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Overview: NPAR1WAY Procedure

The NPAR1WAY procedure performs nonparametric tests for location and scale differences across a one-way
classi cation. PROC NPAR1WAY also provides a standard analysis of variance on the raw data and tests
based on the empirical distribution function.

PROC NPAR1WAY performs tests for location and scale differences based on the following scores of a
response variable: Wilcoxon, median, Van der Waerden (normal), Savage, Siegel-Tukey, Ansari-Bradley,
Klotz, Mood, and Conover. Additionally, PROC NPAR1WAY provides tests that use the raw input data

as scores. When the data are classi ed into two samples, tests are based on simple linear rank statistics.
When the data are classi ed into more than two samples, tests are based on one-way ANOVA statistics.
Both asymptotic and exaptvalues are available for these tests. PROC NPAR1WAY also provides Hodges-
Lehmann estimation, including exact con dence limits for the location shift.

PROC NPAR1IWAY computes empirical distribution function (EDF) statistics, which test whether the
distribution of a variable is the same across different groups. These include the Kolmogorov-Smirnov test,
the Cramér—von Mises test, and, when the data are classi ed into only two samples, the Kuiper test. Exact
p-values are available for the two-sample Kolmogorov-Smirnov test.

PROC NPAR1WAY uses the Output Delivery System (ODS), a SAS subsystem that provides capabilities for
displaying and controlling the output from SAS procedures. ODS enables you to convert any of the output
from PROC NPAR1WAY into a SAS data set. For more information, see the section “ODS Table Names” on
page 5837.

PROC NPAR1IWAY uses ODS Graphics to create graphs as part of its output. For general information
about ODS Graphics, see Chapter 21, “Statistical Graphics Using ODS.” For speci ¢ information about
the statistical graphics available with the NPAR1IWAY procedure, see the PLOTS= option in the PROC
NPAR1IWAY statement and the section “ODS Graphics” on page 5839.
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Getting Started: NPAR1WAY Procedure

This example illustrates how you can use PROC NPAR1WAY to perform a one-way nonparametric analysis.
The data from Halverson and Sherwood (1930) consist of weight gain measurements for ve different levels
of gossypol additive in animal feed. Gossypol is a substance contained in cottonseed shells, and these data
were collected to study the effect of gossypol on animal nutrition.

The following DATA step statements create the SAS dat@&sesypol:

data Gossypol;
input Dose n;

do i=1 to n;
input Gain @@;
output;
end;
datalines;
0 16
228 229 218 216 224 208 235 229 233 219 224 220 232 200 208 232
.04 11
186 229 220 208 228 198 222 273 216 198 213
.07 12
179 193 183 180 143 204 114 188 178 134 208 196
.10 17
130 87 135 116 118 165 151 59 126 64 78 94 150 160 122 110 178
A3 11

154 130 130 118 118 104 112 134 98 100 104

The data seGossypol contains the variablBose, which represents the amount of gossypol additive, and the
variableGain, which represents the weight gain.

Researchers are interested in whether there is a difference in weight gain among animals receiving the
different dose levels of gossypol. The following statements invoke the NPAR1IWAY procedure to perform a
nonparametric analysis of this problem:

proc nparlway data=Gossypol;
class Dose;
var Gain;

run;

The variableDose is the CLASS variable, and the VAR statement speci es the variahle is the response
variable. The CLASS statement is required, and you must hame only one CLASS variable. You can name
one or more analysis variables in the VAR statement. If you omit the VAR statement, PROC NPAR1WAY
analyzes all numeric variables in the data set except for the CLASS variable, the FREQ variable, and the BY
variables.

When no analysis options are speci ed in the PROC NPAR1WAY statement, the ANOVA, WILCOXON,
MEDIAN, VW, SAVAGE, and EDF options are invoked by default. The tables in the following gures show
the results of these analyses.

The tables in Figure 71.1 are produced by the ANOVA option. For each level of the CLASS varigele

PROC NPAR1WAY displays the number of observations and the mean of the analysis vadablEROC
NPAR1WAY displays a standard analysis of variance on the raw data. This gives the same results as the
GLM and ANOVA procedures. Thp-value for theF test is <0.0001, which indicates tHadse accounts for

a signi cant portion of the variability of the dependent variaGlain.
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Figure 71.1 Analysis of Variance

The WILCOXON option produces the output in Figure 71.2. PROC NPAR1WAY rst provides a summary

of the Wilcoxon scores for the analysis variakiain by class level. For each level of the CLASS variable

Dose, PROC NPAR1WAY displays the following information: number of observations, sum of the Wilcoxon
scores, expected sum under the null hypothesis of no difference among class levels, standard deviation under
the null hypothesis, and mean score.

Next PROC NPAR1IWAY displays the one-way ANOVA statistic, which for Wilcoxon scores is known as the
Kruskal-Wallis test. The statistic equals 52.6656, with four degrees of freedom, which is the number of class
levels minus one. Thp-value (probability of a larger statistic under the null hypothesis) is <0.0001. This
leads to rejection of the null hypothesis that there is no difference in locatigbeiaramong the levels of

Dose. Thisp-value is asymptotic, computed from the asymptotic chi-square distribution of the test statistic.
For certain data sets it might also be useful to compute the pxaadie—for example, for small data sets

or for data sets that are sparse, skewed, or heavily tied. You can use the EXACT statement to request exact
p-values for any of the location or scale tests available in PROC NPAR1WAY.

Figure 71.2 Wilcoxon Score Analysis
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Figure 71.3 through Figure 71.5 display the analyses produced by the MEDIAN, VW, and SAVAGE options.
For each score type, PROC NPAR1WAY provides a summary of scores and the one-way ANOVA statistic, as
previously described for Wilcoxon scores. Other score types available in PROC NPAR1IWAY are Siegel-
Tukey, Ansari-Bradley, Klotz, and Mood, which can be used to test for scale differences. Conover scores can
be used to test for differences in both location and scale. Additionally, you can specify the SCORES=DATA
option, which uses the input data as scores. This option gives you the exibility to construct any scores for
your data with the DATA step and then analyze these scores with PROC NPAR1WAY.

Figure 71.3 Median Score Analysis

Figure 71.4 Van der Waerden (Normal) Score Analysis
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Figure 71.5 Savage Score Analysis

The tables in Figure 71.6 display the empirical distribution function statistics, comparing the distribution
of Gain for the different levels obose. These tables are produced by the EDF option, and they include
Kolmogorov-Smirnov statistics and Cramér—von Mises statistics.

Figure 71.6 Empirical Distribution Function Analysis
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PROC NPAR1WAY uses ODS Graphics to create graphs as part of its output. The following statements
produce a box plot of Wilcoxon scores f@ain classi ed byDose. ODS Graphics must be enabled before
producing graphs.

ods graphics on;

proc nparlway data=Gossypol plots(only)=wilcoxonboxplot;
class Dose;
var Gain;

run;

ods graphics off;

Figure 71.7 displays the box plot of Wilcoxon scores. This graph corresponds to the Wilcoxon scores analysis
shown in Figure 71.2. To remove tpevalue from the box plot display, you can specify the NOSTATS plot
option in parentheses following the WILCOXONBOXPLOT option.

Box plots are available for all PROC NPAR1WAY score types except median scores, which are displayed
in a stacked bar chart. If ODS Graphics is enabled but you do not specify the PLOTS= option, PROC
NPAR1IWAY produces all plots that are associated with the analyses that you request.

Figure 71.7 Box Plot of Wilcoxon Scores
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In the preceding example, the CLASS variablese has ve levels, and the analyses examine possible
differences among these ve levels (samples). The following statements invoke the NPAR1WAY procedure
to perform a nonparametric analysis of the two lowest leveBask:

proc nparlway data=Gossypol;
where Dose <= .04;
class Dose;
var Gain;

run;

The tables in the following gures show the results of this two-sample analysis. The tables in Figure 71.8 are
produced by the ANOVA option.

Figure 71.8 Analysis of Variance for Two-Sample Data

Figure 71.9 displays the output produced by the WILCOXON option. PROC NPAR1WAY provides a
summary of the Wilcoxon scores for the analysis varia@sé for each of the two class levels. Since there

are only two levels, PROC NPAR1WAY displays the two-sample test, based on the simple linear rank statistic
with Wilcoxon scores. The normal approximation includes a continuity correction. To remove the continuity
correction, you can specify the CORRECT=NO option. PROC NPAR1WAY also gitaproximation

for the Wilcoxon two-sample test. Like the multisample analysis, PROC NPAR1WAY computes a one-way
ANOVA statistic, which for Wilcoxon scores is known as the Kruskal-Wallis test. All thegalues show no
difference inGain for the twoDose levels at the 0.05 level of signi cance.

Figure 71.10 through Figure 71.12 display the two-sample analyses produced by the MEDIAN, VW, and
SAVAGE options.
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Figure 71.9 Wilcoxon Two-Sample Analysis

Figure 71.10 Median Two-Sample Analysis
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Figure 71.11 Van der Waerden (Normal) Two-Sample Analysis

Figure 71.12 Savage Two-Sample Analysis
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The tables in Figure 71.13 display the empirical distribution function statistics, comparing the distribution of
Gain for the two levels oDose. Thep-value for the Kolmogorov-Smirnov two-sample test is 0.6199, which

indicates no rejection of the null hypothesis that @wén distributions are identical for the two levels of
Dose.

Figure 71.13 Two-Sample EDF Tests



5794 F Chapter 71: The NPAR1IWAY Procedure

Syntax: NPAR1WAY Procedure

The following statements are available in the NPAR1WAY procedure:

PROC NPAR1IWAY < options > ;
BY variables ;
CLASS variable ;
EXACT statistic-options < / computation-options > ;
FREQ variable ;
OUTPUT < OUT=SAS-data-set > < output-options > ;
VAR variables ;

The PROC NPAR1WAY statement invokes the NPAR1WAY procedure. The PROC NPAR1IWAY and CLASS
statements are required. Table 71.1 summarizes the statements available in the NPAR1WAY procedure.

The following sections describe the PROC NPAR1WAY statement and then describe the other statements in
alphabetical order.

Table 71.1 Summary of PROC NPAR1WAY Statements

Statement Description

BY Provides separate analyses for each BY group
CLASS Identi es the classi cation variable

EXACT Requests exact tests

FREQ Identi es a frequency variable

OUTPUT  Requests an output data set

VAR Identi es analysis variables

PROC NPAR1IWAY Statement
PROC NPARIWAY < options > ;

The PROC NPAR1WAY statement invokes the NPAR1IWAY procedure. Optionally, it identi es the input data

set and requests analyses. By default, the procedure uses the most recently created SAS data set and omits
missing values from the analysis. If you do not specify any analysis options, PROC NPAR1WAY performs

an analysis of variance (ANOVA option), tests for location differences (WILCOXON, MEDIAN, SAVAGE,

and VW options), and empirical distribution function tests (EDF option).

Table 71.2 summarizes the options available in the PROC NPAR1WAY statement. Descriptions of the options
follow in alphabetical order.
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Table 71.2 PROC NPAR1WAY Statement Options

Option

Description

Input Data Set
DATA=

Missing Values

Names the input SAS data set

MISSING Treats missing CLASS values as a valid class
Analyses

AB Requests analysis of Ansari-Bradley scores
ANOVA Requests standard analysis of variance

CONOVER Requests analysis of Conover scores

D Requests one-sided Kolmogorov-Smirnov statistics
DSCF Requests pairwise multiple comparison analysis
EDF | KS Requests empirical distribution function statistics
FP Requests the Fligner-Policello test

HL Requests Hodges-Lehmann estimation for two-sample data
KLOTZ Requests analysis of Klotz scores

MEDIAN Requests analysis of median scores

MOOD Requests analysis of Mood scores

SAVAGE Requests analysis of Savage scores

SCORES=DATA
ST

Requests analysis of input data scores
Requests analysis of Siegel-Tukey scores

VW | NORMAL Requests analysis of Van der Waerden (normal) scores
WILCOXON Requests analysis of Wilcoxon scores

Analysis Details

ADJUST Requests median adjustment for scale analyses

ALPHA= Speci es the con dence level for Hodges-Lehmann estimation
CORRECT=NO Suppresses the continuity correction for Wilcoxon

Displayed Output

and Siegel-Tukey two-sample tests

NOPRINT Suppresses the display of all output
Plots
PLOTS= Requests plots from ODS Graphics

You can specify the following options in the PROC NPAR1WAY statement.

AB < (ADJUST) >
requests an analysis of Ansari-Bradley scores. For more information, see the section “Ansari-Bradley
Scores” on page 5815. The ADJUST option subtracts class medians from the input observations before
performing the analysis.

ADJUST
adjusts for location differences among classes before performing tests for scale differences. The
ADJUST option applies to the following analyses: Ansari-Bradley (AB), Klotz (KLOTZ), Mood
(MOOD), and Siegel-Tukey (ST). If you specify the ADJUST option, PROC NPAR1WAY subtracts
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the corresponding class median from each observation before scoring the data and performing the scale
tests that you request.

You can also request adjustment for an individual scale test by specifying ADJUST in parentheses after
the scale test option; for example, you can specify ST(ADJUST) to adjust by class medians before
performing the Siegel-Tukey test.

ALPHA=
speci es the level of the con dence limits for the Hodges-Lehmann location shift, which you can
request by specifying the HL option. The value ofmust be between 0 and 1; a con dence level of
producesl00.1 / % con dence limits. By default, ALPHA=0.05, which produces 95% con dence
limits for the location shift.

ANOVA
requests a standard analysis of variance on the raw data.

CONOVER
requests an analysis of Conover scores. For more information, see the section “Conover Scores” on
page 5815.

CORRECT=NO
suppresses the continuity correction for the Wilcoxon two-sample test and the Siegel-Tukey two-sample
test. For more information, see the section “Continuity Correction” on page 5812.

requests the one-sided Kolmogorov-Smirfid€ andD  statistics and their asymptotievalues, in
addition to the two-side® statistic that the EDF option produces for two-sample data. The D option
invokes the EDF option. If you request exact Kolmogorov-Smirnov tests by specifying the KS option
in the EXACT statement for two-sample data, PROC NPAR1WAY providlesandD- by default. For

more information about Kolmogorov-Smirnov statistics, see the section “Tests Based on the Empirical
Distribution Function” on page 5820.

