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Overview: FREQ Procedure

The FREQ procedure produces one-waptvay frequency and contingency (crosstabulation) tables. For
two-way tables, PROC FREQ computes tests and measures of associatimwdyptables, PROC FREQ
provides strati ed analysis by computing statistics across, as well as within, strata.

For one-way frequency tables, PROC FREQ computes goodness-of- t tests for equal proportions or speci ed
null proportions. For one-way tables, PROC FREQ also provides con dence limits and tests for binomial
proportions, including tests for noninferiority and equivalence.

For contingency tables, PROC FREQ can compute various statistics to examine the relationships between
two classi cation variables. For some pairs of variables, you might want to examine the existence or strength

of any association between the variables. To determine if an association exists, chi-square tests are computed.
To estimate the strength of an association, PROC FREQ computes measures of association that tend to be
close to zero when there is no association and close to the maximum (or minimum) value when there is
perfect association. The statistics for contingency tables include the following:

« chi-square tests and measures

* measures of association

risks (binomial proportions) and risk differences for 2 tables

» odds ratios and relative risks f@r 2 tables

tests for trend
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* tests and measures of agreement

« Cochran-Mantel-Haenszel statistics

PROC FREQ computes asymptotic standard errors, con dence intervals, and tests for measures of association
and measures of agreement. Exastailues and con dence intervals are available for many test statistics
and measures. PROC FREQ also performs analyses that adjust for any strati cation variables by computing
statistics across, as well as within, stratarfevay tables. These statistics include Cochran-Mantel-Haenszel
statistics and measures of agreement.

In choosing measures of association to use in analyzing a two-way table, you should consider the study design

(which indicates whether the row and column variables are dependent or independent), the measurement
scale of the variables (nominal, ordinal, or interval), the type of association that each measure is designed

to detect, and any assumptions required for valid interpretation of a measure. You should exercise care in

selecting measures that are appropriate for your data.

Similar comments apply to the choice and interpretation of test statistics. For example, the Mantel-Haenszel
chi-square statistic requires an ordinal scale for both variables and is designed to detect a linear association.
The Pearson chi-square, on the other hand, is appropriate for all variables and can detect any kind of
association, but it is less powerful for detecting a linear association because its power is dispersed over a
greater number of degrees of freedom (excepgfor2 tables).

For more information about selecting the appropriate statistical analyses, see Agresti (2007) and Stokes,
Davis, and Koch (2012).

Several SAS procedures produce frequency counts; only PROC FREQ computes chi-square tests for one-way
to n-way tables and measures of association and agreement for contingency tables. Other procedures to
consider for counting include the TABULATE and UNIVARIATE procedures. When you want to produce
contingency tables and tests of association for sample survey data, use PROC SURVEYFREQ. See Chapter 14,
“Introduction to Survey Procedures,” for more information. When you want to t models to categorical data,
use a procedure such as CATMOD, GENMOD, GLIMMIX, LOGISTIC, PROBIT, or SURVEYLOGISTIC.

See Chapter 8, “Introduction to Categorical Data Analysis Procedures,” for more information.

PROC FREQ 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 FREQ into a SAS data set. See the section “ODS Table Names” on page 2721 for more
information.

PROC FREQ 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 FREQ procedure, see the PLOTS= option in the TABLES statement and the
section “ODS Graphics” on page 2725.
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Getting Started: FREQ Procedure

Frequency Tables and Statistics
The FREQ procedure provides easy access to statistics for testing for association in a crosstabulation table.

In this example, high school students applied for courses in a summer enrichment program; these courses
included journalism, art history, statistics, graphic arts, and computer programming. The students accepted

were randomly assigned to classes with and without internships in local companies. Table 40.1 contains

counts of the students who enrolled in the summer program by gender and whether they were assigned an
internship slot.

Table 40.1 Summer Enrichment Data

Enrollment
Gender Internship | Yes No | Total
boys yes 35 29| 64
boys no 14 27| 41
girls yes 32 10| 42
girls no 53 23| 76

The SAS data s&summerSchool is created by inputting the summer enrichment data as cell count data, or
providing the frequency count for each combination of variable values. The following DATA step statements
create the SAS data setmmerSchool:

data SummerSchool,
input Gender $ Internship $ Enrollment $ Count @@;
datalines;

boys yes yes 35 boys yes no 29

boys no yes 14 boys no no 27

girls yes yes 32  girls yes no 10

girls no yes 53  girls no no 23

The variableGender takes the values "boys' or “girls,’ the variabteernship takes the values “yes' and

‘no,' and the variabl&nrollment takes the values “yes' and "no." The varialeunt contains the number of
students that correspond to each combination of data values. The double at sign (@ @) indicates that more
than one observation is included on a single data line. In this DATA step, two observations are included on
each line.

Researchers are interested in whether there is an association between internship status and summer program
enrollment. The Pearson chi-square statistic is an appropriate statistic to assess the association in the
correspondin@ 2 table. The following PROC FREQ statements specify this analysis.
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You specify the table for which you want to compute statistics with the TABLES statement. You specify the
statistics you want to compute with options after a slash (/) in the TABLES statement.

proc freq data=SummerSchool order=data;
tables Internship * Enrollment / chisq;
weight Count;

run;

The ORDER= option controls the order in which variable values are displayed in the rows and columns
of the table. By default, the values are arranged according to the alphanumeric order of their unformatted
values. If you specify ORDER=DATA, the data are displayed in the same order as they occur in the input
data set. Here, because “yes' appears before "no' in the data, ‘yes' appears rstin any table. Other options
for controlling order include ORDER=FORMATTED, which orders according to the formatted values, and
ORDER=FREQUENCY, which orders by descending frequency count.

In the TABLES statementnternship* Enroliment speci es a table where the rows are internship status and the
columns are program enroliment. The CHISQ option requests chi-square statistics for assessing association
between these two variables. Because the input data are in cell count form, the WEIGHT statement is required.
The WEIGHT statement names the variabtunt, which provides the frequency of each combination of

data values.

Figure 40.1 presents the crosstabulatiomtdrnship andEnroliment. In each cell, the values printed under

the cell count are the table percentage, row percentage, and column percentage, respectively. For example, in
the rst cell, 63.21 percent of the students offered courses with internships accepted them and 36.79 percent
did not.

Figure 40.1 Crosstabulation Table
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Figure 40.2 displays the statistics produced by the CHISQ option. The Pearson chi-square statistic is labeled
"Chi-Square' and has a value of 0.8189 with 1 degree of freedom. The assqeiatkak is 0.3655, which

means that there is no signi cant evidence of an association between internship status and program enrollment.
The other chi-square statistics have similar values and are asymptotically equivalent. The other statistics (phi
coef cient, contingency coef cient, and Craméng) are measures of association derived from the Pearson
chi-square. For Fisher's exact test, the two-sidedlue is 0.4122, which also shows no association between
internship status and program enroliment.

Figure 40.2 Statistics Produced with the CHISQ Option

The analysis, so far, has ignored gender. However, it might be of interest to ask whether program enroliment
is associated with internship status after adjusting for gender. You can address this question by doing an
analysis of a set of tables (in this case, by analyzing the set consisting of one for boys and one for girls). The
Cochran-Mantel-Haenszel (CMH) statistic is appropriate for this situation: it addresses whether rows and
columns are associated after controlling for the strati cation variable. In this case, you would be stratifying
by gender.

The PROC FREQ statements for this analysis are very similar to those for the rst analysis, except that there
is a third variableGender, in the TABLES statement. When you cross more than two variables, the two
rightmost variables construct the rows and columns of the table, respectively, and the leftmost variables
determine the strati cation.

The following PROC FREQ statements also request frequency plots for the crosstabulation tables. PROC
FREQ produces these plots by using ODS Graphics to create graphs as part of the procedure output.
ODS Graphics must be enabled before producing plots. The PLOTS(ONLY)=FREQPLOT option requests
frequency plots. The TWOWAY=CLUSTEROt-option speci es a cluster layout for the two-way frequency

plots.
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ods graphics on;
proc freq data=SummerSchool;
tables Gender =Internship  *Enrollment /
chisq cmh plots(only)=fregplot(twoway=cluster);
weight Count;
run;
ods graphics off;

This execution of PROC FREQ rst produces two individual crosstabulation tablastefiship by
Enroliment. one for boys and one for girls. Frequency plots and chi-square statistics are produced for
each individual table. Figure 40.3, Figure 40.4, and Figure 40.5 show the results for boys. Note that the
chi-square statistic for boys is signi cant at theD 0:05level of signi cance. Boys offered a course with an
internship are more likely to enroll than boys who are not.

Figure 40.4 displays the frequency plotiofernship by Enroliment for boys. By default, frequency plots are
displayed as bar charts. You can use PLOTS= options to request dot plots instead of bar charts, to change
the orientation of the bars from vertical to horizontal, and to change the scale from frequencies to percents.
You can also use PLOTS= options to specify other two-way layouts (stacked, vertical groups, or horizontal
groups) and to change the primary grouping from column levels to row levels.

Figure 40.6, Figure 40.7, and Figure 40.8 display the crosstabulation table, frequency plot, and chi-square
statistics for girls. You can see that there is no evidence of association between internship offers and program
enrollment for girls.

Figure 40.3 Crosstabulation Table for Boys
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Figure 40.4 Frequency Plot for Boys

Figure 40.5 Chi-Square Statistics for Boys
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Figure 40.6 Crosstabulation Table for Girls

Figure 40.7 Frequency Plot for Girls
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Figure 40.8 Chi-Square Statistics for Girls

These individual table results demonstrate the occasional problems with combining information into one table
and not accounting for information in other variables sucasder. Figure 40.9 contains the CMH results.
There are three summary (CMH) statistics; which one you use depends on whether your rows and/or columns
have an order im ¢ tables. However, in the case ®f 2 tables, ordering does not matter and all three
statistics take the same value. The CMH statistic follows the chi-square distribution under the hypothesis
of no association, and here, it takes the value 4.0186 with 1 degree of freedom. The aspocidtieds

0.0450, which indicates a signi cant association at the 0:05level.

Thus, when you adjust for the effect of gender in these data, there is an association between internship and
program enrollment. But, if you ignore gender, no association is found. Note that the CMH option also
produces other statistics, including estimates and con dence limits for relative risk and odds ra#iosZor

tables and the Breslow-Day Test. These results are not displayed here.

Figure 40.9 Test for the Hypothesis of No Association
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Agreement Study

Medical researchers are interested in evaluating the ef cacy of a new treatment for a skin condition. Derma-
tologists from participating clinics were trained to conduct the study and to evaluate the condition. After the
training, two dermatologists examined patients with the skin condition from a pilot study and rated the same
patients. The possible evaluations are terrible, poor, marginal, and clear. Table 40.2 contains the data.

Table 40.2 Skin Condition Data

Dermatologist 2
Dermatologist 1 | Terrible  Poor  Marginal  Clear
Terrible 10 4 1 0
Poor 5 10 12 2
Marginal 2 4 12 5
Clear 0 2 6 13

The following DATA step statements create the SAS datakietCondition. The dermatologists' evaluations
of the patients are contained in the variatitesm1 andDerm2; the variableCount is the number of patients

given a particular pair of ratings.

data SkinCondition;

input Derml1 $ Derm2 $ Count;

datalines;
terrible terrible 10
terrible poor 4
terrible marginal 1
terrible clear 0
poor terrible 5
poor poor 10
poor marginal 12
poor clear 2
marginal terrible 2
marginal poor 4
marginal marginal 12
marginal clear 5
clear terrible O
clear poor 2
clear marginal 6
clear 13

clear
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The following PROC FREQ statements request an agreement analysis of the skin condition data. In order
to evaluate the agreement of the diagnoses (a possible contribution to measurement error in the study), the
kappa coef cientis computed.

The TABLES statement requests a crosstabulation of the variBblesl andDerm2. The AGREE option in

the TABLES statement requests the kappa coef cient, together with its standard error and con dence limits.
The KAPPA option in the TEST statement requests a test for the null hypothesis that kappa equals zero, or
that the agreement is purely by chance. The NOPRINT option in the TABLES statement suppresses the
display of the two-way table. The PLOTS= option requests an agreement plot for the two dermatologists.
ODS Graphics must be enabled before producing plots.

ods graphics on;

proc freq data=SkinCondition order=data;
tables Derml *Derm2 /

agree noprint plots=agreeplot;

test kappa;
weight Count;

run;

ods graphics off;

Figure 40.10 and Figure 40.11 show the results. The kappa coef cient has the value 0.3449, which indicates
some agreement between the dermatologists, and the hypothesis test con rms that you can reject the null
hypothesis of no agreement. This conclusion is further supported by the con dence interval of (0.2030,
0.4868), which suggests that the true kappa is greater than zero. The AGREE option also produces Bowker's
test for symmetry and the weighted kappa coef cient, but that output is not shown here. Figure 40.11 displays
the agreement plot for the ratings of the two dermatologists.

Figure 40.10 Agreement Study
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Figure 40.11 Agreement Plot

Syntax: FREQ Procedure

The following statements are available in the FREQ procedure:

PROC FREQ < options > ;
BY variables ;
EXACT statistic-options < / computation-options > ;
OUTPUT <OUT=SAS-data-set > output-options ;
TABLES requests < / options > ;
TEST options ;
WEIGHT variable < / option > ;
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The PROC FREQ statement is the only required statement for the FREQ procedure. If you specify the

following statements, PROC FREQ produces a one-way frequency table for each variable in the most recently
created data set.

proc freq;
run;

Table 40.3summarizes the basic functions of the procedure statements. The following sections provide
detailed syntax information for the BY, EXACT, OUTPUT, TABLES, TEST, and WEIGHT statements in
alphabetical order after the description of the PROC FREQ statement.

Table 40.3 Summary of PROC FREQ Statements

Statement Description

BY Provides separate analyses for each BY group

EXACT Requests exact tests

OUTPUT  Requests an output data set

TABLES  Speci es tables and requests analyses

TEST Requests tests for measures of association and agreement
WEIGHT Identi es a weight variable

PROC FREQ Statement
PROC FREQ < options > ;

The PROC FREQ statement invokes the FREQ procedure. Optionally, it also identi es the input data set. By
default, the procedure uses the most recently created SAS data set.

Table 40.4 lists theptions available in the PROC FREQ statement. Descriptions obgtiens follow in
alphabetical order.

Table 40.4 PROC FREQ Statement Options

Option Description

COMPRESS Begins the next one-way table on the current page

DATA= Names the input data set

FORMCHAR= Speci es the outline and cell divider characters for crosstabulation tables
NLEVELS Displays the number of levels for all TABLES variables

NOPRINT Suppresses all displayed output

ORDER= Speci es the order for reporting variable values

PAGE Displays one table per page

You can specify the followingptions in the PROC FREQ statement.

COMPRESS

begins display of the next one-way frequency table on the same page as the preceding one-way table if
there is enough space to begin the table. By default, the next one-way table begins on the current page
only if the entire table ts on that page. The COMPRESS option is not valid with the PAGE option.
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DATA=SAS-data-set
names th&AS-data-set to be analyzed by PROC FREQ. If you omit the DATA= option, the procedure
uses the most recently created SAS data set.

FORMCHAR(1,2,7)="formchar-string'
de nes the characters to be used for constructing the outlines and dividers for the cells of crosstabulation
table displays. Théermchar-string should be three characters long. The characters are used to draw
the vertical separators (1), the horizontal separators (2), and the vertical-horizontal intersections (7). If
you do not specify the FORMCHAR= option, PROC FREQ uses FORMCHAR(1,2,7)="|-+" by default.
Table 40.5 summarizes the formatting characters used by PROC FREQ.

Table 40.5 Formatting Characters Used by PROC FREQ

Position Default Used to Draw

1 | Vertical separators
2 - Horizontal separators
7 + Intersections of vertical and horizontal separators

The FORMCHAR= option can specify 20 different SAS formatting characters used to display output;
however, PROC FREQ uses only the rst, second, and seventh formatting characters. Therefore, the
proper speci cation for PROC FREQ is FORMCHAR(1,2,7jermchar-string".

Specifying all blanks foformchar-string produces crosstabulation tables with no outlines or dividers—
for example, FORMCHAR(1,2,7)="". You can use any charactefoimchar-string, including
hexadecimal characters. If you use hexadecimal characters, you mustpaft@nthe closing quote.

For information about which hexadecimal codes to use for which characters, see the documentation for
your hardware.

See the CALENDAR, PLOT, and TABULATE procedures in tBase SAS Procedures Guifitie more
information about form characters.

NLEVELS
displays the “Number of Variable Levels” table, which provides the number of levels for each variable
named in the TABLES statements. See the section “Number of Variable Levels Table” on page 2712 for
details. PROC FREQ determines the variable levels from the formatted variable values, as described in
the section “Grouping with Formats” on page 2642.

NOPRINT
suppresses the display of all output. You can use the NOPRINT option when you only want to create
an output data set. See the section “Output Data Sets” on page 2709 for information about the output
data sets produced by PROC FREQ. Note that the NOPRINT option temporarily disables the Output
Delivery System (ODS). For more information, see Chapter 20, “Using the Output Delivery System.”

NoTE: A NOPRINT option is also available in the TABLES statement. It suppresses display of the
crosstabulation tables but allows display of the requested statistics.

ORDER=DATA | FORMATTED | FREQ | INTERNAL
speci es the order of the variable levels in the frequency and crosstabulation tables, which you request
in the TABLES statement.

The ORDER= option can take the following values:
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Value of ORDER= Levels Ordered By
DATA Order of appearance in the input data set
FORMATTED External formatted value, except for numeric variables with

no explicit format, which are sorted by their unformatted
(internal) value

FREQ Descending frequency count; levels with the most observa-
tions come rst in the order
INTERNAL Unformatted value

By default, ORDER=INTERNAL. The FORMATTED and INTERNAL orders are machine-dependent.
The ORDER= option does not apply to missing values, which are always ordered rst.

For more information about sort order, see the chapter on the SORT procedureBasheSAS
Procedures Guidand the discussion of BY-group processingiaS Language Reference: Concepts

PAGE

displays only one table per page. Otherwise, PROC FREQ displays multiple tables per page as space
permits. The PAGE option is not valid with the COMPRESS option.

BY Statement
BY variables ;

You can specify a BY statement with PROC FREQ 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 FREQ procedure.
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 discussibA$Language Reference: Concepts
For more information about the DATASETS procedure, see the discussionBa#®&eSAS Procedures Guide

EXACT Statement

EXACT statistic-options < / computation-options > ;
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The EXACT statement requests exact tests and con dence limits for selected statisticsatiblie-options
identify which statistics to compute, and themputation-options specify options for computing exact
statistics. See the section “Exact Statistics” on page 2704 for details.

NoTE: PROC FREQ 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 considerable 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 @xealues. You can request

Monte Carlo estimation by specifying the M@mputation-option in the EXACT statement. See the section
“Computational Resources” on page 2707 for more information.

Statistic Options

Thestatistic-options specify which exact tests and con dence limits to compute. Table 40.6 lists the available
statistic-options and the exact statistics that are computed. Descriptions atdtistic-options follow the
table in alphabetical order.

For one-way tables, exaptvalues are available for binomial proportion tests, the chi-square goodness-of- t
test, and the likelihood ratio chi-square test. Exact (Clopper-Pearson) con dence limits are available for the
binomial proportion.

For two-way tables, exagtvalues are available for the following tests: Pearson chi-square test, likelihood
ratio chi-square test, Mantel-Haenszel chi-square test, Fisher's exact test, Jonckheere-Terpstra test, and
Cochran-Armitage test for trend. Exgetalues are also available for tests of the following statistics: Pearson
correlation coef cient, Spearman correlation coef cient, Kendall's taistuart's taue, SomersD.C jR/,
Somers'D.R jC/, simple kappa coef cient, and weighted kappa coef cient.

For2 2tables, PROC FREQ provides the exact McNemar's test, exact con dence limits for the odds ratio,
and Barnard's unconditional exact test for the risk (proportion) difference. PROC FREQ also provides exact
unconditional con dence limits for the risk difference and for the relative risk (ratio of proportions). For
stratied 2 2tables, PROC FREQ provides Zelen's exact test for equal odds ratios, exact con dence limits
for the common odds ratio, and an exact test for the common odds ratio.

Most of thestatistic-option names listed in Table 40.6 are identical to the corresponding option names in the
TABLES and OUTPUT statements. You can request exact computations for groups of statistics by using
statistic-options that are identical to the TABLES statement options CHISQ, MEASURES, and AGREE. For
example, when you specify the CHISfatistic-option in the EXACT statement, PROC FREQ computes
exactp-values for the Pearson chi-square, likelihood ratio chi-square, and Mantel-Haenszel chi-square tests
for two-way tables. You can request an exact test for an individual statistic by specifying the corresponding
statistic-option from the list in Table 40.6.

Using the EXACT Statement with the TABLES Statement

You must use a TABLES statement with the EXACT statement. If you use only one TABLES statement, you
do not need to specify the same options in both the TABLES and EXACT statements; when you specify a
statistic-option in the EXACT statement, PROC FREQ automatically invokes the corresponding TABLES
statement option. However, when you use an EXACT statement with multiple TABLES statements, you must
specify options in the TABLES statements to request statistics. PROC FREQ then provides exact tests or
con dence limits for those statistics that you also specify in the EXACT statement.
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Table 40.6 EXACT Statement Statistic Options

Statistic Option

Exact Statistics

AGREE McNemar's test (fo2 2 tables), simple kappa test,
weighted kappa test
BARNARD Barnard's test (fo2 2 tables)

BINOMIAL | BIN
CHISQ

Binomial proportion tests for one-way tables
Chi-square goodness-of- t test for one-way tables;
Pearson chi-square, likelihood ratio chi-square, and
Mantel-Haenszel chi-square tests for two-way tables

COMOR Con dence limits for the common odds ratio,
common odds ratio test (fdr 2 2 tables)

EQOR | ZELEN Zelen's test for equal odds ratios (fior 2 2 tables)

FISHER Fisher's exact test

JT Jonckheere-Terpstra test

KAPPA Test for the simple kappa coef cient

KENTB | TAUB Test for Kendall's taubd

LRCHI Likelihood ratio chi-square test (one-way and two-way tables)

MCNEM McNemar's test (fo2 2 tables)

MEASURES Tests for the Pearson correlation and Spearman correlation,
con dence limits for the odds ratio (f@2 2 tables)

MHCHI Mantel-Haenszel chi-square test

OR | ODDSRATIO
PCHI

Con dence limits for the odds ratio (far 2 tables)
Pearson chi-square test (one-way and two-way tables)

PCORR Test for the Pearson correlation coef cient

RELRISK Con dence limits for the relative risk (f 2 tables)
RISKDIFF Con dence limits for the proportion difference (f@ 2 tables)
SCORR Test for the Spearman correlation coef cient

SMDCR Test for Somerd.C jR/

SMDRC Test for SomerdD.R jC/

STUTC | TAUC Test for Stuart's tao-

TREND Cochran-Armitage test for trend

WTKAP | WTKAPPA Test for the weighted kappa coef cient

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

AGREE
requests exact tests for the simple and weighted kappa coef cients and McNemar's exact test. “Tests
and Measures of Agreement” on page 2690 and “Exact Statistics” on page 2704 for details.

The AGREE option in the TABLES statement provides the simple and weighted kappa coef cients
(with their standard errors and con dence limits) and the asymptotic McNemar's test. The AGREE
option in the TEST statement provides asymptotic tests for the kappa coef cients.

Kappa coef cients can be computed for square two-way tables, where the number of rows equals
the number of columns. F& 2 tables, the weighted kappa coef cient equals the simple kappa
coef cient, and PROC FREQ displays only the simple kappa coef cient. McNemar's test is available
for2 2tables.
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BARNARD

requests Barnard's exact unconditional test for the risk (proportion) differen@ f@&tables. See the
section “Barnard's Unconditional Exact Test” on page 2680 for details. The RISKDIFF option in the
TABLES statement provides risk difference estimates, con dence limits, and asymptotic tests. See the
section “Risks and Risk Differences” on page 2671 for more information.

BINOMIAL

BIN

requests exact tests for the binomial proportion (for one-way tables). See the section “Binomial Tests”
on page 2666 for details. The BINOMIAL option in the TABLES statement provides con dence limits
and asymptotic tests for the binomial proportion. See the section “Binomial Proportion” on page 2663
for more information.

CHISQ

requests exact tests for the Pearson chi-square, likelihood ratio chi-square, and Mantel-Haenszel
chi-square for two-way tables. See the section “Chi-Square Tests and Statistics” on page 2648 for
details. The CHISQ option in the TABLES statement provides asymptotic tests for these statistics.

For one-way tables, the CHISQ option requests the exact chi-square goodness-of- t test. See the
section “Chi-Square Test for One-Way Tables” on page 2648 for details.

COMOR

requests an exact test and exact con dence limits for the common odds ratio for m2tiwayables.

See the section “Exact Con dence Limits for the Common Odds Ratio” on page 2701 for details. The
CMH option in the TABLES statement provides Mantel-Haenszel and logit estimates and asymptotic
con dence limits for the common odds ratio.

EQOR
ZELEN

requests Zelen's exact test for equal odds ratios, which is available for muliwatables. See the
section “Zelen's Exact Test for Equal Odds Ratios” on page 2701 for details. The CMH option in the
TABLES statement provides the asymptotic Breslow-Day test for homogeneity of odds ratios.

FISHER

request Fisher's exact test. See the sections “Fisher's Exact Test” on page 2651 and “Exact Statistics”
on page 2704 for details. F@ 2 tables, the CHISQ option in the TABLES statement provides
Fisher's exact test. For geneRl C tables, Fisher's exact test is also known as the Freeman-Halton
test.

JT
requests the exact Jonckheere-Terpstra test. See the sections “Jonckheere-Terpstra Test” on page 2689
and “Exact Statistics” on page 2704 for details. The JT option in the TABLES statement provides the
asymptotic Jonckheere-Terpstra test.

KAPPA

requests an exact test for the simple kappa coef cient. See the sections “Simple Kappa Coef cient”
on page 2691 and “Exact Statistics” on page 2704 for details. The AGREE option in the TABLES
statement provides the simple kappa estimate, standard error, and con dence limits. The KAPPA
option in the TEST statement provides the asymptotic test for the simple kappa coef cient.

Kappa coef cients are de ned only for square tables, where the number of rows equals the number of
columns. PROC FREQ does not compute kappa coef cients for tables that are not square.
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KENTB

TAUB
requests an exact test for Kendall's tauSee the sections “Kendall's Tau-b” on page 2655 and “Exact
Statistics” on page 2704 for details. The MEASURES option in the TABLES statement provides the
Kendall's taub estimate and standard error. The KENTB option in the TEST statement provides an
asymptotic test for Kendall's tab-

LRCHI
requests an exact test for the likelihood ratio chi-square for two-way tables. See the sections “Likelihood
Ratio Chi-Square Test” on page 2650 and “Exact Statistics” on page 2704 for details. For one-way
tables, the LRCHI option requests an exact likelihood ratio goodness-of- t test. See the section
“Likelihood Ratio Chi-Square Test for One-Way Tables” on page 2650 for details.

The CHISQ option in the TABLES statement provides asymptotic likelihood ratio chi-square tests.

MCNEM
requests the exact McNemar's test. See the sections “McNemar's Test” on page 2691 and “Exact
Statistics” on page 2704 for details. The AGREE option in the TABLES statement provides the
asymptotic McNemar's test.

MEASURES
requests exact tests for the Pearson and Spearman correlations. See the sections “Pearson Correlation
Coef cient” on page 2657, “Spearman Rank Correlation Coef cient” on page 2658, and “Exact
Statistics” on page 2704 for details. The PCORR and SCORR options in the TEST statement provide
asymptotic tests for the Pearson and Spearman correlations, respectively.

