
planned with a significance level of 0.05. Historically, both the positive and negative correlations 
between the responses on two such tests have been close to 0.60. Since no other information is 
available, B1 and B2 are both set to 1.0. The investigator would like to achieve a power of 90% in 
the study. Patients without the disease under study are about twice as frequent as patients with the 
disease. The investigator wants to see results for a sample size of up to 6000 patients.  

Setup 
This section presents the values of each of the parameters needed to run this example. First, from 
the PASS Home window, load the Inequality Tests for Two ROC Curves procedure window by 
clicking on Diagnostic Tests (ROC Curves), then Two ROC Curves. You may then follow 
along here by making the appropriate entries as listed below or load the completed template 
Example1 from the Template tab on the procedure window. 

Option Value 
Data Tab 
Find (Solve For) ......................................Power and Beta 
Power ......................................................Ignored since this is the Find Setting 
Alpha .......................................................0.05 
N+ (Size of Positive Group) ....................20 50 100 250 500 1000 2000 
N- (Size of Negative Group)....................Use R 
R (Sample Allocation Ratio) ....................2 
Alternative Hypothesis ............................Two-Sided Test 
AUC1 (Area Under Curve 1) ...................0.80 
AUC2 (Area Under Curve 2) ...................0.825 0.85 0.9 
Lower FPR ..............................................0.00 
Upper FPR ..............................................1.00 
Correlation+.............................................0.6 
Correlation- .............................................0.6 
Type of Data............................................Discrete (Ratings) 



Inequality Tests for Two ROC Curves  265-9 

Data Tab (continued) 
B1 (SD Ratio) ..........................................1 
B2 (SD Ratio) ..........................................1 

Axes/Legend/Grid Tab 
Vertical Range.........................................User 
Minimum..................................................0 
Maximum.................................................1 
Number of Tick Marks .............................10 

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

Numeric Report 
 

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data  
Test Type = Two-Sided.  FPR1 = 0.0.  FPR2 = 1.0.  B1 = 1.000.  B2 = 1.000.  Allocation Ratio = 2.000.  
 
Power N+ N- AUC1' AUC2' Diff' AUC1 AUC2 Diff Alpha Beta 
0.0501 20 40 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.9499 
0.0733 50 100 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.9267 
0.1084 100 200 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.8916 
0.2104 250 500 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.7896 
0.3744 500 1000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.6256 
0.6426 1000 2000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.3574 
0.9090 2000 4000 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.0910 
0.0920 20 40 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.9080 
0.1737 50 100 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.8263 
0.3083 100 200 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.6917 
0.6442 250 500 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.3558 
0.9116 500 1000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0884 
0.9969 1000 2000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0031 
1.0000 2000 4000 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0000 
0.2470 20 40 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.7530 
0.5494 50 100 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.4506 
0.8496 100 200 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.1504 
0.9978 250 500 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0022 
1.0000 500 1000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000 
1.0000 1000 2000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000 
1.0000 2000 4000 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0000 
 
Report Definitions 
Power is the probability of rejecting a false null hypothesis. 
N+ is the sample size from the positive (diseased) population. 
N- is the sample size from the negative (non-diseased) population. 
Alloc Ratio is the Sample Allocation Ratio (R = N- / N+). 
AUC1' is the adjusted area under the ROC curve for diagnostic test 1. 
AUC2' is the adjusted area under the ROC curve for diagnostic test 2. 
Diff' is AUC2' - AUC1'. This is the adjusted difference to be detected. 
AUC1 is the actual area under the ROC curve for diagnostic test 1. 
AUC2 is the actual area under the ROC curve for diagnostic test 2. 
Diff is AUC2 - AUC1. This is the difference to be detected. 
Alpha is the probability of rejecting a true null hypothesis. 
Beta is the probability of accepting a false null hypothesis. 
FPR1, FPR2 are the lower and upper bounds on the false positive rates. 
B1 and B2 are the ratios of the standard deviations of the negative and positive groups for each test. 
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Summary Statements 
A sample of 20 from the positive group and 40 from the negative group achieve 5% power to 
detect a difference of 0.0250 between a diagnostic test with an area under the ROC curve (AUC) 
of 0.8000 and another diagnostic test with an AUC of 0.8250 using a two-sided z-test at a 
significance level of 0.0500. The data are discrete (rating scale) responses. The AUC is 
computed between false positive rates of 0.000 and 1.000. The ratio of the standard deviation 
of the responses in the negative group to the standard deviation of the responses in the 
positive group for diagnostic test 1 is 1.000 and for diagnostic test 2 is 1.000. The 
correlation between the two diagnostic tests is assumed to be 0.600 for the positive group and 
0.600 for the negative group. 
 

This report shows the power for each of the sample sizes. Most of the definitions are standard. 
However, a special explanation must be given for AUC and AUC’. 

AUC’ 
This is the adjusted area under the curve. A rescaling, discussed earlier, has been applied so that 
the minimum area is 0.5 and the maximum area is 1.0.  

AUC 
This is the actual area under the curve. This value will equal the adjusted area when the FPR 
range is set from 0.0 to 1.0. Otherwise, these values will be different. 

Plots Section 
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This plot shows the power versus the sample size for the three values of AUC1. 
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Example 2 – Calculating Sample Size  
Continuing Example 1, the investigator wants to know the exact sample size needed for each of 
the three values of AUC2. The investigator wants to look at the Numeric Report. The panel from 
Example1 is modified as follows.  

Setup 
This section presents the values of each of the parameters needed to run this example. First, from 
the PASS Home window, load the Inequality Tests for Two ROC Curves procedure window by 
clicking on Diagnostic Tests (ROC Curves), then Two ROC Curves. You may then follow 
along here by making the appropriate entries as listed below or load the completed template 
Example2 from the Template tab on the procedure window. 

Option Value 
Data Tab 
Find (Solve For) ......................................N+ 

Reports Tab 
Show Definitions .....................................Unchecked 
Show Plots ..............................................Unchecked 
Number of Summary Statements............0 

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

Numeric Results 
 
Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data  
Test Type = Two-Sided.  FPR1 = 0.0.  FPR2 = 1.0.  B1 = 1.000.  B2 = 1.000.  Allocation Ratio = 2.000.  
Power N+ N- AUC1' AUC2' Diff' AUC1 AUC2 Diff Alpha Beta 
0.9001 1937 3874 0.8000 0.8250 0.0250 0.8000 0.8250 0.0250 0.0500 0.0999 
0.9002 480 960 0.8000 0.8500 0.0500 0.8000 0.8500 0.0500 0.0500 0.0998 
0.9012 117 234 0.8000 0.9000 0.1000 0.8000 0.9000 0.1000 0.0500 0.0988 
 

This report shows the sample size needed to achieve 90% power for each value of AUC2.  
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Example 3 – Partial Area Under Curve 
Continuing Example 2, the investigator knows that FPR values between 0.0 and 0.20 are the only 
values of interest. Hence, he wants to investigate the sample size needed when the FPR range is 
confined to this range. 

The panel from Example 2 is modified as follows. 

Setup 
This section presents the values of each of the parameters needed to run this example. First, from 
the PASS Home window, load the Inequality Tests for Two ROC Curves procedure window by 
clicking on Diagnostic Tests (ROC Curves), then Two ROC Curves. You may then follow 
along here by making the appropriate entries as listed below or load the completed template 
Example3 from the Template tab on the procedure window. 

Option Value 
Data Tab 
Upper FPR ..............................................0.20 

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

Numeric Results 
 

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data  
Test Type = Two-Sided.  FPR1 = 0.0.  FPR2 = 0.200.  B1 = 1.000.  B2 = 1.000.  Allocation Ratio = 2.000.  
 
Power N+ N- AUC1' AUC2' Diff' AUC1 AUC2 Diff Alpha Beta 
0.9000 4095 8190 0.8000 0.8250 0.0250 0.1280 0.1370 0.0090 0.0500 0.1000 
0.9002 1012 2024 0.8000 0.8500 0.0500 0.1280 0.1460 0.0180 0.0500 0.0998 
0.9001 242 484 0.8000 0.9000 0.1000 0.1280 0.1640 0.0360 0.0500 0.0999 
 

Note that the necessary sample size has more than doubled. 
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Example 4 – Validation using Obuchowski  
The formulas used in this module were given in Obuchowski and McClish (1997). On pages 1538 
- 1540, they provide an example which will be duplicated here. The study compared an 
automated classification system with an expert mammographer in their ability to find malignant 
breast lesions. The measure of diagnostic accuracy is the AUC from an FPR of 0.0 to an FPR of 
0.2. The allocation ratio is 2. B1 = B2 = 1.0. Correlation+ = Correlation- = 0.6. The values of A1 
and A2 are found to be 2.6 and 1.9. These translate to adjusted AUC’s of 0.922222 and 0.819444. 
A two-tailed test is envisioned in which alpha is 0.05. A power of 80% is desired. In their article, 
they found N+ = 109 and N- = 218.  

Setup 
This section presents the values of each of the parameters needed to run this example. First, from 
the PASS Home window, load the Inequality Tests for Two ROC Curves procedure window by 
clicking on Diagnostic Tests (ROC Curves), then Two ROC Curves. You may then follow 
along here by making the appropriate entries as listed below or load the completed template 
Example4 from the Template tab on the procedure window. 