DATA=SAS-data-set
names th&AS-data-set to be analyzed by PROC NPAR1WAY. If you omit the DATA= option, the
procedure uses the most recently created SAS data set.

DSCF
requests the Dwass, Steel, Critchlow-Fligner multiple comparison procedure, which is based on
pairwise two-sample rankings. This procedure is available for multisample data, where the number of
CLASS variable levels is greater than 2. For more information, see the section “Multiple Comparisons
Based on Pairwise Rankings” on page 5819.

EDF

KS
requests statistics based on the empirical distribution function. These include the Kolmogorov-Smirnov
and Cramér—von Mises tests and, if there are only two classi cation levels, the Kuiper test. For more
information, see the section “Tests Based on the Empirical Distribution Function” on page 5820.

The EDF option produces the Kolmogorov-Smirridstatistic for two-sample data. You can request
the one-sided+ andD- statistics for two-sample data by specifying the D option.
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FP < (REFCLASS=class-number | ‘class-value') >
requests the Fligner-Policello test for two-sample data. For more information, see the section “Fligner-
Policello Test” on page 5818.

The REFCLASS= option speci es which of the two CLASS variable levels (samples) to use as the
reference clasX for the difference between class placement suPys, Px. REFCLASS=1 refersto

the rst class that is listed in the “Fligner-Policello Placements” table, and REFCLASS=2 refers to
the second class listed. The table displays class levels in the order in which they appear in the input
data set. REFCLASShass-value identi es the reference class by the formatted value of the CLASS
variable. By default, the reference class is the second class listed in the “Fligner-Policello Placements”
table (REFCLASS=2).

HL < (REFCLASS=class-number | “class-value') >
requests Hodges-Lehmann estimation of the location shift for two-sample data. This option also
provides asymptotic con dence limits for the location shift (which are sometimes known as Moses
con dence limits). For more information, see the section “Hodges-Lehmann Estimation of Location
Shift” on page 5816. You can specify the con dence level in the ALPHA= option. By default,
ALPHA=0.05, which produces 95% con dence limits for the location shift.

The REFCLASS= option speci es which of the two CLASS variable levels (samples) to use as the
reference clasX for the location shifty — X. REFCLASS=1 refers to the rst class that is listed in the
“Wilcoxon Scores” table, and REFCLASS=2 refers to the second class listed. The table displays class
levels in the order in which they appear in the input data set. REFCLAI&S=value identi es the
reference class by the formatted value of the CLASS variable.

By default, PROC NPAR1WAY uses the larger of the two classes as the referenci ttassmpute
the Hodges-Lehmann location shift— X. If both class have the same number of observations, PROC
NPAR1WAY uses the class that appears second in the input data set as the reference class.

KLOTZ < (ADJUST) >
requests an analysis of Klotz scores. For more information, see the section “Klotz Scores” on page 5815.
If you specify the ADJUST option, PROC NPAR1WAY subtracts the corresponding class median from
each observation before performing the analysis.

MEDIAN
requests an analysis of median scores. When there are two classi cation levels, this option produces the
two-sample median test. When there are more than two samples, this option produces the multisample
median test, which is also known as the Brown-Mood test. For more information, see the section
“Median Scores” on page 5814.

MISSING
treats missing values of the CLASS variable as a valid class level.

MOOD < (ADJUST) >
requests an analysis of Mood scores. For more information, see the section “Mood Scores” on
page 5815. If you specify the ADJUST option, PROC NPAR1WAY subtracts the corresponding class
median from each observation before performing the analysis.
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NOPRINT
suppresses the display of all output. You can use the NOPRINT option when you only want to create
an output data set. This option temporarily disables the Output Delivery System (ODS). For more
information, see Chapter 20, “Using the Output Delivery System.”

PLOTS < (global-plot-options) > < =plot-request < (plot-option) > >
PLOTS < (global-plot-options) > < =(plot-request < (plot-option) > < ... plot-request < (plot-option) > >)>

controls the plots that are produced through ODS GrapRics-requests specify the plots to produce,
and plot-options control the appearance and content of the plots. You can spgotfgptions in
parentheses aftermot-request. A global-plot-option applies to all plots for which it is available,
unless it is altered by a specimlot-option. You can specifyylobal-plot-options in parentheses after
the PLOTS option.

When you specify only onglot-request, you can omit the parentheses around the request. For example:

plots=all

plots=wilcoxonboxplot
plots=(wilcoxonboxplot edfplot)
plots(only)=(medianplot normalboxplot)

ODS Graphics must be enabled before plots can be requested. For example:

ods graphics on;

proc nparlway plots=wilcoxonboxplot;
variable response;
class treatment;

run;

ods graphics off;

For more information about enabling and disabling ODS Graphics, see the section “Enabling and
Disabling ODS Graphics” on page 606 in Chapter 21, “Statistical Graphics Using ODS.”

If ODS Graphics is enabled but you do not specify the PLOTS= option, PROC NPAR1WAY produces
all plots that are associated with the analyses that you request. If you request a plot by specifying
the PLOTS= option but do not request the corresponding analysis, PROC NPAR1WAY automatically
invokes that analysis. For example, if you specify PLOTS=CONOVERBOXPLOT but do not also
specify the CONOVER option in the PROC NPAR1WAY statement, PROC NPAR1WAY produces the
Conover scores analysis in addition to the box plot.

You can suppress default plots and request speci ¢ plots by using the PLOTS(ONLY)= option;
PLOTS(ONLY)=plot-requests) produces only the plots that are speci edpdst-requests. You can
suppress all plots by specifying the PLOTS=NONE option. The PLOTS= option has no effect when
you specify the NOPRINT option.

PROC NPAR1WAY provides box plots of scored data, median plots, and empirical distribution plots.
See Figure 71.7, Output 71.1.2, Output 71.1.4, and Output 71.2.2 for examples of plots that PROC
NPAR1WAY produces. For general information about ODS Graphics, see Chapter 21, “Statistical
Graphics Using ODS.”
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Global Plot Options

A global-plot-option applies to all plots for which the option is available unless it is altered by a speci ¢
plot-option. You can specify the followinglobal-plot-options in parentheses after the PLOTS option.
You cannot specify both the STATS and the NOSTAJI&al-plot-options in the same statement.

NOSTATS
suppresses thevalues that are displayed by default in the plots.

ONLY
suppresses the default plots and requests only the plots that are speqgiletraguests.

STATS
displaysp-values in the plots. This is the default.

Plot Requests

You can specify the followinglot-requests:

ABBOXPLOT

AB
requests a box plot of Ansari-Bradley scores. This plot is associated with the Ansari-Bradley
analysis, which you request by specifying the AB option.

ALL
requests all plots that are associated with the speci ed analyses. This is the default if you do not
specify the ONLYglobal-plot-option.

ANOVABOXPLOT

ANOVA
requests a box plot of the raw data. This plot is associated with the analysis of variance based on
the raw data, which you request by specifying the ANOVA option.

CONOVERBOXPLOT

CONOVER
requests a box plot of Conover scores. This plot is associated with the Conover analysis, which
you request by specifying the CONOVER option.

DATASCORESBOXPLOT

DATASCORES
requests a box plot of raw data scores. This plot is associated with the analysis that uses input
data as scores, which you request by specifying the SCORES=DATA option.

EDFPLOT

EDF

requests an empirical distribution plot. This plot is associated with the analyses based on the
empirical distribution function, which you request by specifying the EDF option.
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FPBOXPLOT

FP
requests a box plot of Fligner-Policello placements. This plot is associated with the Fligner-
Policello analysis, which you request by specifying the FP option.

KLOTZBOXPLOT

KLOTZ
requests a box plot of Klotz scores. This plot is associated with the Klotz analysis, which you
request by specifying the KLOTZ option.

MEDIANPLOT

MEDIAN
requests a stacked bar chart showing the frequencies above and below the overall median. This
plot is associated with the median score analysis, which you request by specifying the MEDIAN
option.

MOODBOXPLOT

MOOD
requests a box plot of Mood scores. This plot is associated with the Mood analysis, which you
request by specifying the MOOD option.

NONE
suppresses all plots.

SAVAGEBOXPLOT

SAVAGE
requests a box plot of Savage scores. This plot is associated with the Savage analysis, which you
request by specifying the SAVAGE option.

STBOXPLOT

ST
requests a box plot of Siegel-Tukey scores. This plot is associated with the Siegel-Tukey analysis,
which you request by specifying the ST option.

VWBOXPLOT
VW
NORMALBOXPLOT

NORMAL
requests a box plot of Van der Waerden (normal) scores. This plot is associated with the Van der
Waerden analysis, which you request by specifying the VW (NORMAL) option.

WILCOXONBOXPLOT

WILCOXON
requests a box plot of Wilcoxon scores. This plot is associated with the Wilcoxon analysis, which
you request by specifying the WILCOXON option.
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Plot Options

The following plot-options are available for anplot-request. You cannot specify both the STATS
and the NOSTAT Slot-options for the same plot. If you specify both the NOSTAG®bal-plot-
option and the STAT $lot-option for an individualplot-request, the STAT Splot-option overrides the
global-plot-option and displays statistics in the individual plot.

NOSTATS
suppresses thevalues that are displayed in the plot by default.

STATS
displaysp-values in the plot. This is the default.

SAVAGE
requests an analysis of Savage scores. For more information, see the section “Savage Scores” on
page 5814.

SCORES=DATA

PERM
requests an analysis that uses input data as scores. This option gives you the exibility to construct any
scores for your data with the DATA step and then analyze these scores with PROC NPAR1WAY. For
more information, see the section “Scores for Linear Rank and One-Way ANOVA Tests” on page 5813.

To produce the two-sample permutation test that is known as Pitman's test, provide raw (unscored)
data in the input data set and specify the SCORES=DATA option in the EXACT statement. For more
information, see the section “Exact Tests” on page 5822.

ST < (ADJUST) >
requests an analysis of Siegel-Tukey scores. For more information, see the section “Siegel-Tukey
Scores” on page 5815. If you specify the ADJUST option, PROC NPAR1WAY subtracts the corre-
sponding class median from each observation before performing the analysis.

VW

NORMAL
requests an analysis of Van der Waerden (normal) scores. For more information, see the section “Van
der Waerden (Normal) Scores” on page 5814.

WILCOXON
requests an analysis of Wilcoxon scores. When there are two classi cation levels (samples), this option
produces the Wilcoxon rank-sum test. For any number of classi cation levels, this option produces the
Kruskal-Wallis test. For more information, see the section “Wilcoxon Scores” on page 5814.
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BY Statement

BY variables ;

You can specify a BY statement with PROC NPAR1WAY to obtain separate analyses of observations in
groups that are de ned by the BY variables. When a BY statement appears, the procedure expects the input
data set to be sorted in order of the BY variables. If you specify more than one BY statement, only the last
one speci ed is used.

If your input data set is not sorted in ascending order, use one of the following alternatives:

» Sort the data by using the SORT procedure with a similar BY statement.

» Specify the NOTSORTED or DESCENDING option in the BY statement for the NPAR1WAY proce-
dure. The NOTSORTED option does not mean that the data are unsorted but rather that the data are

arranged in groups (according to values of the BY variables) and that these groups are not necessarily
in alphabetical or increasing numeric order.

» Create an index on the BY variables by using the DATASETS procedure (in Base SAS software).

For more information about BY-group processing, see the discussiA$Language Reference: Concepts
For more information about the DATASETS procedure, see the discussionBat&eSAS Procedures Guide

CLASS Statement
CLASS variable ;

The CLASS statement, which is required, names one and only one classi cation variable. The variable can be
character or numeric. The CLASS variable identi es groups (samples) in the data, and PROC NPAR1WAY
provides analyses to examine differences among these groups. There can be two or more groups in the data.

EXACT Statement

EXACT statistic-options < / computation-options > ;

The EXACT statement requests exact tests and con dence limits for selected statistisgatiElie-options
identify which statistics to compute, and themputation-options specify options for computing exact
statistics. For more information, see the section “Exact Tests” on page 5822.

NoTE: PROC NPAR1IWAY computes exact tests by using fast and ef cient algorithms that are superior to
direct enumeration. Exact tests are appropriate when a data set is small, sparse, skewed, or heavily tied. For
some large problems, computation of exact tests might require a large amount of time and memory. Consider
using asymptotic tests for such problems. Alternatively, when asymptotic methods might not be suf cient for
such large problems, consider using Monte Carlo estimation of pxaaiues. You can request Monte Carlo
estimation by specifying the M@mputation-option in the EXACT statement. For more information, see

the section “Computational Resources” on page 5824.
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Statistic Options

The statistic-options specify which exact tests to compute. Table 71.3 lists the avaitddistic-options and
the exact statistics that are computed. Descriptions ddtthistic-options follow Table 71.3 in alphabetical
order.

Exactp-values are available for all nonparametric tests of location and scale differences that are produced by
PROC NPAR1WAY. These include tests based on the following scores: Wilcoxon, median, Van der Waerden
(normal), Savage, Siegel-Tukey, Ansari-Bradley, Klotz, Mood, and Conover. Additionally, gxaties

are available for tests that use the raw input data as scores. The procedure compufesaxastwhen

the data are classi ed into two levels (two-sample tests) and when the data are classi ed into more than two
levels (multisample tests). Two-sample tests are based on simple linear rank statistics. Multisample tests are
based on one-way ANOVA statistics.

Exactp-values are also available for the two-sample Kolmogorov-Smirnov test. Exact con dence limits are
available for the Hodges-Lehmann estimate of location shift.

If you list no statistic-options in the EXACT statement, PROC NPAR1WAY computes all available exact
p-values for those tests that you request in the PROC NPAR1WAY statement.

Table 71.3 EXACT Statement Statistic Options

Statistic Option  Exact Test

AB Ansari-Bradley test

CONOVER Conover test

HL Hodges-Lehmann con dence limits
KLOTZ Klotz test

KS | EDF Two-sample Kolmogorov-Smirnov test
MEDIAN Median test

MOOD Mood test

SAVAGE Savage test

SCORES=DATA Test with input data as scores

ST Siegel-Tukey test

VW | NORMAL Van der Waerden (normal scores) test
WILCOXON Wilcoxon test for two-sample data or
Kruskal-Wallis test for multisample data

You can specify the followingtatistic-options in the EXACT statement.