This option also requests exact con dence limits for the odds rati@ f@tables. For more information,

see the sections “Odds Ratio” on page 2683 and “Exact Con dence Limits for the Odds Ratio” on
page 2684. The MEASURES, OR(CL=), and RELRISK options in the TABLES statement provide
asymptotic con dence limits for the odds ratio.

MHCHI
requests an exact test for the Mantel-Haenszel chi-square. See the sections “Mantel-Haenszel Chi-
Square Test” on page 2651 and “Exact Statistics” on page 2704 for details. The CHISQ option in the
TABLES statement provides the asymptotic Mantel-Haenszel chi-square test.

OR

ODDSRATIO
requests exact con dence limits for the odds ratio 2or 2 tables. For more information, see the
sections “Odds Ratio” on page 2683 and “Exact Con dence Limits for the Odds Ratio” on page 2684.
The MEASURES, OR(CL=), and RELRISK options in the TABLES statement provide asymptotic
con dence limits for the odds ratio.
You can set the con dence level by specifying the ALPHA= option in the TABLES statement. The
default of ALPHA=0.05 produces 95% con dence limits.

PCHI

requests an exact test for the Pearson chi-square for two-way tables. See the sections “Pearson Chi-
Square Test for Two-Way Tables” on page 2649 and “Exact Statistics” on page 2704 for details. For
one-way tables, the PCHI option requests an exact chi-square goodness-of- t test. See the section
“Chi-Square Test for One-Way Tables” on page 2648 for details. The CHISQ option in the TABLES
statement provides asymptotic chi-square tests.
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PCORR
requests an exact test for the Pearson correlation coef cient. See the sections “Pearson Correlation
Coef cient” on page 2657 and “Exact Statistics” on page 2704 for details. The MEASURES option
in the TABLES statement provides the Pearson correlation estimate and standard error. The PCORR
option in the TEST statement provides an asymptotic test for the Pearson correlation.

RELRISK < (options) >
requests exact unconditional con dence limits for the relative risk2for2 tables. PROC FREQ
computes the con dence limits by inverting two separate one-sided exact tests (Santner and Snell
1980). By default, this computation uses the unstandardized relative risk as the test statistic. If you
specify the RELRISK(METHOD=SCORE) option, the computation uses the score statistic (Chan and
Zhang 1999). For more information, see the section “Exact Unconditional Con dence Limits for the
Relative Risk” on page 2686.

You can set the con dence level by specifying the ALPHA= option in the TABLES statement. The
default of ALPHA=0.05 produces 95% con dence limits.

The RELRISK and MEASURES options in the TABLES statement provide asymptotic con dence
limits for the relative risk. For more information, see the section “Relative Risks” on page 2685.

You can specify the followingptions:

COLUMN=1 | 2 | BOTH
speci es the table column for which to compute the relative risk. The defaGiOEUMN=1,
which provides exact con dence limits for the column 1 relative risk. If you specify
COLUMN=BOTH, PROC FREQ provides exact con dence limits for both column 1 and column
2 relative risks.

METHOD=SCORE
requests exact unconditional con dence limits that are based on the score statistic (Chan and
Zhang 1999). For more information, see the section “Exact Unconditional Con dence Limits for
the Relative Risk” on page 2686. If you do not specify METHOD=SCORE, by default the exact
con dence limit computations are based on the unstandardized relative risk.

RISKDIFF < (options) >
requests exact unconditional con dence limits for the risk differencfoi2 tables. PROC FREQ
computes the con dence limits by inverting two separate one-sided exact tests (Santner and Snell
1980). By default, this computation uses the unstandardized risk difference as the test statistic. If you
specify the RISKDIFF(METHOD=SCORE) option, the computation uses the score statistic (Chan and
Zhang 1999). See the section “Exact Unconditional Con dence Limits for the Risk Difference” on
page 2679 for more information.

You can set the con dence level by specifying the ALPHA= option in the TABLES statement. The
default of ALPHA=0.05 produces 95% con dence limits.

The RISKDIFF option in the TABLES statement provides asymptotic con dence limits for the risk
difference, including Wald, Newcombe, and Miettinen-Nurminen (score) con dence limits. See the
section “Risk Difference Con dence Limits” on page 2672 for more information.

You can specify the followingptions:
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COLUMN=1 | 2 | BOTH
speci es the table column for which to compute the risk difference. The default is
COLUMN=BOTH, which provides exact con dence limits for both column 1 and column
2 risk differences.

METHOD=SCORE
requests exact unconditional con dence limits that are based on the score statistic (Chan and
Zhang 1999). See the section “Exact Unconditional Con dence Limits for the Risk Difference”
on page 2679 for more information. If you do not specify METHOD=SCORE, by default the
exact con dence limit computations are based on the unstandardized risk difference.

SCORR
requests an exact test for the Spearman correlation coef cient. See the sections “Spearman Rank
Correlation Coef cient” on page 2658 and “Exact Statistics” on page 2704 for details. The MEASURES
option in the TABLES statement provides the Spearman correlation estimate and standard error. The
SCORR option in the TEST statement provides an asymptotic test for the Spearman correlation.

SMDCR
requests an exact test for SomdpdsC jR/. See the sections “Somei3” on page 2656 and “Exact
Statistics” on page 2704 for details. The MEASURES option in the TABLES statement provides
Somers'D.C jR/ estimate and the standard error. The SMDCR option in the TEST statement provides
an asymptotic test for Somers.C jR/.

SMDRC
requests an exact test for SomdpsR jC/. See the sections “Somei3” on page 2656 and “Exact
Statistics” on page 2704 for details. The MEASURES option in the TABLES statement provides
Somers'D.R jC/ estimate and the standard error. The SMDRC option in the TEST statement requests
an asymptotic test for Somei®.C jR/.

STUTC

TAUC
requests an exact test for Stuart's musee the sections “Stuart's Tau-c” on page 2656 and “Exact
Statistics” on page 2704 for details. The MEASURES option in the TABLES statement provides
Stuart's taue estimate and the standard error. The STUTC option in the TEST statement provides an
asymptotic test for Stuart's taci-

TREND
requests the exact Cochran-Armitage test for trend. See the sections “Cochran-Armitage Test for Trend”
on page 2687 and “Exact Statistics” on page 2704 for details. The TREND option in the TABLES
statement provides the asymptotic Cochran-Armitage trend test. The trend test is available for tables of
dimension CorR 2.

WTKAP

WTKAPPA
requests an exact test for the weighted kappa coef cient. See the sections “Weighted Kappa Coef cient”
on page 2692 and “Exact Statistics” on page 2704 for details. The AGREE option in the TABLES
statement provides the weighted kappa estimate, standard error, and con dence limits. The WTKAP
option in the TEST statement provides the asymptotic test for the weighted kappa coef cient.

Kappa coef cients are de ned only for square tables, where the number of rows equals the number of
columns. PROC FREQ does not compute kappa coef cients for tables that are not squ&re. For
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tables, the weighted kappa coef cient equals the simple kappa coef cient, and PROC FREQ does not
present separate results for the weighted kappa coef cient.

Computation Options

The 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 Carpevalue estimates. The value ofmust be
between 0 and 1, and the defaultis 0.01. A con dence level pfoducesl00.1 / % con dence
limits. The default of ALPHA=.01 produces 99% con dence limits for the Monte Carlo estimates.

The ALPHA= option invokes the MC option.

MAXTIME=value

MC

MIDP

N=n

speci es the maximum clock time (in seconds) that PROC FREQ can use to compute an exact
p-value If the procedure does not complete the computation within the speci ed time, the computation
terminates. The MAXTIME=alue must be a positive number. This option is available for Monte Carlo
estimation of exagb-values as well as for direct exgetvalue computation. For more information, see

the section “Computational Resources” on page 2707.

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 2707.

This option is available for all EXAC$tatistic-options except the BINOMIAL option and the following
options that applyonlyt@ 2orh 2 2tables: BARNARD, COMOR, EQOR, MCNEM, OR,
RELRISK, and RISKDIFF. PROC FREQ always computes exact tests or con dence limits (not Monte
Carlo estimates) for these statistics.

The ALPHA=, N=, and SEED= options invoke the MC option.

requests exact migvalues for the exact tests. The exact midalue is de ned as the exaptvalue
minus half the exact point probability. For more information, see the section “De nitign\@&lues”
on page 2706.

The MIDP option is available for all EXACT statemestatistic-options except the following:
BARNARD, EQOR, OR, RELRISK, and RISKDIFF. 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. Larger valuesgiroduce more precise estimates of exaealues. Because
larger values of generate more samples, the computation time increases.

The N= option invokes the MC option.
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PFORMAT=format-name | EXACT
speci es the display format for exaptvalues. PROC FREQ applies this format to one- and two-sided
exactp-values, exact point probabilities, and exact qHdalues. By default, PROC FREQ displays
exactp-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 FREQ uses the 6.4 format to display gxaatues 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 FREQ uses to displaypexaties in releases before
SAS/STAT 12.3. Beginning in SAS/STAT 12.3, by default PROC FREQ uses the PVALUEG6.4 format

to display exacp-values.

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 more information, see the section “De nition of
p-Values” on page 2706.

The POINT option is available for all EXACT statemestatistic-options except the following:
BARNARD, EQOR, OR, RELRISK, and RISKDIFF. 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 FREQ uses the time of day from the computer's clock to obtain the initial seed.

The SEED= option invokes the MC option.

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

The OUTPUT statement creates a SAS data set that contains statistics that are computed by PROC FREQ.
Table 40.7 lists the statistics that can be stored in the output data set. You identify which statistics to include
by specifyingoutput-options.

You must use a TABLES statement with the OUTPUT statement. The OUTPUT statement stores statistics for

only one table request. If you use multiple TABLES statements, the contents of the output data set correspond
to the last TABLES statement. If you use multiple table requests in a single TABLES statement, the contents

of the output data set correspond to the last table request. Only one OUTPUT statement is allowed in a single
invocation of the procedure.

For a one-way or two-way table, the output data set contains one observation that stores the requested
statistics for the table. For a multiway table, the output data set contains an observation for each two-way
table (stratum) of the multiway crosstabulation. If you request summary statistics for the multiway table, the
output data set also contains an observation that stores the across-strata summary statistics. If you use a BY
statement, the output data set contains an observation or set of observations for each BY group. For more
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information about the contents of the output data set, see the section “Contents of the OUTPUT Statement
Output Data Set” on page 2711.

The output data set that is created by the OUTPUT statement is not the same as the output data set that
is created by the OUT= option in the TABLES statement. The OUTPUT statement creates a data set that
contains statistics (such as the Pearson chi-square gn#aise), and the OUT= option in the TABLES
statement creates a data set that contains frequency table counts and percentages. See the section “Output
Data Sets” on page 2709 for more information.

As an alternative to the OUTPUT statement, you can use the Output Delivery System (ODS) to store statistics
that PROC FREQ computes. ODS can create a SAS data set from any table that PROC FREQ produces. See
the section “ODS Table Names” on page 2721 for more information.

You can specify the followingptions in the OUTPUT statement:

OUT=SAS-data-set
speci es the name of the output data set. When you use an OUTPUT statement but do not use the
OUT= option, PROC FREQ creates a data set and names it by usibgsthe convention.

output-options
specify the statistics to include in the output data set. Table 40.7 listsuthet-options that are
available in the OUTPUT statement, together with the TABLES statement options that are required to
produce the statistics. Descriptions of theput-options follow the table in alphabetical order.

You can specifyoutput-options to request individual statistics, or you can request groups of statistics
by usingoutput-options that are identical to the group options in the TABLES statement (for example,
the CHISQ, MEASURES, CMH, AGREE, and ALL options).

When you specify aoutput-option, the output data set includes statistics from the corresponding
analysis. In addition to the estimate or test statistic, the output data set includes associated values such
as standard errors, con dence limifsyalues, and degrees of freedom. See the section “Contents of
the OUTPUT Statement Output Data Set” on page 2711 for details.

To store a statistic in the output data set, you must also request computation of that statistic with
the appropriate TABLES, EXACT, or TEST statement option. For example, the B@pllt-option

includes the Pearson chi-square in the output data set. You must also request computation of the
Pearson chi-square by specifying the CHISQ option in the TABLES statement. Or, if you use only one
TABLES statement, you can request computation of the Pearson chi-square by specifying the PCHI
or CHISQ option in the EXACT statement. Table 40.7 lists the TABLES statement options that are
required to produce the OUTPUT data set statistics.

Table 40.7 OUTPUT Statement Output Options

Output Option Output Data Set Statistics Required TABLES
Statement Option
AGREE McNemar's testd 2 tables), Bowker's test, AGREE

simple and weighted kappas; for multiple strata,
overall simple and weighted kappas, tests for equal
kappas, and Cochran@(h 2 2tables)
AJCHI Continuity-adjusted chi-squar2 ( 2 tables) CHISQ
ALL CHISQ, MEASURES, and CMH statistics; ALL
N (humber of nonmissing observations)
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Table 40.7 continued

Output Option Output Data Set Statistics Required TABLES
Statement Option

BDCHI Breslow-Day testl{f 2 2tables) CMH, CMH1, or CMH2
BINOMIAL | BIN Binomial statistics (one-way tables) BINOMIAL
CHISQ For one-way tables, goodness-of- t test; CHISQ

for two-way tables, Pearson, likelihood ratio,

continuity-adjusted, and Mantel-Haenszel

chi-squares, Fisher's exact te&t ( 2 tables),

phi and contingency coef cients, Craméns
CMH Cochran-Mantel-Haenszel (CMH) correlation, CMH

row mean scores (ANOVA), and general

association statistics; f@& 2 tables, logit

and Mantel-Haenszel common odds ratios

and relative risks, Breslow-Day test
CMH1 CMH statistics, except row mean scores (ANOVA) CMH or CMH1

and general association statistics
CMH2 CMH statistics, except general association statistic CMH or CMH2
CMHCOR CMH correlation statistic CMH, CMH1, or CMH2
CMHGA CMH general association statistic CMH
CMHRMS CMH row mean scores (ANOVA) statistic CMH or CMH2
COCHQ Cochran'®Q (h 2 2tables) AGREE
CONTGY Contingency coef cient CHISQ
CRAMV Cramér'sV CHISQ
EQKAP Test for equal simple kappas AGREE
EQOR | ZELEN Zelen's test for equal odds ratibs (2 2 tables) CMH and EXACT EQOR
EQWKP Test for equal weighted kappas AGREE
FISHER Fisher's exact test CHISQ or FISHER
GAMMA Gamma MEASURES
GS | GAILSIMON Gail-Simon test CMH(GAILSIMON)
JT Jonckheere-Terpstra test JT
KAPPA Simple kappa coef cient AGREE
KENTB | TAUB Kendall's taub MEASURES
LAMCR Lambda asymmetricC jR/ MEASURES
LAMDAS Lambda symmetric MEASURES
LAMRC Lambda asymmetricRjC/ MEASURES
LGOR Logit common odds ratio CMH, CMH1, or CMH2
LGRRC1 Logit common relative risk, column 1 CMH, CMH1, or CMH2
LGRRC2 Logit common relative risk, column 2 CMH, CMH1, or CMH2
LRCHI Likelihood ratio chi-square CHISQ
MCNEM McNemar's test2 2 tables) AGREE
MEASURES Gamma, Kendall's taloi-Stuart's taue, MEASURES

Somers'D.C jR/ andD.R jC/, Pearson and
Spearman correlations, lambda asymmetric

1CHISQ computes Fisher's exact test for 2 tables. Use the FISHER option to compute Fisher's exact test for ganeral

tables.
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Table 40.7 continued
Output Option Output Data Set Statistics Required TABLES
Statement Option

.CjR/ and.RjC/, lambda symmetric,

uncertainty coef cientsC jR/ and.RjC/,

symmetric uncertainty coef cient;

odds ratio and relative risk2 ( 2 tables)
MHCHI Mantel-Haenszel chi-square CHISQ
MHOR | COMOR Mantel-Haenszel common odds ratio CMH, CMH1, or CMH2
MHRRC1 Mantel-Haenszel common relative risk, column 1 CMH, CMH1, or CMH2
MHRRC2 Mantel-Haenszel common relative risk, column 2 CMH, CMH1, or CMH2
N Number of nonmissing observations
NMISS Number of missing observations

OR | ODDSRATIO
PCHI

PCORR

PHI

PLCORR

RDIF1

RDIF2

RELRISK
RISKDIFF
RISKDIFF1
RISKDIFF2

RRC1 | RELRISK1
RRC2 | RELRISK2
RSK1 | RISK1
RSK11 | RISK11
RSK12 | RISK12
RSK2 | RISK2
RSK21 | RISK21
RSK22 | RISK22
SCORR

SMDCR

SMDRC
STUTC | TAUC
TREND

TSYMM | BOWKER
U

UCR

URC

WTKAP | WTKAPPA

Odds ratia 2 tables) MEASURES or RELRISK

Chi-square goodness-of- t test (one-way tables), CHISQ
Pearson chi-square (two-way tables)

Pearson correlation coef cient MEASURES
Phi coef cient CHISQ
Polychoric correlation coef cient PLCORR
Column 1 risk difference (row 1 — row 2) RISKDIFF
Column 2 risk difference (row 1 — row 2) RISKDIFF
Odds ratio and relative risk2 ( 2 tables) MEASURES or RELRISK
Risks and risk differenceg ( 2 tables) RISKDIFF
Risks and risk difference, column 1 RISKDIFF
Risks and risk difference, column 2 RISKDIFF

MEASURES or RELRISK
MEASURES or RELRISK

Relative risk, column 1
Relative risk, column 2

Column 1 overall risk RISKDIFF
Column 1 risk for row 1 RISKDIFF
Column 2 risk for row 1 RISKDIFF
Column 2 overall risk RISKDIFF
Column 1 risk for row 2 RISKDIFF
Column 2 risk for row 2 RISKDIFF
Spearman correlation coef cient MEASURES
SomersD.C jR/ MEASURES
SomersD.R|C/ MEASURES
Stuart's taw MEASURES
Cochran-Armitage test for trend TREND
Bowker's test of symmetry AGREE
Symmetric uncertainty coef cient MEASURES
Uncertainty coef cientC jR/ MEASURES
Uncertainty coef cientRjC/ MEASURES
Weighted kappa coef cient AGREE

You can specify the followingutput-options in the OUTPUT statement.
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AGREE
includes the following tests and measures of agreement in the output data set: McNemar's 2esp(for
tables), Bowker's test of symmetry, the simple kappa coef cient, and the weighted kappa coef cient.
For multiway tables, the AGREE option also includes the following statistics in the output data set:
overall simple and weighted kappa coef cients, tests for equal simple and weighted kappa coef cients,
and Cochran'®Q test.

The AGREE option in the TABLES statement requests computation of tests and measures of agreement.
See the section “Tests and Measures of Agreement” on page 2690 for details about these statistics.

AGREE statistics are computed only for square tables, where the number of rows equals the number
of columns. PROC FREQ provides Bowker's test of symmetry and weighted kappa coef cients only
for tables largertha@ 2. (For2 2tables, Bowker's test is identical to McNemar's test, and the
weighted kappa coef cient equals the simple kappa coef cient.) Cochidsavailable for multiway

2 2tables.

AJCHI
includes the continuity-adjusted chi-square in the output data set. The continuity-adjusted chi-square
is available for2 2 tables and is provided by the CHISQ option in the TABLES statement. See the
section “Continuity-Adjusted Chi-Square Test” on page 2651 for details.

ALL
includes all statistics that are requested by the CHISQ, MEASURES, and @iht-options in the
output data set. ALL also includes the number of nonmissing observations, which you can request
individually by specifying the Nutput-option.

BDCHI
includes the Breslow-Day test in the output data set. The Breslow-Day test for homogeneity of odds
ratios is computed for multiwvag 2 tables and is provided by the CMH, CMH1, and CMH2 options
in the TABLES statement. See the section “Breslow-Day Test for Homogeneity of the Odds Ratios”
on page 2701 for details.

BINOMIAL

BIN
includes the binomial proportion estimate, con dence limits, and tests in the output data set. The
BINOMIAL option in the TABLES statement requests computation of binomial statistics, which are
available for one-way tables. See the section “Binomial Proportion” on page 2663 for details.

CHISQ
includes the following chi-square tests and measures in the output data set for two-way tables: Pearson
chi-square, likelihood ratio chi-square, Mantel-Haenszel chi-square, phi coef cient, contingency
coef cient, and Cramér'y. For2 2tables, CHISQ also includes Fisher's exact test and the continuity-
adjusted chi-square in the output data set. See the section “Chi-Square Tests and Statistics” on
page 2648 for details. For one-way tables, CHISQ includes the chi-square goodness-of- t test in the
output data set. See the section “Chi-Square Test for One-Way Tables” on page 2648 for details. The
CHISQ option in the TABLES statement requests computation of these statistics.

If you specify the CHISQ(WARN=OUTPUT) option in the TABLES statement, the CHISQ option also
includes the variabl@/ARN_PCHI in the output data set. This variable indicates the validity warning
for the asymptotic Pearson chi-square test.
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CMH
includes the following Cochran-Mantel-Haenszel statistics in the output data set: correlation, row
mean scores (ANOVA), and general association. For2 tables, the CMH option also includes
the Mantel-Haenszel and logit estimates of the common odds ratio and relative risks. For multiway
(stratied) 2 2tables, the CMH option includes the Breslow-Day test for homogeneity of odds ratios.
The CMH option in the TABLES statement requests computation of these statistics. See the section
“Cochran-Mantel-Haenszel Statistics” on page 2695 for details.

If you specify the CMH(MF) option in the TABLES statement, the CMH option includes the Mantel-
Fleiss analysis in the output data set. The variablesCMH andWARN_CMH contain the Mantel-
Fleiss criterion and the warning indicator, respectively.

CMH1
includes the CMH statistics in the output data set, with the exception of the row mean scores (ANOVA)
statistic and the general association statistic. The CMH1 option in the TABLES statement requests
computation of these statistics. See the section “Cochran-Mantel-Haenszel Statistics” on page 2695
for details.

CMH2
includes the CMH statistics in the output data set, with the exception of the general association statistic.
The CMH2 option in the TABLES statement requests computation of these statistics. See the section
“Cochran-Mantel-Haenszel Statistics” on page 2695 for details.

CMHCOR
includes the Cochran-Mantel-Haenszel correlation statistic in the output data set. The CMH option in
the TABLES statement requests computation of this statistic. See the section “Correlation Statistic” on
page 2697 for details.

CMHGA
includes the Cochran-Mantel-Haenszel general association statistic in the output data set. The CMH
option in the TABLES statement requests computation of this statistic. See the section “General
Association Statistic” on page 2698 for details.

CMHRMS
includes the Cochran-Mantel-Haenszel row mean scores (ANOVA) statistic in the output data set. The
CMH option in the TABLES statement requests computation of this statistic. See the section “ANOVA
(Row Mean Scores) Statistic” on page 2697 for detalils.

COCHQ
includes Cochran'§ test in the output data set. The AGREE option in the TABLES statement requests
computation of this test, which is available for multinay 2 tables. See the section “Cochra@'s
Test” on page 2694 for details.

CONTGY
includes the contingency coef cient in the output data set. The CHISQ option in the TABLES statement
requests computation of the contingency coef cient. See the section “Contingency Coef cient” on
page 2653 for details.
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CRAMV
includes Cramér'y/ in the output data set. The CHISQ option in the TABLES statement requests
computation of Cramér¥. See the section “Craméns’ on page 2653 for details.

EQKAP
includes the test for equal simple kappa coef cients in the output data set. The AGREE option in the
TABLES statement requests computation of this test, which is available for multiway, suare (r)
tables. See the section “Tests for Equal Kappa Coef cients” on page 2694 for details.

EQOR

ZELEN
includes Zelen's exact test for equal odds ratios in the output data set. The EQOR option in the EXACT
statement requests computation of this test, which is available for multwag tables. See the
section “Zelen's Exact Test for Equal Odds Ratios” on page 2701 for details.

EQWKP
includes the test for equal weighted kappa coef cients in the output data set. The AGREE option
in the TABLES statement requests computation of this test. The test for equal weighted kappas is
available for multiway, squardén( r r) tables where > 2. See the section “Tests for Equal Kappa
Coef cients” on page 2694 for details.

FISHER
includes Fisher's exact test in the output data set.2~oR tables, the CHISQ option in the TABLES
statement provides Fisher's exact test. For tables largerzha®, the FISHER option in the EXACT
statement provides Fisher's exact test. See the section “Fisher's Exact Test” on page 2651 for details.

GAMMA
includes the gamma statistic in the output data set. The MEASURES option in the TABLES statement
requests computation of the gamma statistic. See the section “Gamma” on page 2655 for details.

GS

GAILSIMON
includes the Gail-Simon test for qualitative interaction in the output data set. The CMH(GAILSIMON)
option in the TABLES statement requests computation of this test. See the section “Gail-Simon Test
for Qualitative Interactions” on page 2704 for details.

JT
includes the Jonckheere-Terpstra test in the output data set. The JT option in the TABLES statement
requests the Jonckheere-Terpstra test. See the section “Jonckheere-Terpstra Test” on page 2689 for
details.

KAPPA

includes the simple kappa coef cient in the output data set. The AGREE option in the TABLES
statement requests computation of kappa, which is available for square tables (where the number of
rows equals the number of columns). For multiway square tables, the KAPPA option also includes
the overall kappa coef cient in the output data set. See the sections “Simple Kappa Coef cient” on
page 2691 and “Overall Kappa Coef cient” on page 2694 for details.
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KENTB

TAUB
includes Kendall's tals in the output data set. The MEASURES option in the TABLES statement
requests computation of Kendall's téuSee the section “Kendall's Tau-b” on page 2655 for details.

LAMCR
includes the asymmetric lambd& jR/ in the output data set. The MEASURES option in the
TABLES statement requests computation of lambda. See the section “Lambda (Asymmetric)” on
page 2660 for details.

LAMDAS
includes the symmetric lambda in the output data set. The MEASURES option in the TABLES
statement requests computation of lambda. See the section “Lambda (Symmetric)” on page 2661 for
details.

LAMRC
includes the asymmetric lambd&® jC/ in the output data set. The MEASURES option in the
TABLES statement requests computation of lambda. See the section “Lambda (Asymmetric)” on
page 2660 for details.

LGOR
includes the logit estimate of the common odds ratio in the output data set. The CMH option in the
TABLES statement requests computation of this statistic, which is availab® f@&tables. See the
section “Adjusted Odds Ratio and Relative Risk Estimates” on page 2699 for details.

LGRRC1
includes the logit estimate of the common relative risk (column 1) in the output data set. The CMH
option in the TABLES statement requests computation of this statistic, which is availalde far
tables. See the section “Adjusted Odds Ratio and Relative Risk Estimates” on page 2699 for details.

LGRRC2
includes the logit estimate of the common relative risk (column 2) in the output data set. The CMH
option in the TABLES statement requests computation of this statistic, which is availal2le f&r
tables. See the section “Adjusted Odds Ratio and Relative Risk Estimates” on page 2699 for details.

LRCHI
includes the likelihood ratio chi-square in the output data set. The CHISQ option in the TABLES
statement requests computation of the likelihood ratio chi-square. See the section “Likelihood Ratio
Chi-Square Test” on page 2650 for details.

MCNEM
includes McNemar's test (f@2 2 tables) in the output data set. The AGREE option in the TABLES
statement requests computation of McNemar's test. See the section “McNemar's Test” on page 2691
for details.