Option Value 
Data Tab 
Find (Solve For) ......................................N+ 
Power ......................................................0.80 
Alpha .......................................................0.05 
N+ (Size of Positive Group) .................... Ignored since this is the Find Setting 
N- (Size of Negative Group)....................Use R 
R (Sample Allocation Ratio)....................2 
Alternative Hypothesis ............................Two-Sided Test 
AUC1 (Area Under Curve 1) ...................0.80 
AUC2 (Area Under Curve 2) ...................0.825 0.85 0.9 
Lower FPR ..............................................0.00 
Upper FPR ..............................................0.20 
Correlation+.............................................0.6 
Correlation- .............................................0.6 
Type of Data............................................Discrete (Ratings) 
B1 (SD Ratio) ..........................................1 
B2 (SD Ratio) ..........................................1 
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Output 
Click the Run button to perform the calculations and generate the following output. 

Numeric Results 
 

Numeric Results for Testing AUC1 = AUC2 with Discrete (Rating) Data  
Test Type = Two-Sided.  FPR1 = 0.0.  FPR2 = 0.200.  B1 = 1.000.  B2 = 1.000.  Allocation Ratio = 2.000.  
 
Power N+ N- AUC1' AUC2' Diff' AUC1 AUC2 Diff Alpha Beta 
0.8027 109 218 0.9222 0.8194 -0.1028 0.1720 0.1350 -0.0370 0.0500 0.1973 
 

Note that the sample sizes of 109 and 218 match exactly with the results of Obuchowski.  

Example 5 – Validation using Hanley  
The formulas for continuous data were given in Hanley and McNeil (1982). On page 34 of their 
article they provide a table of sample sizes calculated using their formulas. We will duplicate 
their results for AUC1 = 0.70 and AUC2 = 0.75. Using a one-sided test of significance with alpha 
= 0.05 and a sample allocation ratio of 1.0, they found the number of subjects for both the 
positive and negative groups to be 652, 897, and 1131 for statistical powers of 80%, 90%, and 
95%, respectively. 

When using Hanley and McNeil’s formulation, the values of B1, B2, FPR1, and FPR2 are 
ignored. Also, in this case, the correlations are set to 0.0. 

Setup 
This section presents the values of each of the parameters needed to run this example. First, from 
the PASS Home window, load the Inequality Tests for Two ROC Curves procedure window by 
clicking on Diagnostic Tests (ROC Curves), then Two ROC Curves. You may then follow 
along here by making the appropriate entries as listed below or load the completed template 
Example5 from the Template tab on the procedure window. 

Option Value 
Data Tab 
Find (Solve For) ......................................N+ 
Power ......................................................0.8 0.9 0.95 
Alpha .......................................................0.05 
N+ (Size of Positive Group) ....................Ignored since this is the Find Setting 
N- (Size of Negative Group)....................Use R 
R (Sample Allocation Ratio) ....................1 
Alternative Hypothesis ............................One-Sided Test 
AUC1 (Area Under Curve 1) ...................0.7 
AUC2 (Area Under Curve 2) ...................0.75 
Lower FPR ..............................................0.00 
Upper FPR ..............................................1.00 
Correlation+.............................................0.0 
Correlation- .............................................0.0 
Type of Data............................................Continuous 
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Output 
Click the Run button to perform the calculations and generate the following output. 

Numeric Results 1 
 

Numeric Results for Testing AUC1 = AUC2 with Continuous Data  
Test Type = One-Sided.  FPR1 = 0.0.  FPR2 = 1.0.  B1 = 1.000.  B2 = 1.000.  Allocation Ratio = 1.000.  
 
Power N+ N- AUC1' AUC2' Diff' AUC1 AUC2 Diff Alpha Beta 
0.9501 1129 1129 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0499 
0.9001 897 897 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0999 
0.8003 652 652 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.1997 
 

Note that the sample sizes of 897 and 652 match exactly with the results of Hanley and McNeil. 
The 1129 is two less than their 1131. This difference may be due to refinements in computing the 
normal probability distribution used in PASS. You can compare these sample sizes by calculating 
their power. 

Numeric Results 2 
 

Numeric Results for Testing AUC1 = AUC2 with Continuous Data  
Test Type = One-Sided.  FPR1 = 0.0.  FPR2 = 1.0.  B1 = 1.000.  B2 = 1.000.  Allocation Ratio = 1.000.  
 
Power N+ N- AUC1' AUC2' Diff' AUC1 AUC2 Diff Alpha Beta 
0.9499 1128 1128 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0501 
0.9501 1129 1129 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0499 
0.9502 1130 1130 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0498 
0.9504 1131 1131 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0496 
0.9505 1132 1132 0.7000 0.7500 0.0500 0.7000 0.7500 0.0500 0.0500 0.0495 

 
Note that the power for 1129 is 0.9501 while the power for 1131 is 0.9505. This is only a slight 
difference and explains why this value showed up in their table. 
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cross-over - equivalence, 525-3 
cross-over - higher-order - equivalence, 545-5 
cross-over - higher-order - non-inferiority, 535-5 
cross-over - non-inferiority, 515-3 
mean ratio, 445-2 
mean ratio - equivalence, 470-3 
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mean ratio - non-inferiority, 455-2 
standard deviation estimator, 905-9 

Cohort study 
post-marketing surveillance, 135-2 

Color 
axis, 4-12 
grid lines, 4-12 
legend, 4-14 
symbols, 4-19 

Color max, 4-19 
Color min, 4-18 
Color palette, 4-18 
Column widths, 925-11 
Comparisons 

multiple comparisons, 575-1 
one-way ANOVA, 550-1 

Comparisonwise error rate 
simulation, 580-1, 585-2, 590-1 

Complete randomization, 880-3 
Compound symmetry 

repeated measures ANOVA, 570-13 
Confidence interval 

one proportion, 115-1 
paired means, 496-1 

Confidence intervals 
one correlation, 801-1 
one mean, 420-1 
one mean - tolerance probability, 421-1 
one standard deviation, 640-1 
one standard deviation - relative error, 642-1 
one standard deviation - tolerance probability, 641-

1 
one variance, 651-1 
one variance - relative error, 653-1 
one variance - tolerance probability, 652-1 
paired means - tolerance probability, 497-1 
slope - simple linear regression, 856-1 
two means, 471-1 
two means - tolerance probability, 472-1 
two proportions - difference, 216-1 
two proportions - odds ratio, 216-1 
two proportions - ratio, 216-1 
variance ratio, 656-1 
variance ratio - relative error, 657-1 

Confounding 
two-level designs, 881-2 

Constant distribution 
simulation, 920-6 

Consumer’s risk 
exponential mean (one), 405-2 

Contaminated normal simulation, 920-20 
Contingency table, 250-1 

chi-square estimator, 900-1 
Continuity correction 

one proportion, 100-5 
two proportions - group sequential, 220-7 
two proportions - offset, 205-7 

Contrast matrix 
repeated measures ANOVA, 570-10 

Contrasts 
MANOVA, 605-4 

mixed models, 201-6, 431-7 
one-way ANOVA, 550-1 

Contrasts - multiple 
simulation, 590-1 

Controlled variables 
multiple regression, 865-4 

Correlated proportions 
matched case-control, 155-1 
McNemar test, 150-1 

Correlation 
intraclass, 810-1 

Correlation (one) 
confidence interval, 801-1 
examples, 800-4 
validation, 800-7 

Correlation (one) - confidence interval 
examples, 801-4 
validation, 801-7 

Correlation coefficient, 800-1 
Correlation coefficient distribution 

probablility calculator, 915-3 
Correlation test 

one, 800-1 
two, 805-1 

Correlations (two) 
examples, 805-5 
validation, 805-8 

Covariance matrix 
repeated measures ANOVA, 570-13 

Covariance patterns 
AR(1), 201-11, 431-4 
banded, 201-11, 431-4 
compound symmetry, 201-11, 431-4 
simple, 201-12 
simple, 431-5 

Cox regression, 850-1 
examples, 850-4 
validation, 850-6 

Creating data 
simulation, 920-1 

Creating randomization lists, 880-1 
Cronbach's alpha 

one, 815-1 
two, 820-1 

Crossed factors 
design generator, 889-1 

Cross-over 
higher-order - equivalence, 540-1 
higher-order - non-inferiority, 530-1 
higher-order - superiority, 530-1 
ratio - equivalence, 525-1 
ratio - higher-order - equivalence, 545-1 
ratio - higher-order - non-inferiority, 535-1 
ratio - higher-order - superiority, 535-1 
ratio - non-inferiority, 515-1 
ratio - superiority, 515-1 
repeated measures ANOVA, 570-44 
two means, 500-1 
two means - equivalence, 520-1 
two means - non-inferiority, 510-1 
two means - ratio, 505-1 
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two means - superiority, 510-1 
Cross-over - higher-order - equivalence 

examples, 540-7 
validation, 540-10 

Cross-over - higher-order - non-inferiority 
examples, 530-9 
validation, 530-12 

Cross-over - ratio - equivalence 
examples, 525-7 
validation, 525-9 

Cross-over - ratio - higher-order - equivalence 
examples, 545-9 
validation, 545-12 