AB
requests the exact Ansari-Bradley test. For more information, see the sections “Ansari-Bradley Scores”
on page 5815 and “Exact Tests” on page 5822. The AB option in the PROC NPAR1WAY statement
provides Ansari-Bradley score analysis and asymptotic tests.

CONOVER

requests the exact Conover test. For more information, see the sections “Conover Scores” on page 5815
and “Exact Tests” on page 5822. The CONOVER option in the PROC NPAR1WAY statement provides
Conover score analysis and asymptotic tests.
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HL
requests exact Hodges-Lehmann con dence limits for the location shift for two-sample data. For more
information, see the section “Hodges-Lehmann Estimation of Location Shift” on page 5816. The HL
option in the PROC NPAR1WAY statement provides asymptotic Hodges-Lehmann con dence limits.

You can specify the level of the con dence limits in the ALPHA= option in the PROC NPAR1WAY
statement. By default, ALPHA=0.05, which produces 95% con dence limits for the location shift.

KLOTZ
requests the exact Klotz test. For more information, see the sections “Klotz Scores” on page 5815 and
“Exact Tests” on page 5822. The KLOTZ option in the PROC NPAR1WAY statement provides Klotz
score analysis and asymptotic tests.

KS

EDF
requests the exact Kolmogorov-Smirnov two-sample test. For more information, see the section
“Tests Based on the Empirical Distribution Function” on page 5820. The EDF option in the PROC
NPAR1IWAY statement provides the asymptotic Kolmogorov-Smirnov test and other statistics that
are based on the empirical distribution function. The D option in the PROC NPAR1WAY statement
provides the asymptotic one-sided Kolmogorov-Smirnov tests for two-sample data.

MEDIAN
requests the exact median test. For more information, see the sections “Median Scores” on page 5814
and “Exact Tests” on page 5822. The MEDIAN option in the PROC NPAR1WAY statement provides
median score analysis and asymptotic tests.

MOOD
requests the exact Mood test. For more information, see the sections “Mood Scores” on page 5815 and
“Exact Tests” on page 5822. The MOOD option in the PROC NPAR1WAY statement provides Mood
score analysis and asymptotic tests.

SAVAGE
requests the exact Savage test. For more information, see the sections “Savage Scores” on page 5814
and “Exact Tests” on page 5822. The SAVAGE option in the PROC NPAR1WAY statement provides
Savage score analysis and asymptotic tests.

SCORES=DATA

PERM
requests the exact test that uses the input data as scores. For two-sample data, the test is based on the
rank-sum statistic. For multisample data, the test is based on the one-way ANOVA statistic. For more
information, see the sections “Scores for Linear Rank and One-Way ANOVA Tests” on page 5813
and “Exact Tests” on page 5822. The SCORES=DATA option in the PROC NPAR1WAY statement
provides analysis of the data scores and the corresponding asymptotic test.

ST
requests the exact Siegel-Tukey test. For more information, see the sections “Siegel-Tukey Scores”
on page 5815 and “Exact Tests” on page 5822. The ST option in the PROC NPAR1WAY statement
provides analysis of Siegel-Tukey scores and asymptotic tests.
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VW

NORMAL
requests the exact Van der Waerden (normal scores) test. For more information, see the sections “Van
der Waerden (Normal) Scores” on page 5814 and “Exact Tests” on page 5822. The VW (NORMAL)
option in the PROC NPAR1WAY statement provides analysis of Van der Waerden (normal) scores and
asymptotic tests.

WILCOXON

requests the exact Wilcoxon test. When the data consist of two classi cation levels (samples), the
exact test is based on the Wilcoxon rank-sum statistic. When the data consist of more than two levels
(multisample data), the exact test is based on the one-way ANOVA statistic for Wilcoxon scores,
which is the Kruskal-Wallis statistic. For more information, see the sections “Wilcoxon Scores” on
page 5814 and “Exact Tests” on page 5822. The WILCOXON option in the PROC NPAR1WAY
statement provides analysis of Wilcoxon scores and the asymptotic Wilcoxon and Kruskal-Wallis tests.

Computation Options

Computation-options specify options for computing exact statistics. You can specify the following
computation-options in the EXACT statement after a slash (/).

ALPHA=

speci es the level of the con dence limits for Monte Canpevalue estimates. The value ofmust
be between 0 and 1; a con dence level oproducesl00.1 / % con dence limits. By default,
ALPHA=0.01, which produces 99% con dence limits for the exastalues.

The ALPHA= option invokes the MC option.

MAXTIME=value

MC

MIDP

speci es the maximum clock time (in seconds) that PROC NPAR1WAY can use to compute an
exactp-value. If the procedure does not complete the computation within the speci ed time, the
computation terminates. The maximum time value must be a positive number. This option is available
for Monte Carlo estimation of exaptvalues as well as for direct exgetvalue computation. For more
information, see the section “Computational Resources” on page 5824.

requests Monte Carlo estimation of expetalues instead of direct exagtvalue computation. Monte

Carlo estimation can be useful for large problems that require a considerable amount of time and
memory for exact computations but for which asymptotic approximations might not be suf cient. For
more information, see the section “Monte Carlo Estimation” on page 5824.

This option is available for all EXACBtatistic-options except the HL option, which produces exact
Hodges-Lehmann con dence limits. The ALPHA=, N=, and SEED= options invoke the MC option.

requests exact mipkvalues for the exact tests. The exact midalue is de ned as the exaptvalue

minus half the exact point probability. For two-sample data, PROC NPAR1WAY provides exact mid
p-values for the one-sided tests of the linear rank statistics. For multisample data, PROC NPAR1WAY
provides exact migh-values for the one-way ANOVA tests. For more information, see the section
“De nition of p-Values” on page 5823.
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N=n

The MIDP option is available for all EXACT statemesiétistic-options except the HL option, which
produces exact Hodges-Lehmann con dence limits. You cannot specify both the MIDP option and the
MC option.

speci es the number of samples for Monte Carlo estimation. The valuemist be a positive integer,
and the default is 10,000 samples. Larger valuasmoduce more precise estimates of exagalues.
Because larger values nfgenerate more samples, the computation time increases.

The N= option invokes the MC option.

PFORMAT=format-name | EXACT

speci es the display format for exaptvalues. PROC NPAR1WAY applies this format to one- and two-
sided exacp-values, exact point probabilities, and exact mrdalues. By default, PROC NPAR1IWAY
displays exacp-values in the PVALUEG6.4 format.

You can provide dormat-name or you can specify PFORMAT=EXACT to control the format of exact
p-values. The value dbrmat-name can be any standard SAS numeric format or a user-de ned format.
The format length must not exceed 24. For information about formats, see the FORMAT procedure
in theBase SAS Procedures Guided the FORMAT statement and SAS formaSAS Formats and
Informats: Reference

If you specify PFORMAT=EXACT, PROC NPAR1WAY uses the 6.4 format to display epaetiues

that are greater than or equal to 0.001; the procedure uses the E10.3 format to display values that are
between 0.000 and 0.001. This is the format that PROC NPAR1WAY uses to displayerdaes in
releases before SAS/STAT 12.3. Beginning in SAS/STAT 12.3, by default PROC NPAR1WAY uses
the PVALUES6.4 format to display exaptvalues.

POINT

requests exact point probabilities for the exact tests. The exact point probability is the exact probability
that the test statistic equals the observed value. For two-sample data, PROC NPAR1WAY provides
exact point probabilities for the one-sided tests of the linear rank statistics. For multisample data, PROC
NPAR1IWAY provides exact point probabilities for the one-way ANOVA tests. For more information,
see the section “De nition op-Values” on page 5823.

The POINT option is available for all EXACT statemestdtistic-options except the HL option, which
produces exact Hodges-Lehmann con dence limits. You cannot specify both the POINT option and
the MC option.

SEED=number

speci es the initial seed for random number generation for Monte Carlo estimation. The value of the
SEED= option must be an integer. If you do not specify the SEED= option or if the SEED= value is
negative or zero, PROC NPAR1WAY uses the time of day from the computer's clock to obtain the
initial seed.

The SEED= option invokes the MC option.
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FREQ Statement
FREQ variable ;

The FREQ statement names a numeric variable that represents a frequency of occurrence for each observation
in the input data set. PROC NPAR1WAY treats the data set as if each observation apjreass wheran is

the value of the FREQ variable for the observation. The sum of the FREQ variable values represents the total
number of observations, and the analysis is based on this expanded number of observations.

Noninteger values of the FREQ variable are truncated to the largest integer less than the FREQ value. The
observation is used in the analysis only if the value of the FREQ variable is greater than or equal to 1.

OUTPUT Statement
OUTPUT < OUT=SAS-data-set > < output-options > ;

The OUTPUT statement creates a SAS data set that contains statistics that PROC NPAR1WAY computes.
Table 71.4 lists the statistics that can be stored in the output data set. You identify which statistics to include
by specifyingoutput-options.

The output data set contains one observation for each analysis variable that you name in the VAR statement.
If you use a BY statement, the output data set contains an observation or set of observations for each BY
group. For more information, see the section “Contents of the Output Data Set” on page 5825.

As an alternative to the OUTPUT statement, you can use the Output Delivery System (ODS) to store statistics
that PROC NPAR1WAY computes. ODS can create a SAS data set from any table that PROC NPAR1WAY
produces. For more information, see the section “ODS Table Names” on page 5837 and Chapter 20, “Using
the Output Delivery System.”

You can specify the following options in the OUTPUT statement:

OUT=SAS-data-set
names the output data set. When you use an OUTPUT statement but do not specify the OUT= option,
PROC NPAR1WAY creates a data set and names it by usinDAil&n convention.

output-options
speci es the statistics to include in the output data set. Table 71.4 listsuthet-options that are
available in the OUTPUT statement. Descriptions ofdbgput-options follow the table in alphabetical
order.

When you specify apbutput-option, the output data set includes the test statistic and associated values
from the analysis that you specify. The associated values might include standardized statistics, one-
and two-sideg-values, exacp-values, degrees of freedom, and con dence limits. See the section
“Contents of the Output Data Set” on page 5825 for a list of output data set variables that each
output-option produces.

If you do not specify anyputput-options in the OUTPUT statement, the output data set includes all
available statistics from the analyses that you request in the PROC NPAR1WAY statement. If you
request a statistic in the OUTPUT statement but do not request the corresponding analysis in the PROC
NPAR1WAY statement, PROC NPAR1WAY performs the corresponding analysis.
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Table 71.4 OUTPUT Statement Output Options

Output Option ~ Output Data Set Statistics

AB Ansari-Bradley test
ANOVA Analysis of variance
CONOVER Conover test

EDF | KS Kolmogorov-Smirnov test,

Cramér—von Mises test, and
Kuiper test for two-sample data

FP Fligner-Policello test

HL Hodges-Lehmann estimates
KLOTZ Klotz test

MEDIAN Median test

MOOD Mood test

SAVAGE Savage test

SCORES=DATA Test with input data as scores
ST Siegel-Tukey test

VW | NORMAL Van der Waerden (normal scores) test
WILCOXON Wilcoxon test for two-sample data and
Kruskal-Wallis test

You can specify the followingutput-options in the OUTPUT statement.

AB
includes statistics from the Ansari-Bradley analysis in the output data set. The AB option in the PROC
NPAR1IWAY statement requests analysis of Ansari-Bradley scores. For more information, see the
section “Ansari-Bradley Scores” on page 5815.

ANOVA
includes analysis of variance statistics in the output data set. The ANOVA option in the PROC
NPAR1WAY statement requests a standard analysis of variance for the raw data.

CONOVER
includes statistics from the Conover analysis in the output data set. The CONOVER option in the
PROC NPAR1WAY statement requests analysis of Conover scores. For more information, see the
section “Conover Scores” on page 5815.

EDF

KS
includes empirical distribution function statistics in the output data set. The EDF option in the
PROC NPAR1WAY statement requests computation of these statistics, which include the Kolmogorov-
Smirnov test, the Cramér—von Mises test, and the Kuiper test for two sample-data. For more informa-
tion, see the section “Tests Based on the Empirical Distribution Function” on page 5820.

FP
includes the Fligner-Policello test in the output data set. The FP option in the PROC NPAR1WAY
statement requests the Fligner-Policello test, which is available for two-sample data. For more
information, see the section “Fligner-Policello Test” on page 5818.
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HL
includes the Hodges-Lehmann estimate and con dence limits in the output data set. The HL option
in the PROC NPAR1WAY statement requests Hodges-Lehmann estimation, which is available for
two-sample data. For more information, see the section “Hodges-Lehmann Estimation of Location
Shift” on page 5816.

KLOTZ
includes statistics from the Klotz analysis in the output data set. The KLOTZ option in the PROC
NPAR1WAY statement requests analysis of Klotz scores. For more information, see the section “Klotz
Scores” on page 5815.

MEDIAN
includes statistics from the median analysis in the output data set. The MEDIAN option in the PROC
NPAR1IWAY statement requests analysis of median scores. For more information, see the section
“Median Scores” on page 5814.

MOOD
includes statistics from the Mood analysis in the output data set. The MOOD option in the PROC
NPAR1WAY statement requests analysis of Mood scores. For more information, see the section “Mood
Scores” on page 5815.

SAVAGE

includes statistics from the Savage analysis in the output data set. The SAVAGE option in the PROC
NPAR1IWAY statement requests analysis of SAVAGE scores. For more information, see the section
“Savage Scores” on page 5814.

SCORES=DATA

PERM
includes statistics from the analysis of data scores in the output data set. The SCORES=DATA option
in the PROC NPAR1WAY statement requests an analysis that uses the raw input data as scores. For
more information, see the section “Scores for Linear Rank and One-Way ANOVA Tests” on page 5813.

ST
includes statistics from the Siegel-Tukey analysis in the output data set. The ST option in the PROC
NPAR1WAY statement requests analysis of Siegel-Tukey scores. For more information, see the section
“Siegel-Tukey Scores” on page 5815.

VW

NORMAL
includes statistics from the Van der Waerden (normal scores) analysis in the output data set. The VW
(NORMAL) option in the PROC NPAR1WAY statement requests analysis of Van der Waerden scores.
For more information, see the section “Van der Waerden (Normal) Scores” on page 5814.