MEASURES
includes the following measures of association in the output data set: gamma, Kenddl|'Staast's
tauc, Somers'D.C jR/, Somers'D.R jC/, Pearson and Spearman correlation coef cients, lambda
(symmetric and asymmetric), and uncertainty coef cients (symmetric and asymmetri@. Rdables,
the MEASURES option also includes the odds ratio, column 1 relative risk, and column 2 relative risk.
The MEASURES option in the TABLES statement requests computation of these statistics. See the
section “Measures of Association” on page 2653 for details.
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MHCHI
includes the Mantel-Haenszel chi-square in the output data set. The CHISQ option in the TABLES
statement requests computation of the Mantel-Haenszel chi-square. See the section “Mantel-Haenszel
Chi-Square Test” on page 2651 for details.

MHOR

COMOR
includes the Mantel-Haenszel estimate of the common odds ratio in the output data set. The CMH
option in the TABLES statement requests computation of this statistic, which is availalde far
tables. See the section “Adjusted Odds Ratio and Relative Risk Estimates” on page 2699 for details.

MHRRC1
includes the Mantel-Haenszel estimate of the common relative risk (column 1) in the output data set.
The CMH option in the TABLES statement requests computation of this statistic, which is available
for2 2tables. See the section “Adjusted Odds Ratio and Relative Risk Estimates” on page 2699 for
details.

MHRRC2
includes the Mantel-Haenszel estimate of the common relative risk (column 2) in the output data set.
The CMH option in the TABLES statement requests computation of this statistic, which is available
for2 2tables. See the section “Adjusted Odds Ratio and Relative Risk Estimates” on page 2699 for

details.

N
includes the number of nonmissing observations in the output data set.

NMISS
includes the number of missing observations in the output data set. See the section “Missing Values”
on page 2643 for details about how PROC FREQ handles missing values.

OR

ODDSRATIO

RROR
includes the odds ratio (f& 2 tables) in the output data set. The MEASURES, OR(CL=), and
RELRISK options in the TABLES statement request this statistic. For more information, see the
section “Odds Ratio” on page 2683.

PCHI

includes the Pearson chi-square in the output data set for two-way tables. See the section “Pearson
Chi-Square Test for Two-Way Tables” on page 2649 for details. For one-way tables, the PCHI option
includes the chi-square goodness-of- t test in the output data set. See the section “Chi-Square Test for
One-Way Tables” on page 2648 for details. The CHISQ option in the TABLES statement requests
computation of these statistics.

If you specify the CHISQ(WARN=OUTPUT) option in the TABLES statement, the PCHI option also
includes the variabl@/ARN_PCHI in the output data set. This variable indicates the validity warning
for the asymptotic Pearson chi-square test.
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PCORR
includes the Pearson correlation coef cient in the output data set. The MEASURES option in the TA-
BLES statement requests computation of the Pearson correlation. See the section “Pearson Correlation
Coef cient” on page 2657 for details.

PHI
includes the phi coef cient in the output data set. The CHISQ option in the TABLES statement requests
computation of the phi coef cient. See the section “Phi Coef cient” on page 2653 for details.

PLCORR
includes the polychoric correlation coef cient in the output data set.Z-orR tables, this statistic
is known as the tetrachoric correlation coef cient. The PLCORR option in the TABLES statement
requests computation of the polychoric correlation. See the section “Polychoric Correlation” on
page 2659 for details.

RDIF1
includes the column 1 risk difference (row 1 —row 2) in the output data set. The RISKDIFF option
in the TABLES statement requests computation of risks and risk differences, which are available for
2 2tables. See the section “Risks and Risk Differences” on page 2671 for details.

RDIF2
includes the column 2 risk difference (row 1 — row 2) in the output data set. The RISKDIFF option
in the TABLES statement requests computation of risks and risk differences, which are available for
2 2tables. See the section “Risks and Risk Differences” on page 2671 for details.

RELRISK
includes the column 1 and column 2 relative risks @or 2 tables) in the output data set. The
MEASURES and RELRISK options in the TABLES statement request these statistics. For more
information, see the section “Relative Risks” on page 2685.

RISKDIFF
includes risks (binomial proportions) and risk differencesXor 2 tables in the output data set. These
statistics include the row 1 risk, row 2 risk, total (overall) risk, and risk difference (row 1 — row 2) for
column 1 and column 2. The RISKDIFF option in the TABLES statement requests computation of
these statistics. See the section “Risks and Risk Differences” on page 2671 for details.

RISKDIFF1
includes column 1 risks (binomial proportions) and risk differencegfor2 tables in the output data
set. These statistics include the row 1 risk, row 2 risk, total (overall) risk, and risk difference (row 1 —
row 2). The RISKDIFF option in the TABLES statement requests computation of these statistics. See
the section “Risks and Risk Differences” on page 2671 for details.

RISKDIFF2
includes column 2 risks (binomial proportions) and risk differencefor2 tables in the output data
set. These statistics include the row 1 risk, row 2 risk, total (overall) risk, and risk difference (row 1 —
row 2). The RISKDIFF option in the TABLES statement requests computation of these statistics. See
the section “Risks and Risk Differences” on page 2671 for details.
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RRC1

RELRISK1
includes the column 1 relative risk in the output data set. The MEASURES and RELRISK options
in the TABLES statement request relative risks, which are availabl2 fo2 tables. See the section
“Odds Ratio and Relative Risks for 2 x 2 Tables” on page 2683 for details.

RRC2

RELRISK2
includes the column 2 relative risk in the output data set. The MEASURES and RELRISK options
in the TABLES statement request relative risks, which are availabl2 fo2 tables. See the section
“Odds Ratio and Relative Risks for 2 x 2 Tables” on page 2683 for details.

RSK1

RISK1
includes the overall column 1 risk in the output data set. The RISKDIFF option in the TABLES
statement requests computation of risks and risk differences, which are available &tiables. See
the section “Risks and Risk Differences” on page 2671 for details.

RSK11

RISK11
includes the column 1 risk for row 1 in the output data set. The RISKDIFF option in the TABLES
statement requests computation of risks and risk differences, which are available fables. See
the section “Risks and Risk Differences” on page 2671 for details.

RSK12

RISK12
includes the column 2 risk for row 1 in the output data set. The RISKDIFF option in the TABLES
statement requests computation of risks and risk differences, which are available fiables. See
the section “Risks and Risk Differences” on page 2671 for details.

RSK2

RISK2
includes the overall column 2 risk in the output data set. The RISKDIFF option in the TABLES state-
ment requests computation of risks and risk differences. See the section “Risks and Risk Differences”
on page 2671 for details.

RSK21

RISK21
includes the column 1 risk for row 2 in the output data set. The RISKDIFF option in the TABLES
statement requests computation of risks and risk differences, which are available &tiables. See
the section “Risks and Risk Differences” on page 2671 for details.

RSK22

RISK22
includes the column 2 risk for row 2 in the output data set. The RISKDIFF option in the TABLES
statement requests computation of risks and risk differences, which are available &tiables. See
the section “Risks and Risk Differences” on page 2671 for details.
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SCORR
includes the Spearman correlation coef cient in the output data set. The MEASURES option in the
TABLES statement requests computation of the Spearman correlation. See the section “Spearman
Rank Correlation Coef cient” on page 2658 for details.

SMDCR
includes Somerd.C jR/ in the output data set. The MEASURES option in the TABLES statement
requests computation of SomeB' See the section “Somer®” on page 2656 for details.

SMDRC
includes Somerd.R jC/ in the output data set. The MEASURES option in the TABLES statement
requests computation of SomeB' See the section “Somer®” on page 2656 for details.

STUTC

TAUC
includes Stuart's taw-in the output data set. The MEASURES option in the TABLES statement
requests computation of taul-See the section “Stuart's Tau-c” on page 2656 for details.

TREND
includes the Cochran-Armitage test for trend in the output data set. The TREND optiorTihBh&ES
statement requests computation of the trend test. This test is available for tables of dinZensioor
R 2. See the section “Cochran-Armitage Test for Trend” on page 2687 for details.

TSYMM

BOWKER
includes Bowker's test of symmetry in the output data set. The AGREE option in the TABLES
statement requests computation of Bowker's test. See the section “Bowker's Test of Symmetry” on
page 2691 for details.

U
includes the uncertainty coef cient (symmetric) in the output data set. The MEASURES option in the
TABLES statement requests computation of the uncertainty coef cient. See the section “Uncertainty
Coef cient (Symmetric)” on page 2662 for details.

UCR
includes the asymmetric uncertainty coef ciditCjR/ in the output data set. The MEASURES
option in the TABLES statement requests computation of the uncertainty coef cient. See the section
“Uncertainty Coef cients (Asymmetric)” on page 2662 for details.

URC
includes the asymmetric uncertainty coef cidotRjC/ in the output data set. The MEASURES
option in the TABLES statement requests computation of the uncertainty coef cient. See the section
“Uncertainty Coef cients (Asymmetric)” on page 2662 for details.

WTKAP

WTKAPPA

includes the weighted kappa coef cient in the output data set. The AGREE option in the TABLES
statement requests computation of weighted kappa, which is available for square tables larger than
2 2. For multiway tables, the WTKAP option also includes the overall weighted kappa coef cient in
the output data set. See the sections “Weighted Kappa Coef cient” on page 2692 and “Overall Kappa
Coef cient” on page 2694 for detalils.
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TABLES Statement

TABLES requests < / options > ;

The TABLES statement requests one-wayiway frequency and crosstabulation tables and statistics for
those tables.

If you omit the TABLES statement, PROC FREQ generates one-way frequency tables for all data set variables
that are not listed in the other statements.

The following argument is required in the TABLES statement.

requests
specify the frequency and crosstabulation tables to produce. A request is composed of one variable
name or several variable names separated by asterisks. To request a one-way frequency table, use a
single variable. To request a two-way crosstabulation table, use an asterisk between two variables. To
request a multiway table (amway table, wher@>2), separate the desired variables with asterisks.
The unique values of these variables form the rows, columns, and strata of the table. You can include
up to 50 variables in a single multiway table request.

For two-way to multiway tables, the values of the last variable form the crosstabulation table columns,
while the values of the next-to-last variable form the rows. Each level (or combination of levels) of the
other variables forms one stratum. PROC FREQ produces a separate crosstabulation table for each
stratum. For example, a speci cation AfB*C*D in a TABLES statement produc&dables, wheré

is the number of different combinations of values AcandB. Each table lists the values fardown

the side and the values foracross the top.

You can use multiple TABLES statements in the PROC FREQ step. PROC FREQ builds all the table
requests in one pass of the data, so that there is essentially no loss of ef ciency. You can also specify
any number of table requests in a single TABLES statement. To specify multiple table requests quickly,
use a grouping syntax by placing parentheses around several variables and joining other variables or
variable combinations. For example, the statements shown in Table 40.8 illustrate grouping syntax.

Table 40.8 Grouping Syntax

TABLES Request Equivalent to

A*(B C) A*B A*C

(A B)*(C D) A*C B*C A*D B*D
(ABC)*D A*D B*D C*D
A——C A B C

(A——C)*D A*D B*D C*D

The TABLES statement variables are one or more variables from the DATA= input data set. These
variables can be either character or numeric, but the procedure treats them as categorical variables.
PROC FREQ uses the formatted values of the TABLES variable to determine the categorical variable
levels. So if you assign a format to a variable with a FORMAT statement, PROC FREQ formats the
values before dividing observations into the levels of a frequency or crosstabulation table. See the
FORMAT procedure in th8ase SAS Procedures Guided the FORMAT statement and SAS formats

in SAS Formats and Informats: Reference
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If you use PROC FORMAT to create a user-written format that combines missing and nonmissing
values into one category, PROC FREQ treats the entire category of formatted values as missing. See
the discussion in the section “Grouping with Formats” on page 2642 for more information.

By default, the frequency or crosstabulation table lists the values of both character and numeric
variables in ascending order based on internal (unformatted) variable values. You can change the order
of the values in the table by specifying the ORDER= option in the PROC FREQ statement. To list the
values in ascending order by formatted value, use ORDER=FORMATTED.

Without Options

If you request a one-way frequency table for a variable without specifying options, PROC FREQ produces
frequencies, cumulative frequencies, percentages of the total frequency, and cumulative percentages for
each value of the variable. If you request a two-way onavay crosstabulation table without specifying
options, PROC FREQ produces crosstabulation tables that include cell frequencies, cell percentages of
the total frequency, cell percentages of row frequencies, and cell percentages of column frequencies. The
procedure excludes observations with missing values from the table but displays the total frequency of
missing observations below each table.

Options

Table 40.9 lists theptions available in the TABLES statement. Descriptions of tptions follow in
alphabetical order.

Table 40.9 TABLES Statement Options

Option Description

Control Statistical Analysis

AGREE Requests tests and measures of classi cation agreement

ALL Requests tests and measures of association produced by the
CHISQ, MEASURES, and CMH options

ALPHA= Sets con dence level for con dence limits

BINOMIAL | BIN Requests binomial proportions, con dence limits, and tests
for one-way tables

CHISQ Requests chi-square tests and measures based on chi-square

CL Requests con dence limits for MEASURES statistics

CMH Requests all Cochran-Mantel-Haenszel statistics

CMH1 Requests CMH correlation statistic, adjusted odds ratios,
and adjusted relative risks

CMH2 Requests CMH correlation and row mean scores (ANOVA)
statistics, adjusted odds ratios, and adjusted relative risks

FISHER Requests Fisher's exact test for tables larger2ha

GAILSIMON Requests Gail-Simon test for qualitative interactions

JT Requests Jonckheere-Terpstra test

MEASURES Requests measures of association

MISSING Treats missing values as honmissing

OR Requests the odds ratio far 2 tables

PLCORR Requests polychoric correlation
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Table 40.9 continued
Option Description
RELRISK Requests relative risks far 2 tables
RISKDIFF Requests risks and risk differencesor 2 tables
SCORES= Speci es type of row and column scores
TREND Requests Cochran-Armitage test for trend

Control Additional Table Information

CELLCHI2
CUMCOL
DEVIATION
EXPECTED
MISSPRINT
PEARSONRES
PRINTKWTS
SCOROUT
SPARSE

STDRES
TOTPCT

Displays cell contributions to the Pearson chi-square statistic
Displays cumulative column percentages
Displays deviations of cell frequencies from expected values
Displays expected cell frequencies
Displays missing value frequencies
Displays Pearson residuals in the CROSSLIST table
Displays kappa coef cient weights
Displays row and column scores
Includes all possible combinations of variable levels in the
LIST table and OUT= data set
Displays standardized residuals in the CROSSLIST table
Displays percentages of total frequencyrtavay tables (>2)

Control Displayed Output

CONTENTS=
CROSSLIST
FORMAT=
LIST
MAXLEVELS=
NOCOL
NOCUM
NOFREQ
NOPERCENT
NOPRINT
NOROW
NOSPARSE

NOWARN

Produce Statistical
PLOTS=

Speci es contents label for crosstabulation tables
Displays crosstabulation tables in ODS column format
Formats frequencies in crosstabulation tables
Displays two-way tan-way tables in list format
Speci es maximum number of levels to display in one-way tables
Suppresses display of column percentages
Suppresses display of cumulative frequencies and percentages
Suppresses display of frequencies
Suppresses display of percentages
Suppresses display of crosstabulation tables but displays statistics
Suppresses display of row percentages
Suppresses zero frequency levels in the CROSSLIST table,
LIST table, and OUT= data set
Suppresses log warning message for the chi-square test

Graphics
Requests plots from ODS Graphics

Create an Output Data Set

OuUT=
OUTCUM

OUTEXPECT
OUTPCT

Names an output data set to contain frequency counts
Includes cumulative frequencies and percentages in the
output data set for one-way tables

Includes expected frequencies in the output data set
Includes row, column, and two-way table percentages in the
output data set
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You can specify the followingptions in a TABLES statement.

AGREE < (options) >

ALL

requests tests and measures of classi cation agreement for square tables. This option provides the
simple and weighted kappa coef cients along with their standard errors and con dence limits. For
multiway tables, the AGREE option also produces the overall simple and weighted kappa coef cients
(along with their standard errors and con dence limits) and tests for equal kappas among strata. For
2 2tables, this option provides McNemar's test; for square tables that have more than two response
categories (levels), this option provides Bowker's test of symmetry. For multiway tables that have two
response categories, the AGREE option also produces Coclgae&. For more information, see the
section “Tests and Measures of Agreement” on page 2690.

Measures of agreement can be computed only for square tables, where the number of rows equals the
number of columns. If your table is not square because of observations that have zero weights, you can
specify the ZEROS option in the WEIGHT statement to include these observations in the analysis. For
more information, see the section “Tables with Zero Rows and Columns” on page 2695.

You can set the level for agreement con dence limits by specifying the ALPHA= option in the TABLES
statement. The default of ALPHA=0.05 produces 95% con dence limits.

You can specify the TEST statement to request asymptotic tests for the simple and weighted kappa
coef cients. You can specify the EXACT statement to request McNemar's exact teg (f@tables)

and exact tests for the simple and weighted kappa coef cients. For more information, see the section
“Exact Statistics” on page 2704.

The weighted kappa coef cient is computed by using agreement weights that re ect the relative
agreement between pairs of variable levels. To specify the type of agreement weights and to display
the agreement weights, you can specify the followapgons:

PRINTKWTS
displays the agreement weights that PROC FREQ uses to compute the weighted kappa coef cient.
Agreement weights re ect the relative agreement between pairs of variable levels. By default,
PROC FREQ uses the Cicchetti-Allison form of agreement weights. If you specify the WT=FC
option, the procedure uses the Fleiss-Cohen form of agreement weights. For more information,
see the section “Weighted Kappa Coef cient” on page 2692.

WT=FC
requests Fleiss-Cohen agreement weights in the weighted kappa computation. By default, PROC
FREQ uses Cicchetti-Allison agreement weights to compute the weighted kappa coef cient.
Agreement weights re ect the relative agreement between pairs of variable levels. For more
information, see the section “Weighted Kappa Coef cient” on page 2692.

requests all tests and measures that are produced by the CHISQ, MEASURES, and CMH options. You
can control the number of CMH statistics to compute by specifying the CMH1 or CMH2 option.
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ALPHA=
speci es the level of con dence limits. 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.

This option applies to con dence limits that you request in the TABLES statement. The ALPHA=
option in the EXACT statement applies to con dence limits for Monte Carlo estimates of exact
p-values, which you request by specifying the MC option in the EXACT statement.

BINOMIAL < (binomial-options) >

BIN < (binomial-options) >
requests the binomial proportion for one-way tables. When you specify this option, by default PROC
FREQ provides the asymptotic standard error, asymptotic Wald and exact (Clopper-Pearson) con dence
limits, and the asymptotic equality test for the binomial proportion.

You can specifibinomial-options in parentheses after the BINOMIAL option. The LEVEbmomial-

option identi es the variable level for which to compute the proportion. If you do not specify this
option, PROC FREQ computes the proportion for the rst level that appears in the one-way frequency
table. The P=hinomial-option speci es the null proportion for the binomial tests. If you do not specify
this option, PROC FREQ uses 0.5 as the null proportion for the binomial tests.

You can also specifginomial-options to request additional tests and con dence limits for the binomial
proportion. The EQUIV, NONINF, and SUBInomial-options request tests of equivalence, nonin-
feriority, and superiority, respectively. The Clboinomial-option requests con dence limits for the
binomial proportion.

You can specify the level for the binomial con dence limits in the ALPHA= option. By default,
ALPHA=0.05, which produces 95% con dence limits. As part of the noninferiority, superiority, and
equivalence analyses, PROC FREQ provides null-based equivalence limits that have a con dence
coef cient of 100.1 2/ % (Schuirmann 1999). In these analyses, the default of ALPHA=0.05
produces 90% equivalence limits. For more information, see the sections “Noninferiority Test” on
page 2667 and “Equivalence Test” on page 2669.

To request exact tests for the binomial proportion, you can specify the BINOMIAL option in the
EXACT statement. PROC FREQ computes exaealues for all binomial tests that you request, which
can include noninferiority, superiority, and equivalence tests, in addition to the equality test that the
BINOMIAL option produces by default.

For more information, see the section “Binomial Proportion” on page 2663.

Table 40.10 summarizes thaomial-options.
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Table 40.10 BINOMIAL Options

Option Description

CORRECT Requests continuity correction

LEVEL= Speci es the variable level

OUTLEVEL Includes the level in the output data sets
P= Speci es the null proportion

Request Con dence Limits

CL=AGRESTICOULL | AC Requests Agresti-Coull con dence limits
CL=BLAKER Requests Blaker con dence limits
CL=EXACT | CLOPPERPEARSON Requests exact (Clopper-Pearson) con dence limits
CL=JEFFREYS Requests Jeffreys con dence limits
CL=LIKELIHOODRATIO | LR Requests likelihood ratio con dence limits
CL=LOGIT Requests logit con dence limits
CL=MIDP Requests exact mipgcon dence limits
CL=WALD Requests Wald con dence limits
CL=WILSON | SCORE Requests Wilson (score) con dence limits
Request Tests

EQUIV | EQUIVALENCE Requests an equivalence test

MARGIN= Speci es the test margin

NONINF | NONINFERIORITY Requests a noninferiority test

SUP | SUPERIORITY Requests a superiority test

VAR=NULL | SAMPLE Speci es the test variance

You can specify the followinginomial-options:

CL=type | (types)
requests con dence limits for the binomial proportion. You can specify one or mpes of
con dence limits. When you specify only ongpe, you can omit the parentheses around the
request. PROC FREQ displays the con dence limits in the “Binomial Con dence Limits” table.

The ALPHA= option determines the level of the con dence limits that the Gitemial-option
provides. By default, ALPHA=0.05, which produces 95% con dence limits for the binomial
proportion.

You can specify the CL=binomial-option with or without requests for binomial tests. The
con dence limits that CL= produces do not depend on the tests that you request and do not use
the value of the test margin (which you can specify in the MARG bivomial-option).
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If you do not specify the CLbinomial-option, the BINOMIAL option displays Wald and exact
(Clopper-Pearson) con dence limits in the “Binomial Proportion” table.

You can specify the followingypes:

AGRESTICOULL

AC
requests Agresti-Coull con dence limits for the binomial proportion. For more information,
see the section “Agresti-Coull Con dence Limits” on page 2664.

BLAKER
requests Blaker con dence limits for the binomial proportion. For more information, see the
section “Blaker Con dence Limits” on page 2664.

EXACT
CLOPPERPEARSON

requests exact (Clopper-Pearson) con dence limits for the binomial proportion. For more
information, see the section “Exact (Clopper-Pearson) Con dence Limits” on page 2663.

If you do not specify the CL=binomial-option, PROC FREQ displays Wald and exact
(Clopper-Pearson) con dence limits in the “Binomial Proportion” table. To request exact
tests for the binomial proportion, you can specify the BINOMIAL option in the EXACT
statement.

JEFFREYS
requests Jeffreys con dence limits for the binomial proportion. For more information, see
the section “Jeffreys Con dence Limits” on page 2665.

LIKELIHOODRATIO
LR

requests likelihood ratio con dence limits for the binomial proportion. For more information,
see the section “Likelihood Ratio Con dence Limits” on page 2665.

LOGIT
requests logit con dence limits for the binomial proportion. For more information, see the
section “Logit Con dence Limits” on page 2665.

MIDP
requests exact mig-con dence limits for the binomial proportion. For more information,
see the section “Migh- Con dence Limits” on page 2665.

WALD < (CORRECT) >
requests Wald con dence limits for the binomial proportion. For more information, see the
section “Wald Con dence Limits” on page 2663.

If you specify CL=WALD(CORRECT), the Wald con dence limits include a continuity
correction. If you specify the CORREinomial-option, both the Wald con dence limits
and the Wald tests include continuity corrections.

If you do not specify the CL=binomial-option, PROC FREQ displays Wald and exact
(Clopper-Pearson) con dence limits in the “Binomial Proportion” table.
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WILSON < (CORRECT)>

SCORE < (CORRECT) >
requests Wilson con dence limits for the binomial proportion. These are also known as
scorecon dence limits. For more information, see the section “Wilson (Score) Con dence
Limits” on page 2666.

If you specify CL=WILSON(CORRECT) or the CORRE®Inomial-option, the Wilson
con dence limits include a continuity correction.

CORRECT
includes a continuity correction in the Wald con dence limits, Wald tests, and Wilson con dence
limits.

You can request continuity corrections individually for Wald or Wilson con dence limits by spec-
ifying the CL=WALD(CORRECT) or CL=WILSON(CORRECTinomial-option, respectively.

EQUIV

EQUIVALENCE
requests a test of equivalence for the binomial proportion. For more information, see the
section “Equivalence Test” on page 2669. You can specify the equivalence test margins, the null
proportion, and the variance type in the MARGIN=, P=, and VAfRomial-options, respectively.
To request an exact equivalence test, you can specify the BINOMIAL option in the EXACT
statement.

LEVEL=level-number | ‘level-value'
speci es the variable level for the binomial proportion. You can specifyidta-number, which
is the order in which the level appears in the one-way frequency table. Or you can specify the
level-value, which is the formatted value of the variable level. Teaeel-number must be a
positive integer. You must enclose tlegel-value in single quotes.

By default, PROC FREQ computes the binomial proportion for the rst variable level that appears
in the one-way frequency table.

MARGIN=value | (lower, upper)
speci es the margin for the noninferiority, superiority, and equivalence tests, which you can
request by specifying the NONINF, SUP, and EQUiMomial-options, respectively. By default,
MARGIN=0.2.

For noninferiority and superiority tests, specify a singd@e in the MARGIN= option. The
MARGIN= value must be a positive number. You can specifjue as a number between 0 and 1.

Or you can specifyalue in percentage form as a number between 1 and 100, and PROC FREQ
converts that number to a proportion. PROC FREQ treats the value 1 as 1%.

For noninferiority and superiority tests, the test limits must be between 0 and 1. The limits are
determined by the null proportion value (which you can specify in théiRemial-option) and

by the margin value. The noninferiority limit is the null proportion minus the margin. By default,
the null proportion is 0.5 and the margin is 0.2, which produces a noninferiority limit of 0.3. The
superiority limit is the null proportion plus the margin, which is 0.7 by default.

For an equivalence test, you can specify a single MARGIAge, or you can specify botlower
andupper values. If you specify a single MARGINwlue, it must be a positive number, as
described previously. If you specify a single MARGINalue for an equivalence test, PROC
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FREQ usesvalue as the lower margin andhlue as the upper margin for the test. If you specify
bothlower andupper values for an equivalence test, you can specify them in proportion form as
numbers between —1 or 1. Or you can specify them in percentage form as numbers between —100
and 100, and PROC FREQ converts the numbers to proportions. The vadweomust be less

than the value ofipper.

The equivalence limits must be between 0 and 1. The equivalence limits are determined by the
null proportion value (which you can specify in the Biromial-option) and by the margin values.

The lower equivalence limit is the null proportion plus the lower margin. By default, the null
proportion is 0.5 and the lower margin is —0.2, which produces a lower equivalence limit of 0.3.
The upper equivalence limit is the null proportion plus the upper margin, which is 0.7 by default.

For more information, see the sections “Noninferiority Test” on page 2667 and “Equivalence
Test” on page 26609.

NONINF

NONINFERIORITY
requests a test of noninferiority for the binomial proportion. For more information, see the section
“Noninferiority Test” on page 2667. You can specify the noninferiority test margin, the null
proportion, and the variance type in the MARGIN=, P=, and VAfRomial-options, respectively.
To request an exact noninferiority test, you can specify the BINOMIAL option in the EXACT
statement.

OUTLEVEL
includes the variablesevelNumber andLevelValue in all ODS output data sets that PROC FREQ
produces when you specify the BINOMIAL option in the TABLES statement. The OUTLEVEL
option also includes the variablesvelNumber andLevelValue in the statistics output data set
that PROC FREQ produces when you specify the BINOMIAL option in the OUTPUT statement.

TheLevelNumber andLevelValue variables identify the analysis variable level for which PROC
FREQ computes the binomial proportion. The valué@felNumber is the order of the level in
the one-way frequency table. The valueLefelVvalue is the formatted value of the level. You
can specify the OUTLEVEIbinomial-option with or without the LEVEL=binomial-option.