Cross-over - ratio - higher-order - non-inferiority 
examples, 535-10 
validation, 535-13 

Cross-over - ratio - non-inferiority 
examples, 515-6 
validation, 515-8 

Cross-over (two means) 
examples, 500-7 
validation, 500-10 

Cross-over (two means) - equivalence 
examples, 520-7 
validation, 520-10 

Cross-over (two means) - non-inferiority 
examples, 510-7 
validation, 510-10 

Cross-over (two means) - ratio 
examples, 505-6 
validation, 505-8 

Crossover analysis 
mixed models, 571-1 

D 
D’Agostino kurtosis, 670-2 
D’Agostino omnibus test, 670-3 
D’Agostino skewness test, 670-4 
Data 

simulation of, 920-1 
Data entry, 925-1, 925-6 
Data simulation 

examples, 920-19 
Data simulator, 920-1 
Data tab, 4-7 
Default template, 4-2 
D-efficiency 

D-optimal designs, 888-12 
Delete template button, 4-4, 4-22 
Depth, 4-18 
Design generator, 889-1 

examples, 889-3 
Design of experiments 

randomization lists, 880-1 
Designs 

Box-Behnken, 885-1 
central-composite, 885-1 
design generator, 889-1 

factorial, 881-2 
fractional factorial, 882-1 
Plackett-Burman, 886-1 
response surface, 885-1 
screening, 886-1 
Taguchi, 887-1 
two-level factorial, 881-1, 889-1 

Determinant 
D-optimal designs, 888-13 

Determinant analysis 
D-optimal designs, 888-11 

Diagnostic testing 
ROC curve (one), 260-1 

Difference 
proportions, 8-2 

Difference data 
simulation, 920-26 

Discordant pairs 
McNemar test, 150-2 

Distributions 
combining, 920-13 
mixing, 920-13 
simulation, 920-1 

Documentation 
printing, 1-9 

Donner and Klar 
cluster randomized design, 230-2 

D-optimal designs, 888-1 
examples, 888-8 

Drift 
survival - group sequential, 710-5 
two means - group sequential, 475-4 
two proportions - group sequential, 220-4 

Dunn’s test 
multiple contrasts - simulation, 590-3 

Dunnett’s test 
multiple comparisons, 575-3 

Dunnett's test 
simulation, 585-1, 585-3 

Dunn's test 
simulation, 590-1 

Duplicates 
D-optimal designs, 888-4 

E 
Edge color, 4-18 
Edit menu 

output window, 5-4 
spreadsheet, 925-3 

Effect size, 7-5 
ANOVA, 560-2, 560-7 
chi-square estimator, 900-1 
chi-square test, 250-2 
multiple regression, 865-2 
one-way ANOVA, 550-3 
randomized block ANOVA, 565-2 

Efron’s biased coin randomization, 880-3 
Entering matrices, 925-1 
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Entering procedure options, 4-1 
Equivalence 

correlated proportions, 165-1 
means (two), 460-1 
means (two) - ratio, 470-1 
means (two) - simulation, 465-1 
one proportion, 110-1 
two proportions, 215-1 

Equivalence - two correlated proportions 
examples, 165-11 
validation, 165-14 

Equivalence hypothesis, 7-9 
Equivalence limits - paired means 

simulation, 495-7 
Equivalence margin 

two means, 450-8 
two means - non-inferiority, 455-5 

Equivalence test data 
simulating, 495-3 

Error rates - simulation 
multiple comparison, 580-1, 585-2 
multiple contrasts, 590-1 

Errors, 7-2 
Exact binomial test 

one proportion, 100-4 
Examples 

balanced incomplete block designs, 883-4 
Chi-square estimator, 900-2 
Chi-square test, 250-6 
Cochran-Armitage test, 255-12 
correlation (one) - confidence interval, 801-4 
Cox regression, 850-4 
cross-over - higher-order - equivalence, 540-7 
cross-over - higher-order - non-inferiority, 530-9 
cross-over - ratio - equivalence, 525-7 
cross-over - ratio - higher-order - equivalence, 545-

9 
cross-over - ratio - higher-order - non-inferiority, 

535-10 
cross-over - ratio - non-inferiority, 515-6 
cross-over (two means), 500-7 
cross-over (two means) - equivalence, 520-7 
cross-over (two means) - non-inferiority, 510-7 
cross-over (two means) - ratio, 505-6 
data simulation, 920-19 
design generator, 889-3 
D-optimal designs, 888-8 
equivalence - two correlated proportions, 165-11 
exponential mean (one), 405-8 
exponential means (two), 435-5 
fixed effects ANOVA, 560-13 
fractional factorial designs, 882-4 
Hotelling’s T2, 600-8 
intraclass correlation, 810-4 
kappa, 811-6 
Latin square designs, 884-5 
linear regression, 855-5 
logistic regression, 860-9 
logrank tests - non-inferiority, 706-7 
logrank tests (Lakatos), 715-16 
Mann-Whitney test, 430-16 

MANOVA, 605-12 
many proportions - trend, 255-12 
matched case-control - proportions, 155-6 
McNemar test - two correlated proportions, 150-7 
mean ratio - non-inferiority, 455-6 
microarray one-sample or paired t-test, 610-12 
microarray two-sample t-test, 615-12 
mixed models, 571-35 
multiple comparisons, 575-13 
multiple comparisons - simulation, 580-13 
multiple comparisons - vs control - simulation, 

585-12 
multiple contrasts - simulation, 590-14 
multiple regression, 865-6 
non-inferiority - two correlated proportions, 160-

10 
normality - simulation, 670-8 
odds ratio estimator, 910-2 
one coefficient alpha, 815-4 
one correlation, 800-4 
one mean - confidence interval, 420-5 
one mean - tolerance - confidence interval, 421-6 
one proportion, 100-13 
one proportion - confidence interval, 115-6 
one proportion - equivalence, 110-11 
one proportion - non-inferiority, 105-10 
one standard deviation - confidence interval, 640-5 
one standard deviation - relative error - confidence 

interval, 642-4 
one standard deviation - tolerance - confidence 

interval, 641-6 
one variance - confidence interval, 651-4 
one variance - relative error - confidence interval, 

653-4 
one variance - tolerance - confidence interval, 652-

6 
one-way ANOVA, 550-10 
one-way ANOVA - simulation, 555-10 
paired means - confidence interval, 496-5 
paired means - tolerance - confidence interval, 

497-6 
Poisson regression, 870-7 
post-marketing surveillance, 135-6 
proportions estimator, 910-2 
randomization lists, 880-9 
randomized block ANOVA, 565-9 
ratio of two means, 445-6 
ratio of two means - equivalence, 470-7 
regression - confidence interval, 856-7 
repeated measures - two means, 431-13 
repeated measures - two proportions, 201-16 
repeated measures ANOVA, 570-29 
response surface designs, 885-3 
ROC curve (one), 260-8 
ROC curves (two), 265-8 
screening designs, 886-3 
single-stage phase II trials, 120-3 
standard deviation estimator, 905-6 
survival - group sequential, 710-11 
survival - logrank, 700-6 
survival - logrank - advanced, 705-8 
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Taguchi designs, 887-4 
three-stage phase II trials, 130-8 
t-test (one mean), 400-8 
t-test (one mean) - non-inferiority, 415-9 
t-test (one mean) - simulation, 410-10 
t-test (paired means) - equivalence - simulation, 

495-11 
t-test (paired means) - simulation, 490-11 
t-test (paired), 400-13 
t-test (two means), 430-10 
t-test (two means) - simulation, 440-12 
two coefficient alphas, 820-6 
two correlated proportions - equivalence, 165-11 
two correlated proportions - non-inferiority, 160-

10 
two correlations, 805-5 
two means - cluster randomized, 480-4 
two means - confidence interval, 471-5 
two means - equivalence, 460-5 
two means - equivalence - simulation, 465-12 
two means - group sequential, 475-10 
two means - non-inferiority, 450-10 
two means - ratio, 445-6 
two means - ratio - equivalence, 470-7 
two means - tolerance - confidence interval, 472-6 
two proportions - cluster - equivalence, 240-8 
two proportions - cluster - non-inferiority, 235-7 
two proportions - cluster randomized, 230-9 
two proportions - confidence interval, 216-26 
two proportions - equivalence, 215-17 
two proportions - group sequential, 220-9 
two proportions - inequality, 200-14 
two proportions - non-inferiority, 210-17 
two proportions - offset, 205-18 
two proportions - stratified design, 225-8 
two-level designs, 881-6 
two-stage phase II trials, 125-8 
variance (one), 650-4 
variance ratio - confidence interval, 656-5 
variance ratio - relative error - confidence interval, 