WILCOXON

includes statistics from the Wilcoxon analysis in the output data set. The WILCOXON option in the
PROC NPAR1WAY statement requests analysis of Wilcoxon scores. For two-sample data, this analysis
includes the Wilcoxon rank-sum test. For all data (two-sample and multisample), the analysis includes
the Kruskal-Wallis test. For more information, see the section “Wilcoxon Scores” on page 5814.
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VAR Statement
VAR variables ;

The VAR statement names the response (dependent) variables to be included in the analysis. These variables
must be numeric. If you omit the VAR statement, the procedure includes all numeric variables in the data set
except for the CLASS variable, the FREQ variable, and the BY variables.

Details: NPAR1WAY Procedure

Missing Values

If an observation has a missing value for a response (VAR) variable, PROC NPAR1WAY excludes that
observation from the analysis. If an observation has a missing or nonpositive value for the FREQ variable,
PROC NPAR1WAY excludes that observation from the analysis.

By default, PROC NPAR1WAY also excludes observations that have missing values of the CLASS variable.
If you specify the MISSING option, PROC NPAR1WAY treats missing values of the CLASS variable as a
valid class level and includes these observations in the analysis.

PROC NPAR1WAY treats missing BY variable values like any other BY variable value. The missing values
form a separate, valid BY group.

Tied Values

Tied valuesoccur when two or more observations are equal, whether the observations occur in the same
sample or in different samples. In theory, nonparametric tests were developed for continuous distributions
where the probability of a tie is zero. In practice, however, ties often occur. PROC NPAR1WAY uses the
same method to handle ties for all score types. The procedure computes the scores as if there were no ties,
averages the scores for tied observations, and assigns this average score to each observation that has the same
value.

When there are tied values, PROC NPAR1WAY rst sorts the observations in ascending order and assigns
ranks as if there were no ties. Then the procedure computes the scores based on these ranks by using the
formula for the speci ed score type. The procedure averages the scores for tied observations and assigns this
average score to each of the tied observations. Thus, all equal data values have the same score value. PROC
NPAR1IWAY then computes the test statistic from these scores.

Note that the asymptotic tests might be less accurate when the distribution of the data is heavily tied. For
such data, it might be appropriate to use the exact tests provided by PROC NPAR1WAY as described in the
section “Exact Tests” on page 5822.

When computing empirical distribution function statistics for data with ties, PROC NPAR1WAY uses the
formulas given in the section “Tests Based on the Empirical Distribution Function” on page 5820. No special
handling of ties is necessary.
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PROC NPAR1WAY bases its computations on the internal numeric values of the analysis variables; the
procedure does not format or round these values before analysis. When values differ in their internal
representation, even slightly, PROC NPAR1WAY does not treat them as tied values. If this is a concern for
your data, round the analysis variables by an appropriate amount before invoking PROC NPAR1WAY. For
information about the ROUND function, see the discussioBAS Language Reference: Dictionary

Statistical Computations
Simple Linear Rank Tests for Two-Sample Data
Statistics of the form

X
SD Cj a.Rj/
iD1

are callecsimple linear rank statisticsvhere

R; is the rank of observation

a.Rj/ isthe score based on the rank of observagion

G is an indicator variable denoting the class to whichjthebservation belongs
n is the total number of observations

For two-sample data (where the observations are classi ed into two levels), PROC NPAR1WAY calculates

simple linear rank statistics for the scores that you specify. The section “Scores for Linear Rank and One-Way
ANOVA Tests” on page 5813 describes the available scores, which you can use to test for differences in
location and differences in scale.

To compute the linear rank statiscPROC NPAR1WAY sums the scores of the observations in the smaller
of the two samples. If both samples have the same number of observations, PROC NPAR1WAY sums those
scores for the sample that appears rst in the input data set.

For each score that you specify, PROC NPAR1WAY computes an asymptotic test of the null hypothesis of no
difference between the two classi cation levels. Exact tests are also available for these two-sample linear
rank statistics. PROC NPAR1WAY computes exact tests for each score type that you specify in the EXACT
statement. For more information, see the section “Exact Tests” on page 5822.

To compute an asymptotic test for a linear rank sum statistic, PROC NPAR1WAY uses a standardized test
statisticz, which has an asymptotic standard normal distribution under the null hypothesis. The standardized
test statistic is computed as

p__
zD .S Ep.S//= Varg.S/

whereE.S/ is the expected value &under the null hypothesis, aftr.S/ is the variance under the null
hypothesis. As shown in Randles and Wolfe (1979),

X

n

Eo.S/D —  aR;/
n iD1
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wheren; is the number of observations in the rst (smaller) class level (sample)s the number of
observations in the other class level, and

xo
nin

Varg.S/ D 12
n.n

1/
jD1

aR;/ N’

wheredlis the average score,

1 X
aD — a.Rj/
nle

De nition of p-Values

PROC NPAR1WAY computes one-sided and two-sided asympetadues for each two-sample linear rank

test. When the test statisiadgs greater than its null hypothesis expected value of zero, PROC NPAR1WAY
computes the right-sidgatvalue, which is the probability of a larger value of the statistic occurring under
the null hypothesis. When the test statistic is less than or equal to zero, PROC NPAR1WAY computes
the left-sidedp-value, which is the probability of a smaller value of the statistic occurring under the null
hypothesis. The one-sidgdvalueP;.z/ can be expressed as

(
Prob.z>z/ if z>0

P]_.Z/ D .
Prob.z<z/ if z O

whereZ has a standard normal distribution. The two-sigedlueP».z/ is computed as

P,.z/ D Prob.jzZj > jzj/

Continuity Correction

PROC NPAR1WAY uses a continuity correction for the asymptotic two-sample Wilcoxon and Siegel-Tukey
tests by default. You can remove the continuity correction by specifying the CORRECT=NO option. PROC
NPAR1WAY incorporates the continuity correction when computing the standardized test staigtic
subtracting 0.5 from the numerat& Eq.S// ifitis greater than zero. If the numerator is less than zero,
PROC NPAR1IWAY adds 0.5. Some sources recommend a continuity correction for nonparametric tests that
use a continuous distribution to approximate a discrete distribution. (See Sheskin 1997.)

If you specify CORRECT=NO, PROC NPAR1WAY does not use a continuity correction for any test.

One-Way ANOVA Tests

PROC NPAR1WAY computes a one-way ANOVA test for each score type that you specify. Under the null
hypothesis of no difference among class levels (samples), this test statistic has an asymptotic chi-square
distribution withr — 1 degrees of freedom, wherés the number of class levels. For Wilcoxon scores, this

test is known as the Kruskal-Wallis test.

Exact one-way ANOVA tests are also available for multisample data (where the data are classi ed into more

than two levels). For two-sample data, exact simple linear rank tests are available. PROC NPAR1WAY

computes exact tests for each score type that you specify in the EXACT statement. For more information,
see the section “Exact Tests” on page 5822.
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PROC NPAR1WAY computes the one-way ANOVA test statistic as
!
X
CD Ti EoTill?=n =5?

iD1
whereT; is the total of scores for class leveE. T/ is the expected total for levelnder the null hypothesis
of no difference among levels; is the number of observations in levehndS? is the sample variance of
the scores. The total of scores for class levslgiven by

X
T, D ¢ a.Rj/
jD1
wherea.R; / is the score for observatignandc; indicates whether observatipis in leveli. The expected
total of scores for class levelnder the null hypothesis is equal to

n; X
Eo.Ti/ D — a.Rj/
n jD1
The sample variance of the scores is computed as

1 X

.n l/jDl

s?D aRj/ N’

wheredlis the average score,

1 X
&D — a.R;j/
njD1

Scores for Linear Rank and One-Way ANOVA Tests

For each score type that you specify, PROC NPAR1WAY computes a one-way ANOVA statistic and also a
linear rank statistic for two-sample data. The following score types are used primarily to test for differences
in location: Wilcoxon, median, Van der Waerden (normal), and Savage. The following scores types are used
to test for scale differences: Siegel-Tukey, Ansari-Bradley, Klotz, and Mood. Conover scores can be used
to test for differences in both location and scale. This section gives formulas for the score types available
in PROC NPAR1WAY. For further information about the formulas and the applicability of each score, see
Randles and Wolfe (1979), Gibbons and Chakraborti (2010), Conover (1999), and Hollander and Wolfe
(1999).

In addition to the score types described in this section, you can specify the SCORES=DATA option to use the
input data observations as scores. This enables you to produce a wide variety of tests. You can construct
any scores by using the DATA step, and then you can use PROC NPAR1WAY to compute the corresponding
linear rank and one-way ANOVA tests for these scores. You can also analyze raw (unscored) data by using
the SCORES=DATA option; for two-sample data, the corresponding exact test is a permutation test that is
known as Pitman's test.
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Wilcoxon Scores
Wilcoxon scores are the ranks of the observations, which can be written as

a.Rj/ DR
whereR; is the rank of observation anda.R; / is the score of observatign

Using Wilcoxon scores in the linear rank statistic for two-sample data produces the rank sum statistic of
the Mann-Whitney-Wilcoxon test. Using Wilcoxon scores in the one-way ANOVA statistic produces the
Kruskal-Wallis test. Wilcoxon scores are locally most powerful for location shifts of a logistic distribution.

When computing the asymptotic Wilcoxon two-sample test, PROC NPAR1WAY uses a continuity correction
by default, as described in the section “Continuity Correction” on page 5812. If you specify the COR-
RECT=NO option in the PROC NPAR1WAY statement, the procedure does not use a continuity correction.

Median Scores
Median scores equal 1 for observations greater than the median, and 0 otherwise. In terms of the observation
ranks, median scores are de ned as

1 if Rj >.n C1/=2
a.Rj/ D M
0 if Ry .nC1/=2

Using median scores in the linear rank statistic for two-sample data produces the two-sample median test.
Using median scores in the one-way ANOVA statistic for multisample data produces the Brown-Mood test.
Median scores are particularly powerful for distributions that are symmetric and heavy-tailed.

Van der Waerden (Normal) Scores
Van der Waerden scores are the quantiles of a standard normal distribution and are also kuaavriikes
normal scoresVan der Waerden scores are computed as

1 R
nCl

aRj/D”"

where” is the cumulative distribution function of a standard normal distribution. These scores are powerful
for normal distributions.

Savage Scores
Savage scores are expected values of order statistics from the exponential distribution, with 1 subtracted to
center the scores around 0. Savage scores are computed as

Ri 1
a.R; /D _ 1
= n iC1l
iD1

Savage scores are powerful for comparing scale differences in exponential distributions or location shifts in
extreme value distributions (Hajek 1969, p. 83).
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Siegel-Tukey Scores
Siegel-Tukey scores are de ned as

a.l/ D 1; an/ D 2; an 1/D3; a.2/D 4;
a3/ D5 an 2/D6; an 3/D7, a4/DS§8; :::

where the score values continue to increase in this pattern toward the middle ranks until all observations have
been assigned a score.

When computing the asymptotic Siegel-Tukey two-sample test, PROC NPAR1WAY uses a continuity
correction by default, as described in the section “Continuity Correction” on page 5812. If you specify
the CORRECT=NO option in the PROC NPAR1WAY statement, the procedure does not use a continuity
correction.

Ansari-Bradley Scores

Ansari-Bradley scores are similar to Siegel-Tukey scores, but Ansari-Bradley scoring assigns the same score
value to corresponding extreme ranks. (Siegel-Tukey scores are a permutation of thg; Bgnks; n.)
Ansari-Bradley scores are de ned as

a.l/ D 1; an/ D 1;
a2/lD2; an 1/D2;:::
Equivalently, Ansari-Bradley scores are equal to

nCl nCl
R
2 2

a.Rj / D

Klotz Scores
Klotz scores are the squares of the Van der Waerden (normal) scores. Klotz scores are computed as
2
R
nC1

aRj/D ~ !
where” is the cumulative distribution function of a standard normal distribution.

Mood Scores
Mood scores are computed as the square of the difference between the observation rank and the average rank.
Mood scores can be written as

nC1 2
2

a.Rj / D Rj

Conover Scores
Conover scores are based on the squared ranks of the absolute deviations from the sample means. For
observatior the absolute deviation from the mean is computed as

U DX ]
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whereX; ;; is the value of observatignobservation belongs to sample andX is the mean of sample
The values ofJ; are ranked, and the Conover score for observgtiscomputed as

Scorg D Rank.Uj/ ?

Following Conover (1999), when there are ties among the valuels o0PROC NPARIWAY assigns the
average rank to each of the tied observations. To compute the average rank, PROC NPAR1IWAY rst ranks
theU; as if there were no ties and then averages the ranks of the tied observations.

The Conover score test is also known as the squared ranks test for variances. For more information, see
Conover (1999).

Hodges-Lehmann Estimation of Location Shift

If you specify the HL option, PROC NPAR1WAY computes the Hodges-Lehmann estimate of location shift
for two-sample data. This option also provides asymptotic con dence limits for the location shift (which are
sometimes known as Moses con dence limits). You can specify the con dence level in the ALPHA= option
in the PROC NPAR1WAY statement. By default, ALPHA=0.05, which produces 95% con dence limits.
Additionally, you can request exact con dence limits for the location shift by specifying the HL option in the

EXACT statement.

The Hodges-Lehmann estimator of location shift is associated with the Wilcoxon linear rank statistic. For
more information, see Hollander and Wolfe (1999) and Hodges and Lehmann (1983).

PROC NPAR1WAY computes the Hodges-Lehmann estimfates the median of all paired differences
between observations in the two samples (classes), which can be written as

OD median Yj  Xi/ wherej D1;2;:::;mli D125 m
TheY; are observations in class 1, tke are observations in class 2, amgdandn, denote the number of
observations in class 1 and class 2, respectively.

By default, PROC NPAR1WAY uses the larger of the two classes as the referenc¥ ¢dass 2). If both

class have the same number of observations, PROC NPAR1WAY uses the class that appears second in the
input data set as the reference class. You can specify the reference class by using the HL(REFCLASS=)
option. REFCLASS=1 refers to the rst class that is listed in the “Wilcoxon Scores” table, and REFCLASS=2
refers to the second class in the table. REFCLAG&s-value identi es the reference class by the formatted

value of the CLASS variable.