P=value
speci es the null hypothesis proportion for the binomial tests. The null propovtine must be
a positive number. You can specifglue as a number between 0 and 1. Or you can speeiiye
in percentage form (as a number between 1 and 100), and PROC FREQ converts that number to
a proportion. PROC FREQ treats the value 1 as 1%. By default, P=0.5.

SUP

SUPERIORITY
requests a test of superiority for the binomial proportion. For more information, see the section
“Superiority Test” on page 2669. You can specify the superiority test margin, the null proportion,
and the variance type in the MARGIN=, P=, and VARromial-options, respectively. To request
an exact superiority test, you can specify the BINOMIAL option in the EXACT statement.

VAR=NULL | SAMPLE
speci es the type of variance to use in the Wald tests of noninferiority, superiority, and equivalence.
If you specify VAR=SAMPLE, PROC FREQ computes the variance estimate by using the sample
proportion. If you specify VAR=NULL, PROC FREQ computes a test-based variance by using
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the null hypothesis proportion (which you can specify in thebifmial-option). For more
information, see the sections “Noninferiority Test” on page 2667 and “Equivalence Test” on
page 2669. The default is VAR=SAMPLE.

CELLCHI2
displays each table cell's contribution to the Pearson chi-square statistic in the crosstabulation table.
The cell chi-square is computed dgequency expecteff=expectedwherefrequencyis the table
cell frequency (count) anelxpecteds the expected cell frequency, which is computed under the null
hypothesis that the row and column variables are independent. For more information, see the section
“Pearson Chi-Square Test for Two-Way Tables” on page 2649. This option has no effect for one-way
tables or for tables that are displayed in list format (which you can request by specifying the LIST
option).

CHISQ < (chisg-options) >
requests chi-square tests of homogeneity or independence and measures of association that are based
on the chi-square statistic. For two-way tables, the chi-square tests include the Pearson chi-square,
likelihood ratio chi-square, and Mantel-Haenszel chi-square tests. The chi-square measures include
the phi coef cient, contingency coef cient, and Cramé¥sFor2 2 tables, the CHISQ option also
provides Fisher's exact test and the continuity-adjusted chi-square test. See the section “Chi-Square
Tests and Statistics” on page 2648 for details.

For one-way tables, the CHISQ option provides the Pearson chi-square goodness-of- t test. You
can also request the likelihood ratio goodness-of- t test for one-way tables by specifying the LRCHI
chisg-option in parentheses after the CHISQ option. By default, the one-way chi-square tests are
based on the null hypothesis of equal proportions. Alternatively, you can provide null hypothesis
proportions or frequencies by specifying the TESTP= or TESdlsg-option, respectively. See the
section “Chi-Square Test for One-Way Tables” on page 2648 for more information.

To request Fisher's exact test for tables larger thar, specify the FISHER option in the EXACT
statement. Exagi-values are also available for the Pearson, likelihood ratio, and Mantel-Haenszel
chi-square tests. See the description of the EXACT statement for more information.

You can specify the followinghisg-options:

DF=df
speci es the degrees of freedom for the chi-square tests. The valifemdist not be zero. If the
value ofdf is positive, PROC FREQ uses$ as the degrees of freedom for the chi-square tests. If
the value ofdf is negative, PROC FREQ usékto adjust the default degrees of freedom for the
chi-square tests.

By default for one-way tables, the valuedifis (h— 1), wheren is the number of variable levels

in the table. By default for two-way tables, the valuedbfis (r — 1) (¢ — 1), wherer is the
number of rows in the table armds the number of columns. See the sections “Chi-Square Test
for One-Way Tables” on page 2648 and “Chi-Square Tests and Statistics” on page 2648 for more
information.

If you specify a negative value aff, PROC FREQ adjusts the default degrees of freedom by
adding the (negative) value df to the default value to produce the adjusted degrees of freedom.
The adjusted degrees of freedom must be positive.
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The DF=chisg-option speci es or adjusts the degrees of freedom for the following chi-square
tests: the Pearson and likelihood ratio goodness-of- t tests for one-way tables; and the Pearson,
likelihood ratio, and Mantel-Haenszel chi-square tests for two-way tables.

LRCHI
requests the likelihood ratio goodness-of- t test for one-way tables. See the section “Likelihood
Ratio Chi-Square Test for One-Way Tables” on page 2650 for more information.

By default, this test is based on the null hypothesis of equal proportions. You can provide
null hypothesis proportions or frequencies by specifying the TESTP= or TE8Hikg-option,
respectively. You can request an exact likelihood ratio goodness-of- t test by specifying the
LRCHI option in the EXACT statement.

TESTF=(values)| SAS-data-set
speci es null hypothesis frequencies for the one-way chi-square goodness-of- t tests. See the
section “Chi-Square Test for One-Way Tables” on page 2648 for details. You can list the null
frequencies asgalues in parentheses after TESTF=. Or you can provide the null frequencies in a
secondary input data set by specifying TESTRS-data-set. The TESTFSAS-data-set cannot
be the same data set that you specify in the DATA= option. You can specify only one TESTF= or
TESTP= data set in a single invocation of the procedure.

If you list the null frequencies aglues, you can separate tvalues with blanks or commas.
Thevalues must be positive numbers. The numbewralies must equal the number of variable
levels in the one-way table. The sum of tleues must equal the total frequency for the one-way
table. Order thealues to match the order in which the corresponding variable levels appear in
the one-way frequency table.

If you provide the null frequencies in a secondary input data set (TESAE=ata-set), the vari-
able that contains the null frequencies should be nam&$TF_, TestFrequency, or Frequency.
The null frequencies must be positive numbers. The number of frequencies must equal the
number of levels in the one-way frequency table, and the sum of the frequencies must equal the
total frequency for the one-way table. Order the null frequencies in the data set to match the
order in which the corresponding variable levels appear in the one-way frequency table.

TESTP=(values)| SAS-data-set
speci es null hypothesis proportions for the one-way chi-square goodness-of- t tests. See the
section “Chi-Square Test for One-Way Tables” on page 2648 for details. You can list the null
proportions asalues in parentheses after TESTP=. Or you can provide the null proportions in a
secondary input data set by specifying TESTRS-data-set. The TESTPSAS-data-set cannot
be the same data set that you specify in the DATA= option. You can specify only one TESTF= or
TESTP= data set in a single invocation of the procedure.

If you list the null proportions agalues, you can separate thalues with blanks or commas.
Thevalues must be positive numbers. The numberalies must equal the number of variable
levels in the one-way table. Order thalues to match the order in which the corresponding
variable levels appear in the one-way frequency table. You can spedikys in probability
form as numbers between 0 and 1, where the proportions sum to 1. Or you can spieesyin
percentage form as numbers between 0 and 100, where the percentages sum to 100.

If you provide the null proportions in a secondary input data set (TESRAB=data-set), the
variable that contains the null proportions should be nami&8TP_, TestPercent, or Percent.
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The null proportions must be positive numbers. The number of proportions must equal the
number of levels in the one-way frequency table. You can provide the proportions in probability
form as numbers between 0 and 1, where the proportions sum to 1. Or you can provide the
proportions in percentage form as numbers between 0 and 100, where the percentages sum to
100. Order the null proportions in the data set to match the order in which the corresponding
variable levels appear in the one-way frequency table.

WARN-=type | (types)
controls the warning message for the validity of the asymptotic Pearson chi-square test. By
default, PROC FREQ displays a warning message when more than 20% of the table cells have
expected frequencies that are less than 5. If you specify the NOPRINT option in the PROC FREQ
statement, the procedure displays the warning in the log; otherwise, the procedure displays the
warning as a footnote in the chi-square table. You can use the WARN= option to suppress the
warning and to include a warning indicator in the output data set.

You can specify one or more of the followingpes in the WARN= option. If you specify
more than oneaype value, enclose the values in parentheses after WARN=. For example,
warn = (output noprint)

Value of WARN= Description

OUTPUT Adds a warning indicator variable to the output data set
NOLOG Suppresses the chi-square warning message in the log
NOPRINT Suppresses the chi-square warning message in the display
NONE Suppresses the chi-square warning message entirely

If you specify the WARN=OUTPUT option, the ODS output dataGkiSq contains a variable
namedwarning that equals 1 for the Pearson chi-square observation when more than 20% of the
table cells have expected frequencies that are less than 5 and equals 0 otherwise. If you specify
WARN=OUTPUT and also specify the CHISQ option in the OUTPUT statement, the statistics
output data set contains a variable naré&RN_PCHI that indicates the warning.

The WARN=NOLOG option has the same effect as the NOWARN option in the TABLES
statement.

requests con dence limits for the measures of association, which you can request by specifying the
MEASURES option. For more information, see the sections “Measures of Association” on page 2653
and “Con dence Limits” on page 2654. You can set the level of the con dence limits by using the
ALPHA= option. The default of ALPHA=0.05 produces 95% con dence limits.

If you omit the MEASURES option, the CL option invokes MEASURES. The CL option is equivalent
to the MEASURES(CL) option.

CMH < (cmh-options) >

requests Cochran-Mantel-Haenszel statistics, which test for association between the row and column
variables after adjusting for the remaining variables in a multiway table. The Cochran-Mantel-Haenszel
statistics include the nonzero correlation statistic, the row mean scores (ANOVA) statistic, and the
general association statistic. In addition, for 2 tables, the CMH option provides the adjusted
Mantel-Haenszel and logit estimates of the odds ratio and relative risks, together with their con dence
limits. For stratied2 2 tables, the CMH option provides the Breslow-Day test for homogeneity of
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odds ratios. (To request Tarone's adjustment for the Breslow-Day test, specify therBidption.)
See the section “Cochran-Mantel-Haenszel Statistics” on page 2695 for details.

You can use the CMH1 or CMH2 option to control the number of CMH statistics that PROC FREQ
computes.

For stratied2 2tables, you can request Zelen's exact test for equal odds ratios by specifying the
EQOR option in the EXACT statement. See the section “Zelen's Exact Test for Equal Odds Ratios” on
page 2701 for details. You can request exact con dence limits for the common odds ratio by specifying
the COMOR option in the EXACT statement. This option also provides a common odds ratio test. See
the section “Exact Con dence Limits for the Common Odds Ratio” on page 2701 for details.

You can specify the followingmh-options in parentheses after the CMH option. These-options,
which apply to stratied2 2 tables, are also available with the CMH1 or CMH2 option.

BDT
requests Tarone's adjustment in the Breslow-Day test for homogeneity of odds ratios. See the
section “Breslow-Day Test for Homogeneity of the Odds Ratios” on page 2701 for details.

GAILSIMON < (COLUMN=1 | 2) >

GS < (COLUMN=1 | 2)>
requests the Gail-Simon test for qualitative interaction, which applies to stréii ed tables.
See the section “Gail-Simon Test for Qualitative Interactions” on page 2704 for details.

The COLUMN-= option speci es the column of the risk differences to use in computing the Gail-
Simon test. By default, PROC FREQ uses column 1 risk differences. If you sggOfyy MN=2,
PROC FREQ uses column 2 risk differences.

The GAILSIMON cmh-option has the same effect as the GAILSIMON option in the TABLES
statement.

MANTELFLEISS

MF
requests the Mantel-Fleiss criterion for the Mantel-Haenszel statistic for str&i edtables.
See the section “Mantel-Fleiss Criterion” on page 2698 for details.

CMH1 < (cmh-options) >
requests the Cochran-Mantel-Haenszel correlation statistic. This option does not provide the CMH row
mean scores (ANOVA) statistic or the general association statistic, which are provided by the CMH
option. For tables larger théh 2, the CMHL1 option requires less memory than the CMH option,
which can require an enormous amount of memory for large tables.

For2 2tables, the CMH1 option also provides the adjusted Mantel-Haenszel and logit estimates of
the odds ratio and relative risks, together with their con dence limits. For strafl e tables, the
CMHL1 option provides the Breslow-Day test for homogeneity of odds ratios.

Thecmh-options for CMH1 are the same as tleenh-options that are available with the CMH option.
See the description of the CMH option for details.

CMH2 < (cmh-options) >
requests the Cochran-Mantel-Haenszel correlation statistic and the row mean scores (ANOVA) statistic.
This option does not provide the CMH general association statistic, which is provided by the CMH
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option. For tables larger théh 2, the CMH2 option requires less memory than the CMH option,
which can require an enormous amount of memory for large tables.

For2 2tables, the CMHL1 option also provides the adjusted Mantel-Haenszel and logit estimates of
the odds ratio and relative risks, together with their con dence limits. For strafl e tables, the
CMH1 option provides the Breslow-Day test for homogeneity of odds ratios.

Thecmh-options for CMH2 are the same as tleenh-options that are available with the CMH option.
See the description of the CMH option for details.

CONTENTS="string'
speci es the label to use for crosstabulation tables in the contents le, the Results window, and the
trace record. For information about output presentation, se8AlsOutput Delivery System: User's
Guide

If you omit the CONTENTS= option, the contents label for crosstabulation tables is “Cross-Tabular
Freq Table” by default.

Note that contents labels for all crosstabulation tables that are produced by a single TABLES statement
use the same text. To specify different contents labels for different crosstabulation tables, request the
tables in separate TABLES statements and use the CONTENTS= option in each TABLES statement.

To remove the crosstabulation table entry from the contents le, you can specify a null label with
CONTENTS="

The CONTENTS= option affects only contents labels for crosstabulation tables. It does not affect
contents labels for other PROC FREQ tables.

To specify the contents label for any PROC FREQ table, you can use PROC TEMPLATE to create
a customized table template. The CONTENTS_LABEL attribute in the DEFINE TABLE statement
of PROC TEMPLATE speci es the contents label for the table. See the chapter “The TEMPLATE
Procedure” in the&SAS Output Delivery System: User's Gufdemore information.

CROSSLIST < (options) >
displays crosstabulation tables by using an ODS column format instead of the default crosstabulation
cell format. Inthe CROSSLIST table display, the rows correspond to the crosstabulation table cells, and
the columns correspond to descriptive statistics such as frequencies and percentages. The CROSSLIST
table displays the same information as the default crosstabulation table (but it uses an ODS column
format). For more information about the contents of the CROSSLIST table, See the section “Two-Way
and Multiway Tables” on page 2714.

You can control the contents of a CROSSLIST table by specifying the same options available for the
default crosstabulation table. These include the NOFREQ, NOPERCENT, NOROW, and NOCOL
options. You can request additional information in a CROSSLIST table by specifying the CELLCHIZ2,

DEVIATION, EXPECTED, MISSPRINT, and TOTPCT options. You can also display standardized

residuals or Pearson residuals in a CROSSLIST table by specifying the CROSSLIST(STDRES) or
CROSSLIST(PEARSONRES) option, respectively; these options are not available for the default
crosstabulation table. The FORMAT= and CUMCOL options have no effect on CROSSLIST tables.
You cannot specify both the LIST option and the CROSSLIST option in the same TABLES statement.

For CROSSLIST tables, you can use the NOSPARSE option to suppress display of variable levels that
have zero frequencies. By default, PROC FREQ displays all levels of the column variable within each
level of the row variable, including any levels that have zero frequencies. By default for multiway
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tables that are displayed as CROSSLIST tables, the procedure displays all levels of the row variable
for each stratum of the table, including any row levels with zero frequencies in the stratum.

You can specify the followingptions:

STDRES
displays the standardized residuals of the table cells in the CROSSLIST table. The standardized
residual is the ratio offfequency- expectelito its standard error, whefeequencyis the table
cell frequency (count) anelxpecteds the expected table cell frequency, which is computed under
the null hypothesis that the row and column variables are independent. For more information, see
the section “Standardized Residuals” on page 2649. You can display the expected values and
deviations by specifying the EXPECTED and DEVIATION options, respectively.

PEARSONRES
displays the Pearson residuals of the table cells in the CROSSLIST table. The Pearson residual is
the square root of the table cell's contributionpto the Pearson chi-square statistic. The Pearson
residual is computed asrequency expectets expectedwherefrequencyis the table cell
frequency (count) andxpecteds the expected table cell frequency, which is computed under the
null hypothesis that the row and column variables are independent. For more information, see
the section “Pearson Chi-Square Test for Two-Way Tables” on page 2649. You can display the
expected values, deviations, and cell chi-squares by specifying the EXPECTED, DEVIATION,
and CELLCHIZ2 options, respectively.

CUMCOL
displays the cumulative column percentages in the cells of the crosstabulation table. The CUMCOL
option does not apply to crosstabulation tables produced with the LIST or CROSSLIST option.

DEVIATION
displays the deviations of the frequencies from the expected frequefreigsency- expectedlin the
crosstabulation table. The expected frequencies are computed under the null hypothesis that the row
and column variables are independent. For more information, see the section “Pearson Chi-Square
Test for Two-Way Tables” on page 2649. You can display the expected values by specifying the
EXPECTED option. This option has no effect for one-way tables or for tables that are displayed in list
format (which you can request by specifying the LIST option).

EXPECTED
displays the expected cell frequencies in the crosstabulation table. The expected frequencies are
computed under the null hypothesis that the row and column variables are independent. For more
information, see the section “Pearson Chi-Square Test for Two-Way Tables” on page 2649. This option
has no effect for one-way tables or for tables that are displayed in list format (which you can request
by specifying the LIST option).

FISHER
requests Fisher's exact test for tables that are largerzha®. (For2 2tables, the CHISQ option
provides Fisher's exact test.) This test is also known as the Freeman-Halton test. See the sections
“Fisher's Exact Test” on page 2651 and “Exact Statistics” on page 2704 for more information.

If you omit the CHISQ option in the TABLES statement, the FISHER option invokes CHISQ. You can
also request Fisher's exact test by specifying the FISHER option in the EXACT statement.

NoTE: PROC FREQ 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
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tied. For some large problems, computation of exact tests might require a substantial 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
exactp-values. You can request Monte Carlo estimation by specifying thedhiputation-option in

the EXACT statement. See the section “Computational Resources” on page 2707 for more information.

FORMAT=format-name
speci es a format for the following crosstabulation table cell values: frequency, expected frequency,
and deviation. PROC FREQ also uses the speci ed format to display the row and column total
frequencies and the overall total frequency in crosstabulation tables.

You can specify any standard SAS numeric format or a numeric format de ned with the FORMAT
procedure. The format length must not exceed 24. If you omit the FORMAT= option, by default PROC
FREQ uses the BEST6. format to display frequencies less than 1E6, and the BEST7. format otherwise.

The FORMAT= option applies only to crosstabulation tables displayed in the default format. It does
not apply to crosstabulation tables produced with the LIST or CROSSLIST option.

To change display formats in any FREQ table, you can use PROC TEMPLATE. See the chapter “The
TEMPLATE Procedure” in th&AS Output Delivery System: User's Guidemore information.

GAILSIMON < (COLUMN=1| 2) >

GS < (COLUMN=1 | 2) >
requests the Gail-Simon test for qualitative interaction, which applies to strai e@ tables. See the
section “Gail-Simon Test for Qualitative Interactions” on page 2704 for details.

The COLUMN-= option speci es the column of the risk differences to use in computing the Gail-Simon
test. By default, PROC FREQ uses column 1 risk differences. If you specify COLUMN=2, PROC
FREQ uses column 2 risk differences.

JT
requests the Jonckheere-Terpstra test. See the section “Jonckheere-Terpstra Test” on page 2689 for
details. To request exaptvalues for the Jonckheere-Terpstra test, specify the JT option in the EXACT
statement. See the section “Exact Statistics” on page 2704 for more information.

LIST

displays two-way and multiway tables by using a list format instead of the default crosstabulation cell
format. This option displays an entire multiway table in one table, instead of displaying a separate
two-way table for each stratum. For more information, see the section “Two-Way and Multiway Tables”
on page 2714.

The LIST option is not available when you request tests and statistics; you must use the standard
crosstabulation table display or the CROSSLIST display when you request tests and statistics.

MAXLEVELS=n
speci es the maximum number of variable levels to display in one-way frequency tables. The value of
n must be a positive integer. PROC FREQ displays thenrsarriable levels, matching the order in
which the levels appear in the one-way frequency table. (The ORDER= option controls the order of
the variable levels. By default, ORDER=INTERNAL, which orders the variable levels by unformatted
value.)

The MAXLEVELS= option also applies to one-way frequency plots, which you can request by
specifying the PLOTS=FREQPLOT option when ODS Graphics is enabled.
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If you specify the MISSPRINT option to display missing levels in the frequency table, the
MAXLEVELS= option displays the rsh nonmissing levels.

The MAXLEVELS= option does not apply to the OUT= output data set, which includes all variable
levels. The MAXLEVELS= option does not affect the computation of percentages, statistics, or tests
for the one-way table; these values are based on the complete table.

MEASURES < (CL)>
requests measures of association and their asymptotic standard errors. This option provides the
following measures: gamma, Kendall's thuStuart's tauve, Somers'D.C jR/, Somers'D.R jC/,

Pearson and Spearman correlation coef cients, lambda (symmetric and asymmetric), and uncertainty
coef cients (symmetric and asymmetric). If you specify the CL option in parentheses after the
MEASURES option, PROC FREQ provides con dence limits for the measures of association. For
more information, see the section “Measures of Association” on page 2653.

For2 2tables, the MEASURES option also provides the odds ratio, column 1 relative risk, column 2

relative risk, and their asymptotic Wald con dence limits. You can request the odds ratio and relative
risks separately (without the other measures of association) by specifying the RELRISK option. You
can request con dence limits for the odds ratio by specifying the OR(CL=) option.

You can use the TEST statement to request asymptotic tests for the following measures of association:
gamma, Kendall's talp; Stuart's taue, SomersD.C jR/, SomersD.R jC/, and Pearson and Speatr-

man correlation coef cients. You can use the EXACT statement to request exact con dence limits
for the odds ratio, exact unconditional con dence limits for the relative risks, and exact tests for the
following measures of association: Kendall's tauStuart's taue, Somers'D.C jR/ andD.R jC/, and
Pearson and Spearman correlation coef cients. For more information, see the descriptions of the TEST
and EXACT statements and the section “Exact Statistics” on page 2704.

MISSING
treats missing values as a valid nonmissing level for all TABLES variables. The MISSING option
displays the missing levels in frequency and crosstabulation tables and includes them in all calculations
of percentages, tests, and measures.

By default, if you do not specify the MISSING or MISSPRINT option, an observation is excluded from

a table if it has a missing value for any of the variables in the TABLES request. When PROC FREQ
excludes observations with missing values, it displays the total frequency of missing observations
below the table. See the section “Missing Values” on page 2643 for more information.

MISSPRINT
displays missing value frequencies in frequency and crosstabulation tables but does not include the
missing value frequencies in any computations of percentages, tests, or measures.

By default, if you do not specify the MISSING or MISSPRINT option, an observation is excluded from

a table if it has a missing value for any of the variables in the TABLES request. When PROC FREQ
excludes observations with missing values, it displays the total frequency of missing observations
below the table. See the section “Missing Values” on page 2643 for more information.

NOCOL
suppresses the display of column percentages in crosstabulation table cells.
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NOCUM
suppresses the display of cumulative frequencies and percentages in one-way frequency tables. The
NOCUM option also suppresses the display of cumulative frequencies and percentages in crosstabula-
tion tables in list format, which you request with the LIST option.

NOFREQ
suppresses the display of cell frequencies in crosstabulation tables. The NOFREQ option also sup-
presses row total frequencies. This option has no effect for one-way tables or for crosstabulation tables
in list format, which you request with the LIST option.

NOPERCENT
suppresses the display of overall percentages in crosstabulation tables. These percentages include the
cell percentages of the total (two-way) table frequency, as well as the row and column percentages of
the total table frequency. To suppress the display of cell percentages of row or column totals, use the
NOROW or NOCOL option, respectively.

For one-way frequency tables and crosstabulation tables in list format, the NOPERCENT option
suppresses the display of percentages and cumulative percentages.

NOPRINT
suppresses the display of frequency and crosstabulation tables but displays all requested tests and
statistics. To suppress the display of all output, including tests and statistics, use the NOPRINT option
in the PROC FREQ statement.

NOROW
suppresses the display of row percentages in crosstabulation table cells.

NOSPARSE
suppresses the display of cells with a zero frequency count in LIST output and omits them from
the OUT= data set. The NOSPARSE option applies when you specify the ZEROS option in the
WEIGHT statement to include observations with zero weights. By default, the ZEROS option invokes
the SPARSE option, which displays table cells with a zero frequency count in the LIST output and
includes them in the OUT= data set. See the description of the ZEROS option for more information.

The NOSPARSE option also suppresses the display of variable levels with zero frequency in
CROSSLIST tables. By default for CROSSLIST tables, PROC FREQ displays all levels of the
column variable within each level of the row variable, including any column variable levels with zero
frequency for that row. For multiway tables displayed with the CROSSLIST option, the procedure
displays all levels of the row variable for each stratum of the table by default, including any row
variable levels with zero frequency for the stratum.

NOWARN
suppresses the log warning message for the validity of the asymptotic Pearson chi-square test. By
default, PROC FREQ provides a validity warning for the asymptotic Pearson chi-square test when
more than 20cells have expected frequencies that are less than 5. This warning message appears in the
log if you specify the NOPRINT option in the PROC FREQ statement,

The NOWARN option is equivalent to the CHISQ(WARN=NOLOG) option. You can also use the
CHISQ(WARN=) option to suppress the warning message in the display and to request a warning
variable in the chi-square ODS output data set or in the OUTPUT data set.
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OR(CL=type | (types))

ODDSRATIO(CL=type | (types))
requests the odds ratio and con dence limits2or 2 tables. You can specify one or magges of
con dence limits, which include exact, score, and Wald con dence limits. When you specify only one
con dence limittype, you can omit the parentheses around the request.

PROC FREQ displays the con dence limits in the “Odds Ratio Con dence Limits” table. Specifying
the OR option without the CL= option is equivalent to specifying the RELRISK option, which produces
the “Odds Ratio and Relative Risks” table. For more information, see the description of the RELRISK
option. When you specify the OR(CL=) option, PROC FREQ does not produce the “Odds Ratio and
Relative Risks” table unless you also specify the RELRISK or MEASURES option.

The ALPHA= option determines the con dence level; by default, ALPHA=0.05, which produces 95%
con dence limits for the odds ratio.

You can specify the followingypes:

EXACT
displays exact con dence limits for the odds ratio in the “Con dence Limits for the Odds Ratio”
table. You must also request computation of the exact con dence limits by specifying the OR
option in the EXACT statement. For more information, see the section “Exact Con dence Limits
for the Odds Ratio” on page 2684.

SCORE < (CORRECT=NO) >
requests score con dence limits for the odds ratio. For more information, see the section “Score
Con dence Limits for the Odds Ratio” on page 2684. If you specify CORRECT=NO, PROC
FREQ provides the uncorrected form of the con dence limits.

WALD
requests asymptotic Wald con dence limits for the odds ratio. For more information, see the
section “Odds Ratio and Relative Risks for 2 x 2 Tables” on page 2683.

OUT=SAS-data-set
names an output data set that contains frequency or crosstabulation table counts and percentages. If
more than one table request appears in the TABLES statement, the contents of the OUT= data set
correspond to the last table request in the TABLES statement. The OUT= data set veQaiNg
contains the frequencies and the variablERCENT contains the percentages. See the section “Output
Data Sets” on page 2709 for details. You can specify the following options to include additional
information in the OUT= data set: OUTCUM, OUTEXPECT, and OUTPCT.

OUTCUM
includes cumulative frequencies and cumulative percentages in the OUT= data set for one-way tables.
The variableCUM_FREQ contains the cumulative frequencies, and the variablgl_PCT contains the
cumulative percentages. See the section “Output Data Sets” on page 2709 for details. The OUTCUM
option has no effect for two-way or multiway tables.
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OUTEXPECT
includes expected cell frequencies in the OUT= data set for crosstabulation tables. The variable
EXPECTED contains the expected cell frequencies. See the section “Output Data Sets” on page 2709
for details. The EXPECTED option has no effect for one-way tables.