657-4 
variances (two), 655-4 

Exiting PASS, 4-4 
Experiment (run) 

two-level designs, 881-2 
Experimental design, 881-1 

two-level designs, 881-2 
Experimental error 

two-level designs, 881-2 
Experimentwise error rate 

simulation, 580-1, 585-2, 590-1 
Exponential 

logrank, 705-3 
log-rank, 715-2 

Exponential distribution 
simulation, 920-6 

Exponential mean (one), 405-1 
examples, 405-8 
validation, 405-10 

Exponential means (two), 435-1 
examples, 435-5 

validation, 435-7 
Exponential test 

simulation, 410-4 
Exposure 

Poisson regression, 870-1 
Exposure probability 

matched case-control, 155-4 

F 
F distribution 

probablility calculator, 915-3 
simulation, 920-7 

Factor scaling 
D-optimal designs, 888-2 

Factorial ANOVA, 560-1 
Factorial designs 

two-level designs, 881-1, 881-2 
False discovery rate adjustment 

t-test 
two groups, 615-4 

t-test - one group, 610-6 
Familywise error rate 

simulation, 580-1, 585-2, 590-1 
Farrington-Manning confidence interval 

two proportions, 216-5 
Farrington-Manning test 

two proportions - equivalence, 215-9 
two proportions - non-inferiority, 210-10 
two proportions - offset, 205-9 

File menu 
output window, 5-2 
procedure window, 4-3 
spreadsheet, 925-1 

Finite population correction 
t test, 400-8 

Finite population size 
one mean - confidence interval, 420-2 

Fisher's exact test 
two proportions, 200-4 

Fisher-z transformation 
two correlations, 805-1 

Fixed effects ANOVA 
examples, 560-13 
validation, 560-19 

Fixed effects models 
mixed models, 571-1 

Fixed factor 
ANOVA, 560-5 

Fleiss Confidence intervals 
two proportions, 216-12, 216-16 

Fleming algorithm 
single-stage phase II trials, 120-1 

Follow-up 
logrank, 705-4 

Fonts 
changing, 5-6 

Forced points 
D-optimal designs, 888-5 
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Format 
tick labels, 4-14 

Format menu 
output window, 5-6 

Format toolbar, 5-5 
FPR 

ROC curve (one), 260-7 
ROC curves (two), 265-1 

Fractional factorial designs, 882-1 
examples, 882-4 

Freedman 
logrank, 700-1 

F-test 
Geisser-Greenhouse, 570-4 
simulation, 555-1 
two variances, 655-1 

G 
Games-Howell - simulation 

multiple comparison, 580-1 
Games-Howell test 

simulation, 580-3 
Gamma data 

simulation, 920-24 
Gamma distribution 

probablility calculator, 915-4 
simulation, 920-7 

Gart-Nam confidence interval 
two proportions, 216-7 

Gart-Nam test 
two proportions - equivalence, 215-10 
two proportions - non-inferiority, 210-11 
two proportions - offset, 205-10 

Geisser-Greenhouse 
repeated measures ANOVA, 570-1 

Geisser-Greenhouse F-test 
repeated measures ANOVA, 570-4 

General linear multivariate model 
MANOVA, 605-2 
repeated measures ANOVA, 570-3 

Generating data, 920-1 
Goodness of fit 

chi-square estimator, 900-1 
Chi-square test, 250-1 

Graeco-Latin square designs, 884-1 
Grid color, 4-12 
Grid line style, 4-12 
Grid lines, 4-12 
Group sequential test 

log-rank, 710-1 
survival, 710-1 
two means, 475-1 
two proportions, 220-1 

H 
Hazard rate 

Cox regression, 850-1 
Hazard rate parameterization 

logrank, 715-2 
Hazard rates 

logrank, 700-2 
logrank - advanced, 705-2 
time dependent, 715-22 

Hazard ratio 
group sequential, 710-2 

Help menu 
output window, 5-7 
PASS home window, 3-3 
procedure window, 4-6 
spreadsheet, 925-5 

Help system, 1-5 
contents window, 1-7 
index window, 1-6 
navigating, 1-6 
printing documentation, 1-9 
search window, 1-8 

Heterogeneous variances 
mixed models, 571-46 

Home window, 3-1 
Horizontal viewing angle, 4-17 
Hotelling’s T2, 600-1 

examples, 600-8 
validation, 600-11 

Hotelling’s T2 distribution 
probablility calculator, 915-4 

Hotelling-Lawley trace, 605-1 
MANOVA, 605-3 
repeated measures ANOVA, 570-1, 570-7 

Hypergeometric distribution 
probablility calculator, 915-4 

Hypergeometric model 
one proportion, 100-2 

Hypothesis 
equivalence, 7-9 
inequality, 7-7 
introduction, 7-1 
means, 9-1 
non-inferiority, 7-7 
superiority, 7-8 
types, 7-6 

Hypothesis testing 
introduction, 7-1 

I 
Icons 

output window, 5-7, 6-2 
PASS home window, 3-3 
procedure window, 4-6 

Incidence rate 
post-marketing surveillance, 135-2 
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Inclusion points 
D-optimal designs, 888-6 

Independence test, 250-1 
Inequality 

one proportion, 100-1 
two means ratio, 445-1 
two proportions, 200-1 
two proportions - offset, 205-1 

Inequality hypothesis, 7-7 
Installation, 1-1 

folders, 1-1 
Interaction 

two-level designs, 881-3 
Intercept 

linear regression, 855-1 
Interim analysis 

survival, 710-1 
three-stage trial, 130-1 
two means, 475-1 
two proportions, 220-1 

Intraclass correlation, 810-1 
examples, 810-4 
validation, 810-6 

Intracluster correlation 
cluster randomization - two means, 480-3 
cluster randomized - non-inferiority, 235-4 
cluster randomized design, 230-2 

Introduction to power analysis, 7-1 
Isometric, 4-17 
Iterations 

maximum, 4-20 
Iterations tab, 4-20 

K 
Kappa 

examples, 811-6 
validation, 811-11 

Kappa test for rater agreement, 811-1 
Kenward and Roger method 

mixed models, 571-11 
Kolmogorov-Smirnov test, 670-2 
Kruskal-Wallis 

multiple comparisons - simulation, 580-1 
simulation, 555-1 

Kruskal-Wallis test 
multiple comparisons - simulation, 580-3, 585-1 
simulation, 585-3 

L 
Labels of plots, 4-13 
Lachin and Foulkes 

logrank test, 705-1 
Lakatos 

logrank, 715-1 
Lan-DeMets 

survival - group sequential, 710-1 
two means - group sequential, 475-1 
two proportions - group sequential, 220-1 

Latin square 
ANOVA, 560-17 

Latin square designs, 884-1 
examples, 884-5 

Legend 
color, 4-14 
parameter, 4-12 
percent of vertical space, 4-12 
position, 4-12 

Likelihood ratio test 
two proportions, 200-7 

Likert-scale 
simulation, 410-21, 920-8 
simulation, 920-22 

Lilliefors' critical values 
normality tests, 670-2 

Line chart options, 4-16 
Linear model 

ANOVA, 560-2 
repeated measures ANOVA, 570-3 

Linear regression, 855-1 
confidence interval, 856-1 
examples, 855-5 
validation, 855-7 

Load template button, 4-4, 4-21 
Loading a procedure, 2-2 
Log file, 5-2 
Log transformation 

cross-over, 505-2 
cross-over - equivalence, 525-2 
cross-over - higher-order - equivalence, 545-4 
cross-over - higher-order - non-inferiority, 535-4 
cross-over - non-inferiority, 515-2 
mean ratio, 445-2 
mean ratio - equivalence, 470-2 
mean ratio - non-inferiority, 455-2 

Logistic regression, 860-1 
examples, 860-9 
validation, 860-14 

Logit 
logistic regression, 860-2 

Logrank 
hazard rate parameterization, 715-2 
median survival time parameterization, 715-2 
mortality parameterization, 715-2 
proportion surviving parameterization, 715-2 

Log-rank 
group sequential test, 710-1 

Logrank procedure comparison, 715-3 
Logrank test, 700-1, 715-1 

Lachin and Foulkes, 705-1 
non-inferiority, 706-1 

Logrank tests - non-inferiority 
examples, 706-7 
validation, 706-11 

Logrank tests (Lakatos) 
examples, 715-16 
validation, 715-21 
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Longitudinal data models 
mixed models, 571-2 

Longitudinal models, 571-1 

M 
Macros, 930-1 

command list, 930-19 
commands, 930-6 
examples, 930-20 
syntax, 930-2 

Mann-Whitney test, 430-1 
assumptions, 430-4 
examples, 430-16 
non-inferiority, 450-5 
simulation, 440-5 