Let m denote the total number of differences ( n;), and letUX denote thekth value of.Y; X/
among the ordered differences. Whaiis an odd number, the median difference is the value that has rank
.m C 1/=2,

Op u¥ where kD .mC 1/=2

Whenmis an even number, the median difference is the average of the values that havenra®kand
.m=2/ C 1/,

Op uM cukCV =2 where k D m=2

Following Hollander and Wolfe (1999), the asymptotic lower and upper con dence limits for the location
shift are

‘LDU'C/; ’UDU'mClC/
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whereC is the largest integer less than or equaCto, which is computed as
P
C DEyS/ z-, VargS/

whereEy.S/ andVary.S/ are the expected value and variance, respectively, of the Wilcoxon st&tistic
under the null hypothesis (as described in the section “Simple Linear Rank Tests for Two-Sample Data” on
page 5811), and-, isthel100.1 =2/ percentile of the standard normal distribution. For Wilcoxon rank
scores,

Eo.S/ D niny=2
When there are no tied valuedary.S/ for Wilcoxon scores equals

Varg.S/ D ninz;.n1 C ny, C 1/=12

PROC NPAR1WAY displays the midpoint of the con dence interwal ;¢ y/, which can also be used as an
estimate of location shift. For more information, see Lehmann (1963). Additionally, PROC NPAR1WAY
provides an estimate of the asymptotic standard erréPbéised on the length of the con dence interval,
which is computed as

SG“DD.‘U °|_/=.22=2/

Exact Con dence Limits

If you specify the HL option in the EXACT statement, PROC NPAR1WAY computes exact con dence limits
for the location shift between the two samples. You can specify the level of the con dence limits in the
ALPHA= option in the PROC NPAR1WAY statement. By default, ALPHA=0.05, which produces 95%
con dence limits.

PROC NPAR1WAY computes exact con dence limits for the location shift as described in Randles and Wolfe
(1979, p. 180). PROC NPAR1IWAY rst generates the exact conditional distribution of the Mann-Wiitney
statistic, which equals the number of pairwise differendgs X/ that are positive, plus half the number of
pairwise differences that are zero. The Mann-Whitney statistic is de ned as

X1 X2
MW D Yi ; Xi
iD1iDi
where
8 .
21 if Y, >X;
<

.Yj;Xi/D: 1=2 if YJ D X

0 otherwise

From the exact conditional distribution of the Mann-Whitney statigiity , PROC NPAR1WAY chooses
C.. asthe smallest value such tiaob.MW  C, . /  =2. RoundingC . up to the nearest integer
C.; , the lower con dence limit equals the differencg  X; / thathas arankahin, C.. C 1/.

To nd the upper con dence limit, PROC NPAR1IWAY choos€g. as the largest Mann-Whitney value such
thatProb.MW  C,. /  =2. RoundingC,. down to the nearest integ€; , the upper con dence
limit equals the differencey; X/ thathasarankahin, Cy; /.

Because this is a discrete problem, the con dence coef cient is not exactly {lbut is at least (1 —); thus,
these con dence limits are conservative.
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Fligner-Policello Test

If you specify the FP option, PROC NPAR1IWAY computes the Fligner-Policello location test for two-sample
data (Fligner and Policello 1981). The null hypothesis for the tddbi8Vyx D vy, where x and vy are

the population medians of the two classes. The Fligner-Policello test assumes that the distribution in each
class is symmetric around the class median, but it does not require that the two class distributions have the
same form or that the class variances be equal. For more information, see Hollander and Wolfe (1999) and
Juneau (2007).

The Fligner-Policello test is based on placement scores (Orban and Wolfe 1979). The placement of an
observationX; from classX, P.X/, is de ned as the number of observations in cl#ghat are less thaK; .

If there are ties, the placementXf is adjusted by adding half the number of observations in dfabsit

are equal tX;. The placement of an observati¥n from classy, P.Y; /, is de ned in the same way. The
placements can be expressed as

Xy

P.Xi/ D 1Y <Xil C 0:51.Y; D Xj/
iD1
Kx

P.Yj/ D I.Xi <Yj/ C 051X DY/
iD1

wherel. / is an indicator function andy andny denote the number of observations in clXsand classy,
respectively.

The average placements for clagand classy are computed as

Xx
A D P.Xi/ =n
iD1
1
Wy
A D @ PY;/A=n
iD1

The Fligner-Policello test statistic is computed as

0 1
Ry x q
zD@ P.Y;/ PXi/A= 2 VWCV,CMNHA
jD1 iD1
where
Rx
Vy D P.Xil /2
iD1
Xy
Vy D P B2
jD1

and the standard deviation of the pIacemenPs\'& =.ny 1/ for classX andp Vy=.ny 1/ for classy.
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Under the null hypothesis, the Fligner-Policello statistic has an asymptotic standard normal distribution.
PROC NPAR1WAY provides one- and two-sided asymptpti@lues for the Fligner-Policello test. For the
one-sided test, PROC NPAR1WAY displays the right-sige@lue when the test statistzds greater than its

null hypothesis expected value of zero. PROC NPAR1WAY displays the left-pidlatlie when the test
statisticzis less than or equal to zero. The one-sige@lueP;.z/ can be expressed as

Prob.z>z/ if z>0

Pl.Z/ D .
Prob.z<z/ if z O

whereZ has a standard normal distribution. The two-sigedlueP».z/ is computed as ProlZ(| > 7).

When you specify the FP option, PROC NPAR1WAY displays a “Fligner-Policello Placements” table and a
“Fligner-Policello Test” table. The “Fligner-Policello Placements” table contains the following information

for each of the two classes: number of observations, sum of the placements, average placement, and
standard deviation of the placements. The “Fligner-Policello Test” table contains the test statigtic

the corresponding one- and two-side#lalues. This table also displays the difference between the class
placement sums, which is the numerator of the test statistic. When ODS Graphics is enabled and you specify
the FP or PLOTS=FPBOXPLOT option, PROC NPAR1WAY provides a box plot of the Fligner-Policello
placements.

PROC NPAR1WAY computes the Fligner-Policello difference (the numerator of the test statistic) as the
placement sum for clasé minus the placement sum for claxgthe reference class). By default, PROC
NPAR1WAY uses the rst class that is listed in the “Fligner-Policello Placements” table astksd the

second class as the reference chas§he table displays class levels in the order in which they appear in the
input data set. To use the rst class (instead of the second class) as the reference class for the Fligner-Policello
test, you can specify the FP(REFCLASS=1) option. Or you can specify the FP(REFCLhASSwlue)

option to identify the reference class by the formatted value of the CLASS variable.

Multiple Comparisons Based on Pairwise Rankings

If you specify the DSCF option, PROC NPAR1WAY computes the Dwass, Steel, Critchlow-Fligner (DSCF)
multiple comparison analysis, which is based on pairwise two-sample Wilcoxon comparisons (Dwass 1960;
Steel 1960; Critchlow and Fligner 1991). The DSCF analysis is available when the number of CLASS
variable levels (samples) is greater than 2. There @rel)/2 pairs of samples, wheres the total number of
samples.

For each pair of samples, PROC NPAR1WAY ranks the observations and computes the standardized Wilcoxon
test statistic, which is described in the sections “Simple Linear Rank Tests for Two-Sample Data” on page 5811
and “Wilcoxon Scores” on page 5814. The procedure does not include a continuity correction in the Wilcoxon
tesbs_tatistics that it computes for the DSCF analysis. The DSCEF statistic for a pair of samples is computed
as 2z wherezis the two-sample standardized Wilcoxon statistic. Under the null hypothesis of no
location differences among tliesamples, the distribution of the DSCF statistics can be approximated by the
studentized range distribution foindependent standard normal variables. phalue for a two-sample

DSCF comparison is the percentile of the studentized range distribution that corresponds to the value of the
DSCF statistic. For more information, see Hollander and Wolfe (1999), Juneau (2007), and Juneau (2004).

When you specify the DSCF option, PROC NPAR1WAY displays the “Pairwise Two-Sided Multiple Compar-
ison Analysis” table, which contains the following information for each two-sample comparison: comparison
identi cation (two CLASS variable levels), two-sample Wilcoxon test statistic, DSCF statistic, and two-sided
DSCFp-value. You can store these statistics in a SAS data set by using the Output Delivery System (ODS).
The ODS name for this table BSCF. For more information, see the section “ODS Table Names” on
page 5837 and Chapter 20, “Using the Output Delivery System.”
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Tests Based on the Empirical Distribution Function

If you specify the EDF option, PROC NPAR1WAY computes tests based on the empirical distribution function.
These include the Kolmogorov-Smirnov and Cramér—von Mises tests, and also the Kuiper test for two-sample
data. This section gives formulas for these test statistics. For further information about the formulas and the
interpretation of EDF statistics, see Hollander and Wolfe (1999) and Gibbons and Chakraborti (2010). For
information about th&-sample analogs of the Kolmogorov-Smirnov and Cramér—von Mises statistics, see
Kiefer (1959).

1 1 X
F.x/ D ﬁ.number ofx;, x/ D - Lxj X/

iD1

wherel. / is an indicator function. PROC NPAR1WAY uses the subsample of values withithtisass
level to generate an EDF for the clabs, The EDF for the overall sample, pooled over classes, can also be
expressed as

1 X
F.x/ Dﬁ .niFi.x//
i

wheren; is the number of observations in thh class level, and is the total number of observations.

Kolmogorov-Smirnov Test
The Kolmogorov-Smirnov statistic measures the maximum deviation of the EDF within the classes from the
pooled EDF. PROC NPAR1WAY computes the Kolmogorov-Smirnov statistic as
s
1 X 2 .
KS D max - ni Fixjl F.Xx;/ where j D 1;2;:::;n
i

i
The asymptotic Kolmogorov-Smirnov statistic is computed as

KSa D KS pﬁ

For each class leveland overall, PROC NPAR1WAY displays the valueFgfat the maximum deviation
from F and the valug ni .F; F/ atthe maximum deviation frolR. PROC NPAR1WAY also gives the
observation where the maximum deviation occurs.

If there are only two class levels, PROC NPAR1WAY computes the two-sample Kolmogorov-Smirnov test
statisticD as

D D max F1.Xj/ Fox;/ wherej D 1;2;:::;n
j

Thep-value for this test is the probability thBtis greater than the observed vatliander the null hypothesis
of no difference between class levels (samples). PROC NPAR1WAY computes the asymyptdtie forD
by using the approximation

X i / i2 22/
Prob.D>d/ D2 . 1% Ye 272

iD1

where

p__
zDd ninz=n
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For more information, see Hodges (1957).

If you specify the D option, or if you request exact Kolmogorov-Smirpexalues by specifying the KS
option in the EXACT statement, PROC NPAR1WAY also computes the one-sided Kolmogorov-Smirnov
statisticsD+ andD- for two-sample data as

DCD max Fi.x;/ Foxj/ wherej D1;2;:::;n
j

D D max Fo.xj/ Fixj/ wherej D 1;2;:::;n
j

The asymptotic probability th@+ is greater than the observed vatife, under the null hypothesis of no
difference between the two class levels, is computed as

P
ProbDC >dC/De 22° where zDd® niny=n

Similarly, the asymptotic probability th&@-— is greater than the observed vallie is computed as

P
ProbD >d /De 2?° wherezDd nin,=n

To request exagp-values for the Kolmogorov-Smirnov statistics, you can specify the KS option in the
EXACT statement. For more information, see the section “Exact Tests” on page 5822.

Cramér—von Mises Test
The Cramér—von lv(l)ises statistic is de ned as

1 X X
CM D—2 @’]i t Fixj/ F.Xj/2A
n
[ jD1
wheret; is the number of ties at thjeh distinct value ang is the number of distinct values. The asymptotic
value is computed as

CMaDCM n
PROC NPAR1WAY displays the contribution of each class level to the Givin .

Kuiper Test
For data with two class levels, PROC NPAR1WAY computes the Kuiper statistic, its scaled value for the
asymptotic distribution, and the asymptagtivalue. The Kuiper statistic is computed as

K Dmax Fi.xj/ Faxj/  min Fy.xj/ Foxj/ wherej D 1;2;:::;n
i i

The asymptotic value is

p__
KaDK ninz=n

PROC NPAR1WAY displays the value afax; Fi.xj/ F2.xj/ / for each class level.

Thep-value for the Kuiper test is the probability of observing a larger valug ptinder the null hypothesis
of no difference between the two classes. PROC NPAR1WAY computep-tlakie according to Owen
(1962, p. 441).
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Exact Tests

PROC NPAR1WAY provides exagtvalues for tests for location and scale differences based on the following
scores: Wilcoxon, median, van der Waerden (normal), Savage, Siegel-Tukey, Ansari-Bradley, Klotz, Mood,
and Conover. Additionally, PROC NPAR1WAY provides expatalues for tests that use the raw data as
scores. Exact tests are available for two-sample and multisample data. When the data are classi ed into two
samples, tests are based on simple linear rank statistics. When the data are classi ed into more than two
samples, tests are based on one-way ANOVA statistics.

Exact tests can be useful in situations where the asymptotic assumptions are not met and the asymptotic
p-values are not close approximations for the tppealues. Standard asymptotic methods involve the
assumption that the test statistic follows a particular distribution when the sample size is suf ciently large.
When the sample size is not large, asymptotic results might not be valid, with the asyrpptatices

differing perhaps substantially from the exaetalues. Asymptotic results might also be unreliable when

the distribution of the data is sparse, skewed, or heavily tied. For more information, see Agresti (2007)
and Bishop, Fienberg, and Holland (1975). Exact computations are based on the statistical theory of exact
conditional inference for contingency tables, reviewed by Agresti (1992).

In addition to computation of exaptvalues, PROC NPAR1WAY provides the option of estimating exact
p-values by Monte Carlo simulation. This can be useful for problems that are so large that exact computations
require a great amount of time and memory, but for which asymptotic approximations might not be suf cient.

The following sections summarize the exact computational algorithms, de ne thepgexaktes that PROC
NPAR1WAY computes, discuss the computational resource requirements, and describe the Monte Carlo
estimation option.

Computational Algorithms

PROC NPAR1WAY computes exaptvalues by using the network algorithm developed by Mehta and
Patel (1983). This algorithm provides a substantial advantage over direct enumeration, which can be very
time-consuming and feasible only for small problems. See Agresti (1992) for a review of algorithms for
computation of exaqt-values, and see Mehta, Patel, and Tsiatis (1984) and Mehta, Patel, and Senchaudhuri
(1991) for information about the performance of the network algorithm.