OUTPCT
includes the following additional variables in the OUT= data set for crosstabulation tables:

PCT_COL percentage of column frequency
PCT_ROW percentage of row frequency
PCT_TABL percentage of stratum (two-way table) frequencyfovay tables where > 2

See the section “"Output Data Sets” on page 2709 for details. The OUTPCT option has no effect for
one-way tables.

PLCORR < (options) >
requests the polychoric correlation coef cient and its asymptotic standard errd2. Faitables, this
statistic is more commonly known as the tetrachoric correlation coef cient, and it is labeled as such in
the displayed output. For more information, see the section “Polychoric Correlation” on page 2659.

If you also specify the CL or MEASURES(CL) option, PROC FREQ provides con dence limits for
the polychoric correlation. If you specify the PLCORR option in the TEST statement, the procedure
provides Wald and likelihood ratio tests for the polychoric correlation. The PLCORR option invokes
the MEASURES option.

You can specify the followingptions:

CONVERGE=value
speci es the convergence criterion for computing the polychoric correlation. The convergence
criterionvalue must be a positive number. By default, CONVERGE=0.0001. Iterative com-
putation of the polychoric correlation stops when the convergence measure fallsvaklew
or when the number of iterations exceeds the MAXITERmber, whichever happens rst.
For parameter values that are less than 0.01, PROC FREQ evaluates convergence by using the
absolute difference instead of the relative difference. For more information, see the section
“Polychoric Correlation” on page 2659.

MAXITER=number
speci es the maximunmumber of iterations for computing the polychoric correlation. The value
of number must be a positive integer. By default, MAXITER=20. Iterative computation of the
polychoric correlation stops when the number of iterations exceeds the maxiomiber or
when the convergence measure falls below the CONVER®@Gikr, whichever happens rst.
For more information, see the section “Polychoric Correlation” on page 2659.
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PLOTS < (global-plot-options) > < =plot-request < (plot-options) > >
PLOTS < (global-plot-options) >
< =(plot-request < (plot-options) > < ... plot-request < (plot-options)> >)>
controls the plots that are produced through ODS Graphtst-requests identify the plots, and
plot-options control the appearance and content of the plots. You can speeifgptions in parentheses
after aplot-request. A global-plot-option applies to all plots for which it is available unless it is altered
by a speci cplot-option. You can specifiglobal-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=freqplot

plots=(fregplot oddsratioplot)
plots(only)=(cumfregplot deviationplot)

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

ods graphics on;

proc freq;
tables treatment *response / chisq plots=fregplot;
weight wt;

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 FREQ produces all plots
that are associated with the analyses that you request, with the exception of the frequency, cumulative
frequency, and mosaic plots. To produce a frequency plot or cumulative frequency plot when ODS
Graphics is enabled, you must specify the FREQPLOT or CUMFREQRuU&@Fequest, respectively,

in the PLOTS= option, or you must specify the PLOTS=ALL option. To produce a mosaic plot when
ODS Graphics is enabled, you must specify the MOSAICPIp®Trequest in the PLOTS= option, or

you must specify the PLOTS=ALL option.

PROC FREQ produces the remaining plots (listed in Table 40.11) by default when you request the
corresponding TABLES statement options. You can suppress default plots and request speci ¢ plots by
using the PLOTS(ONLY)= option; PLOTS(ONLY)glot-requests) produces only the plots that are
speci ed asplot-requests. You can suppress all plots by specifying the PLOTS=NONE option. The
PLOTS option has no effect when you specify the NOPRINT option in the PROC FREQ statement.

Plot Requests

Table 40.11 lists the availabfgot-requests together with their required TABLES statement options.
Descriptions of thelot-requests follow the table in alphabetical order.
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Table 40.11 Plot Requests

Plot Request Description Required TABLES Statement Option
AGREEPLOT Agreement plot AGREE ( r table)

ALL All plots None

CUMFREQPLOT Cumulative frequency plot One-way table request
DEVIATIONPLOT Deviation plot CHISQ (one-way table)

FREQPLOT Frequency plot Any table request

KAPPAPLOT Kappa plot AGREEH r r table)

MOSAICPLOT Mosaic plot Two-way or multiway table request
NONE No plots None

ODDSRATIOPLOT Odds ratio plot MEASURES or RELRISK ( 2 2table)
RELRISKPLOT Relative risk plot MEASURES or RELRISK ( 2 2table)
RISKDIFFPLOT Risk difference plot RISKDIFF( 2 2table)
WTKAPPAPLOT Weighted kappa plot AGREB( r r table,r >2)

You can specify the followinglot-requests:

AGREEPLOT < (plot-options) >
requests an agreement plot (Bangdiwala and Bryan 1987), An agreement plot displays the strength
of agreement in a two-way table, where the row and column variables represent two independent
ratings ofn subjects. For information about agreement plots, see Bangdiwala (1988), Bangdiwala
et al. (2008), and Friendly (2000, Section 3.7.2).

To produce an agreement plot, you must also specify the AGREE option in the TABLES statement.
Agreement statistics and plots are available for two-way square tables, where the number of rows
equals the number of columns.

Table 40.12 lists thelot-options that are available for agreement plots. For descriptions of the
plot-options, see the subsection “Plot Options”.

Table 40.12 Plot Options for AGREEPLOT

Plot Option Description Values
LEGEND= Legend NO or YES
PARTIAL= Partial agreement NO or YES
SHOWSCALE= Frequency scale NO or YES
STATS Statistics None

Default

If you specify the STAT Splot-option, the agreement plot displays the values of the kappa
coef cient, the weighted kappa coef cient, th&, measure (Bangdiwala and Bryan 1987), and
the sample size. PROC FREQ stores these statistics in an ODS table Bakhextsure, which

is not displayed. For more information, see the section “ODS Table Names” on page 2721.
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ALL

requests all plots that are associated with the speci ed analyses. Table 40.11 lists the available
plot-requests and the corresponding analysis options. If you specify the PLOTS=ALL option,
PROC FREQ produces the frequency, cumulative frequency, and mosaic plots that are associated
with the tables that you request. (These plots are not produced by default when ODS Graphics is
enabled.)

CUMFREQPLOT < (plot-options) >

requests a plot of cumulative frequencies. Cumulative frequency plots are available for one-way
frequency tables.

To produce a cumulative frequency plot, you must specify the CUMFREQRI&@Fequest
in the PLOTS= option, or you must specify the PLOTS=ALL option. PROC FREQ does not
produce cumulative frequency plots by default when ODS Graphics is enabled.

Table 40.13 lists thplot-options that are available for cumulative frequency plots. For descriptions
of theplot-options, see the subsection “Plot Options”.

Table 40.13 Plot Options for CUMFREQPLOT

Plot Option Description Values
ORIENT= Orientation HORIZONTAL or VERTICAL

SCALE= Scale FREQor PERCENT
TYPE= Type BARCHART or DOTPLOT
Default

DEVIATIONPLOT < (plot-options) >

requests a plot of relative deviations from expected frequencies. Deviation plots are available
for chi-square analysis of one-way frequency tables. To produce a deviation plot, you must also
specify the CHISQ option in the TABLES statement for a one-way frequency table.

Table 40.14 lists thelot-options that are available for deviation plots. For descriptions of the
plot-options, see the subsection “Plot Options”.

Table 40.14  Plot Options for DEVIATIONPLOT

Plot Option Description Values

NOSTAT No statistic  None
ORIENT= Orientation HORIZONTAL or VERTICAL
TYPE= Type BARCHART or DOTPLOT

Default

FREQPLOT < (plot-options) >

requests a frequency plot. Frequency plots are available for frequency and crosstabulation tables.
For multiway crosstabulation tables, PROC FREQ provides a two-way frequency plot for each
stratum (two-way table).
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To produce a frequency plot, you must specify the FREQPp®fFrequest in the PLOTS=
option, or you must specify the PLOTS=ALL option. PROC FREQ does not produce frequency
plots by default when ODS Graphics is enabled.

Table 40.15 lists thelot-options that are available for frequency plots. For descriptions of the
plot-options, see the subsection “Plot Options”.

Table 40.15 Plot Options for FREQPLOT

Plot Option Description Values
GROUPBY= Primary group COLUMN or ROW
NPANELPOS=  Sections per panel Number (4
ORIENT= Orientation HORIZONTAL or VERTICAL
SCALE= Scale FREQ GROUPPERCENT ,
LOG, PERCENT, SQRT
TWOWAY= Two-way layout CLUSTER, GROUPHORIZONTAL,
GROUPVERTICAL , or STACKED
TYPE= Type BARCHART or DOTPLOT
Default

For two-way tables

You can specify the followinglot-options for all frequency plots: ORIENT=, SCALE=, and
TYPE-=. You can specify the followinglot-options for frequency plots of two-way (and multiway)
tables: GROUPBY=, NPANELPOS=, and TWOWAY=. The NPANELPQ#st-option is not
available with the TWOWAY=CLUSTER or TWOWAY=STACKED layout, which is always
displayed in a single panel.

By default, PROC FREQ displays frequency plots as bar charts. To display frequency plots
as dot plots, specify TYPE=DOTPLOT. To plot percentages instead of frequencies, specify
SCALE=PERCENT. For two-way tables, there are four frequency plot layouts available, which
you can request by specifying the TWOWAYsot-option. For more information, see the
subsection “Plot Options”.

By default, graph cells in a two-way layout are rst grouped by column variable levels; row
variable levels are then displayed within the column variable levels. To group rst by row variable
levels, specify GROUPBY=ROW.

KAPPAPLOT < ( plot-options) >
requests a plot of kappa statistics along with con dence limits. Kappa plots are available for
multiway square tables and display the kappa statistic (with con dence limits) for each two-
way table (stratum). Kappa plots also display the overall kappa statistic unless you specify the
COMMON=NO plot-option. To produce a kappa plot, you must specify the AGREE option in
the TABLES statement to compute kappa statistics.

Table 40.16 lists thelot-options that are available for kappa plots. For descriptions of the
plot-options, see the subsection “Plot Options”.
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Table 40.16 Plot Options for KAPPAPLOT and WTKAPPAPLOT

Plot Option Description Values

CLDISPLAY=  Error bar type BAR, LINE, LINEARROW,
SERIF , or SERIFARROW

COMMON= Overall kappa NO or YES

NPANELPOS= Statistics per graphic Number (all

ORDER= Order of two-way levels ASCENDING or DESCENDING

RANGE= Range to display Values or CLIP

STATS Statistic values None

Default

MOSAICPLOT < (plot-options) >
requests a mosaic plot. Mosaic plots are available for two-way and multiway crosstabulation
tables; for multiway tables, PROC FREQ provides a mosaic plot for each two-way table (stratum).

To produce a mosaic plot, you must specify the MOSAICPL#DE-request in the PLOTS=
option, or you must specify the PLOTS=ALL option. PROC FREQ does not produce mosaic
plots by default when ODS Graphics is enabled.

Mosaic plots display tiles that correspond to the crosstabulation table cells. The areas of the tiles
are proportional to the frequencies of the table cells. The column variable is displayed on the X
axis, and the tile widths are proportional to the relative frequencies of the column variable levels.
The row variable is displayed on the Y axis, and the tile heights are proportional to the relative

frequencies of the row levels within column levels. For more information, see Friendly (2000).

By default, the colors of the tiles correspond to the row variable levels. If you specify the
COLORSTAT=plot-option, the tiles are colored according to the values of the Pearson or
standardized residuals.

You can specify the followinglot-options:

COLORSTAT < =PEARSONRES | STDRES >
colors the mosaic plot tiles according to the values of residuals. If you specify COL-
ORSTAT=PEARSONRES, the tiles are colored according to the Pearson residuals of the
corresponding table cells. For more information, see the section “Pearson Chi-Square
Test for Two-Way Tables” on page 2649. If you specify COLORSTAT=STDRES, the
tiles are colored according to the standardized residuals of the corresponding table cells.
For more information, see the section “Standardized Residuals” on page 2649. You can
display the Pearson or standardized residuals in the CROSSLIST table by specifying the
CROSSLIST(PEARSONRES) or CROSSLIST(STDRES) option, respectively.

SQUARE
produces a square mosaic plot, where the height of the Y axis equals the width of the X axis.
In a square mosaic plot, the scale of the relative frequencies is the same on both axes. By
default, PROC FREQ produces a rectangular mosaic plot.
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NONE
suppresses all plots.

ODDSRATIOPLOT < (plot-options) >
requests a plot of odds ratios along with con dence limits. Odds ratio plots are available for
multiway 2 2 tables and display the odds ratio (with con dence limits) for each2 table
(stratum). To produce an odds ratio plot, you must also specify the MEASURES, OR(CL=), or
RELRISK option in the TABLES statement to compute the odds ratios.

Table 40.17 lists thelot-options that are available for odds ratio plots. For descriptions of the
plot-options, see the subsection “Plot Options”.

Table 40.17 Plot Options for ODDSRATIOPLOT, RELRISKPLOT, and RISKDIFFPLOT

Plot Option Description Values

CL= Con dence limit type Type

CLDISPLAY=  Error bar type BAR, LINE, LINEARROW,
SERIF , or SERIFARROW

COMMON= Common value NO or YES

COLUMN= Risk column lor2

LOGBASE= AXxis scale 2,E,or10

NPANELPOS=  Statistics per graphic Number (all

ORDER= Order of two-way levels ASCENDING or DESCENDING

RANGE= Range to display Values or CLIP

STATS Statistic values None

Default

Available for RELRISKPLOT and RISKDIFFPLOT
Available for ODDSRATIOPLOT and RELRISKPLOT

You can specify one of the following con dence limit types for the odds ratio plot: exact
(CL=EXACT), score (CL=SCORE), or Wald (CL=WALD). By default, the odds ratio plot
displays Wald con dence limits. For more information, see the descriptions of theplt-=
option and the OR(CL=) option.

To display exact or score con dence limits in the odds ratio plot, you must also request their
computation. You can request exact con dence limits for the odds ratio by specifying the OR
option in the EXACT statement. You can request score con dence limits for the odds ratio by
specifying the OR(CL=SCORE) option in the TABLES statement.

When CL=WALD or CL=EXACT, the odds ratio plot displays the common odds ratio by default
when it is available. To compute the common odds ratio along with Wald con dence limits,
specify the CMH option in the TABLES statement. To compute the common odds ratio along
with exact con dence limits, specify the COMOR option in the EXACT statement. To suppress
display of the common odds ratio, specify COMMON=NO. When CL=SCORE, the odds ratio
plot does not display the common odds ratio.
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RELRISKPLOT < (plot-options) >
requests a plot of relative risks along with con dence limits. Relative risk plots are available for
multiway 2 2 tables and display the relative risk (with con dence limits) for e@ch2 table
(stratum). To produce a relative risk plot, you must also specify the MEASURES or RELRISK
option in the TABLES statement to compute relative risks.

Table 40.17 lists thelot-options that are available for relative risk plots. For descriptions of the
plot-options, see the subsection “Plot Options”.

You can specify one of the following con dence limit types for the relative risk plot: exact
(CL=EXACT), score (CL=SCORE), or Wald (CL=WALD). By default, the relative risk plot
displays Wald con dence limits. For more information, see the descriptions of theplGt-sption

and the RELRISK(CL=) option.

To display exact or score con dence limits in the relative risk plot, you must also request their
computation. To request exact con dence limits for the relative risk, specify the RELRISK option
in the EXACT statement. To request score con dence limits for the relative risk, specify the
RELRISK(CL=SCORE) option in the TABLES statement. The risk column that you specify for
the con dence limits must match the risk column that you specify for the plot.

The relative risk plot displays the common relative risk by default when you specify CL=WALD
and the CMH option in the TABLES statement. To suppress display of the common relative risk,
specify COMMON=NO. When you specify CL=EXACT or CL=SCORE, the relative risk plot
does not display the common relative risk.

RISKDIFFPLOT < (plot-options) >
requests a plot of risk (proportion) differences along with con dence limits. Risk difference plots
are available for multiway 2 tables and display the risk difference (with con dence limits) for
each2 2table (stratum). To produce a risk difference plot, you must also specify the RISKDIFF
option in the TABLES statement to compute risk differences.

Table 40.17 lists thelot-options that are available for risk difference plots. For descriptions of
theplot-options, see the subsection “Plot Options”.

You can specify the CLplot-option to display one of the following con dence limit types in
the risk difference plot: Agresti-Caffo, exact, Hauck-Anderson, Miettinen-Nurminen (score),
Newcombe, and Wald. By default, the plot displays Wald con dence limits for the risk difference.
For more information, see the descriptions of the Gilst-option and the RISKDIFF(CL=)
option.

To display exact con dence limits in the risk difference plot, you must also request their compu-
tation by specifying the RISKDIFF option in the EXACT statement. The risk column that you
specify for the con dence limits must match the risk column that you specify for the plot.

By default, the risk difference plot displays the common risk difference when you specify the
RISKDIFF(COMMON) option and one of the following con dence limit types in the CL=
plot-option: Miettinen-Nurminen (score) (CL=MN), Newcombe (CL=NEWCOMBE), or Wald
(CL=WALD). To suppress display of the common risk difference, specify COMMON=NO.

WTKAPPAPLOT < ( plot-options) >
requests a plot of weighted kappa coef cients along with con dence limits. Weighted kappa
plots are available for multiway square tables and display the weighted kappa coef cient (with
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con dence limits) for each two-way table (stratum). Weighted kappa plots also display the overall
weighted kappa coef cient unless you specify the COMMON=pIG-option.

To produce a weighted kappa plot, you must specify the AGREE option in the TABLES statement
to compute weighted kappa coef cients, and the table dimension must be greater than 1.

Table 40.16 lists thelot-options that are available for weighted kappa plots. For descriptions of
theplot-options, see the subsection “Plot Options”.

Global Plot Options

A global-plot-option applies to all plots for which the option is available unless it is altered by an
individual plot-option. You can specifyglobal-plot-options in parentheses after the PLOTS option. For
example:

plots(order=ascending stats)=(riskdiffplot oddsratioplot)
plots(only)=fregplot

The following plot-options are available aglobal-plot-options: CLDISPLAY=, COLUMN-=,
COMMON=, EXACT, LOGBASE=, NPANELPOS=, ORDER=, ORIENT=, RANGE=, SCALE-=,
STATS, and TYPE-=. For descriptions of theset-options, see the subsection “Plot Options”.

In addition to theselot-options, you can specify the followinglobal-plot-option:

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

Plot Options

You can specify the followin@lot-options in parentheses afterpot-request:

CL=type
speci es thetype of con dence limits to display. You can specify the Clptot-option when you
specify the followingplot-requests: ODDSRATIOPLOT, RELRISKPLOT, and RISKDIFFPLOT.

For odds ratio plots (ODDSRATIOPLOT), the available con dence limit types include exact,
score, and Wald, which you can request by specifying CL=EXACT, CL=SCORE, and CL=WALD,
respectively. For more information, see the description of the OR(CL=) option and the section
“Odds Ratio and Relative Risks for 2 x 2 Tables” on page 2683. The default is CL=WALD. When
you specify CL=EXACT to display exact con dence limits, you must also request computation
of exact con dence limits by specifying the OR option in the EXACT statement. When you
specify CL=SCORE, you must also request computation of score con dence limits by specifying
the OR(CL=SCORE) option in the TABLES statement.

For relative risk plots (RELRISKPLOT), the available con dence limit types include exact, score,
and Wald, which you can request by specifying CL=EXACT, CL=SCORE, and CL=WALD,
respectively. For more information, see the description of the RELRISK(CL=) option and
the section “Relative Risks” on page 2685. The default is CL=WALD. When you specify
CL=EXACT to display exact con dence limits, you must also request computation of exact
con dence limits by specifying the RELRISK option in the EXACT statement. When you specify
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CL=SCORE, you must also request computation of score con dence limits by specifying the
RELRISK(CL=SCORE) option in the TABLES statement.

For risk difference plots (RISKDIFFPLOT), the available con dence limit types include the
following: Agresti-Caffo (CL=AC), exact (CL=EXACT), Hauck-Anderson (CL=HA), Miettinen-
Nurminen (score) (CL=MN), Newcombe (CL=NEWCOMBE), and Wald (CL=WALD). For more
information, see the description of the RISKDIFF(CL=) option and the section “Risk Difference
Con dence Limits” on page 2672. If you specify CL=EXACT to display exact con dence limits
in the plot, you must also request computation of exact con dence limits by specifying the
RISKDIFF option in the EXACT statement.

CLDISPLAY=BAR < width >| LINE | LINEARROW | SERIF | SERIFARROW
controls the appearance of the con dence limit error bars. You can specify the CLDISPLAY=
plot-option when you specify the followinglot-requests: KAPPAPLOT, ODDSRATIOPLOT,
RELRISKPLOT, RISKDIFFPLOT, and WTKAPPAPLOT.

The default is CLDISPLAY=SERIF, which displays the con dence limits as lines with serifs.
CLDISPLAY=LINE displays the con dence limits as plain lines without serifs. The CLDIS-
PLAY=SERIFARROW and CLDISPLAY=LINEARROWlot-options display arrowheads on
any error bars that are clipped by the RANGplet-option; if an entire error bar is cut from the
plot, the plot displays an arrowhead that points toward the statistic.

CLDISPLAY=BAR displays the con dence limits as bars. By default, the width of the bars
equals the size of the marker for the estimate. You can control the width of the bars and the
size of the marker by specifying the valuevatith as a percentage of the distance between bars,

0 < width 1. The bar might disappear when the valuevifth is very small.

COLUMN=1 | 2
speci es the table column to use to compute the risks (proportion) for the relative risk plot
(RELRISKPLOT) and the risk difference plot (RISKDIFFPLOT). If you specify COLUMN=1,
the plot displays the column 1 relative risks or the column 1 risk differences. Similarly, if you
specify COLUMN=2, the plot displays the column 2 relative risks or risk differences.

For relative risk plots, the default is COLUMN=1. For risk difference plots, the default is
COLUMN-=1 if you request computation of both column 1 and column 2 risk differences by
specifying the RISKDIFF option. If you request computation of only the column 1 (or column
2) risk differences by specifying the RISKDIFF(COLUMN=1) (or RISKDIFF(COLUMN=2))
option, by default the risk difference plot displays the risk differences for the column that you
specify.

COMMON=NO | YES
controls the display of the common (overall) statistic in plots that display stratum (two-way table)
statistics for multiway tables. You can specify the COMMOplst-option when you specify the
following plot-requests: KAPPAPLOT, ODDSRATIOPLOT, RELRISKPLOT, RISKDIFFPLOT,
and WTKAPPAPLOT.

COMMON=NO suppresses display of the common statistic and its con dence limits. By default,
COMMON=YES, which displays the common statistic and its con dence limits when these
values are available. For more information, see the descriptions pfdhequests.
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EXACT
requests display of exact con dence limits instead of asymptotic con dence limits. You can spec-
ify the EXACT plot-option when you specify the followinglot-requests: ODDSRATIOPLOT,
RELRISKPLOT, and RISKDIFFPLOT. The EXACplot-option is equivalent to the CL=EXACT
plot-option.

When you specify the EXACplot-option, you must also request computation of exact con dence
limits by specifying the appropriattatistic-option in the EXACT statement.

GROUPBY=COLUMN | ROW
speci es the primary grouping for two-way frequency plots, which you can request by specifying
the FREQPLOTplot=request. The defaultis GROUPBY=COLUMN, which groups graph cells
rst by column variable and displays row variable levels within column variable levels. You can
specify GROUPBY=ROW to group rst by row variable. In two-way and multiway table requests,
the column variable is the last variable speci ed and forms the columns of the crosstabulation
table. The row variable is the next-to-last variable speci ed and forms the rows of the table.

By default for a bar chart that is displayed in the TWOWAY=STACKED layout, bars correspond
to the column variable levels, and row levels are displayed (stacked) within each column bar.
By default for a bar chart that is displayed in the TWOWAY=CLUSTER layout, bars are rst
grouped by column variable levels, and row levels are displayed as adjacent bars within each
column-level group. You can reverse the default row and column variable grouping by specifying
GROUPBY=ROW.

LOGBASE=2 | E | 10
applies to the odds ratio plot (ODDSRATIOPLOT) and the relative risk lR&LRISKPLOT).
This plot-option displays the odds ratio or relative risk axis on the log scale that you specify.

LEGEND=NO | YES
applies to the agreement plot (AGREEPLOT). LEGEND=NO suppresses the legend that identi es
the areas of exact and partial agreement. The defaultis LEGEND=YES.

NOSTAT
applies to the deviation plot (DEVIATIONPLOT). NOSTAT suppresses the chi-squeaatue
that deviation plot displays by default.

NPANELPOS=n
divides the plot into multiple panels that display at mp§istatistics or sections.

If nis positive, the number of statistics or sections per panel is balanceds ifegative, the
number of statistics per panel is not balanced. For example, suppose you want to display 21 odds
ratios. NPANELPOS=20 displays two panels, the rst with 11 odds ratios and the second with
10 odds ratios; NPANELPOS=-20 displays 20 odds ratios in the rst panel but only 1 odds ratio
in the second panel. Thigot-option is available for all plots except mosaic plots and one-way
weighted frequency plots.

For two-way frequency plots (FREQPLOT), NPANELPQS=quests that panels display at most
jnj sections, where sections correspond to row or column variable levels, depending on the type
of plot and the grouping. By defauli=4 and each panel includes at most four sections. This
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plot-option applies to two-way plots that are displayed in the TWOWAY=GROUPVERTICAL or
TWOWAY=GROUPHORIZONTAL layout. Thé&N\PANELPOS=plot-option does not apply to
the TWOWAY=CLUSTER and TWOWAY=STACKED layouts, which are always displayed in a
single panel.

For plots that display statistics along with con dence limits, NPANELP®$equests that
panels display at mogtj statistics. By defaultp=0 and all statistics are displayed in a single
panel. Thisplot-option applies to the following plots: KAPPAPLOT, ORPLOT, RELRISKPLOT,
RISKDIFFPLOT, and WTKAPPAPLOT.

ORDER=ASCENDING | DESCENDING
displays the two-way table (strata) statistics in order of the statistic value. You can specify the
ORDER=plot-option when you specify the followinglot-requests: KAPPAPLOT, ODDSRA-
TIOPLOT, RELRISKPLOT, RISKDIFFPLOT, and WTKAPPAPLOT.

If you specify ORDER=ASCENDING or ORDER=DESCENDING, the plot displays the statistics
in ascending or descending order, respectively. By default, the order of the statistics in the plot
matches the order that the two-way table strata appear in the multiway table display.

ORIENT=HORIZONTAL | VERTICAL
controls the orientation of the plot. You can specify the ORIENIGt-option when you specify
the followingplot-requests: CUMFREQPLOT, DEVIATIONPLOT, and FREQPLOT.

ORIENT=HORIZONTAL places the variable levels on the Y axis and the frequencies, percent-
ages, or statistic values on the X axis. ORIENT=VERTICAL places the variable levels on the X
axis. The default orientation is ORIENT=VERTICAL for bar charts (TYPE=BARCHART) and
ORIENT=HORIZONTAL for dot plots (TYPE=DOTPLOQOT).

PARTIAL=NO | YES
controls the display of partial agreement in the agreement plot (AGREEPLOT). PARTIAL=NO
suppresses the display of partial agreement. When you specify PARTIAL=NO, the agreement
plot displays only exact agreement. Exact agreement includes the diagonal cells of the square
table, where the row and column variable levels are the same. Partial agreement includes the
adjacent off-diagonal table cells, where the row and column values are within one level of exact
agreement. The default is PARTIAL=YES.