Mann-Whitney test - equivalence 
simulation, 465-5 

Mann-Whitney test - simulation 
equivalence, 465-1 

MANOVA, 605-1 
assumptions, 605-1 
examples, 605-12 
validation, 605-17 

Mantel Haenszel test 
two proportions, 200-7 

Mantel-Haenszel, 225-1 
Many proportions - trend 

examples, 255-12 
validation, 255-19 

Map window, 6-1 
Margin of equivalence 

two means, 450-8 
two means - non-inferiority, 455-5 

Martinez-Iglewicz test, 670-3 
Matched case-control, 155-1 

post-marketing surveillance, 135-2 
Matched case-control - proportions 

examples, 155-6 
validation, 155-10 

Matrices, 925-1 
Maximum iterations, 4-20 
Maximum likelihood 

mixed models, 571-8 
Maximum on axis, 4-11 
McNemar test, 150-1 
McNemar test - two correlated proportions 

examples, 150-7 
validation, 150-9 

Mean (one) 
confidence interval, 420-1 
exponential, 405-1 
simulation, 410-1 

Mean (one) - confidence interval 
examples, 420-5 
validation, 420-7 

Mean (one) - tolerance - confidence interval 
examples, 421-6 
validation, 421-8 

Mean (one) - tolerance probability 
confidence interval, 421-1 

Mean absolute deviation 
standard deviation estimator, 905-3 

Mean ratio 
equivalence, 470-1 
inequality, 445-1 

Means 
introduction, 9-1 
one-way - simulation, 555-1 

Means - ratio - equivalence 
cross-over, 525-1 

Means - ratio - equivalence - higher-order 
cross-over, 545-1 

Means - ratio - non-inferiority 
cross-over, 515-1 

Means - ratio - non-inferiority - higher-order 
cross-over, 535-1 

Means - ratio - superiority 
cross-over, 515-1 

Means - ratio - superiority - higher-order 
cross-over, 535-1 

Means (paired) 
confidence interval, 496-1 
simulation, 490-1 

Means (paired) - confidence interval 
examples, 496-5 
validation, 496-6 

Means (paired) - equivalence 
simulation, 495-1 

Means (paired) - tolerance - confidence interval 
examples, 497-6 
validation, 497-8 

Means (paired) - tolerance probability 
confidence interval, 497-1 

Means (two) 
cluster randomized design, 480-1 
confidence interval, 471-1 
cross-over, 500-1 
equivalence, 460-1 
exponential, 435-1 
group sequential test, 475-1 
interim analysis, 475-1 
non-inferiority, 450-1 
ratio, 445-1 
simulation, 440-1 
T-test, 430-1 
t-test - equivalence, 460-1 
T-test - non-inferiority, 450-1 

Means (two) - cluster randomized design 
examples, 480-4 
validation, 480-6 

Means (two) - confidence interval 
examples, 471-5 
validation, 471-7 

Means (two) - equivalence 
cross-over, 520-1 
examples, 460-5 
validation, 460-7 

Means (two) - equivalence - higher-order 
cross-over, 540-1 
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Means (two) - equivalence - simulation 
examples, 465-12 
validation, 465-19 

Means (two) - group sequential 
examples, 475-10 
validation, 475-17 

Means (two) - non-inferiority 
cross-over, 510-1 
examples, 450-10 
validation, 450-13 

Means (two) - non-inferiority - higher-order 
cross-over, 530-1 

Means (two) - ratio 
cross-over, 505-1 
equivalence, 470-1 
non-inferiority, 455-1 
superiority, 455-1 

Means (two) - ratio - non-inferiority 
examples, 455-6 
validation, 455-8 

Means (two) - simulation 
equivalence, 465-1 
t-test - equivalence, 465-1 

Means (two) - superiority 
cross-over, 510-1 

Means (two) - superiority - higher-order 
cross-over, 530-1 

Means (two) - tolerance - confidence interval 
examples, 472-6 
validation, 472-8 

Means (two) - tolerance probability 
confidence interval, 472-1 

Means matrix 
MANOVA, 605-4 
repeated measures ANOVA, 570-7 

Measurement error 
randomized block ANOVA, 565-2 

Median survival time parameterization 
logrank, 715-2 

Menus 
output window, 5-2 
PASS home window, 3-2 
procedure window, 4-3 
spreadsheet, 925-1 

Microarray data 
one sample t-test, 610-1 
paired T-test, 610-1 
two sample t-test, 615-1 

Microarray one-sample or paired t-test 
examples, 610-12 
validation, 610-19 

Microarray two-sample t-test 
examples, 615-12 
validation, 615-19 

Miettinen-Nurminen confidence interval 
two proportions, 216-6 

Miettinen-Nurminen test 
two proportions - equivalence, 215-7 
two proportions - non-inferiority, 210-8 
two proportions - offset, 205-7 

Minimum detectable difference 

mixed models, 571-14 
multiple comparisons, 575-11 
one-way ANOVA, 550-17 
t-test, 400-12 
two-sample t test, 430-14 

Minimum on axis, 4-11 
Mixed model 

defined, 571-2 
Mixed models, 571-1 

differential evolution, 571-12 
examples, 571-35 
F test, 571-11 
Fisher scoring, 571-12 
fixed effects, 571-1 
G matrix, 571-5 
heterogeneous variances, 571-46 
Kenward and Roger method, 571-11 
L matrix, 571-9 
likelihood formulas, 571-8 
maximum likelihood, 571-8 
minimum detectable difference, 571-14 
MIVQUE, 571-12 
Newton-Raphson, 571-12 
pairwise contrasts, 201-6, 431-7 
R matrix, 571-5 
restricted maximum likelihood, 571-9 
simulation steps, 571-17 
types, 571-1 
validation, 571-41 

Mixture data 
simulation, 920-25 

Mixture design 
D-optimal designs, 888-20 

Monte Carlo, 9-3 
Monte Carlo simulation, 920-1 
Mortality parameterization 

logrank, 715-2 
Moving data, 925-10 
MTBF 

exponential mean (one), 405-1 
Multinomial 

chi-square estimator, 900-3 
Multinomial distribution 

simulation, 920-8 
Multiple comparisons, 575-1 

Dunnett's test - simulation, 585-1 
examples, 575-13 
Games-Howell - simulation, 580-1 
pair-wise - simulation, 580-1 
validation, 575-19 
vs control - simulation, 585-1 
with a control, 575-2 
with best, 575-5 

Multiple comparisons - simulation 
examples, 580-13 
power, 580-4 
validation, 580-22 

Multiple comparisons - vs control - simulation 
examples, 585-12 
validation, 585-21 

Multiple contrasts 
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simulation, 590-1 
Multiple contrasts - simulation 

examples, 590-14 
validation, 590-24 

Multiple regression, 865-1 
examples, 865-6 
validation, 865-10 

Multiple testing adjustment 
t-test - two groups, 615-2 
t-test -one group, 610-4 

Multivariate analysis of variance, 605-1 

N 
Navigating the help system, 1-6 
Negative binomial distribution 

probablility calculator, 915-5 
Nested factors 

design generator, 889-1 
New template, 4-3 
Noncentrality 

one-way ANOVA, 550-3 
Noncentrality parameter 

one-way ANOVA, 550-4 
Non-inferiority 

correlated proportions, 160-1 
logrank, 705-13, 706-1 
means (two), 450-1 
means (two) - ratio, 455-1 
one proportion, 105-1 
paired t-test, 415-1 
survival, 706-1 
two proportions, 210-1 

Non-inferiority - two correlated proportions 
examples, 160-10 
validation, 160-13 

Non-inferiority hypothesis, 7-7 
Non-Inferiority test (two means) 

simulation, 440-17 
Nonparametric 

t-test, 400-7 
Nonparametric tests 

Wilcoxon test, 400-1 
Normal distribution 

probablility calculator, 915-5 
simulation, 920-9, 920-19 

Normality - simulation 
examples, 670-8 
validation, 670-11 

Normality tests, 670-1 
Anderson-Darling test, 670-2 
D’Agostino kurtosis, 670-2 
D’Agostino omnibus, 670-3 
D’Agostino skewness, 670-4 
Kolmogorov-Smirnov, 670-2 
Lilliefors' critical values, 670-2 
Martinez-Iglewicz, 670-3 
range, 670-4 
Shapiro-Wilk, 670-4 

Nuisance parameter, 9-2 
Nuisance parameters, 7-6 
Null hypothesis, 7-1, 9-1 

O 
O’Brien-Fleming 

survival - group sequential, 710-1 
two means - group sequential, 475-1 
two proportions - group sequential, 220-1 

Odds ratio 
logistic regression, 860-2 
matched case-control, 155-1 
McNemar test, 150-3 
one proportion, 100-6 
proportions, 8-3 
two proportions, 200-3 

Odds ratio estimator, 910-1 
examples, 910-2 

One proportion 
equivalence, 110-1 
inequality, 100-1 
non-inferiority, 105-1 
superiority, 105-1 

One-sample t-test 
microarray data, 610-1 

One-way ANOVA, 550-1 
examples, 550-10 
simulation, 555-1 
validation, 550-19 

One-way ANOVA - simulation 
examples, 555-10 
validation, 555-16 

Open template, 4-3 
Options, 4-4 
Orthogonal arrays, 887-1 
Orthogonal sets of Latin squares, 884-2 
Outliers 

multiple comparisons - simulation, 580-23 
one-way ANOVA - simulation, 555-18 

Outliers (two means) 
simulation, 440-19 

Outline 
PASS home window, 3-4 

Output, 2-4 
Output window, 5-1 

edit menu, 5-4 
file menu, 5-2 
format menu, 5-6 
help menu, 5-7 
toolbar, 5-7, 6-2 
view menu, 5-5 
window menu, 5-6 
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P 
P value, 7-4 
Page setup 

spreadsheet, 925-2 
Paired design 

microarray data, 610-1 
Paired designs 

non-inferiority, 415-1 
Paired distributions 

simulating, 490-2 
Paired means 

simulation, 490-1 
Paired means - equivalence 

simulation, 495-1 
Paired proportions 

equivalence, 165-1 
non-inferiority, 160-1 

Paired t-test, 400-1 
assumptions, 400-3 
microarray data, 610-1 
non-inferiority, 415-1 
superiority, 415-1 