PROC NPAR1WAY constructs a contingency table from the input data, with rows formed by the levels of the
classi cation variable and columns formed by the response variable values. The reference set for a given
contingency table is the set of all contingency tables with the observed marginal row and column sums.
Corresponding to this reference set, the network algorithm forms a directed acyclic network consisting of
nodes in a number of stages. A path through the network corresponds to a distinct table in the reference
set. The distances between nodes are de ned so that the total distance of a path through the network is the
corresponding value of the test statistic. At each node, the algorithm computes the shortest and longest path
distances for all the paths that pass through that node. For the two-sample linear rank statistics, which can be
expressed as linear combinations of cell frequencies multiplied by increasing row and column scores, PROC
NPAR1IWAY computes shortest and longest path distances by using the algorithm given by Agresti, Mehta,
and Patel (1990). For the multisample one-way test statistics, PROC NPAR1WAY computes an upper bound
for the longest path and a lower bound for the shortest path by following the approach of Valz and Thompson
(1994).

The longest and shortest path distances (bounds) for a node are compared to the value of the test statistic
to determine whether all paths through the node contribute tp-trsdue, none of the paths through the

node contribute to thp-value, or neither of these situations occurs. If all paths through the node contribute,
the p-value is incremented accordingly, and these paths are eliminated from further analysis. If no paths
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contribute, these paths are eliminated from the analysis. Otherwise, the algorithm continues, still processing
this node and the associated paths. The algorithm nishes when all nodes have been accounted for.

In applying the network algorithm, PROC NPAR1WAY uses full numerical precision to represent all statistics,
row and column scores, and other quantities involved in the computations. Although it is possible to use
rounding to improve the speed and memory requirements of the algorithm, PROC NPAR1WAY does not do
this because it can result in reduced accuracy optielues.

De nition of p-Values

For two-sample linear rank tests, PROC NPAR1WAY computes exact one-sided and two-sigleds

for each test that you specify in the EXACT statement. For one-sided tests, PROC NPAR1WAY displays
the right-sided-value when the observed value of the test statistic is greater than its expected value. The
right-sidedp-value is the sum of probabilities for those tables with a test statistic that is greater than or equal
to the observed test statistic. Otherwise, when the observed test statistic is less than or equal to its expected
value, PROC NPAR1WAY displays the left-sidpdralue. The left-sideg-value is the sum of probabilities

for those tables with a test statistic that is less than or equal to the observed value. The opevralde®;

can be expressed as

Prob. Test Statistic t/ if t> Eq.T/

P..t/ D . .
Prob. Test Statistic t/ if t Eg.T/

wheret is the observed value of the test statistic &jdT / is the expected value of the test statistic under the
null hypothesis. PROC NPAR1IWAY computes the two-sigadlue as the sum of the one-sidedalue and

the corresponding area in the opposite tail of the distribution of the statistic, equidistant from the expected
value. The two-sideg-valueP, can be expressed as

P..t/ D Prob.jTest Statistic Eq.T/j j t Eo.T/j/

Tests for multisample data are based on one-way ANOVA statistics. For a test of this form, large values of
the test statistic indicate a departure from the null hypothesis; the test is inherently two-sided. The exact
p-value is the sum of probabilities for those tables having a test statistic greater than or equal to the value of
the observed test statistic.

If you specify the POINT option in the EXACT statement, PROC NPAR1WAY provides point probabilities
for the exact tests. The point probability is the exact probability that the test statistic equals the observed
value. For two-sample data, PROC NPAR1WAY provides point probabilities for the one-sided tests of the
linear rank statistics. For multisample data, PROC NPAR1WAY provides point probabilities for the one-way
ANOVA tests.

If you specify the MIDP option in the EXACT statement, PROC NPAR1WAY provides exacpmalues.

The exact migp-value is de ned as the exaptvalue minus half the exact point probability, which equals the
average oProb. Test Statistic t/ andProb. Test Statistic> t/ for a right-sided test. The exact njelvalue

is smaller and less conservative than the nonadjusted pxadtie. For more information, see Agresti (2013,
section 1.1.4) and Hirji (2006, sections 2.5 and 2.11.1). For two-sample data, PROC NPAR1WAY provides
mid p-values for the one-sided tests of the linear rank statistics. For multisample data, PROC NPAR1IWAY
provides mido-values for the one-way ANOVA tests.
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Computational Resources

PROC NPAR1WAY uses relatively fast and ef cient algorithms for exact computations. These algorithms,
together with improvements in computer power, now make it feasible to perform exact computations for data
sets where previously only asymptotic methods could be applied. Nevertheless, there are still large problems
that might require a prohibitive amount of time and memory for exact computations, depending on the speed
and memory available on your computer. For large problems, consider whether exact methods are really
needed or whether asymptotic methods might give results quite close to the exact results while requiring
much less computer time and memory. When asymptotic methods might not be suf cient for such large
problems, consider using Monte Carlo estimation of epadlues, as described in the section “Monte Carlo
Estimation” on page 5824.

A formula does not exist that can predict in advance how much time and memory are needed to compute an
exactp-value for a certain problem. The time and memory required depend on several factors, including
which test is being performed, the total sample size, the number of rows and columns, and the specic
arrangement of the observations into table cells. Generally, larger problems (in terms of total sample size,
number of rows, and number of columns) tend to require more time and memory. Additionally, for a xed
total sample size, time and memory requirements tend to increase as the number of rows and columns
increase, since this corresponds to an increase in the number of tables in the reference set. Also for a xed
sample size, time and memory requirements increase as the marginal row and column totals become more
homogeneous. For more information, see Agresti, Mehta, and Patel (1990) and Gail and Mantel (1977).

At any time while PROC NPAR1WAY is computing exget/alues, you can terminate the computations by
pressing the system interrupt key sequence (seSAt8Companiofor your system) and choosing to stop
computations. After you terminate exact computations, PROC NPAR1WAY completes all other remaining
tasks. The procedure produces the requested output and reports missing values for gnyaxastnot
computed by the time of termination.

You can also use the MAXTIME= option in the EXACT statement to limit the amount of time PROC
NPAR1WAY uses for exact computations. You specify a MAXTIME= value that is the maximum amount of
time (in seconds) that PROC NPAR1WAY can use to compute an pxaatie. If PROC NPAR1WAY does

not nish computing the exagt-value within that time, it terminates the computation and completes all other
remaining tasks.

Monte Carlo Estimation

If you specify the MC option in the EXACT statement, PROC NPAR1WAY computes Monte Carlo estimates
of the exactp-values instead of directly computing the expetalues. Monte Carlo estimation can be
useful for large problems that require a great amount of time and memory for exact computations but for
which asymptotic approximations might not be suf cient. To describe the precision of each Monte Carlo
estimate, PROC NPAR1WAY provides the asymptotic standard errot@dd. / % con dence limits. The

con dence level is determined by the ALPHA= option in the EXACT statement; by default, ALPHA=0.01,
which produces 99% con dence limits. The N= option in the EXACT statement speci es the number of
samples PROC NPAR1WAY uses for Monte Carlo estimation; the default is 10,000 samples. You can specify
a larger value fon to improve the precision of the Monte Carlo estimates. Because larger values of
generate more samples, the computation time increases. Or you can specify a smallervadueddice the
computation time.
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To compute a Monte Carlo estimate of an exaehlue, PROC NPAR1WAY generates a random sample

of tables with the same total sample size, row totals, and column totals as the observed table. PROC
NPAR1IWAY uses the algorithm of Agresti, Wackerly, and Boyett (1979), which generates tables in proportion
to their hypergeometric probabilities conditional on the marginal frequencies. For each sample table, PROC
NPAR1WAY computes the value of the test statistic and compares it to the value for the observed table. When
estimating a right-sidep-value, PROC NPAR1WAY counts all sample tables for which the test statistic is
greater than or equal to the observed test statistic. Thep-tladue estimate equals the number of these
tables divided by the total number of tables sampled, which can be written as

Fde D M=N
M D number of samples withTest Statistic t/
N D total number of samples
t D observed Test Statistic

PROC NPAR1WAY computes left-sided and two-sigedalue estimates in a similar manner. For left-sided
p-values, PROC NPAR1WAY evaluates whether the test statistic for each sampled table is less than or equal
to the observed test statistic. For two-sigedalues, PROC NPAR1WAY examines the sample test statistics
according to the expression fBp.t/ given in the section “De nition ofp-Values” on page 5823.

The variableM is a binomial variable witiN trials and success probabilipy It follows that the asymptotic
standard error of the Monte Carlo estimate is

q
sefdc/D Fhc 1 FRhc/=.N 1/

PROC NPAR1WAY constructs asymptotic con dence limits for fhealues according to

Fic z, seFQc/

wherez -, isthel00.1 =2/ percentile of the standard normal distribution, and the con dence leigl
determined by the ALPHA= option in the EXACT statement.

When the Monte Carlo estimaf&)c equals 0, PROC NPARIWAY computes con dence limits for the
p-value as

0,1 Ny
When the Monte Carlo estimak&c equals 1, PROC NPARIWAY computes the con dence limits as

1=N/ : 1/

Contents of the Output Data Set

The OUTPUT statement creates a SAS data set that contains statistics that PROC NPAR1IWAY computes.
You identify which statistics to store in the output data set by specifyingut-options in the OUTPUT
statement. For more information, see the description of the OUTPUT statement.
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The output data set contains one observation for each analysis variable for each BY group. (You can specify
the analysis variables in the VAR statement.) The OUTPUT data set includes the following variables:

» BY variables, if you use a BY statement
* VAR_, which identi es the analysis variable

 variables that contain the statistics

When you specify anutput-option in the OUTPUT statement, the output data set contains the test statistic
and associated values from the analysis that you specify. The associated values might include standardized
statistics, one- and two-sidgevalues, exagp-values, degrees of freedom, and con dence limits. If you
request an exact test for the speci ed analysis by using the EXACT statement, the output data set includes the
exactp-values. The statistics that are included also depend on the classi cation of the data. Some statistics
are available only for two-sample data (where the CLASS variable groups the data into two classes); other
statistics are available only for multisample data.

Table 71.5 lists variable names and descriptions for the statistics that are available in the output data set.

Monte Carlo estimates of exggtvalues are not available in this output data set. You can store Monte Carlo
estimates in a SAS data set by using the Output Delivery System (ODS). ODS can create a SAS data set
from any table that PROC NPAR1WAY produces. For more information, see the section “ODS Table Names”
on page 5837 and Chapter 20, “Using the Output Delivery System.”

Table 71.5 Output Data Set Variable Names and Descriptions
Output Option  Output Variables Variable Descriptions

AB _AB_* Two-sample Ansari-Bradley statistic
Z AB * Ansari-Bradley statistic, standardized

PL_AB * p-value (left-sided), Ansari-Bradley test

PR_AB * p-value (right-sided), Ansari-Bradley test

P2 AB * p-value (two-sided), Ansari-Bradley test
XPL_AB * Exactp-value (left-sided), Ansari-Bradley test
XPR_AB * Exactp-value (right-sided), Ansari-Bradley test
XPT_AB * [Exact point probability, Ansari-Bradley test
XMP_AB * Exact midp-value, Ansari-Bradley test
XP2_AB * Exactp-value (two-sided), Ansari-Bradley test

_CHAB_ Ansari-Bradley chi-square
DF_CHAB Degrees of freedom, Ansari-Bradley chi-square
P_CHAB p-value, Ansari-Bradley chi-square test

XP_CHAB ** Exactp-value, Ansari-Bradley chi-square test
XPT_CHAB ** Exact point probability, Ansari-Bradley chi-square test
XMP_CHAB ** Exact midp-value, Ansari-Bradley chi-square test

ANOVA _MSA_ ANOVA effect mean square, among MS
_MSE_ ANOVA error mean square, within MS
F F statistic for ANOVA

P:F_ p-value,F statistic for ANOVA
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Output Option ~ Output Variables Variable Descriptions
CONOVER _CON_ * Two-sample Conover statistic
Z CON * Conover statistic, standardized
PL_CON * p-value (left-sided), Conover test
PR_CON * p-value (right-sided), Conover test
P2_CON * p-value (two-sided), Conover test
XPL_CON * Exactp-value (left-sided), Conover test
XPR_CON * Exactp-value (right-sided), Conover test
XPT_CON * Exact point probability, Conover test
XMP_CON * Exact midp-value, Conover test
XP2_CON * Exactp-value (two-sided), Conover test
_CHCON_ Conover chi-square
DF _CHCON Degrees of freedom, Conover chi-square
P_CHCON p-value, Conover chi-square test
XP_CHCON ** Exactp-value, Conover chi-square test
XPT_CHCO ** Exact point probability, Conover chi-square test
XMP_CHCON ** Exact midp-value, Conover chi-square test
EDF _KS Kolmogorov-Smirnov statistic
_KSA_ Kolmogorov-Smirnov statistic (asymptotic)
_Dp_ * Two-sample Kolmogorov-Smirndv+
P Dp * p-value,D+
_Dm_ * Two-sample Kolmogorov-Smirndv—
P Dm * p-value,D-
_D_ * Two-sample Kolmogorov-Smirnov statistic
P_KSA * p-value,D
XP_Dp * Exactp-value,D+
XPT_Dp * Exactpoint probabilityD+
XMP_Dp * Exact midp-value,D+
XP_Dm * Exactp-value,D—
XPT_Dm * Exact point probabilityp—
XMP_Dm  * Exact midp-value,D—
XP_D * Exactp-value,D
XPT_D * Exact point probabilityD
XMP_D * Exact midp-value,D
_CM_ Cramér—von Mises statistic
_CMA_ Cramér—von Mises statistic (asymptotic)
_K_* Kuiper two-sample statistic
_KA_ * Kuiper two-sample statistic (asymptotic)
P_KA * p-value, two-sample Kuiper test
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Table 71.5 continued