RANGE=( < min >< , max >)| CLIP
speci es the range of values to display. You can specify the RAN@&toption when you spec-
ify the following plot-requests: KAPPAPLOT, ODDSRATIOPLOT, RELRISKPLOT, RISKD-
IFFPLOT, and WTKAPPAPLOT.

If you specify RANGE=CLIP, the con dence limits are clipped and the display range is deter-
mined by the minimum and maximum values of the statistics. By default, the display range
includes all con dence limits.

SCALE=FREQ | GROUPPERCENT | LOG | PERCENT | SQRT
speci es the scale of the frequencies to display. This-option is available for frequency plots
(FREQPLOT) and cumulative frequency plots (CUMFREQPLOT).

The default is SCALE=FREQ, which displays unscaled frequencies. SCALE=PERCENT displays
percentages (relative frequencies) of the total frequency. SCALE=LOG displays log (base 10)
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frequencies. SCALE=SQRT displays square roots of the frequencies, producing a plot known as
arootogram

SCALE=GROUPPERCENT is available for two-way frequency plots. This option displays the
row or column percentages instead of the overall percentages (of the table frequency). By default
(or when you specify the GROUPBY=COLUMpot-option), SCALE=GROUPPERCENT
displays the column percentages. If you specify the GROUPBY=R@®Abption, the primary
grouping of graph cells is by row variable level and the plot displays row percentages. For more
information, see the description of the GROUPBpst-option.

SHOWSCALE=NO | YES
controls the display of the cumulative frequency scale on the right side of the agreement plot
(AGREEPLOT). SHOWSCALE=NO suppresses the display of the scale. The default is SHOWS-
CALE=YES.

STATS
displays statistic values in the plot. For the followipigt-requests, the STAT Splot-option
displays the statistics and their con dence limits on the right side of the plot: KAPPAPLOT,
ODDSRATIOPLOT, RELRISKPLOT, RISKDIFFPLOT, and WTKAPPAPLOT.

For the agreement plot (AGREEPLOT), the STAfISt-option displays the values of the kappa
statistic, the weighted kappa statistic, B measure (Bangdiwala and Bryan 1987), and the
sample size. PROC FREQ stores these statistics in an ODS table BaWeasure, which is

not displayed. For more information, see the section “ODS Table Names” on page 2721.

If you do not request the STATBot-option, these plots do not display the statistic values.

TWOWAY=CLUSTER | GROUPHORIZONTAL | GROUPVERTICAL | STACKED
speci es the layout for two-way frequency plots.

All TWOWAY= layouts are available for bar charts (TYPE=BARCHART). All TWOWAY=
layouts except TWOWAY=CLUSTER are available for dot plots (TYPE=DOTPLOT). The
ORIENT= and GROUPBY plot-options are available for all TWOWAY = layouts.

The default two-way layout is TWOWAY=GROUPVERTICAL, which produces a grouped
plot that has a vertical common baseline. By default for bar charts (TYPE=BARCHART,
ORIENT=VERTICAL), the X axis displays column variable levels, and the Y axis displays
frequencies. The plot includes a vertical (Y-axis) block for each row variable level. The relative
positions of the graph cells in this plot layout are the same as the relative positions of the table
cells in the crosstabulation table. You can reverse the default row and column grouping by
specifying the GROUPBY=ROWlot-option.

The TWOWAY=GROUPHORIZONTAL layout produces a grouped plot that has a horizontal
common baseline. By default (GROUPBY=COLUMN), the plot displays a block on the X axis
for each column variable level. Within each column-level block, the plot displays row variable
levels.

The TWOWAY=STACKED layout produces stacked displays of frequencies. By default
(GROUPBY=COLUMN) in a stacked bar chart, the bars correspond to column variable levels,
and row levels are stacked within each column level. By default in a stacked dot plot, the
dotted lines correspond to column levels, and cell frequencies are plotted as data dots on the
corresponding column line. The dot color identi es the row level.
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The TWOWAY=CLUSTER layout, which is available only for bar charts, displays groups of
adjacent bars. By default, the primary grouping is by column variable level, and row levels are
displayed within each column level.

You can reverse the default row and column grouping in any layout by specifying the
GROUPBY=ROWplot-option. The default is GROUPBY=COLUMN, which groups rst by
column variable.

TYPE=BARCHART | DOTPLOT
speci es the plot type (format) of the frequency (FREQPLOT), cumulative frequency
(CUMFREQPLOT), and deviation plots (DEVIATIONPLOT). TYPE=BARCHART produces a
bar chart and TYPE=DOTPLOT produces a dot plot. The defaultis TYPE=BARCHART.

PRINTKWTS
displays the agreement weights that PROC FREQ uses to compute the weighted kappa coef cient.
Agreement weights re ect the relative agreement between pairs of variable levels. By default, PROC
FREQ uses the Cicchetti-Allison form of agreement weights. If you specify the AGREE(WT=FC)
option, the procedure uses the Fleiss-Cohen form of agreement weights. For more information, see the
section “Weighted Kappa Coef cient” on page 2692.

This option has no effect unless you also specify the AGREE option to compute the weighted kappa
coef cient. The PRINTKWTS option is equivalent to the AGREE(PRINTKWTS) option.

RELRISK < (relrisk-options) >
requests relative risk measures for 2 tables. These measures include the odds ratio, the column 1
relative risk, and the column 2 relative risk. For more information, see the section “Odds Ratio and
Relative Risks for 2 x 2 Tables” on page 2683. By default, PROC FREQ displays the relative risk
measures and their asymptotic Wald con dence limits in the “Odds Ratio and Relative Risks” table.
You can also obtain this table by specifying the MEASURES option, which produces other measures
of association in addition to the relative risks.

When you specify con dence limit types in the Cleelrisk-option, PROC FREQ displays the “Relative
Risk Con dence Limits” table; PROC FREQ does not display the “Odds Ratio and Relative Risks” table
unless you also specify the PRINTALkElrisk-option. You can request the “Odds Ratio Con dence
Limits” table by specifying the OR(CL=) option.
You can specify the followingelrisk-options:
CL=type | (types)

speci es con dence limit types for the relative risk. You can specify one or mygpes of

con dence limits. When you specify only ongpe, you can omit the parentheses around the

request. When you specify the Clelrisk-option, PROC FREQ displays the con dence limits in
the “Relative Risk Con dence Limits” table.

(The ALPHA= option determines the level of the con dence limits that the @lrsk-option
provides. By default, ALPHA=0.05, which produces 95% con dence limits for the relative risk.)

You can specify the followingypes:
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EXACT
displays exact unconditional con dence limits for the relative risk in the “Con dence Limits
for the Relative Risk” table. You must also request computation of the exact con dence
limits by specifying the RELRISK option in the EXACT statement. For more information,
see the section “Exact Unconditional Con dence Limits for the Relative Risk” on page 2686.

SCORE < (CORRECT=NO) >
requests score con dence limits for the relative risk. For more information, see the
section “Score Con dence Limits for the Relative Risk” on page 2686. If you specify
CORRECT=NO, PROC FREQ provides the uncorrected form of the con dence limits.

WALD
requests asymptotic Wald con dence limits for the relative risk. For more information, see
the section “Relative Risks” on page 2685.

If you do not specify the CL=zelrisk-option, the RELRISK option displays Wald con dence
limits for the odds ratio, column 1 relative risk, and column 2 relative risk in the “Odds Ratio and
Relative Risks” table.

COLUMN=1]| 2
speci es the table column for which to compute the relative risk con dence limits (which
you request by specifying the ClLrelrisk-option). By default, COLUMN=1, which displays
con dence limits for the column 1 relative risk in the “Relative Risk Con dence Limits” tables.
This option has no effect on the “Odds Ratio and Relative Risks” table, which displays both
column 1 and column 2 relative risks.

PRINTALL
displays the “Odds Ratio and Relative Risks” table when you specify ther@tisk-option. (By
default, PROC FREQ does not display this table when you specify therétisk-option.)

RISKDIFF < (riskdiff-options) >
requests risks (binomial proportions) and risk difference2for2 tables. By default, this option
provides the row 1 risk, row 2 risk, total (overall) risk, and risk difference (row 1 —row 2), together
with their asymptotic standard errors and Wald con dence limits; by default, this option also provides
exact (Clopper-Pearson) con dence limits for the row 1, row 2, and total risks. You can request exact
unconditional con dence limits for the risk difference by specifying the RISKDIFF option in the
EXACT statement. For more information, see the section “Risks and Risk Differences” on page 2671.
PROC FREQ displays these results in the column 1 and column 2 “Risk Estimates” tables.

You can specifyiskdiff-options in parentheses after the RISKDIFF option to request tests and additional
con dence limits for the risk difference, in addition to estimates of the common risk difference for
multiwvay 2 2tables. Table 40.18 summarizes tisgdiff-options.

The CL=riskdiff-option requests con dence limits for the risk difference. Available con dence limit
types include Agresti-Caffo, exact unconditional, Hauck-Anderson, Miettinen-Nurminen (score),
Newcombe, and Wald. Continuity-corrected Newcombe and Wald con dence limits are also available.
You can request more than one type of con dence limits in the same analysis. PROC FREQ displays
the con dence limits in the “Proportion (Risk) Difference Con dence Limits” table.
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The CL=EXACT riskdiff-option displays exact unconditional con dence limits in the “Proportion
(Risk) Difference Con dence Limits” table. When you specify CL=EXACT, you must also request
computation of the exact con dence limits by specifying the RISKDIFF option in the EXACT state-
ment.

The EQUIV, NONINF, and SURiskdiff-options request tests of equivalence, noninferiority, and
superiority, respectively, for the risk difference. Available test methods include Farrington-Manning
(score), Hauck-Anderson, and Newcombe (hybrid-score), in addition to the Wald test.

As part of the noninferiority, superiority, and equivalence analyses, PROC FREQ provides null-based
equivalence limits that have a con dence coefcient0.1 2/ % (Schuirmann 1999). The
ALPHA= option determines the con dence level; by default, ALPHA=0.05, which produces 90%
equivalence limits for these analyses. For more information, see the sections “Noninferiority Tests” on
page 2676 and “Equivalence Tests” on page 2679.

Table 40.18 RISKDIFF (Proportion Difference) Options

Option Description

COLUMN=1]|2 Speci es the risk column

COMMON Requests common risk difference
CORRECT Requests continuity correction

NORISKS Suppresses default risk tables

Request Con dence Limits

CL=AC Requests Agresti-Caffo con dence limits
CL=EXACT Displays exact con dence limits

CL=HA Requests Hauck-Anderson con dence limits
CL=MN | SCORE Requests Miettinen-Nurminen con dence limits
CL=NEWCOMBE Requests Newcombe con dence limits
CL=WALD Requests Wald con dence limits

Request Tests

EQUAL Requests an equality test

EQUIV | EQUIVALENCE Requests an equivalence test

MARGIN= Speci es the test margin

METHOD= Speci es the test method

NONINF | NONINFERIORITY Requests a noninferiority test

SUP | SUPERIORITY Requests a superiority test

VAR=SAMPLE | NULL Speci es the test variance

You can specify the followingjskdiff-options in parentheses after the RISKDIFF option:

CL=type | (types)
requests con dence limits for the risk difference. You can specify one or mpes of con dence
limits. When you specify only ongpe, you can omit the parentheses around the request. PROC
FREQ displays the con dence limits in the “Proportion (Risk) Difference Con dence Limits”
table.

The ALPHA= option determines the level of the con dence limits. By default, ALPHA=0.05,
which produces 95% con dence limits for the risk difference.
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You can specify the CL#skdiff-option with or without requests for risk difference tests. The
con dence limits that CL= produces do not depend on the tests that you request and do not use
the value of the test margin (which you can specify in the MARGHSkdiff-option).

You can control the risk column for the con dence limits by specifying the COLUM Nkdiff-
option. If you do not specify COLUMN=, by default PROC FREQ provides con dence limits for
the column 1 risk difference.

You can specify the followingypes:

AGRESTICAFFO

AC
requests Agresti-Caffo con dence limits for the risk difference. For more information, see
the subsection “Agresti-Caffo Con dence Limits” in the section “Risk Difference Con dence
Limits” on page 2672.

EXACT
displays exact unconditional con dence limits for the risk difference in the “Proportion
(Risk) Difference Con dence Limits” table. You must also request computation of the exact
con dence limits by specifying the RISKDIFF option in the EXACT statement.

PROC FREQ computes the con dence limits by inverting two separate one-sided exact tests
(tail method). By default, the tests are based on the unstandardized risk difference. If you
specify the RISKDIFF(METHOD=SCORE) option in the EXACT statement, the tests are
based on the score statistic. For more information, seRIS&DIFF option in the EXACT
statement and the section “Exact Unconditional Con dence Limits for the Risk Difference”
on page 2679.

By default, PROC FREQ also displays these exact con dence limits in the “Risk Estimates”
table. You can suppress this table by specifying the NORIS8#&iff-option.

HA
requests Hauck-Anderson con dence limits for the risk difference. For more information,
see the subsection “Hauck-Anderson Con dence Limits” in the section “Risk Difference
Con dence Limits” on page 2672.

MN < (CORRECT=NO | MEE) >

SCORE < (CORRECT=NO | MEE) >
requests Miettinen-Nurminen (score) con dence limits for the risk difference. For more
information, see the subsection “Miettinen-Nurminen (Score) Con dence Limits” in the
section “Risk Difference Con dence Limits” on page 2672. By default, the Miettinen-
Nurminen con dence limits include a bias correction factor (Miettinen and Nurminen 1985;
Newcombe and Nurminen 2011). If you specify CL=MN(CORRECT=NO), PROC FREQ
provides the uncorrected form of the con dence limits (Mee 1984).

NEWCOMBE < (CORRECT)>
requests Newcombe hybrid-score con dence limits for the risk difference. If you specify
CL=NEWCOMBE(CORRECT) or the CORREGTEkdiff-option, the Newcombe con dence
limits include a continuity correction. For more information, see the subsection “Newcombe
Con dence Limits” in the section “Risk Difference Con dence Limits” on page 2672.
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WALD < (CORRECT)>
requests Wald con dence limits for the risk difference. If you specify CL=WALD(CORRECT)
or the CORRECTriskdiff-option, the Wald con dence limits include a continuity correction.
For more information, see the subsection “Wald Con dence Limits” in the section “Risk
Difference Con dence Limits” on page 2672.

COLUMN=1 | 2 | BOTH
speci es the table column for which to compute the risk difference tests (EQUAL, EQUIV,
NONINF, and SUP) and the risk difference con dence limits (which you request by specifying
the CL=riskdiff-option). By default, COLUMN=L1.

This option has no effect on the “Risk Estimates” table, which is produced for both column
1 and column 2. You can suppress the “Risk Estimates” table by specifying the NORISKS
riskdiff-option.

COMMON
requests estimates of the common (overall) risk difference for multBvay tables. PROC
FREQ produces Mantel-Haenszel and summary score estimates for the common risk difference,
together with their con dence limits. For more information, see the section “Common Risk
Difference” on page 2681. If you specify the RISKDIFF(CL=NEWCOMBE) option, PROC
FREQ also provides Newcombe con dence limits for the common risk difference. For more
information, see the section “Common Risk Difference” on page 2681.

If you do not specify the COLUMN=iskdiff-option, PROC FREQ provides the common risk
difference for column 1 by default. If you specify COLUMN=2, PROC FREQ provides the
common risk difference for column 2. COLUMN=BOTH does not apply to the common risk
difference.

CORRECT
includes a continuity correction in the Wald con dence limits, Wald tests, and Newcombe
con dence limits. For more information, see the section “Risks and Risk Differences” on
page 2671.

EQUAL
requests a test of the null hypothesis that the risk difference equals zero. This option provides
an asymptotic Wald test of equality. If you specify the CORRE{SKdiff-option, the Wald test
includes a continuity correction. If you specify the VAR=NULiskdiff-option, the test uses
the null-based variance instead of the sample variance. For more information, see the section
“Equality Test” on page 2675.

EQUIV
EQUIVALENCE
requests a test of equivalence for the risk difference. For more information, see the section “Equiv-
alence Tests” on page 2679. You can specify the test method in the MET hi€Kdi#f-option,
and you can specify the margins in the MARGINskdiff-option. By default, METHOD=WALD
and MARGIN=0.2.

MARGIN=value | (lower, upper)
speci es the margin for the noninferiority, superiority, and equivalence tests, which you re-
guest by specifying the NONINF, SUP, and EQUisSkdiff-options, respectively. By default,
MARGIN=0.2.
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For noninferiority and superiority tests, specify a singd@e in the MARGIN= option. The

value must be a positive number. You can speceiijue as a number between 0 and 1. Or you
can specifyalue in percentage form as a number between 1 and 100, and PROC FREQ converts
that number to a proportion. PROC FREQ treats the value 1 as 1%.

For an equivalence test, you can specify a single MARGINme, or you can specify both

lower andupper values. If you specify a singhealue, it must be a positive number, as described
previously. If you specify a singlealue for an equivalence test, PROC FREQ useslue as the

lower margin andialue as the upper margin for the test. If you specify blother andupper

values for an equivalence test, you can specify them in proportion form as numbers between -1
or 1. Or you can specify them in percentage form as numbers between —100 and 100, and PROC
FREQ converts the numbers to proportions. The valuevadr must be less than the value of

upper.

METHOD=method
speci es the method for the noninferiority, superiority, and equivalence analyses, which you
request by specifying the NONINF, SUP, and EQUiskdiff-options, respectively. By default,
METHOD=WALD.

You can specify the followingnethods:

FM

SCORE
requests Farrington-Manning (score) tests and equivalence limits for the equivalence, nonin-
feriority, and superiority analyses. For more information, see the subsection “Farrington-
Manning (Score) Test” in the section “Noninferiority Tests” on page 2676.

HA
requests Hauck-Anderson tests and con dence limits for the equivalence, noninferiority, and
superiority analyses. For more information, see the subsection “Hauck-Anderson Test” in
the section “Noninferiority Tests” on page 2676.

NEWCOMBE
requests Newcombe (hybrid-score) con dence limits for the equivalence, noninferiority, and
superiority analyses. If you specify the CORRE(kdiff-option, the Newcombe con dence
limits include a continuity correction. For more information, see the subsection “Newcombe
Noninferiority Analysis” in the section “Noninferiority Tests” on page 2676.

WALD
requests Wald tests and con dence limits for the equivalence, noninferiority, and superiority
analyses. If you specify the CORREGi$kdiff-option, the Wald tests and con dence limits
include a continuity correction. If you specify the VAR=NULlskdiff-option, the tests use
the null (test-based) variance instead of the sample variance. For more information, see the
subsection “Wald Test” in the section “Noninferiority Tests” on page 2676.

NONINF

NONINFERIORITY
requests a test of noninferiority for the risk difference. For more information, see the sec-
tion “Noninferiority Tests” on page 2676. You can specify the test method in the METHOD=
riskdiff-option, and you can specify the margin in the MARGINiskdiff-option. By default,
METHOD=WALD and MARGIN=0.2.
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NORISKS
suppresses display of the “Risk Estimates” tables, which the RISKDIFF option produces by
default for column 1 and column 2. The “Risk Estimates” tables contain the risks and risk
differences, together with their asymptotic standard errors, Wald con dence limits, and exact
con dence limits.

SUP

SUPERIORITY
requests a test of superiority for the risk difference. For more information, see the section
“Superiority Test” on page 2678. You can specify the test method in the METH@Rd#Hf-option,
and you can specify the margin in the MARGINskdiff-option. By default, METHOD=WALD
and MARGIN=0.2.

VAR=NULL | SAMPLE
speci es the type of variance to use in the Wald tests of noninferiority, superiority, equivalence,
and equality. If you specify VAR=SAMPLE, PROC FREQ uses the sample variance. If you
specify VAR=NULL, PROC FREQ uses a test-based variance that is computed by using the null
hypothesis value of the risk difference. For more information, see the sections “Equality Test” on
page 2675 and “Noninferiority Tests” on page 2676. The default is VAR=SAMPLE.

SCORES=type
speci es the type of row and column scores that PROC FREQ uses to compute the following statistics:
Mantel-Haenszel chi-square, Pearson correlation, Cochran-Armitage test for trend, weighted kappa
coef cient, and Cochran-Mantel-Haenszel statistics. The valugpefcan be one of the following:

MODRIDIT
RANK
RIDIT

* TABLE

See the section “Scores” on page 2647 for descriptions of these score types.

If you do not specify the SCORES= option, PROC FREQ uses SCORES=TABLE by default. For
character variables, the row and column TABLE scores are the row and column numbers. That is,
the TABLE score is 1 for row 1, 2 for row 2, and so on. For numeric variables, the row and column
TABLE scores equal the variable values. See the section “Scores” on page 2647 for details. Using
MODRIDIT, RANK, or RIDIT scores yields nonparametric analyses.

You can use the SCOROUT option to display the row and column scores.

SCOROUT
displays the row and column scores that PROC FREQ uses to compute score-based tests and statistics.

You can specify the score type with the SCORES= option. See the section “Scores” on page 2647 for
details.

The scores are computed and displayed only when PROC FREQ computes statistics for two-way tables.
You can use ODS to store the scores in an output data set. See the section “ODS Table Names” on
page 2721 for more information.
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SPARSE
reports all possible combinations of the variable values fon-aray table whem > 1, even if a
combination does not occur in the data. The SPARSE option applies only to crosstabulation tables
displayed in LIST format and to the OUT= output data set. If you do not use the LIST or OUT= option,
the SPARSE option has no effect.

When you specify the SPARSE and LIST options, PROC FREQ displays all combinations of variable
values in the table listing, including those with a frequency count of zero. By default, without the
SPARSE option, PROC FREQ does not display zero-frequency levels in LIST output. When you use
the SPARSE and OUT= options, PROC FREQ includes empty crosstabulation table cells in the output
data set. By default, PROC FREQ does not include zero-frequency table cells in the output data set.

See the section “Missing Values” on page 2643 for more information.

TOTPCT
displays the percentage of the total multiway table frequency in crosstabulation tabies/dgr
tables, where > 2. By default, PROC FREQ displays the percentage of the individual two-way table
frequency but does not display the percentage of the total frequency for multiway crosstabulation
tables. See the section “Two-Way and Multiway Tables” on page 2714 for more information.

The percentage of total multiway table frequency is displayed by default when you specify the LIST
option. Itis also provided by default in tlRERCENT variable in the OUT= output data set.

TREND
requests the Cochran-Armitage test for trend. The table muat b& orR 2 to compute the trend
test. See the section “Cochran-Armitage Test for Trend” on page 2687 for details. To request exact
p-values for the trend test, specify the TREND option in the EXACT statement. See the section “Exact
Statistics” on page 2704 for more information.

TEST Statement
TEST test-options ;

The TEST statement requests asymptotic tests for measures of association and measures of agreement. The
test-options identify which tests to compute. Table 40.19 lists the availadseoptions, together with their
corresponding TABLES statement options. Descriptions ofékteoptions follow the table in alphabetical

order.

For each measure of association or agreement that you request in the TEST statement, PROC FREQ provides
an asymptotic test that the measure equals zero. The procedure displays the asymptotic standard error
under the null hypothesis, the test statistic, and the one-sided and twagpsidédes. Additionally, PROC

FREQ reports the con dence limits for the measure. The ALPHA= option in the TABLES statement
determines the con dence level, which by default equals 0.05 and provides 95% con dence limits. See the
sections “Asymptotic Tests” on page 2654 and “Con dence Limits” on page 2654 for details. Also see the
sections “Measures of Association” on page 2653 and “Tests and Measures of Agreement” on page 2690 for
information about the individual measures.

You can also request exact tests for selected measures of association and agreement by using the EXACT
statement. See the section “Exact Statistics” on page 2704 for more information.
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Using the TEST Statement with the TABLES Statement

You must use a TABLES statement with the TEST statement. If you use only one TABLES statement, you
do not need to specify the same options in both the TABLES and TEST statements; when you specify an
option in the TEST statement, PROC FREQ automatically invokes the corresponding TABLES statement
option. However, when you use the TEST statement with multiple TABLES statements, you must specify
options in the TABLES statements to request statistics. PROC FREQ then provides asymptotic tests for those
statistics that you also specify in the TEST statement.

Table 40.19 TEST Statement Options

Test Option Asymptotic Tests Required TABLES
Statement Option

AGREE Simple and weighted kappa coef cients AGREE

GAMMA Gamma ALL or MEASURES

KAPPA Simple kappa coef cient AGREE

KENTB | TAUB Kendall's taub ALL or MEASURES

MEASURES Gamma, Kendall's taloi-Stuart's taue, ALL or MEASURES

Somers'D.C jR/, SomersD.R jC/,
Pearson and Spearman correlations

PCORR Pearson correlation coef cient ALL or MEASURES
PLCORR Polychoric correlation PLCORR

SCORR Spearman correlation coef cient ALL or MEASURES
SMDCR SomersD.C jR/ ALL or MEASURES
SMDRC SomersD.R jC/ ALL or MEASURES
STUTC | TAUC Stuart's tal ALL or MEASURES
WTKAP | WTKAPPA  Weighted kappa coef cient AGREE

You can specify the followingest-options in the TEST statement.

AGREE
requests asymptotic tests for the simple kappa coef cient and the weighted kappa coef cient. See the
sections “Simple Kappa Coef cient” on page 2691 and “Weighted Kappa Coef cient” on page 2692
for details.

The AGREE option in the TABLES statement provides estimates, standard errors, and con dence
limits for kappa coef cients. You can request exact tests for kappa coef cients by using the EXACT
statement.

Kappa coef cients are de ned only for square tables, where the number of rows equals the number
of columns. Kappa coef cients are not computed for tables that are not squar2. Fbtables, the
weighted kappa coef cient is identical to the simple kappa coef cient, and PROC FREQ presents only
the simple kappa coef cient.

GAMMA
requests an asymptotic test for the gamma statistic. See the section “Gamma” on page 2655 for details.
The MEASURES option in the TABLES statement provides the gamma statistic and its asymptotic
standard error.
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KAPPA
requests an asymptotic test for the simple kappa coef cient. See the section “Simple Kappa Coef cient”
on page 2691 for details.

The AGREE option in the TABLES statement provides the kappa statistic, its standard error, and its
con dence limits. You can request an exact test for the simple kappa coef cient by specifying the
KAPPA option in the EXACT statement.

Kappa coef cients are de ned only for square tables, where the number of rows equals the number of
columns. PROC FREQ does not compute kappa coef cients for tables that are not square.

KENTB

TAUB
requests an asymptotic test for Kendall's tausee the section “Kendall's Tau-b” on page 2655 for
details.

The MEASURES option in the TABLES statement provides Kendall'sliamd its standard error. You
can request an exact test for Kendall's taby specifying the KENTB option in the EXACT statement.

MEASURES
requests asymptotic tests for the following measures of association: gamma, Kenddd|'®&arson
correlation coef cient, Somerd.C jR/, Somers'D.R jC/, Spearman correlation coef cient, and
Stuart's taue. See the section “Measures of Association” on page 2653 for details.

The MEASURES option in the TABLES statement provides measures of association and their asymp-
totic standard errors. You can request exact tests for selected measures by using the EXACT statement.

PCORR
requests an asymptotic test for the Pearson correlation coef cient. See the section “Pearson Correlation

Coef cient” on page 2657 for detalils.

The MEASURES option in the TABLES statement provides the Pearson correlation and its standard
error. You can request an exact test for the Pearson correlation by specifying the PCORR option in the
EXACT statement.

PLCORR
requests Wald and likelihood ratio tests for the polychoric correlation coef cient. See the section

“Polycharic Correlation” on page 2659 for details.

The PLCORR option in the TABLES statement provides the polychoric correlation and its standard
error.

SCORR
requests an asymptotic test for the Spearman correlation coef cient. See the section “Spearman Rank

Correlation Coef cient” on page 2658 for details.