Pairwise comparisons 
multiple comparisons, 575-7 

Pair-wise comparisons 
simulation, 580-1 

Pairwise contrasts 
mixed models, 201-6 

Pairwise contrasts 
mixed models, 431-7 

Panel, 4-1 
Parameters 

3D, 4-18 
abbreviations, 4-15 
axis, 4-11 
entering, 4-7 
legend, 4-12 

PASS help system, 1-5 
PASS home window, 3-1 

help menu, 3-3 
outline, 3-4 
procedure menus, 3-2 
toolbar, 3-3 
tools menu, 3-2 
view menu, 3-2 
window menu, 3-3 

Password, 5-7 
Patient entry 

logrank, 705-3 
Perspective, 4-17, 4-18 
Phase I trials 

definition, 120-1 
Phase II clinical trials 

single-stage one proportion, 120-1 
three-stage one proportion, 130-1 
two-stage one proportion, 125-1 

Phase II trials 
definition, 120-1 

Pillai-Bartlett trace, 605-1 

MANOVA, 605-3 
repeated measures ANOVA, 570-1, 570-6 

Plackett-Burman designs, 886-1 
Planned comparisons 

one-way ANOVA, 550-1 
Plot labels, 4-13 
Plot text tab, 4-13 
Plot titles, 4-13 
Plot type, 4-15 
Plot type tab, 4-15 
Pocock 

survival - group sequential, 710-1 
two means - group sequential, 475-1 
two proportions - group sequential, 220-1 

Poisson distribution 
probablility calculator, 915-5 
simulation, 920-9 

Poisson incidence 
post-marketing surveillance, 135-1 

Poisson regression, 870-1 
examples, 870-7 
validation, 870-9 

Population size 
t-test, 400-8 

Post-marketing surveillance, 135-1 
examples, 135-6 
validation, 135-8 

Power 
calculating, 7-4 
introduction, 7-1 
means, 9-1 
multiple comparisons - simulation, 580-4 

Prevalence 
correlated proportions, 160-2, 165-2 

Printer setup 
spreadsheet, 925-2 

Printing documentation, 1-9 
Printing output, 5-4 
Probability calculator, 915-1 

Beta distribution, 915-1 
Binomial distribution, 915-2 
Bivariate normal distribution, 915-2 
Chi-square distribution, 915-2 
Correlation coefficient distribution, 915-3 
F distribution, 915-3 
Gamma distribution, 915-4 
Hotelling’s T2 distribution, 915-4 
Hypergeometric distribution, 915-4 
Negative binomial distribution, 915-5 
Normal distribution, 915-5 
Poisson distribution, 915-5 
Student’s t distribution, 915-6 
Studentized range distribution, 915-6 
Weibull distribution, 915-6 

Procedure menus 
PASS home window, 3-2 
procedure window, 4-5 

Procedure options, 4-1 
Procedure window, 4-1 

file menu, 4-3 
help menu, 4-6 
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procedure menus, 4-5 
run menu, 4-5 
tabs, 4-7 
toolbar, 4-6 
tools menu, 4-5 
window menu, 4-5 

Producer’s risk 
exponential mean (one), 405-2 

Projection method, 4-17 
Proportion (one) 

binomial model, 100-2 
confidence interval, 115-1 
continuity correction, 100-5 
equivalence, 110-1 
exact binomial test, 100-4 
examples, 100-13 
hypergeometric model, 100-2 
inequality, 100-1 
non-inferiority, 105-1 
odds ratio, 100-6 
saw-tooth power function, 100-16 
single-stage phase II trials, 120-1 
superiority, 105-1 
three-stage phase II trials, 130-1 
two-stage phase II trials, 125-1 
validation, 100-20 
Z test, 100-4 

Proportion (one) - confidence interval 
examples, 115-6 
validation, 115-9 

Proportion (one) - equivalence 
examples, 110-11 
validation, 110-17 
Z test, 110-6 

Proportion (one) - non-inferiority 
examples, 105-10 
validation, 105-16 

Proportion surviving parameterization 
logrank, 715-2 

Proportion trend test, 255-1 
Proportional hazards regression, 850-1 
Proportions 

comparing, 8-1 
difference, 8-2 
interpretation, 8-3 
introduction, 8-1 
logistic regression, 860-1 
odds ratio, 8-3 
odds ratio estimator, 910-1 
paired (equivalence), 165-1 
paired (non-inferiority), 160-1 
ratio, 8-2 

Proportions (many) 
trend, 255-1 

Proportions (many) - trend 
examples, 255-12 
validation, 255-19 

Proportions (multiple) 
Chi-square test, 250-1 

Proportions (two) 
Chi-square test, 200-5 

cluster randomized - equivalence, 240-1 
cluster randomized - non-inferiority, 235-1 
cluster randomized - superiority, 235-1 
cluster randomized design, 230-1 
confidence intervals, 216-1 
equivalence, 215-1 
Fisher's exact, 200-4 
group sequential test, 220-1 
independent, 200-1 
independent - equivalence, 215-1 
independent - non-inferiority & superiority, 210-1 
independent - offset, 205-1 
inequality, 200-1 
inequality - offset, 205-1 
interim analysis, 220-1 
matched case control, 155-1 
McNemar test, 150-1 
non-inferiority & superiority, 210-1 
stratified, 225-1 

Proportions (two) - cluster - equivalence 
examples, 240-8 
validation, 240-12 

Proportions (two) - cluster - non-inferiority 
examples, 235-7 
validation, 235-11 

Proportions (two) - cluster randomized design 
examples, 230-9 
validation, 230-17 

Proportions (two) - confidence interval 
examples, 216-26 
validation, 216-28 

Proportions (two) - equivalence 
examples, 215-17 
validation, 215-23 

Proportions (two) - group sequential 
examples, 220-9 
validation, 220-17 

Proportions (two) - inequality 
examples, 200-14 
validation, 200-19 

Proportions (two) - non-inferiority 
examples, 210-17 
validation, 210-24 

Proportions (two) - offset 
examples, 205-18 
validation, 205-24 

Proportions (two) - stratified design 
examples, 225-8 
validation, 225-11 

Proportions (two) correlated 
equivalence, 165-1 
non-inferiority, 160-1 

Proportions estimator, 910-1 
examples, 910-2 

Q 
Qualitative factors 

D-optimal designs, 888-5 
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Quick launch window, 6-1 
Quick-access buttons 

map window, 6-2 
output window, 5-9 
PASS home window, 3-3 
procedure window, 4-6 

Quitting PASS, 4-4 

R 
Random assignment, 880-1 
Random effects models, 571-1 

mixed models, 571-1 
Random factor 

ANOVA, 560-5 
Random numbers, 920-1 

multiple comparisons - simulation, 580-5 
simulation, 585-5, 590-5 

Random sorting, 880-3 
Random sorting using max % deviation, 880-5 
Randomization 

complete, 880-3 
Efron’s biased coin, 880-3 
Latin square designs, 884-2 
random sorting, 880-3 
random sorting using max % deviation, 880-5 
Smith, 880-4 
Wei’s urn, 880-4 

Randomization lists, 880-1 
examples, 880-9 

Randomized block ANOVA, 565-1 
examples, 565-9 
validation, 565-11 

Randomized block design 
design generator, 889-5 

Range on axis, 4-11 
Range test, 670-4 
Rater agreement - kappa, 811-1 
Rating data 

ROC curve (one), 260-4 
ROC curves (two), 265-3 

Ratio 
proportions, 8-2 
two means, 445-1 
two means - equivalence, 470-1 

Ratio (two means) 
non-inferiority, 455-1 

Ratio of two means 
examples, 445-6 
validation, 445-8 

Ratio of two means - equivalence 
examples, 470-7 
validation, 470-9 

Ratio -two means 
cross-over, 505-1 

Regression 
confidence interval, 856-1 
Cox, 850-1 
linear, 855-1 

logistic, 860-1 
multiple, 865-1 
Poisson, 870-1 

Regression - confidence interval 
examples, 856-7 
validation, 856-10 

Rejection region, 7-3 
Repeated measures 

mixed models, 571-1 
two means, 431-1 
two proportions, 201-1 

Repeated measures - two means 
examples, 431-13 
validation, 431-19 

Repeated measures - two proportions 
examples, 201-16 
validation, 201-24 

Repeated measures ANOVA, 570-1 
examples, 570-29 
validation, 570-49 

Repeated measures design 
design generator, 889-6 

Replication 
two-level designs, 881-3 

Reports tab, 4-8 
Resetting a template, 4-3 
Response surface designs, 885-1 

examples, 885-3 
Restricted maximum likelihood 

mixed models, 571-9 
Risk ratio 

Blackwelder, 205-26 
ROC curve (one), 260-1 

examples, 260-8 
validation, 260-12 

ROC curves (two), 265-1 
examples, 265-8 
validation, 265-13 

Row heights, 925-11 
R-squared 

logistic regression, 860-8 
multiple regression, 865-1 

RTF, 5-3 
RTF files, 5-1 
Ruler, 5-5 
Run menu 

procedure window, 4-5 
Running a procedure, 2-3 
Running PASS, 2-1 

S 
Sample size 

introduction, 7-1 
Save template, 4-4 
Save template button, 4-4, 4-22 
Saw-tooth power function 

one proportion, 100-16 
Scaling factors 
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D-optimal designs, 888-2 
Score test 

two proportions - equivalence, 215-7 
two proportions - non-inferiority, 210-8 
two proportions - offset, 205-7 