Output Option  Output Variables

Variable Descriptions

FP _FP_ * Fligner-Policello statistic
PL FP  * p-value (left-sided), Fligner-Policello test
PR_FP * p-value (right-sided), Fligner-Palicello test
P2 FP * p-value (two-sided), Fligner-Policello test
HL _HL_ * Hodges-Lehmann estimate, location shift
L_ HL * Lower con dence limit, Hodges-Lehmann
U HL * Uppercon dence limit, Hodges-Lehmann
M_HL * Con dence limit midpoint, Hodges-Lehmann
E HL * ASE of Hodges-Lehmann estimate
XL_HL * Exactlower con dence limit, Hodges-Lehmann
XU HL * Exact upper con dence limit, Hodges-Lehmann
XM_HL * Exact con dence limit midpoint
KLOTZ _KLOTZ_ * Two-sample Klotz statistic
Z K * Klotz statistic, standardized
PL_K * p-value (left-sided), Klotz test
PR_K * p-value (right-sided), Klotz test
P2 K * p-value (two-sided), Klotz test
XPL_K * Exactp-value (left-sided), Klotz test
XPR_K * Exactp-value (right-sided), Klotz test
XPT_K * Exact point probability, Klotz test
XMP_K * Exact midp-value, Klotz test
XP2_K * Exactp-value (two-sided), Klotz test
_CHK_ Klotz chi-square
DF _CHK Degrees of freedom, Klotz chi-square
P_CHK p-value, Klotz chi-square test
XP_CHK ** Exactp-value, Klotz chi-square test
XPT_CHK ** Exact point probability, Klotz chi-square test
XMP_CHK  ** Exact midp-value, Klotz chi-square test
MEDIAN _MED_ * Two-sample median statistic
Z MED * Median statistic, standardized
PL_MED * p-value (left-sided), median test
PR_MED * p-value (right-sided), median test
P2 MED * p-value (two-sided), median test
XPL_MED * Exactp-value (left-sided), median test
XPR_MED * Exactp-value (right-sided), median test
XPT_MED * Exact point probability, median test
XMP_MED * Exact midp-value, median test
XP2_MED * Exactp-value (two-sided), median test
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Table 71.5 continued

Output Option ~ Output Variables Variable Descriptions
MEDIAN _CHMED _ Median chi-square (Brown-Mood test)
DF _CHMED Degrees of freedom, median chi-square
P_CHMED p-value, median chi-square test
XP_CHMED ** Exactp-value, median chi-square test
XPT_CHME ** Exact point probability, median chi-square test
XMP_CHMED ** Exact midp-value, median chi-square test
MOOD _MOOD_ * Two-sample Mood statistic
Z MOOD * Mood statistic, standardized
PL_ MOOD * p-value (left-sided), Mood test
PR_MOOD * p-value (right-sided), Mood test
P2 MOOD * p-value (two-sided), Mood test
XPL_MOOD * Exactp-value (left-sided), Mood test
XPR_MOOD * Exactp-value (right-sided), Mood test
XPT_MOOD * Exact point probability, Mood test
XMP_MOOD * Exact midp-value, Mood test
XP2_MOOD * Exactp-value (two-sided), Mood test
_CHMOOD_ Mood chi-square
DF_CHMOO Degrees of Freedom, Mood chi-square
P_CHMOOD p-value, Mood chi-square test
XP_CHMOO ** Exactp-value, Mood chi-square test
XPT_CHMO ** Exact point probability, Mood chi-square test
XMP_CHMOOD ** Exact midp-value, Mood chi-square test
SAVAGE _SAV_  * Two-sample Savage statistic
Z SAV * Savage statistic, standardized
PL_SAY * p-value (left-sided), Savage test
PR_SAV * p-value (right-sided), Savage test
P2 _SAY * p-value (two-sided), Savage test
XPL_SAV * Exactp-value (left-sided), Savage test
XPR_SAV * Exactp-value (right-sided), Savage test
XPT_SAYV * Exact point probability, Savage test
XMP_SAV * Exact midp-value, Savage test
XP2_SAV * Exactp-value (two-sided), Savage test
_CHSAV _ Savage chi-square
DF_CHSAV Degrees of freedom, Savage chi-square
P_CHSAV p-value, Savage chi-square test
XP_CHSAV ** Exactp-value, Savage chi-square test
XPT_CHSA ** Exact point probability, Savage chi-square test
XMP_CHSAV  ** Exact midp-value, Savage chi-square test
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Table 71.5 continued

Output Option ~ Output Variables Variable Descriptions
SCORES=DATA _DATA_ * Two-sample data scores statistic
Z DATA * Data scores statistic, standardized
PL_DATA * p-value (left-sided), data scores test
PR_DATA * p-value (right-sided), data scores test
P2_DATA * p-value (two-sided), data scores test
XPL_DATA * Exactp-value (left-sided), data scores test
XPR_DATA * Exactp-value (right-sided), data scores test
XPT_DATA * Exact point probability, data scores test
XMP_DATA * Exact midp-value, data scores test
XP2_DATA * Exactp-value (two-sided), data scores test
_CHDATA _ Data scores chi-square
DF_CHDAT Degrees of freedom, data scores chi-square
P_CHDATA p-value, data scores chi-square test
XP_CHDAT ** Exactp-value, data scores chi-square test
XPT_CHDA ** Exact point probability, data scores chi-square test
XMP_CHDATA  ** Exact midp-value, data scores chi-square test
ST _ST_ * Two-sample Siegel-Tukey statistic
Z ST * Siegel-Tukey statistic, standardized
PL_ ST * p-value (left-sided), Siegel-Tukey test
PR_ST * p-value (right-sided), Siegel-Tukey test
P2 ST * p-value (two-sided), Siegel-Tukey test
XPL_ST * Exactp-value (left-sided), Siegel-Tukey test
XPR_ST * Exacip-value (right-sided), Siegel-Tukey test
XPT_ST * Exact point probability, Siegel-Tukey test
XMP_ST * Exact midp-value, Siegel-Tukey test
XP2_ST * Exactp-value (two-sided), Siegel-Tukey test
_CHST_ Siegel-Tukey chi-square
DF_CHST Degrees of freedom, Siegel-Tukey chi-square
P_CHST p-value, Siegel-Tukey chi-square test
XP_CHST ** Exactp-value, Siegel-Tukey chi-square test
XPT_CHST ** Exact point probability, Siegel-Tukey chi-square test
XMP_CHST ** Exact midp-value, Siegel-Tukey chi-square test
VW | NORMAL _VW_ * Two-sample Van der Waerden statistic
Z VW * Van der Waerden statistic, standardized
PL_ VW * p-value (left-sided), Van der Waerden test
PR_VW * p-value (right-sided), Van der Waerden test
P2_VW * p-value (two-sided), Van der Waerden test
XPL_ VW * Exactp-value (left-sided), Van der Waerden test
XPR_VW * Exactp-value (right-sided), Van der Waerden test
XPT_VW * [Exact point probability, Van der Waerden test
XMP_VW  * Exact midp-value, Van der Waerden test
XP2_ VW * Exactp-value (two-sided), Van der Waerden test
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Output Option  Output Variables Variable Descriptions
VW | NORMAL _CHVW_ Van der Waerden chi-square
DF _CHVW Degrees of freedom, Van der Waerden chi-square
P_CHVW p-value, Van der Waerden chi-square test
XP_CHVW ** Exactp-value, Van der Waerden chi-square test
XPT_CHVW  ** Exact point probability, Van der Waerden chi-square test
XMP_CHVW  ** Exact midp-value, Van der Waerden chi-square test
WILCOXON _WIL_ * Two-sample Wilcoxon statistic
Z WIL * Wilcoxon statistic, standardized
PL WIL * p-value (left-sided), Wilcoxon test
PR_WIL * p-value (right-sided), Wilcoxon test
P2 WIL * p-value (two-sided), Wilcoxon test
PTL_WIL * p-value (left-sided), Wilcoxon approximation
PTR_WIL * p-value (right-sided), Wilcoxohapproximation
PT2_WIL * p-value (two-sided), Wilcoxohapproximation
XPL_WIL * Exactp-value (left-sided), Wilcoxon test
XPR_WIL * Exactp-value (right-sided), Wilcoxon test
XPT_WIL * Exact point probability, Wilcoxon test
XMP_WIL * Exact midp-value, Wilcoxon test
XP2_WIL * Exactp-value (two-sided), Wilcoxon test
_KW_ Kruskal-Wallis statistic
DF_KW Degrees of freedom, Kruskal-Wallis test
P_KW p-value, Kruskal-Wallis test
XP_KW  ** Exactp-value, Kruskal-Wallis test
XPT_KW  **  Exact point probability, Kruskal-Wallis test
XMP_KW  ** Exact midp-value, Kruskal-Wallis test

Statistic included only for two-sample cases.
Statistic included only for multisample cases.

Displayed Output
If you specify the ANOVA option, PROC NPAR1IWAY displays a “Class Means” table and an “Analysis of
Variance” table for each response variable. The “Class Means” table includes the following information for
each CLASS variable value (level):

* N, which is the number of observations

» Mean of the response variable
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The “Analysis of Variance” table includes the following information for each Source of variation (Among
classes and Within classes):

» DF, which is the degrees of freedom associated with the source

» Sum of Squares

* Mean Square, which is the sum of squares divided by the degrees of freedom
The “Analysis of Variance” table also includes the following:

» F Value for testing the hypothesis that the class means are equal, which is computed by dividing the

Mean Square (Among) by the Mean Square (Within)

» Pr > F, which is the signi cance probability corresponding to the F Value
For each score type that you specify, PROC NPAR1WAY displays a “Class Scores” table. The available score
types include Wilcoxon, median, Van der Waerden (normal), Savage, Siegel-Tukey, Ansari-Bradley, Klotz,
Mood, Conover, and raw data scores. PROC NPAR1WAY computes the scores for the response variable
values and classi es the scored observations according to the CLASS variable values. The “Class Scores”
table includes the following information for each CLASS variable level:

« N, which is the number of observations

e Sum of Scores

Expected Under HO, which is the expected sum of scores under the null hypothesis of no difference
among classes

Std Dev Under HO, which is the standard deviation under the null hypothesis

* Mean Score

When there are two levels of the CLASS variable, PROC NPAR1WAY displays a “Two-Sample Test” table
for each analysis of scores. The “Two-Sample Test” table includes the following information:

Statistic, which is the sum of scores for the class with the smaller sample size

» Z, which is the standardized test statistic and has an asymptotic standard normal distribution under the
null hypothesis

» One-Sided Pr < Z or One-Sided Pr > Z, which is the asymptotic one-gidetle. This is displayed
as Pr< Z or Pr> Z, depending on whether Z i® or > 0.

Two-Sided Pr > |Z|, which is the asymptotic two-sigedalue
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For Wilcoxon scores, the “Two-Sample Test” table also includésApproximation for the Wilcoxon
two-sample test.

If you request an exact test by specifying the score type in the EXACT statement, the “Two-Sample Test”
table also includes the following exgetvalues:

» One-Sided Pr S or One-Sided Pr S, which is the exact one-sid@dvalue. This is displayed as
Pr SorPr S, depending on whether SMean or S > Mean, where S is the test statistic and Mean
is its expected value under the null hypothesis.

» Point Pr = S, which is the exact point probability. This is displayed if you specify the POINT option in
the EXACT statement.

» Mid p-Value, which is displayed if you specify the MIDP option in the EXACT statement
» Two-Sided Pr |S - Mean|, which is the exact two-sidpdalue
If you request Monte Carlo estimates for a two-sample exact test by specifying the MC option in the EXACT

statement, PROC NPAR1WAY displays the “Monte Carlo Estimates for the Exact Test” table, which includes
the following information:

Estimate of One-Sided Pr S or One-Sided Pr S, which is the exact one-sidgeivalue, together
with its Lower and Upper Con dence Limits

Estimate of Two-Sided Pr |S - Mean|, which is the exact two-sidpdalue, together with its Lower
and Upper Con dence Limits

Number of Samples used to compute the Monte Carlo estimates

Initial Seed used to compute the Monte Carlo estimates

For both two-sample and multisample data, PROC NPAR1WAY displays a “One-Way Analysis” table, which
includes the following information:

» Chi-Square, which is the one-way ANOVA statistic for testing the null hypothesis of no difference
among classes
» DF, which is the degrees of freedom
» Pr> Chi-Square, which is the asymptotivalue
For multisample data, if you request an exact test by specifying the score type in the EXACT statement, the
“One-Way Analysis” table also displays the expetalue as follows:
» Exact Pr Chi-Square

» Exact Pr = Chi-Square, which is the point probability. This is displayed if you specify the POINT
option in the EXACT statement.

» Exact Mid p-Value, which is displayed if you specify the MIDP option in the EXACT statement
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For multisample data, if you specify the MC option in the EXACT statement, PROC NPAR1WAY displays
the following information in the “Monte Carlo Estimate for the Exact Test” table:

» Estimate of Exact Pr Chi-Square, together with its Lower and Upper Con dence Limits
* Number of Samples used to compute the Monte Carlo estimate

« Initial Seed used to compute the Monte Carlo estimate

If you specify the HL option for two-sample data, PROC NPAR1WAY produces a “Hodges-Lehmann
Estimation” table, which includes the following information:

Location Shift estimate

* Con dence Limits for the Location Shift

Con dence Interval Midpoint

Asymptotic Standard Error estimate, which is based on the con dence interval

If you request exact Hodges-Lehmann con dence limits by specifying the HL option in the EXACT statement,
the “Hodges-Lehmann Estimation” table also includes Exact Con dence Limits and the exact Interval
Midpoint.

If you specify the FP option for two-sample data, PROC NPAR1WAY produces the “Fligner-Policello
Placements” table and the “Fligner-Policello Test” table. The “Fligner-Policello Placements” table includes
the following information for each CLASS variable level:

* N, which is the number of observations

» Sum, which is the sum of the placements

» Mean, which is the average placement

Std Dev, which is the standard deviation of the placements
The “Fligner-Policello Test” table includes the following information:

« Difference, which is the difference in placement sums between the two CLASS levels (samples)

Statistic (Z), which is the standardized test statistic and has an asymptotic standard normal distribution
under the null hypothesis

» One-Sided Pr < Z or One-Sided Pr > Z, which is the one-sgedlue. This is displayed &r < Zor
Pr > Z, depending on whether Z isO or > 0.