The MEASURES option in the TABLES statement provides the Spearman correlation and its standard
error. You can request an exact test for the Spearman correlation by specifying the SCORR option in
the EXACT statement.
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SMDCR
requests an asymptotic test for SomédsC jR/. See the section “SomerD” on page 2656 for
details.

The MEASURES option in the TABLES statement provides Sonmer€' jR/ and its standard error.
You can request an exact test for Som&sC jR/ by specifying the SMDCR option in the EXACT
statement.

SMDRC
requests an asymptotic test for Somddsk jC/. See the section “Somer®” on page 2656 for
details.

The MEASURES option in the TABLES statement provides Somer® jC/ and its standard error.
You can request an exact test for Som&dR jC/ by specifying the SMDRC option in the EXACT
statement.

STUTC

TAUC
requests an asymptotic test for Stuart's taisee the section “Stuart's Tau-c” on page 2656 for details.

The MEASURES option in the TABLES statement provides Stuart'sctane its standard error. You
can request an exact test for Stuart's taoy specifying the STUTC option in the EXACT statement.

WTKAP

WTKAPPA
requests an asymptotic test for the weighted kappa coef cient. See the section “Weighted Kappa
Coef cient” on page 2692 for detalils.

The AGREE option in the TABLES statement provides the weighted kappa coef cient, its standard
error, and con dence limits. You can request an exact test for the weighted kappa by specifying the
WTKAP option in the EXACT statement.

Kappa coef cients are de ned only for square tables, where the number of rows equals the number of
columns. PROC FREQ does not compute kappa coef cients for tables that are not squ&re. Zor
tables, the weighted kappa coef cient is identical to the simple kappa coef cient, and PROC FREQ
presents only the simple kappa coef cient.

WEIGHT Statement
WEIGHT variable < / option > ;

The WEIGHT statement names a numeric variable that provides a weight for each observation in the input
data set. The WEIGHT statement is most commonly used to input cell count data. See the section “Inputting
Frequency Counts” on page 2641 for more information. If you use a WEIGHT statement, PROC FREQ
assumes that an observation represemtisservations, wheneis the value ofvariable. The value of the
WEIGHT variable is not required to be an integer.

If the value of the WEIGHT variable is missing, PROC FREQ does not use that observation in the analysis.
If the value of the WEIGHT variable is zero, PROC FREQ ignores the observation unless you specify the
ZEROS option, which includes observations with zero weights. If you do not specify a WEIGHT statement,
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PROC FREQ assigns a weight of one to each observation. The sum of the WEIGHT variable values represents
the total number of observations.

If any value of the WEIGHT variable is negative, PROC FREQ displays the frequencies computed from
the weighted values but does not compute percentages and statistics. If you create an output data set by
using the OUT= option in the TABLES statement, PROC FREQ assigns missing valuePEROENT

variable. PROC FREQ also assigns missing values to the variables that the OUTEXPECT and OUTPCT
options provide. If any value of the WEIGHT variable is negative, you cannot create an output data set by
using the OUTPUT statement because statistics are not computed when there are negative weights.

You can specify the followingption in the WEIGHT statement:

ZEROS
includes observations with zero weight values. By default, PROC FREQ ignores observations with

zero weights.

If you specify the ZEROS option, frequency and and crosstabulation tables display any levels cor-
responding to observations with zero weights. Without the ZEROS option, PROC FREQ does not
process observations with zero weights, and so does not display levels that contain only observations
with zero weights.

With the ZEROS option, PROC FREQ includes levels with zero weights in the chi-square goodness-
of- t test for one-way tables. Also, PROC FREQ includes any levels with zero weights in binomial
computations for one-way tables. This makes it possible to compute binomial tests and estimates when
the speci ed level contains no observations with positive weights.

For two-way tables, the ZEROS option enables computation of kappa statistics when there are levels
that contain no observations with positive weight. For more information, see the section “Tables with
Zero Rows and Columns” on page 2695.

Note that even with the ZEROS option, PROC FREQ does not compute the CHISQ or MEASURES
statistics for two-way tables when the table has a zero row or zero column because most of these
statistics are unde ned in this case.

The ZEROS option invokes the SPARSE option in the TABLES statement, which includes table cells
with a zero frequency count in the LIST output and in the OUT= data set. By default, without the

SPARSE option, PROC FREQ does not include zero frequency cells in the LIST output or in the OUT=
data set. If you specify the ZEROS option in the WEIGHT statement but do not want the SPARSE
option, you can specify the NOSPARSE option in the TABLES statement.

Details: FREQ Procedure

Inputting Frequency Counts

PROC FREQ can use either raw data or cell count data to produce frequency and crosstabulatidRaables.
data, also known as case-record data, report the data as one record for each subject or sampleGe#imber.
count datareport the data as a table, listing all possible combinations of data values along with the frequency
counts. This way of presenting data often appears in published results.
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The following DATA step statements store raw data in a SAS data set:

data Raw;
input Subject $ R C @@;
datalines;
0111 0211 0311 0411 0511
0612 0712 0812 0921 1021
322 1422 14 2 2

1121 1221 1

You can store the same data as cell counts by using the following DATA step statements:

data CellCounts;
input R C Count @@;

datalines;
115 123
214 223

The variableR contains the values for the rows, and the varigbtontains the values for the columns. The
variableCount contains the cell count for each row and column combination.

Both theRaw data set and th€ellCounts data set produce identical frequency counts, two-way tables, and
statistics. When using theellCounts data set, you must include a WEIGHT statement to specify that the
variableCount contains cell counts. For example, the following PROC FREQ statements create a two-way
crosstabulation table by using tlellCounts data set:

proc freq data=CellCounts;
tables R *C;
weight Count;

run;

Grouping with Formats

PROC FREQ groups a variable's values according to its formatted values. If you assign a format to a variable
with a FORMAT statement, PROC FREQ formats the variable values before dividing observations into the
levels of a frequency or crosstabulation table.

For example, suppose that varialléas the values 1.1, 1.4, 1.7, 2.1, and 2.3. Each of these values appears
as a level in the frequency table. If you decide to round each value to a single digit, include the following
statement in the PROC FREQ step:

format X 1.;

Now the table lists the frequency count for formatted level 1 as two and for formatted level 2 as three.

PROC FREQ treats formatted character variables in the same way. The formatted values are used to group
the observations into the levels of a frequency table or crosstabulation table. PROC FREQ uses the entire
value of a character format to classify an observation.

You can also use the FORMAT statement to assign formats that were created with the FORMAT procedure to
the variables. User-written formats determine the number of levels for a variable and provide labels for a
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table. If you use the same data with different formats, then you can produce frequency counts and statistics
for different classi cations of the variable values.

When you use PROC FORMAT to create a user-written format that combines missing and nonmissing values
into one category, PROC FREQ treats the entire category of formatted values as missing. For example, a
guestionnaire codes 1 as yes, 2 as no, and 8 as a no answer. The following PROC FORMAT statements create
a user-written format:

proc format;

value Questfmt 1 =Yes
2 =No
8,. = Missing ;

run;

When you use a FORMAT statement to assigrestfmt. to a variable, the variable's frequency table no
longer includes a frequency count for the response of 8. You must use the MISSING or MISSPRINT option
in the TABLES statement to list the frequency for no answer. The frequency count for this level includes
observations with either a value of 8 or a missing value (.).

The frequency or crosstabulation table lists the values of both character and numeric variables in ascending
order based on internal (unformatted) variable values unless you change the order with the ORDER= option.
To list the values in ascending order by formatted values, use ORDER=FORMATTED in the PROC FREQ
statement.

For more information about the FORMAT statement, S&S Formats and Informats: Reference

Missing Values

When the value of the WEIGHT variable is missing, PROC FREQ does not include that observation in the
analysis.

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

If an observation has a missing value for a variable in a TABLES request, by default PROC FREQ does not
include that observation in the frequency or crosstabulation table. Also by default, PROC FREQ does not
include observations with missing values in the computation of percentages and statistics. The procedure
displays the number of missing observations below each table.

PROC FREQ also reports the number of missing values in output data sets. The TABLES statement OUT=
data set includes an observation that contains the missing value frequency. The NMISS option in the
OUTPUT statement provides an output data set variable that contains the missing value frequency.

The following options change the way in which PROC FREQ handles missing values of TABLES variables:

MISSPRINT displays missing value frequencies in frequency or crosstabulation tables but does not include
them in computations of percentages or statistics.

MISSING treats missing values as a valid nonmissing level for all TABLES variables. Displays miss-
ing levels in frequency and crosstabulation tables and includes them in computations of
percentages and statistics.
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This example shows the three ways that PROC FREQ can handle missing values of TABLES variables. The
following DATA step statements create a data set with a missing value for the vasiable

data one;
input A Freq;
datalines;

12
22
2

The following PROC FREQ statements request a one-way frequency table for the vari@bke rst request
does not specify a missing value option. The second request speci es the MISSPRINT option in the TABLES
statement. The third request speci es the MISSING option in the TABLES statement.

proc freq data=one;
tables A;
weight Freq;
titte Default ;
run;
proc freq data=one;
tables A / missprint;
weight Freq;
titte  MISSPRINT Option ;
run;
proc freq data=one;
tables A / missing;
weight Freq;
titte  MISSING Option;
run;

Figure 40.12 displays the frequency tables produced by this example. The rst table shows PROC FREQ's
default behavior for handling missing values. The observation with a missing value of the TABLES variable
A'is not included in the table, and the frequency of missing values is displayed below the table. The second
table, for which the MISSPRINT option is speci ed, displays the missing observation but does not include its
frequency when computing the total frequency and percentages. The third table shows that PROC FREQ
treats the missing level as a valid nonmissing level when the MISSING option is speci ed. The table displays
the missing level, and PROC FREQ includes this level when computing frequencies and percentages.

Figure 40.12 Missing Values in Frequency Tables
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Figure 40.12 continued

When a combination of variable values for a two-way table is missing, PROC FREQ assigns zero to the
frequency count for the table cell. By default, PROC FREQ does not display missing combinations in LIST
format. Also, PROC FREQ does not include missing combinations in the OUT= output data set by default.
To include missing combinations, you can specify the SPARSE option with the LIST or OUT= option in the
TABLES statement.

In-Database Computation

The FREQ procedure can use in-database computation to construct frequency and crosstabulation tables
when the DATA= input data set is stored as a table in a supported database management system (DBMS).
Supported databases include Teradata, DB2 under UNIX, and Oracle. In-database computation can provide
the advantages of faster processing and reduced data transfer between the database and SAS software. For
information about in-database computation, see the section “In-Database Proced8#&S/ACCESS for
Relational Databases: Reference

PROC FREQ performs in-database computation by using SQL implicit pass-through. The procedure generates
SQL queries that are based on the tables that you request in the TABLES statement. The database executes
these SQL queries to construct initial summary tables, which are then transmitted to PROC FREQ. The
procedure uses this summary information to perform the remaining analyses and tasks in the usual way (out
of the database). So instead of transferring the entire data set over the network between the database and SAS
software, the in-database method transfers only the summary tables. This can substantially reduce processing
time when the dimensions of the summary tables (in terms of rows and columns) are much smaller than
the dimensions of the entire database table (in terms of individual observations). Additionally, in-database
summarization uses ef cient parallel processing, which can also provide performance advantages.

In-database computation is controlled by the SQLGENERATION option, which you can specify in either a
LIBNAME statement or an OPTIONS statement. See the section “In-Database Proced 8AS/AKCCESS
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for Relational Databases: Referenfmr details about th6& QLGENERATIONoption and other options that
affect in-database computation. By default, PROC FREQ uses in-database computation when possible. There
are no FREQ procedure options that control in-database computation.

PROC FREQ uses formatted values to group observations into the levels of frequency and crosstabulation
tables. See the section “Grouping with Formats” on page 2642 for more information. If formats are available

in the database, then in-database summarization uses the formats. If formats are not available in the database,
then in-database summarization is based on the raw data values, and PROC FREQ performs the nal,
formatted classi cation (out of the database). For more information, see the section “Deploying and Using
SAS Formats in Teradata” BAS/ACCESS for Relational Databases: Reference

The order of observations is not inherently de ned for DBMS tables. The following options relate to the
order of observations and therefore should not be speci ed for PROC FREQ in-database computation:

« If you specify the FIRSTOBS= or OBS= data set option, PROC FREQ does not perform in-database
computation.

* If you specify the NOTSORTED option in the BY statement, PROC FREQ in-database computation
ignores it and uses the default ASCENDING order for BY variables.

* If you specify the ORDER=DATA option for input data in a DBMS table, PROC FREQ computation
might produce different results for separate runs of the same analysis. In addition to determining the
order of variable levels in crosstabulation table displays, the ORDER= option can also affect the values
of many of the test statistics and measures that PROC FREQ computes.

Statistical Computations
De nitions and Notation

A two-way table represents the crosstabulation of row varigtdad column variabl. Let the table row

values or levels be denoted By, i D 1;2;:::;R, and the column values by ,j D 1;2;:::;C. Letn;
denote the frequency of the table cell in ilerow andjth column and de ne the following notation:
X
ni D nj (row totals)
X
ny D (column totals)
X X
nD nj  (overall total)
i
pj D nj =n (cell percentages)
pi D nj=n (row percentages of total)
pj Dnj=n (column percentages of total)

Ri D score for rowi
C; D score for column
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X
RD ni Rj=n (average row score)
X
&ND nj Cj=n (average column score)
i
X X X X
A“ D Ny C Nk
k> 1> k<i 1)
X X X X
D“ D ng C Ny
k>i 1< k<i 1>
X X
P D nj Aj  (twice the number of concordances)
X X
QD nj Dj  (twice the number of discordances)

Scores

PROC FREQ uses scores of the variable values to compute the Mantel-Haenszel chi-square, Pearson
correlation, Cochran-Armitage test for trend, weighted kappa coef cient, and Cochran-Mantel-Haenszel
statistics. The SCORES= option in the TABLES statement speci es the score type that PROC FREQ uses.
The available score types are TABLE, RANK, RIDIT, and MODRIDIT scores. The default score type is
TABLE. Using MODRIDIT, RANK, or RIDIT scores yields nonparametric analyses.

For numeric variables, table scores are the values of the row and column levels. If the row or column variable
is formatted, then the table score is the internal numeric value corresponding to that level. If two or more
numeric values are classi ed into the same formatted level, then the internal numeric value for that level is
the smallest of these values. For character variables, table scores are de ned as the row numbers and column
numbers (that is, 1 for the rst row, 2 for the second row, and so on).

Rank scores, which you request with the SCORES=RANK option, are de ned as
X
RID nC.nyCl=2 iD12;:::;R
ks
CG'D nC.njCl=2 |jDIL2;:::;C

I<j

whereRil is the rank score of row, ande1 is the rank score of colump Note that rank scores yield
midranks for tied values.

Ridit scores, which you request with the SCORES=RIDIT option, are de ned as rank scores standardized by
the sample size (Bross 1958; Mack and Skillings 1980). Ridit scores are derived from the rank scores as

RZDR!=n iD1;2;:::;R
C’DC'=n | D12;:::;C
Modi ed ridit scores (SCORES=MODRIDIT) represent the expected values of the order statistics of the

uniform distribution on (0,1) (van Elteren 1960; Lehmann and D'Abrera 2006). Modi ed ridit scores are
derived from rank scores as

REDR!=nC1/ iD12;:::;R
c?bcl=nCl jD12:::C
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Chi-Square Tests and Statistics

The CHISQ option provides chi-square tests of homogeneity or independence and measures of association
that are based on the chi-square statistic. When you specify the CHISQ option in the TABLES statement,
PROC FREQ computes the following chi-square tests for each two-way table: Pearson chi-square, likelihood
ratio chi-square, and Mantel-Haenszel chi-square tests. PROC FREQ provides the following measures of
association that are based on the Pearson chi-square statistic: phi coef cient, contingency coef cient, and
Cramér'sV. For2 2tables, the CHISQ option also provides Fisher's exact test and the continuity-adjusted
chi-square statistic. You can request Fisher's exact test for geReral tables by specifying the FISHER

option in the TABLES or EXACT statement.

If you specify the CHISQ option for one-way tables, PROC FREQ provides a one-way Pearson chi-square
goodness-of- t test. If you specify the CHISQ(LRCHI) option for one-way tables, PROC FREQ also provides

a one-way likelihood ratio chi-square test. The other tests and statistics that the CHISQ option produces are
available only for two-way tables.

For two-way tables, the null hypothesis for the chi-square tests is no association between the row variable
and the column variable. When the sample side large, the test statistics have asymptotic chi-square
distributions under the null hypothesis. When the sample size is not large, or when the data set is sparse
or heavily tied, exact tests might be more appropriate than asymptotic tests. PROC FREQ provides exact
p-values for the Pearson chi-square, likelihood ratio chi-square, and Mantel-Haenszel chi-square tests, in
addition to Fisher's exact test. For one-way tables, PROC FREQ providespexalktes for the Pearson

and likelihood ratio chi-square goodness-of- t tests. You can request these exact tests by specifying the
corresponding options in the EXACT statement. See the section “Exact Statistics” on page 2704 for more
information.

The Mantel-Haenszel chi-square statistic is appropriate only when both variables lie on an ordinal scale. The

other chi-square tests and statistics in this section are appropriate for either nominal or ordinal variables. The

following sections give the formulas that PROC FREQ uses to compute the chi-square tests and statistics.
For more information about these statistics, see Agresti (2007) and Stokes, Davis, and Koch (2012), and the
other references cited.

Chi-Square Test for One-Way Tables
For one-way frequency tables, the CHISQ option in the TABLES statement provides a chi-square goodness-
of- t test. Let C denote the number of classes, or levels, in the one-way tablé, ldemnote the frequency

one-way chi-square statistic as

Qp D fi &l/’=q
iD1

whereg is the expected frequency for claasnder the null hypothesis.

In the test for equal proportions, which is the default for the CHISQ option, the null hypothesis speci es
equal proportions of the total sample size for each class. Under this null hypothesis, the expected frequency
for each class equals the total sample size divided by the number of classes,

egDn=C for iD1;2;:::;C

In the test for speci ed frequencies, which PROC FREQ computes when you input null hypothesis frequencies
by using the TESTF= option, the expected frequencies are the TESTF= values that you specify. In the test for
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speci ed proportions, which PROC FREQ computes when you input null hypothesis proportions by using
the TESTP= option, the expected frequencies are determined from the speci ed TESTP= properéiens

eDp; n for iDZ1;2;:::;C

Under the null hypothesis (of equal proportions, speci ed frequencies, or speci ed proportsdjas an
asymptotic chi-square distribution wi-1 degrees of freedom.

In addition to the asymptotic test, you can request an exact one-way chi-square test by specifying the CHISQ
option in the EXACT statement. See the section “Exact Statistics” on page 2704 for more information.

Pearson Chi-Square Test for Two-Way Tables
The Pearson chi-square for two-way tables involves the differences between the observed and expected
frequencies, where the expected frequencies are computed under the null hypothesis of independence. The
Pearson chi-square statistic is computed as
X X )
Qp D nj g /=g
i
wheren; is the observed frequency in table celljj ande; is the expected frequency for table cell (

). The expected frequency is computed under the null hypothesis that the row and column variables are
independent,

g D.njnj/=n

When the row and column variables are independ@athas an asymptotic chi-square distribution with
(R-1)(C-1) degrees of freedom. For large value€)f, this test rejects the null hypothesis in favor of the
alternative hypothesis of general association.

In addition to the asymptotic test, you can request an exact Pearson chi-square test by specifying the PCHI
or CHISQ option in the EXACT statement. See the section “Exact Statistics” on page 2704 for more
information.

For2 2tables, the Pearson chi-square is also appropriate for testing the equality of two binomial proportions.
ForR 2and2 C tables, the Pearson chi-square tests the homogeneity of proportions. See Fienberg
(1980) for details.

Standardized Residuals
When you specify the CROSSLIST(STDRES) option in the TABLES statement for two-way or multiway
tables, PROC FREQ displays the standardized residuals in the CROSSLIST table.

The standardized residual of a crosstabulation table cell is the ratieeqti€éncy- expectellto its standard

error, wherdrequencyis the table cell frequency arekpecteds the estimated expected cell frequency. The
expected frequency is computed under the null hypothesis that the row and column variables are independent.
See the section “Pearson Chi-Square Test for Two-Way Tables” on page 2649 for more information.

PROC FREQ computes the standardized residual of tablei cglaé

q
nj &/= ¢.1 pill pj/
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wheren;j is the observed frequency of table celljf, g is the expected frequency of the table cell,is
the proportion in row (n; =n), andp ; is the proportion in colump(n; =n). The expected frequency of
table cell (, j) is computed as

g D.njnj/=n

Under the null hypothesis of independence, each standardized residual has an asymptotic standard normal
distribution. See section 2.4.5 of Agresti (2007) for more information.

Likelihood Ratio Chi-Square Test for One-Way Tables

For one-way frequency tables, the CHISQ(LRCHI) option in the TABLES statement provides a likelihood
ratio chi-square goodness-of- t test. By default, the likelihood ratio test is based on the null hypothesis of
equal proportions in th€ classes (levels) of the one-way table. If you specify null hypothesis proportions or
frequencies by using the CHISQ(TESTP=) or CHISQ(TESTF=) option, respectively, the likelihood ratio test
is based on the null hypothesis values that you specify.

PROC FREQ computes the one-way likelihood ratio test as

x
G’D2 fiInfi=g/
iD1
wheref; is the observed frequency of classande; is the expected frequency of classnder the null
hypothesis.

For the null hypothesis of equal proportions, the expected frequency of each class equals the total sample
size divided by the number of classes,

gDn=C for iD1;2;:::;C

If you provide null hypothesis frequencies by specifying the CHISQ(TESTF=) option in the TABLES
statement, the expected frequencies are the TESTF= values that you specify. If you provide null hypothesis
proportions by specifying the CHISQ(TESTP=) option in the TABLES statement, PROC FREQ computes
the expected frequencies as

egDp; n foriD12;:::;C
where the proportiong; are the TESTP= values that you specify.

Under the null hypothesis (of equal proportions, speci ed frequencies, or speci ed proportions), the likelihood
ratio statistiocG? has an asymptotic chi-square distribution with1 degrees of freedom.

In addition to the asymptotic test, you can request an exact one-way likelihood ratio chi-square test by
specifying the LRCHI option in the EXACT statement. See the section “Exact Statistics” on page 2704 for
more information.

Likelihood Ratio Chi-Square Test
The likelihood ratio chi-square involves the ratios between the observed and expected frequencies. The
likelihood ratio chi-square statistic is computed as

G?D 2 nj In nj =g
i
wheren; is the observed frequency in table celljf ande; is the expected frequency for table celj}.
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When the row and column variables are independ8Athas an asymptotic chi-square distribution with
(R-1)(C-1) degrees of freedom.

In addition to the asymptotic test, you can request an exact likelihood ratio chi-square test by specifying the
LRCHI or CHISQ option in the EXACT statement. See the section “Exact Statistics” on page 2704 for more
information.

Continuity-Adjusted Chi-Square Test

The continuity-adjusted chi-square &r 2 tables is similar to the Pearson chi-square, but it is adjusted

for the continuity of the chi-square distribution. The continuity-adjusted chi-square is most useful for small
sample sizes. The use of the continuity adjustment is somewhat controversial; this chi-square test is more
conservative (and more like Fisher's exact test) when the sample size is small. As the sample size increases,
the continuity-adjusted chi-square becomes more like the Pearson chi-square.

The continuity-adjusted chi-square statistic is computed as

X X 5
Qc D max.0;jnj ] 05/ " =g

Under the null hypothesis of independen@e; has an asymptotic chi-square distribution wix-1)(C-1)
degrees of freedom.

Mantel-Haenszel Chi-Square Test

The Mantel-Haenszel chi-square statistic tests the alternative hypothesis that there is a linear association
between the row variable and the column variable. Both variables must lie on an ordinal scale. The
Mantel-Haenszel chi-square statistic is computed as

QMH D .n 1/I’2

wherer is the Pearson correlation between the row variable and the column variable. For a description of

the Pearson correlation, see the “Pearson Correlation Coef cient” on page 2657. The Pearson correlation
and thus the Mantel-Haenszel chi-square statistic use the scores that you specify in the SCORES= option in
the TABLES statement. See Mantel and Haenszel (1959) and Landis, Heyman, and Koch (1978) for more
information.

Under the null hypothesis of no associati@y has an asymptotic chi-square distribution with one degree
of freedom.

In addition to the asymptotic test, you can request an exact Mantel-Haenszel chi-square test by specifying
the MHCHI or CHISQ option in the EXACT statement. See the section “Exact Statistics” on page 2704 for
more information.

Fisher's Exact Test

Fisher's exact test is another test of association between the row and column variables. This test assumes that
the row and column totals are xed, and then uses the hypergeometric distribution to compute probabilities
of possible tables conditional on the observed row and column totals. Fisher's exact test does not depend on
any large-sample distribution assumptions, and so it is appropriate even for small sample sizes and for sparse
tables.
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2 2Tables For2 2tables, PROC FREQ gives the following information for Fisher's exact test: table
probability, two-sideg-value, left-sideg-value, and right-sideg-value. The table probability equals the
hypergeometric probability of the observed table, and is in fact the value of the test statistic for Fisher's exact
test.

Wherep is the hypergeometric probability of a speci ¢ table with the observed row and column totals,
Fisher's exacp-values are computed by summing probabilifie®ver de ned sets of tables,

X
Prob D p

A

The two-sided-value is the sum of all possible table probabilities (conditional on the observed row and
column totals) that are less than or equal to the observed table probability. For the twp-sa&lad, the set
Aincludes all possible tables with hypergeometric probabilities less than or equal to the probability of the
observed table. A small two-sidgavalue supports the alternative hypothesis of association between the row
and column variables.

For2 2tables, one-sideg-values for Fisher's exact test are de ned in terms of the frequency of the cell in
the rstrow and rst column of the table, the (1,1) cell. Denoting the observed (1,1) cell frequenayi by

the left-sidedp-value for Fisher's exact test is the probability that the (1,1) cell frequency is less than or equal
to ny1. For the left-sideg-value, the sef\ includes those tables with a (1,1) cell frequency less than or equal
toni;. A small left-sidedp-value supports the alternative hypothesis that the probability of an observation
being in the rst cell is actually less than expected under the null hypothesis of independent row and column
variables.

Similarly, for a right-sided alternative hypothesfsis the set of tables where the frequency of the (1,1) cell
is greater than or equal to that in the observed table. A small right-pidatlie supports the alternative that
the probability of the rst cell is actually greater than that expected under the null hypothesis.

Because the (1,1) cell frequency completely determineg th& table when the marginal row and column
sums are xed, these one-sided alternatives can be stated equivalently in terms of other cell probabilities or
ratios of cell probabilities. The left-sided alternative is equivalent to an odds ratio less than 1, where the
odds ratio equalsgi n22=n12n21). Additionally, the left-sided alternative is equivalent to the column 1 risk

for row 1 being less than the column 1 risk for rowpd;, < p 1j2. Similarly, the right-sided alternative is
equivalent to the column 1 risk for row 1 being greater than the column 1 risk for rpy2> p 1j2. See

Agresti (2007) for details.

R CTables Fisher's exact test was extended to genBral C tables by Freeman and Halton (1951),

and this test is also known as the Freeman-Halton testRFo€ tables, the two-sidep-value de nition

is the same as f& 2 tables. The seA contains all tables witp less than or equal to the probability of

the observed table. A smadtvalue supports the alternative hypothesis of association between the row and
column variables. FOR  C tables, Fisher's exact test is inherently two-sided. The alternative hypothesis
is de ned only in terms of general, and not linear, association. Therefore, Fisher's exact test does not have
right-sided or left-sideg-values for generdR  C tables.