Screening designs, 886-1 
examples, 886-3 

Sensitivity 
correlated proportions, 160-2, 165-2 
ROC curve (one), 260-1 

Serial numbers, 1-4, 5-7 
Setting options, 4-4 
Shapiro-Wilk test, 670-4 
Show tickmarks, 4-13 
Sign test 

simulation, 410-3 
Sign test - paired means 

simulation, 490-4 
Sign test - paired means - equivalence 

simulation, 495-5 
Significance level, 7-3 

adjusting, 9-5 
Significance level - simulation 

multiple comparisons, 580-1, 585-2 
multiple contrasts, 590-1 

Simon 
two-stage phase II trials, 125-1 

Simple linear regression 
confidence interval, 856-1 

Simulation, 9-3, 920-1 
Beta distribution, 920-3 
Binomial distribution, 920-5 
Cauchy distribution, 920-5 
Constant distribution, 920-6 
contaminated normal, 920-20 
Exponential distribution, 920-6 
F distribution, 920-7 
Gamma distribution, 920-7 
Likert-scale, 920-8, 920-22 
Multinomial distribution, 920-8 
multiple comparisons, 580-1, 580-5, 585-1, 585-4 
multiple contrasts, 590-1, 590-4 
Normal distribution, 920-9, 920-19 
normality tests, 670-1 
one mean, 410-1 
one-way ANOVA, 555-1 
paired means, 490-1 
paired means - equivalence, 495-1 
Poisson distribution, 920-9 
random number generation, 580-5, 585-5, 590-5 
size, 9-3 
skewed distribution, 920-10 
Student's T distribution, 920-10 
syntax, 920-13 
T distribution, 920-10 
Tukey's lambda distribution, 920-10 
two means, 440-1 
two means - equivalence, 465-1 
Uniform distribution, 920-11 
Weibull distribution, 920-12 

Simulation steps 

mixed models, 571-17 
Single-stage design 

one proportion, 120-1 
Single-stage phase II trials 

examples, 120-3 
validation, 120-3 

Skewed data 
one-way ANOVA - simulation, 555-20 
simulation, 410-12 

Skewed data (two means) 
simulation, 440-20 

Skewed distribution 
simulation, 920-10 

Skewness test, 670-4 
Slope 

linear regression, 855-1 
Slope - simple linear regression 

confidence interval, 856-1 
Smith’s randomization, 880-4 
Specificity 

correlated proportions, 160-2, 165-2 
ROC curve (one), 260-1 

Spending functions 
survival - group sequential, 710-3 
two means - group sequential, 475-2 
two proportions - group sequential, 220-2 

Split plot analysis 
mixed models, 571-1 

Spreadsheet, 925-1 
data entry, 925-6 
edit menu, 925-3 
file menu, 925-1 
help menu, 925-5 
menus, 925-1 
navigating, 925-6 
window menu, 925-5 

Standard deviation, 9-2 
estimator, 905-1 
interpretation, 905-1 

Standard deviation (one) 
confidence interval, 640-1 

Standard deviation (one) - confidence interval 
examples, 640-5 
validation, 640-7 

Standard deviation (one) - relative error 
confidence interval, 642-1 

Standard deviation (one) - relative error - confidence 
interval 
examples, 642-4 
validation, 642-6 

Standard deviation (one) - tolerance - confidence 
interval 
examples, 641-6 
validation, 641-8 

Standard deviation (one) - tolerance probability 
confidence interval, 641-1 

Standard deviation estimator 
examples, 905-6 

Standard deviation test 
one, 650-1 
two, 655-1 
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Starting PASS, 1-3, 2-1 
Stratified designs 

two proportions, 225-1 
Student’s t distribution 

probablility calculator, 915-6 
Studentized range distribution 

probablility calculator, 915-6 
Student's T distribution 

simulation, 920-10 
Style 

grid lines, 4-12 
Superiority 

means (two), 450-1 
means (two) - ratio, 455-1 
one proportion, 105-1 
paired t-test, 415-1 
two proportions, 210-1 

Superiority hypothesis, 7-8 
Surface chart options, 4-17 
Survival 

logrank, 700-1, 715-1 
logrank - Lachin and Foulkes, 705-1 
non-inferiority, 706-1 

Survival - group sequential 
examples, 710-11 
validation, 710-18 

Survival - logrank 
examples, 700-6 
validation, 700-9 

Survival - logrank - Lachin and Foulkes 
examples, 705-8 
validation, 705-12 

Syntax 
macros, 930-2 

System requirements, 1-1 

T 
T distribution 

simulation, 920-10 
T test 

two proportions - equivalence, 215-7 
two proportions - non-inferiority, 210-8 

T2 
Hotelling’s, 600-1 

Tabs 
axes/legend/grid, 4-11 
data, 4-7 
iterations, 4-20 
plot text, 4-13 
plot type, 4-15 
reports, 4-8 
template, 4-21 

Tabs on the procedure window, 4-7 
Taguchi designs, 887-1 

examples, 887-4 
Technical support, 1-11 
Template tab, 4-21 
Templates, 4-1 

automatic, 4-2 
creating a new, 4-3 
default, 4-2 
definition, 4-3 
deleting, 4-4, 4-22 
file extension, 4-4, 4-22 
file name, 4-21 
loading, 4-3, 4-4, 4-21 
opening, 4-3 
saving, 4-4, 4-22 
storage location, 4-4, 4-22 
template id, 4-21 

Test statistics, 7-6 
Thin walls, 4-18 
Three-stage design 

one proportion, 130-1 
Three-stage phase II trials 

examples, 130-8 
validation, 130-8 

Tickmarks, 4-12 
show, 4-13 

Time averaged difference 
binary data, 201-1 
normal data, 431-1 
power for, 201-2, 431-2 
two means, 431-1 
two proportions, 201-1 

Titles of plots, 4-13 
Toolbar 

output window, 5-7, 6-2 
PASS home window, 3-3 
procedure window, 4-6 

Toolbars 
customizing, 3-4 
customizing using drag-and-drop, 6-3 
format, 5-5 

Tools menu 
PASS home window, 3-2 
procedure window, 4-5 

Trend in proportions, 255-1 
Trimmed t-test (two means) 

simulation, 440-4 
Trimmed t-test (two means) - equivalence 

simulation, 465-4 
T-test 

cross-over, 500-3 
microarray data, 610-1, 615-1 
one group - multiple testing adjustment, 610-4 
one mean, 400-1 
one mean - simulation, 410-1 
paired, 400-1 
paired - equivalence - simulation, 495-1 
paired - simulation, 490-1 
two groups - multiple testing adjustment, 615-2 
two means, 430-1 
two means - equivalence, 460-1 
two means - non-inferiority, 450-1 
two means - simulation, 440-1 
two proportions, 200-8 

T-test - equivalence 
cross-over, 520-3 
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T-test - simulation 
two means - equivalence, 465-1 

T-test (one mean) 
assumptions, 400-3 
examples, 400-8 
non-inferiority, 415-1 
superiority, 415-1 
validation, 400-17 

T-test (one mean) - non-inferiority 
examples, 415-9 
validation, 415-12 

T-test (one mean) - simulation 
examples, 410-10 
validation, 410-16 

T-test (paired means) - equivalence - simulation 
examples, 495-11 
validation, 495-17 

T-test (paired means) - simulation 
examples, 490-11 
validation, 490-16 

T-test (paired) 
examples, 400-13 

T-test (two means) 
examples, 430-10 
validation, 430-18 

T-test (two means) - simulation 
examples, 440-12 
validation, 440-16 

T-tests (two means) 
assumptions, 430-3 

Tukey-Kramer 
simulation, 580-1 

Tukey-Kramer test 
multiple comparisons, 575-7 
simulation, 580-3 

Tukey's lambda distribution 
simulation, 920-10 

Two correlated proportions - equivalence 
examples, 165-11 
validation, 165-14 

Two correlated proportions - non-inferiority 
examples, 160-10 
validation, 160-13 

Two means 
cluster randomized design, 480-1 
cross-over, 500-1 

Two means - cluster randomized design 
examples, 480-4 
validation, 480-6 

Two means - equivalence 
cross-over, 520-1 
examples, 460-5 
validation, 460-7 

Two means - equivalence - higher-order 
cross-over, 540-1 

Two means - equivalence - simulation 
examples, 465-12 
validation, 465-19 

Two means - group sequential 
examples, 475-10 
validation, 475-17 

Two means - non-inferiority 
cross-over, 510-1 
examples, 450-10 
validation, 450-13 

Two means - non-inferiority - higher-order 
cross-over, 530-1 

Two means - ratio 
cross-over, 505-1 
examples, 445-6 
validation, 445-8 

Two means - ratio - equivalence 
cross-over, 525-1 
examples, 470-7 
validation, 470-9 