Two-Sided Pr > |Z|, which is the two-sidedvalue
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If you specify the DSCF option for multisample data, PROC NPAR1WAY produces the “Pairwise Two-
Sided Multiple Comparison Analysis” table, which includes the following information for each two-sample
comparison:

» Comparison, which identi es the two CLASS levels that are compared

» Wilcoxon Z, which is the standardized two-sample Wilcoxon statistic

DSCF Value, which is the Dwass, Steel, Critchlow-Fligner statistic

Pr > DSCF, which is the two-sidgavalue

If you specify the EDF option, PROC NPAR1WAY produces tables for the Kolmogorov-Smirnov test, the
Cramér—von Mises test, and for two-sample data only, the Kuiper test.

The “Kolmogorov-Smirnov Test” table includes the following information for each CLASS variable level:

* N, which is the number of observations

» EDF at Maximum, which is the value of the class EDF (empirical distribution function) at its maximum
deviation from the pooled EDF

» Deviation from Mean at Maximum, which is the valuepoﬁip F;, F atits maximum, where; is
the class sample sizE; is the class EDF, anH is the pooled EDF

The “Kolmogorov-Smirnov Test” table displays the following statistics:

» KS, which is the Kolmogorov-Smirnov statistic

» KSa, which is the asymptotic Kolmogorov-Smirnov statistic, KS%E KS
For two-sample data, the “Kolmogorov-Smirnov Test” table also displays the following statistics:

* Pr>KSa, which is the asymptotjevalue for KSa and equals Pr > D
* D, which is the two-sample Kolmogorov-Smirnov statistitax; jF1.Xj/ F2.xj/]
If you specify the D option for two-sample data, PROC NPAR1WAY displays the following one-sided

Kolmogorov-Smirnov statistics and their asymptggigalues in the “Kolmogorov-Smirnov Two-Sample
Test” table:

D+, whichiismax; .F1.xj/  Fa.x;//
e Pr>D+
e D-, which ismaxj .Fz.Xj / Fl.Xj 1!

* Pr>D-
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For two-sample data, if you request exact Kolmogorov-Smirnov tests by specifying the KS option in the
EXACT statement, PROC NPAR1WAY displays the following exastalues in the “Kolmogorov-Smirnov
Two-Sample Test” table:

* ExactPr D

* ExactPr D+

* ExactPr D-

» Exact Point Pr = D, Exact Point Pr = D+, and Exact Point Pr = D-, if you specify the POINT option in
the EXACT statement

Exact Mid p-Values for D, D+, and D-, if you specify the MIDP option in the EXACT statement

If you request Monte Carlo estimates for the two-sample exact Kolmogorov-Smirnov test, PROC NPAR1IWAY
displays the following information in the “Kolmogorov-Smirnov Two-Sample Test” table:

» Estimate of Exact Pr D, together with its Lower and Upper Con dence Limits

» Estimate of Exact Pr D+, together with its Lower and Upper Con dence Limits

Estimate of Exact Pr D-, together with its Lower and Upper Con dence Limits

» Number of Samples used to compute the Monte Carlo estimates

Initial Seed used to compute the Monte Carlo estimates
The “Cramér—von Mises Test” table includes the following information for each CLASS variable level:

* N, which is the number of observations

P
« Summed Deviation from Mean, which is; =n/ jletj Fixj!l F.xj;l/ 2
The “Cramér—von Mises Statistics” table displays the following statistics:

* CM, which is the Cramér—von Mises statistic

» CMa, which is the asymptotic Cramér—von Mises statistic, CMeGM

For two-sample data, PROC NPAR1WAY displays the “Kuiper Test” table, which includes the following
information for each CLASS variable level:

* N, which is the number of observations

« Deviation from Mean, which isnax; jF1.Xj/ F2.xj/j
The “Kuiper Two-Sample Statistics” table displays the following statistics:

» K, which is the Kuiper two-sample test statistic
S . . . P_——
» Ka, which is the asymptotic Kuiper two-sample test statistic, Ka = K n,=n

* Pr>Ka
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ODS Table Names

PROC NPAR1WAY assigns a name to each table that it creates. You can use these names to refer to tables
when you use the Output Delivery System (ODS) to select tables and create output data sets. For more
information about ODS, see Chapter 20, “Using the Output Delivery System.”

Table 71.6 lists the ODS table names together with their descriptions and the options required to produce
the tables. If you do not specify any analysis options in the PROC NPAR1WAY statement, the procedure
provides the ANOVA, WILCOXON, MEDIAN, VW (NORMAL), SAVAGE, and EDF analyses by default.

Table 71.6 ODS Tables Produced by PROC NPAR1WAY

ODS Table Name Description Statement  Option
ANOVA Analysis of variance PROC ANOVA
ABAnalysis Ansari-Bradley one-way analysis PROC AB
ABMC Monte Carlo estimates for the EXACT AB/MC
Ansari-Bradley exact test
ABScores Ansari-Bradley scores PROC AB
ABTest Ansari-Bradley two-sample test PROC AB
ClassMeans Class means PROC ANOVA
ConoverAnalysis Conover one-way analysis PROC CONOVER
ConoverMC Monte Carlo estimates for the EXACT CONOVER /MC
Conover exact test
ConoverScores Conover scores PROC CONOVER
ConoverTest Conover two-sample test PROC CONOVER
CVMStats Cramér—von Mises statistics PROC EDF
CVMTest Cramér—von Mises test PROC EDF
DataScores Data scores PROC SCORES=DATA
DataScoresAnalysis Data scores one-way analysis PROC SCORES=DATA
DataScoresMC Monte Carlo estimates for the EXACT SCORES=DATA/MC
data scores exact test
DataScoresTest Data scores two-sample test PROC SCORES=DATA
DSCF DSCF multiple comparison analysis PROC DSCF
FPPlacements Fligner-Policello placements PROC FP
FPTest Fligner-Paolicello test PROC FP
HodgesLehmann  Hodges-Lehmann estimation PROC HL
KlotzAnalysis Klotz one-way analysis PROC KLOTZ
KlotzMC Monte Carlo estimates for the EXACT KLOTZ/MC
Klotz exact test
KlotzScores Klotz scores PROC KLOTZ
KlotzTest Klotz two-sample test PROC KLOTZ

KruskalWallisMC Monte Carlo estimates for the EXACT WILCOXON / MC
Kruskal-Wallis exact test
KruskalWallisTest Kruskal-Wallis test PROC WILCOXON
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Table 71.6 continued

ODS Table Name Description Statement Option
KS2Stats Kolmogorov-Smirnov two-sample PROC EDF
statistics
KSExactTest Kolmogorov-Smirnov exact test EXACT KS | EDF
KSMC Monte Carlo estimates for the EXACT KS | EDF/MC
Kolmogorov-Smirnov exact test
KSStats Kolmogorov-Smirnov statistics PROC EDF
KSTest Kolmogorov-Smirnov test PROC EDF
KuiperStats Kuiper two-sample statistics PROC EDF
KuiperTest Kuiper test PROC EDF
MedianAnalysis Median one-way analysis PROC MEDIAN
MedianMC Monte Carlo estimates for the EXACT MEDIAN / MC
median exact test
MedianScores Median scores PROC MEDIAN
MedianTest Median two-sample test PROC MEDIAN
MoodAnalysis Mood one-way analysis PROC MOOD
MoodMC Monte Carlo estimates for the EXACT MOOD / MC
Mood exact test
MoodScores Mood scores PROC MOOD
MoodTest Mood two-sample test PROC MOOD
SavageAnalysis Savage one-way analysis PROC SAVAGE
SavageMC Monte Carlo estimates for the EXACT SAVAGE / MC
Savage exact test
SavageScores Savage scores PROC SAVAGE
SavageTest Savage two-sample test PROC SAVAGE
STAnalysis Siegel-Tukey one-way analysis PROC ST
STMC Monte Carlo estimates for the EXACT ST/MC
Siegel-Tukey exact test
STScores Siegel-Tukey scores PROC ST
STTest Siegel-Tukey two-sample test PROC ST
VWAnalysis Van der Waerden one-way analysis PROC VW | NORMAL
VWMC Monte Carlo estimates for the EXACT VW | NORMAL / MC
Van der Waerden exact test
VWScores Van der Waerden scores PROC VW | NORMAL
VWTest Van der Waerden two-sample test PROC VW | NORMAL
WilcoxonMC Monte Carlo estimates for the EXACT WILCOXON/MC
Wilcoxon two-sample exact test
WilcoxonScores Wilcoxon scores PROC WILCOXON
WilcoxonTest Wilcoxon two-sample test PROC WILCOXON

PROC NPAR1IWAY produces this table only for two-sample data.
PROC NPAR1IWAY produces this table only for multisample data.
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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 606 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 605 in Chapter 21,
“Statistical Graphics Using ODS”

When ODS Graphics is enabled, you can request speci ¢ plots with the PLOTS= option in the PROC
NPAR1IWAY statement. If you do not specify the PLOTS= option but have enabled ODS Graphics, PROC
NPAR1WAY produces all plots that are associated with the analyses that you request.

PROC NPAR1WAY assigns a name to each graph that it creates with ODS Graphics. You can use these
names to refer to the graphs. Table 71.7 lists the names of the graphs that PROC NPAR1WAY generates
together with their descriptions and the options that are required to produce the graphs.

Table 71.7 Graphs Produced by PROC NPAR1WAY

ODS Graph Name Description Option
ABBoxPIlot Box plot of Ansari-Bradley scores AB
ANOVABoxPIot Box plot of raw data ANOVA
ConoverBoxPlot Box plot of Conover scores CONOVER
DataScoresBoxPlot Box plot of data scores SCORES=DATA
EDFPlot Empirical distribution function plot EDF

FPBoxPIlot Box plot of Fligner-Policello placements FP
KlotzBoxPlot Box plot of Klotz scores KLOTZ
MedianPlot Median plot MEDIAN
MoodBoxPIlot Box plot of Mood scores MOOD
SavageBoxPlot Box plot of Savage scores SAVAGE
STBoxPlot Box plot of Siegel-Tukey scores ST

VWBoxPlot Box plot of Van der Waerden scores VW | NORMAL

WilcoxonBoxPlot ~ Box plot of Wilcoxon scores WILCOXON
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Examples: NPAR1WAY Procedure

Example 71.1: Two-Sample Location Tests and Plots

Fifty-nine female patients with rheumatoid arthritis who participated in a clinical trial were assigned to two
groups, active and placebo. The response status (excellent=5, good=4, moderate=3, fair=2, poor=1) of each
patient was recorded.

The following SAS statements create the datadsgtritis, which contains the observed status values for all
the patients. The variabfeeatment denotes the treatment received by a patient, and the vaRabf@nse
contains the response status of the patient. The varrabdecontains the frequency of the observation, which
is the number of patients with thiigeatment andResponse combination.

data Arthritis;
input Treatment $ Response Freq @@;
datalines;
Active 5 5 Active 4 11 Active 3 5 Active 2 1 Active 1 5
Placebo 5 2 Placebo 4 4 Placebo 3 7 Placebo 2 7 Placebo 1 12

The following PROC NPAR1WAY statements test the null hypothesis that there is no difference in the patient
response status against the alternative hypothesis that the patient response status differs in the two treatment
groups. The WILCOXON option requests the Wilcoxon test for difference in location, and the MEDIAN
option requests the median test for difference in location. The varfeddement is the CLASS variable, and

the VAR statement speci es that the varialesponse is the analysis variable.

The PLOTS= option requests a box plot of the Wilcoxon scores and a median pRidjasnse classi ed by
Treatment. ODS Graphics must be enabled before producing plots.

ods graphics on;
proc nparlway data=Arthritis wilcoxon median
plots=(wilcoxonboxplot medianplot);

class Treatment;
var Response;
freq Freq;

run;

ods graphics off;
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Output 71.1.1 shows the results of the Wilcoxon analysis. The Wilcoxon two-sample test statistic equals
999.0, which is the sum of the Wilcoxon scores for the smaller sample (Active). This sum is greater than
810.0, which is the expected value under the null hypothesis of no difference between the two samples,
Active and Placebo. The one-sidpdvalue is 0.0016, which indicates that the patient response for the Active
treatment is signi cantly more than for the Placebo group.

Output 71.1.1 Wilcoxon Two-Sample Test

Output 71.1.2 displays the box plot of Wilcoxon scores classi ediegtment, which corresponds to the
Wilcoxon analysis in Output 71.1.1. To remove figalues from the box plot display, you can specify the
NOSTATS plot option in parentheses after the WILCOXONBOXPLOT option.
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Output 71.1.2 Box Plot of Wilcoxon Scores

Output 71.1.3 shows the results of the median two-sample test. The test statistic equals 18.9167, and its
standardized value is 3.2667. The one-sidgevalue Pr > Z equals 0.0005. This supports the alternative
hypothesis that the effect of the Active treatment is greater than that of the Placebo.

Output 71.1.4 displays the median plot for the analysBexponse classi ed byTreatment. The median
plot is a stacked bar chart showing the frequencies above and below the overall median. This plot corresponds
to the median scores analysis in Output 71.1.3.
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Output 71.1.3 Median Two-Sample Test

Output 71.1.4 Median Plot



5844 F Chapter 71: The NPAR1IWAY Procedure

Example 71.2: EDF Statistics and EDF Plot

This example uses the SAS data Agtritis created in Example 71.1. The data set contains the variable
Treatment, which denotes the treatment received by a patient, and the vaRafpense, which contains

the response status of the patient. The variatdg contains the frequency of the observation, which is the
number of patients with th&eatment andResponse combination.

The following statements request empirical distribution function (EDF) statistics, which test whether the
distribution of a variable is the same across different groups. The EDF option requests the EDF analysis. The
variableTreatment is the CLASS variable, and the varialitesponse speci ed in the VAR statement is the
analysis variable. The FREQ statement nafreq as the frequency variable.

The PLOTS= option requests an EDF plot Response classi ed byTreatment. ODS Graphics must be
enabled before producing plots.

ods graphics on;

proc nparlway edf plots=edfplot data=Arthritis;
class Treatment;
var Response;
freq Freq;

run;

ods graphics off;

Output 71.2.1 shows EDF statistics that compare the two levelseafment, Active and Placebo. The
asymptotiop-value for the Kolmogorov-Smirnov test is 0.0164. This supports rejection of the null hypothesis
that the distributions are the same for the two samples.

Output 71.2.2 shows the EDF plot fBesponse classi ed byTreatment.

Output 71.2.1 Empirical Distribution Function Statistics
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