Two means – ratio - equivalence - higher-order 
cross-over, 545-1 

Two means - ratio - non-inferiority 
cross-over, 515-1 

Two means - ratio - non-inferiority - higher-order 
cross-over, 535-1 

Two means - ratio - superiority 
cross-over, 515-1 

Two means - ratio - superiority - higher-order 
cross-over, 535-1 

Two means - superiority 
cross-over, 510-1 

Two means - superiority - higher-order 
cross-over, 530-1 

Two means (ratio) - non-inferiority 
examples, 455-6 
validation, 455-8 

Two proportions 
cluster randomized - equivalence, 240-1 
cluster randomized - non-inferiority, 235-1 
cluster randomized - superiority, 235-1 
cluster randomized design, 230-1 
equivalence, 215-1 
inequality, 200-1 
inequality - offset, 205-1 
matched case-control, 155-1 
McNemar test, 150-1 
non-inferiority & superiority, 210-1 

Two proportions - cluster - equivalence 
examples, 240-8 
validation, 240-12 

Two proportions - cluster - non-inferiority 
examples, 235-7 
validation, 235-11 

Two proportions - cluster randomized design 
examples, 230-9 
validation, 230-17 

Two proportions - equivalence 
examples, 215-17 
validation, 215-23 

Two proportions - group sequential 
examples, 220-9 
validation, 220-17 

Two proportions - inequality 
examples, 200-14 
validation, 200-19 

Two proportions - non-inferiority 
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examples, 210-17 
validation, 210-24 

Two proportions - offset 
examples, 205-18 
validation, 205-24 

Two proportions - stratified design 
examples, 225-8 
validation, 225-11 

Two-channel arrays, 610-1 
Two-level designs, 881-1 

examples, 881-6 
Two-level factorial designs, 881-1 
Two-sample t-test, 430-1 

equivalence, 460-1 
microarray data, 615-1 
non-inferiority, 450-1 
superiority, 450-1 

Two-sample t-test - simulation 
equivalence, 465-1 

Two-stage design 
one proportion, 125-1 

Two-stage phase II trials 
examples, 125-8 
validation, 125-10 

Type-I error, 7-2 
Type-II error, 7-2 

U 
Uniform distribution 

simulation, 920-11 

V 
Validation 

Chi-square test, 250-9 
Cochran-Armitage test, 255-19 
correlation (one) - confidence interval, 801-7 
Cox regression, 850-6 
cross-over - higher-order - equivalence, 540-10 
cross-over - higher-order - non-inferiority, 530-12 
cross-over - ratio - equivalence, 525-9 
cross-over - ratio - higher-order - equivalence, 545-

12 
cross-over - ratio - higher-order - non-inferiority, 

535-13 
cross-over - ratio - non-inferiority, 515-8 
cross-over (two means), 500-10 
cross-over (two means) - equivalence, 520-10 
cross-over (two means) - non-inferiority, 510-10 
cross-over (two means) - ratio, 505-8 
equivalence - two correlated proportions, 165-14 
exponential mean (one), 405-10 
exponential means (two), 435-7 
fixed effects ANOVA, 560-19 
Hotelling’s T2, 600-11 
intraclass correlation, 810-6 

kappa, 811-11 
linear regression, 855-7 
logistic regression, 860-14 
logrank tests - non-inferiority, 706-11 
logrank tests (Lakatos), 715-21 
MANOVA, 605-17 
many proportions - trend, 255-19 
matched case-control - proportions, 155-10 
McNemar test - two correlated proportions, 150-9 
mean ratio - non-inferiority, 455-8 
microarray one-sample or paired t-test, 610-19 
microarray two-sample t-test, 615-19 
mixed models, 571-41 
multiple comparisons, 575-19 
multiple comparisons - simulation, 580-22 
multiple comparisons - vs control - simulation, 

585-21 
multiple contrasts - simulation, 590-24 
multiple regression, 865-10 
non-inferiority - two correlated proportions, 160-

13 
normality - simulation, 670-11 
one coefficient alpha, 815-7 
one correlation, 800-7 
one mean - confidence interval, 420-7 
one mean - tolerance - confidence interval, 421-8 
one proportion, 100-20 
one proportion - confidence interval, 115-9 
one proportion - equivalence, 110-17 
one proportion - non-inferiority, 105-16 
one standard deviation - confidence interval, 640-7 
one standard deviation - relative error - confidence 

interval, 642-6 
one standard deviation - tolerance - confidence 

interval, 641-8 
one variance - confidence interval, 651-6 
one variance - relative error - confidence interval, 

653-6 
one variance - tolerance - confidence interval, 652-

8 
one-way ANOVA, 550-19 
one-way ANOVA - simulation, 555-16 
paired means - confidence interval, 496-6 
paired means - tolerance - confidence interval, 

497-8 
Poisson regression, 870-9 
post-marketing surveillance, 135-8 
randomized block ANOVA, 565-11 
ratio of two means, 445-8 
ratio of two means - equivalence, 470-9 
regression - confidence interval, 856-10 
repeated measures - two means, 431-19 
repeated measures - two proportions, 201-24 
repeated measures ANOVA, 570-49 
ROC curve (one), 260-12 
ROC curves (two), 265-13 
single-stage phase II trials, 120-3 
survival - group sequential, 710-18 
survival - logrank, 700-9 
survival - logrank - Lachin and Foulkes, 705-12 
three-stage phase II trials, 130-8 
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t-test (one mean), 400-17 
t-test (one mean) - non-inferiority, 415-12 
t-test (one mean) - simulation, 410-16 
t-test (paired means) - equivalence - simulation, 

495-17 
t-test (paired means) - simulation, 490-16 
t-test (two means), 430-18 
t-test (two means) - simulation, 440-16 
two coefficient alphas, 820-10 
two correlated proportions - equivalence, 165-14 
two correlated proportions - non-inferiority, 160-

13 
two correlations, 805-8 
two means - cluster randomized, 480-6 
two means - confidence interval, 471-7 
two means - equivalence, 460-7 
two means - equivalence - simulation, 465-19 
two means - group sequential, 475-17 
two means - non-inferiority, 450-13 
two means - ratio, 445-8 
two means - ratio - equivalence, 470-9 
two means - tolerance - confidence interval, 472-8 
two proportions - cluster - equivalence, 240-12 
two proportions - cluster - non-inferiority, 235-11 
two proportions - cluster randomized, 230-17 
two proportions - confidence interval, 216-28 
two proportions - equivalence, 215-23 
two proportions - group sequential, 220-17 
two proportions - inequality, 200-19 
two proportions - non-inferiority, 210-24 
two proportions - offset, 205-24 
two proportions - stratified design, 225-11 
two-stage phase II trials, 125-10 
variance (one), 650-7 
variance ratio - confidence interval, 656-8 
variance ratio - relative error - confidence interval, 

657-6 
variances (two), 655-8 

Variance (one) 
confidence interval, 651-1 
examples, 650-4 
validation, 650-7 

Variance (one) - confidence interval 
examples, 651-4 
validation, 651-6 

Variance (one) - relative error 
confidence interval, 653-1 

Variance (one) - relative error - confidence interval 
examples, 653-4 
validation, 653-6 

Variance (one) - tolerance - confidence interval 
examples, 652-6 
validation, 652-8 

Variance (one) - tolerance probability 
confidence interval, 652-1 

Variance ratio 
confidence interval, 656-1 

Variance ratio - confidence interval 
examples, 656-5 
validation, 656-8 

Variance ratio - relative error 

confidence interval, 657-1 
Variance ratio - relative error - confidence interval 

examples, 657-4 
validation, 657-6 

Variance test 
one, 650-1 
two, 655-1 

Variances (two) 
examples, 655-4 
validation, 655-8 

Vertical viewing angle, 4-18 
View menu 

output window, 5-5 
PASS home window, 3-2 

Viewing angle 
horizontal, 4-17 
vertical, 4-18 

Viewing output, 2-4 

W 
Wall color, 4-18 
Walter’s confidence intervals 

two proportions, 216-11 
Wei’s urn randomization, 880-4 
Weibull distribution 

probablility calculator, 915-6 
simulation, 920-12 

Welch test 
multiple contrasts - simulation, 590-4 

Welch's test - simulation 
equivalence, 465-1 

Welch's t-test 
non-inferiority, 450-5 
simulation, 440-3 

Wilcoxon test, 400-1, 400-7, 415-7, 450-9 
assumptions, 400-3 
non-inferiority, 415-1 
simulation, 410-3 
superiority, 415-1 

Wilcoxon test - paired means 
simulation, 490-4 

Wilcoxon test - paired means - equivalence 
simulation, 495-4 

Wilks’ Lambda, 605-1 
MANOVA, 605-2 
repeated measures ANOVA, 570-1, 570-6 

Wilson score limits 
one proportion, 115-2 

Wilson’s score confidence interval 
two proportions, 216-7 

Window menu 
output window, 5-6 
PASS home window, 3-3 
procedure window, 4-5 
spreadsheet, 925-5 

Winsorized test (two means) - equivalence 
simulation, 465-4 

Within standard deviation 
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repeated measures ANOVA, 570-15 
Within-subjects design 

repeated measures ANOVA, 570-3 
Word processor, 5-1 

Z 
Z test 

one proportion, 100-4 
one proportion - equivalence, 110-6 
two proportions - equivalence, 215-5 
two proportions - non-inferiority, 210-6 
two proportions - offset, 205-6 

 

 

 

 

 

 

 

 

 

 