ForR C tables, PROC FREQ computes Fisher's exact test by using the network algorithm of Mehta and
Patel (1983), which provides a faster and more ef cient solution than direct enumeration. See the section
“Exact Statistics” on page 2704 for more details.
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Phi Coef cient

The phi coef cient is a measure of association derived from the Pearson chi-square. The range of the
phi c&@nbis 1 1for 2 2tables. For tables larger thén 2, the range i

min.. R 1; C 1/ (Liebetrau 1983). The phi coef cient is computed as

D .ni1no2  niznpg/ :p NnitNoNiNo for2 2tables

p_—
D Qp=n otherwise
See Fleiss, Levin, and Paik (2003, pp. 98-99) for more information.

Contingency Coef cient

The contingency coef cient is a measurg of association derived from the Pearson chi-square. The range
of the contingency coefcienti® P .m 1/=m, wherem D min.R;C/ (Liebetrau 1983). The
contingency coef cient is computed as

p
PD Qp:.Qan/

See Kendall and Stuart (1979, pp. 587-588) for more information.

Cramér's V

Crameér'sV is a measure of association derived from the Pearson chi-square. It is designed so that the
attainable upper bound is always 1. Therange of Cranvéiss 1 V  1for2 2tables; for tables

larger thar? 2, therangei® V 1. Cramér'sV is computed as

vV D for2 2tables
S
Qp=n
min.R 1;C 1/
See Kendall and Stuart (1979, p. 588) for more information.

otherwise

Measures of Association

When you specify the MEASURES option in the TABLES statement, PROC FREQ computes several
statistics that describe the association between the row and column variables of the contingency table. The
following are measures of ordinal association that consider whether the column variablés to increase

as the row variablX increases: gamma, Kendall's thuStuart's taue, and SomersD. These measures are
appropriate for ordinal variables, and they classify pairs of observatioc@asrdantor discordant A pair

is concordant if the observation with the larger valu&@fiso has the larger value wf A pair is discordant

if the observation with the larger value Xfhas the smaller value of. See Agresti (2007) and the other
references cited for the individual measures of association.

The Pearson correlation coef cient and the Spearman rank correlation coef cient are also appropriate for
ordinal variables. The Pearson correlation describes the strength of the linear association between the row
and column variables, and it is computed by using the row and column scores speci ed by the SCORES=
option in the TABLES statement. The Spearman correlation is computed with rank scores. The polychoric
correlation (requested by the PLCORR option) also requires ordinal variables and assumes that the variables
have an underlying bivariate normal distribution. The following measures of association do not require
ordinal variables and are appropriate for nominal variables: lambda asymmetric, lambda symmetric, and the
uncertainty coef cients.

PROC FREQ computes estimates of the measures according to the formulas given in the following sections.
For each measure, PROC FREQ computes an asymptotic standard error (ASE), which is the square root of
the asymptotic variance denoted by Var in the following sections.



2654 F Chapter 40: The FREQ Procedure

Con dence Limits

If you specify the CL option in the TABLES statement, PROC FREQ computes asymptotic con dence
limits for all MEASURES statistics. The con dence coef cient is determined according to the value of the
ALPHA= option, which, by default, equals 0.05 and produces 95% con dence limits.

The con dence limits are computed as
Est .z-, ASE/

where Est is the estimate of the measwre; is the100.1 =2/ percentile of the standard normal
distribution, and ASE is the asymptotic standard error of the estimate.

Asymptotic Tests

For each measure that you specify in the TEST statement, PROC FREQ computes an asymptotic test of
the null hypothesis that the measure equals zero. Asymptotic tests are available for the following measures
of association: gamma, Kendall's téStuart's taue, Somers'D.C jR/, SomersD.R jC/, the Pearson
correlation coef cient, and the Spearman rank correlation coef cient. To compute an asymptotic test, PROC
FREQ uses a standardized test statigtighich has an asymptotic standard normal distribution under the

null hypothesis. The test statistic is computed as

p__
zD Est=Varg.Est/

where Est is the estimate of the measure ®arnh.Est/ is the variance of the estimate under the null
hypothesis. Formulas fafarg. Est/ for the individual measures of association are given in the following
sections.

Note that the ratio of Est tg Varg.Est/ is the same for the following measures: gamma, Kendall'dstau-
Stuart's taue, SomersD.C jR/, and SomersD.R jC/. Therefore, the tests for these measures are identical.
For example, th@-values for the test dfl yV\dammaD 0 equal thep-values for the test dip\Wlau b D O.

PROC FREQ computes one-sided and two-sigedlues for each of these tests. When the test stakigtic

greater than its null hypothesis expected value of zero, PROC FREQ displays the righg-gaded, which

is the probability of a larger value of the statistic occurring under the null hypothesis. A small right-sided
p-value supports the alternative hypothesis that the true value of the measure is greater than zero. When the
test statistic is less than or equal to zero, PROC FREQ displays the leftpsidgdde, which is the probability

of a smaller value of the statistic occurring under the null hypothesis. A small left-piglaliie supports the
alternative hypothesis that the true value of the measure is less than zero. The ornevsilled®, can be
expressed as

Prob.Zz>z/ if z>0

P. D .
Prob.z<z/ if z O

whereZ has a standard normal distribution. The two-sideglueP, is computed as

P, D Prob.jZj > jzj/

Exact Tests

Exact tests are available for the following measures of association: Kendalls &tuart's taue, Somers'

D.C jR/ and.RjC/, the Pearson correlation coef cient, and the Spearman rank correlation coef cient. If
you request an exact test for a measure of association in the EXACT statement, PROC FREQ computes the
exact test of the hypothesis that the measure equals zero. See the section “Exact Statistics” on page 2704 for
details.
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Gamma

The gammag) statistic is based only on the number of concordant and discordant pairs of observations. It
ignores tied pairs (that is, pairs of observations that have equal valxesragqual values of). Gamma is
appropriate only when both variables lie on an ordinal scale. The range of gamrha i€ 1. If the row

and column variables are independent, then gamma tends to be close to zero. Gamma is computed as

GD.P Q/=P CQ/

and the asymptotic variance is

16 X X )
i

For2 2tables, gammais equivalent to Yul€» See Goodman and Kruskal (1979) and Agresti (2002) for
more information.

The variance under the null hypothesis that gamma equals zero is computed as
0 1
4 X X

i .

See Brown and Benedetti (1977) for details.

Kendall's Tau-b

Kendall's taub ( p) is similar to gamma except that tduises a correction for ties. Tduis appropriate only
when both variables lie on an ordinal scale. The range obtisu-1 |, 1. Kendall's taub is computed
as

p

and the asymptotic variance is
0 1

1 X X
Var.ty/ D \F@ nj .2wdj Ctpvj /2 n3tZw, C we/2A

where
w D Wy W¢
2 X 2
w, D n n;
i
2 2~ 2
we D n ng

di D Aj Dj

Vi D niwc.Cnjw

See Kendall (1955) for more information.

The variance under the null hypothesis that teeguals zero is computed as
0 1
4 X X
@ nj Aj Dj/? P Q/%=pA
i

Varp.t,/ D
Wr We
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See Brown and Benedetti (1977) for details.

PROC FREQ also provides an exact test for the Kendall'dtaveu can request this test by specifying
the KENTB option in the EXACT statement. See the section “Exact Statistics” on page 2704 for more
information.

Stuart's Tau-c

Stuart's taue ( ¢) makes an adjustment for table size in addition to a correction for tiesc laappropriate
only when both variables lie on an ordinal scale. The range ottau-1 ¢ 1. Stuart's taue is
computed as

teDmP Q/=n’m 1

and the asymptotic variance is
0 1
4m? X X
Var.t./ D

- A2 2
o njd2 P Q/2=rA

b
wherem D min.R;C/ anddj D Aj  Dj . The variance under the null hypothesis that¢aguals zero
is the same as the asymptotic variance Var,

Varg.tc/ D Var.tc/

See Brown and Benedetti (1977) for details.

PROC FREQ also provides an exact test for the Stuart'sta¥eu can request this test by specifying
the STUTC option in the EXACT statement. See the section “Exact Statistics” on page 2704 for more
information.

Somers' D

Somers'D.C jR/ and SomersD.R jC/ are asymmetric modi cations of taln- CjR indicates that the
row variableX is regarded as the independent variable and the column vavableegarded as dependent.
Similarly, RjC indicates that the column variab¥eis regarded as the independent variable and the row
variableX is regarded as dependent. Som&dliffers from taub in that it uses a correction only for pairs
that are tied on the independent variable. Som@ris appropriate only when both variables lie on an ordinal
scale. Therange of Somei®'is 1 D 1. SomersD.C jR/ is computed as

D.CjRID.P Q/=w,

and its asymptotic variance is

4 X X
Var.D.C jR// D v nj wedij P Qln nj/

r i J

2

whered; D A; Dj and
X
w, D n? n?
i

For more information, see Somers (1962); Goodman and Kruskal (1979); Liebetrau (1983).
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The variance under the null hypothesis tBa€ jR/ equals zero is computed as

0 1
: 4 X X
Varo.D.C jR// D V?@ ng Aj Dj/? P Q/%=rA

r i J
See Brown and Benedetti (1977) for details.

Formulas for Somer®.R jC/ are obtained by interchanging the indices.

PROC FREQ also provides exact tests for Sombt€ jR/ and.RjC/. You can request these tests by

specifying the SMDCR and SMDCR options in the EXACT statement. See the section “Exact Statistics” on
page 2704 for more information.

Pearson Correlation Coef cient

The Pearson correlation coef cient)(is computed by using the scores speci ed in the SCORES= option.
This measure is appropriate only when both variables lie on an ordinal scale. The range of the Pearson
correlationis 1 1. The Pearson correlation coef cient is computed as

r D v=wD ss¢ P SS S&
and its asymptotic variance is

1 X X bi v 2
Varr/ D — nj wr, Rlc, d& 2V
wEh 2w

whereR; andC; are the row and column scores and

X X

ss D nj .Ri RY?
i
X X

ssc D nj .C; V2
i
X X

ssc D nj Ri RBLc; &

bj D .Ri R¥%sgCc.c; Hss
v D ss¢

w D IossrssC

See Snedecor and Cochran (1989) for more information.

The SCORES= option in the TABLES statement determines the type of row and column scores used to
compute the Pearson correlation (and other score-based statistics). The defaultis SCORES=TABLE. See the
section “Scores” on page 2647 for details about the available score types and how they are computed.
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The variance under the null hypothesis that the correlation equals zero is computed as
0 1

X X
Varg.r/ D @ nj .Ri MW2.C; &? s =rA =ssssg
i
Note that this expression for the variance is derived for multinomial sampling in a contingency table

framework, and it differs from the form obtained under the assumption that both variables are continuous and
normally distributed. See Brown and Benedetti (1977) for details.

PROC FREQ also provides an exact test for the Pearson correlation coef cient. You can request this test by
specifying the PCORR option in the EXACT statement. See the section “Exact Statistics” on page 2704 for
more information.

Spearman Rank Correlation Coef cient

The Spearman correlation coef cients) is computed by using rank scores, which are de ned in the section
“Scores” on page 2647. This measure is appropriate only when both variables lie on an ordinal scale. The
range of the Spearman correlationi& s 1. The Spearman correlation coef cient is computed as

rsDv=w

and its asymptotic variance is

1 X X
Varrs/ D — s nj .zj N/?
i

whereR?! ande1 are the row and column rank scores and

X X
v D nj R.i/C.j/
i
1P —
w D — FG
12
X
F D n n3
i
X
G D nd n3

Ri/ D R! n=2

Cj/ D ct n=2

zi D wvj vwj
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1 X 1 X

vi D n RilCjl C 5 n;C.l/ C 5 R.k/ C
| k

X X

1

X X
ngC.l/ C Ny R.k/ A
I k>i k15

n
Wi D o Fn% C Gn?

See Snedecor and Cochran (1989) for more information.

The variance under the null hypothesis that the correlation equals zero is computed as

1 X X
Varo.rs/ D s nj .vj Ni/?
P
where
X X
WD nj vj =n

i
Note that the asymptotic variance is derived for multinomial sampling in a contingency table framework,

and it differs from the form obtained under the assumption that both variables are continuous and normally
distributed. See Brown and Benedetti (1977) for details.

PROC FREQ also provides an exact test for the Spearman correlation coef cient. You can request this test by
specifying the SCORR option in the EXACT statement. See the section “Exact Statistics” on page 2704 for
more information.

Polychoric Correlation

When you specify the PLCORR option in the TABLES statement, PROC FREQ computes the polychoric
correlation and its standard error. The polychoric correlation is based on the assumption that the two ordinal,
categorical variables of the frequency table have an underlying bivariate normal distribution. The polychoric
correlation coef cient is the maximum likelihood estimate of the product-moment correlation between the
underlying normal variables. The range of the polychoric correlation is from —1 to 2 F@rtables, the
polychoric correlation is also known as the tetrachoric correlation (and it is labeled as such in the displayed
output). See Drasgow (1986) for an overview of polychoric correlation coef cient.

Olsson (1979) gives the likelihood equations and the asymptotic standard errors for estimating the polychoric
correlation. The underlying continuous variables relate to the observed crosstabulation table through
thresholds, which de ne a range of nhumeric values that correspond to each categorical (table) level. PROC
FREQ uses Olsson's maximum likelihood method for simultaneous estimation of the polychoric correlation
and the thresholds. (Olsson also presents a two-step method that estimates the thresholds rst.)

PROC FREQ iteratively solves the likelihood equations by using a Newton-Raphson algorithm. The
initial estimates of the thresholds are computed from the inverse of the normal distribution function at the
cumulative marginal proportions of the table. Iterative computation of the polychoric correlation stops when
the convergence measure falls below the convergence criterion or when the maximum number of iterations
is reached, whichever occurs rst. For parameter values that are less than 0.01, the procedure evaluates
convergence by using the absolute difference instead of the relative difference. The PLCORR(CONVERGE=)
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option speci es the convergence criterion, which is 0.0001 by default. The PLCORR(MAXITER=) option
speci es the maximum number of iterations, which is 20 by default.

If you specify the CL option in the TABLES statement, PROC FREQ provides con dence limits for the
polychoric correlation. The con dence limits are computed as

O .z, SEO

where Ois the estimate of the polychoric correlatian,, is thel00.1 =2/ percentile of the standard
normal distribution, an&E. O is the standard error of the polychoric correlation estimate.

If you specify the PLCORR option in the TEST statement, PROC FREQ provides Wald and likelihood ratio
tests of the null hypothesis that the polychoric correlation equals 0. The Wald test statistic is computed as

zD &G SE. O

which has a standard normal distribution under the null hypothesis. PROC FREQ computes one-sided and
two-sidedp-values for the Wald test. When the test statigtie greater than its null expected value of 0,
PROC FREQ displays the right-sidpelalue. When the test statistic is less than or equal to 0, PROC FREQ
displays the left-sideg-value.

The likelihood ratio statistic for the polychoric correlation is computed as
G2D 2In.Lo=Ly/

whereL g is the value of the likelihood function (Olsson 1979) when the polychoric correlation is @, and

is the value of the likelihood function at the maximum (where all parameters are replaced by their maximum
likelihood estimates). Under the null hypothesis, the likelihood ratio statistic has an asymptotic chi-square
distribution with one degree of freedom.

Lambda (Asymmetric)
Asymmetric lambda,C R/, is interpreted as the probable improvement in predicting the column variable
Y given knowledge of the row variabk The range of asymmetric lambdals .C jR/ 1. Asymmetric
lambda CjR) is computed as
=]
cijr/pD 1T
n r

and its asymptotic variance is

P !
noX X

Var..CjR//Dn.n—ri/?) nCr 2'.riinDI/
where

ri D maxnj/

r D maxn;j/

¢ D maxn;j/
1

¢ D maxn;/
|
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The values of; andl are determined as follows. Denote Ipythe unique value gfsuch that; D n; , and let

| be the unique value gfsuch thar D n; . Because of the uniqueness assumptions, ties in the frequencies
or in the marginal totals must be broken in an arbitrary but consistent manner. In caselo$tiEsned as

the smallest value gfsuch thar D nj .

For those columns containing a cadll ) for whichn; D r; D ¢, c§ records the row in whiclgj is

assumed to occur. Initiallgs is set equal to —1 for ajl Beginning withi=1, if there is at least one valje
suchthan; D r; D ¢j,andifcs D 1, thenl; is de ned to be the smallest such valuejphndcs is set
equal toi. Otherwise, ifn;; D ri, thenl; is de ned to be equal tb. If neither condition is true, theh is

taken to be the smallest valuejauch than; D r;.

The formulas for lambda asymmetrig jC/ can be obtained by interchanging the indices.
See Goodman and Kruskal (1979) for more information.

Lambda (Symmetric)
The nondirectional lambda is the average of the two asymmetric lamb@agR/ and .R jC/. Its range is

0 1. Lambda symmetric is computed as
P P
i C ;G r ¢c_w v
D
2n r c w

and its asymptotic variance is computed as

1 X X
Var. / D 7 wvy 2w? n N jj DIi;iDk/ 2v2n ng/

where
ri D maxnj/
r D maxn;j/
¢ D max.nj /

¢ D maxn;/
|

X X
x D rijlibll C .cjjijk/Crqu

i i

y D 8 w v 2x

The de nitions ofl; andl are given in the previous section. The valkgsandk are de ned in a similar way
for lambda asymmetridRjC).

See Goodman and Kruskal (1979) for more information.



2662 F Chapter 40: The FREQ Procedure

Uncertainty Coef cients (Asymmetric)

The uncertainty coef cienU.C jR/ measures the proportion of uncertainty (entropy) in the column variable
Y that is explained by the row variable Its range i0  U.CjR/ 1. The uncertainty coef cient is
computed as

UCJR/ D .HX/ CH.Y/ HXY// =HY/Dv=w

and its asymptotic variance is

. 1 X X nij nj 2
Var.U.CjR// D —— nj HY/In — C .HX/ HXY/ In —
n2w4 . N n
where
v D H.X/ CH.Y/ H.XY/
w D H.Y/
X n n
H.X/ D - In -
i n n
X . )
HY/ D Do M
_ n n
j
X X ) ;
HXY/ D Ny DL
. n n

The formulas for the uncertainty coef ciett.RjC/ can be obtained by interchanging the indices.
See Theil (1972, pp. 115-120) and Goodman and Kruskal (1979) for more information.
Uncertainty Coef cient (Symmetric)

The uncertainty coef cient is the symmetric version of the two asymmetric uncertainty coef cients. Its
rangeisD U 1. The uncertainty coef cient is computed as

UD2.HX/ CHY/ HXY//=HX/I CH.Y/
and its asymptotic variance is

X X n HXY/In %2l HX/ CHY/ In -

n
Var.U/ D 4
ar "2 HX/ CHY/ 2

!

whereH. X/ ,H.Y/,andH.XY/ are de ned in the previous section. See Goodman and Kruskal (1979) for
more information.
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Binomial Proportion

If you specify the BINOMIAL option in the TABLES statement, PROC FREQ computes the binomial
proportion for one-way tables. By default, this is the proportion of observations in the rst variable level that
appears in the output. (You can use the LEVEL= option to specify a different level for the proportion.) The
binomial proportion is computed as

[OD n; =n

wheren; is the frequency of the rst (or designated) level amid the total frequency of the one-way table.
The standard error of the binomial proportion is computed as

segDDppM @/=n

Binomial Con dence Limits

PROC FREQ provides Wald and exact (Clopper-Pearson) con dence limits for the binomial proportion. You
can also request the following binomial con dence limit types by specifying the BINOMIAL(CL=) option:
Agresti-Coull, Blaker, Jeffreys, exact migHikelihood ratio, logit, and Wilson (score). For more information,

see Brown, Cai, and DasGupta (2001), Agresti and Coull (1998), and Newcombe (1998b), in addition to the
references cited for each con dence limit type.

Wald Con dence Limits Wald asymptotic con dence limits are based on the normal approximation to
the binomial distribution. PROC FREQ computes the Wald con dence limits for the binomial proportion as

O .z-, sem/

wherez -, isthel100.1 =2/ percentile of the standard normal distribution. The con dence levial
determined by the ALPHA= option, which, by default, equals 0.05 and produces 95% con dence limits.

If you specify CL=WALD(CORRECT) or the CORREQjinomial-option, PROC FREQ includes a continuity
correction ofl=2nin the Wald asymptotic con dence limits. The purpose of this correction is to adjust for
the difference between the normal approximation and the discrete binomial distribution. See Fleiss, Levin,
and Paik (2003) for more information. The continuity-corrected Wald con dence limits for the binomial
proportion are computed as

O .z-, se@@ C .1=2n//

Exact (Clopper-Pearson) Con dence Limits Exact (Clopper-Pearson) con dence limits for the binomial
proportion are constructed by inverting the equal-tailed test based on the binomial distribution. This method
is attributed to Clopper and Pearson (1934). The exact con dence RpiendPy satisfy the following
equations, fony D 1;2;:::n 1

|

X n X n x

P*.1 PL/ D =2
xDny

|
X1 n'

PSf.1 Py/"* D =2
xDO

The lower con dence limit is 0 when; D 0, and the upper con dence limitis 1 when D n.
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PROC FREQ computes the exact (Clopper-Pearson) con dence limits by usikgdib&ibution as

n nC1l !

P.D 1C
L nmF.=2:2n,.2n n,C1//

n np
ni1C1F.1 =2;2n1:C1/;2n ny//
whereF. =2;b;c/ is the =2 percentile of thd- distribution withb andc degrees of freedom. See Leemis

and Trivedi (1996) for a derivation of this expression. Also see Collett (1991) for more information about
exact binomial con dence limits.

PyD 1C

Because this is a discrete problem, the con dence coef cient (coverage probability) of the exact (Clopper-
Pearson) interval is notexactly / butisatleastl /. Thus, this con dence interval is conservative.
Unless the sample size is large, the actual coverage probability can be much larger than the target value. For
more information about the performance of these con dence limits, see Agresti and Coull (1998), Brown,
Cai, and DasGupta (2001), and Leemis and Trivedi (1996).

Agresti-Coull Con dence Limits If you specify the CL=AGRESTICOULLbinomial-option, PROC
FREQ computes Agresti-Coull con dence limits for the binomial proportion as

P
R .z Rl @/ =
where
®Q D ny Cz2,=2

® D nCz%,
RD Q=@

The Agresti-Coull con dence interval has the same general form as the standard Wald interval I uses
in place off® For D 0:05, the value oz -, is close to 2, and this interval is the “add 2 successes and 2
failures” adjusted Wald interval of Agresti and Coull (1998).

Blaker Con dence Limits If you specify the CL=BLAKERbinomial-option, PROC FREQ computes
Blaker con dence limits for the binomial proportion, which are constructed by inverting the two-sided exact
Blaker test (Blaker 2000). THE00.1 / % Blaker con dence interval consists of all values of the proportion
po for which the test statistiB.p o; n1/ falls in the acceptance region,

fpo VB.po;ni/> g
where
B.po;n1/ D Prob. .p o;X/ P o;ni/jpo!

P o;ni/ D min. Prob.X nijpo/; Prob.X nijpo//

andX is a binomial random variable. For more information, see Blaker (2000).
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Jeffreys Con dence Limits If you specify the CL=JEFFREY 8inomial-option, PROC FREQ computes
Jeffreys con dence limits for the binomial proportion as

.=2:n 1C1=2;n niC1=2/; 1 =2:n1C1=2;n ny C1=2/

where . ;b;c/ is the percentile of the beta distribution with shape paramebeasdc. The lower

con dence limit is set to 0 when; D 0, and the upper con dence limit is set to 1 when D n. This

is an equal-tailed interval based on the noninformative Jeffreys prior for a binomial proportion. For more
information, see Brown, Cai, and DasGupta (2001). For information about using beta priors for inference on
the binomial proportion, see Berger (1985).

Likelihood Ratio Con dence Limits If you specify the CL=LIKELIHOODRATIO binomial-option,
PROC FREQ computes likelihood ratio con dence limits for the binomial proportion by inverting the
likelihood ratio test. The likelihood ratio test statistic for the null hypothesis that the proportion @guals
can be expressed as

Lpo D 2.nlog.g&po/ C .n ni/log..1 @/=1 polll

Thel00.1 / % likelihood ratio con dence interval consists of all valuespgffor which the test statistic
L. po/ falls in the acceptance region,

fpo W.po/< % g

where i isthe 1001 / percentile of the chi-square distribution with one degree of freedom. PROC
FREQ nds the con dence limits by iterative computation. For more information, see Fleiss, Levin, and Paik
(2003), Brown, Cai, and DasGupta (2001), Agresti (2013), and Newcombe (1998b).

Logit Con dence Limits If you specify the CL=LOGITbhinomial-option, PROC FREQ computes logit
con dence limits for the binomial proportion, which are based on the logit transform#tibnlog. g.1 @// .
Approximate con dence limits folf are computed as

P
Y. D log.@>.1 @// Z-p n=.ni.n  ng//

Yy D log.f>.1 @// C zzzpn=.n1.n na//

The con dence limits forY are inverted to produck00.1 / % logit con dence limitsP_ andPy for the
binomial proportiorp as

PL D exp.Y_ =.1C exp.Y.//
Pu D expYy=.1C exp.Yy/l

For more information, see Brown, Cai, and DasGupta (2001) and Korn and Graubard (1998).

Mid-p Con dence Limits If you specify the CL=MIDPbinomial-option, PROC FREQ computes exact
mid-p con dence limits for the binomial proportion by inverting two one-sided binomial tests that include mid-
p tail areas. The migh-approach replaces the probability of the observed frequency by half of that probability
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in the Clopper-Pearson sum, which is described in the section “Exact (Clopper-Pearson) Con dence Limits”
on page 2663. The exact mdeon dence limitsP. andPy are the solutions to the following equations:

X 1 n
P*1 P/"*C 2 P™1 P/"™ D =2

2 ng

xDn;C1

| |

X1on 1 n
Pl Py/™*C = P/*1 Py/"™ D =2

xDO X 2 N1

For more information, see Agresti and Gottard (2007), Agresti (2013), Newcombe (1998b), and Brown, Cai,
and DasGupta (2001).

Wilson (Score) Con dence Limits If you specify the CL=WILSONbinomial-option, PROC FREQ
computes Wilson con dence limits for the binomial proportion. These are also known as score con dence
limits (Wilson 1927). The con dence limits are based on inverting the normal test that uses the null proportion
in the variance (the score test). Wilson con dence limits are the roots of

. . p—
jp @Dz, p.l1 p/=n

and are computed as

r !

©OC z2,=2n z-, L @/ Cz%,=4n =n = 1CZz%,=n

If you specify CL=WILSON(CORRECT) or the CORREGIinomial-option, PROC FREQ provides
continuity-corrected Wilson con dence limits, which are computed as the roots of

ip @) 1=2nD zzzpp.l p/=n

The Wilson interval has been shown to have better performance than the Wald interval and the exact (Clopper-
Pearson) interval. For more information, see Agresti and Coull (1998), Brown, Cai, and DasGupta (2001),
and Newcombe (1998b).

Binomial Tests

The BINOMIAL option provides an asymptotic equality test for the binomial proportion by default. You can
also specifybinomial-options to request tests of noninferiority, superiority, and equivalence for the binomial
proportion. If you specify the BINOMIAL option in the EXACT statement, PROC FREQ also computes
exactp-values for the tests that you request with biremial-options.

Equality Test PROC FREQ computes an asymptotic test of the hypothesis that the binomial proportion
equalspg, where you can specify the value pof with the P=binomial-option. If you do not specify a null
value with P=, PROC FREQ uspg D 0:5by default. The binomial test statistic is computed as

zD . po/=se
By default, the standard error is based on the null hypothesis proportion as

p__
seD  pp.l1 po/=n
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If you specify the VAR=SAMPLEbinomial-option, the standard error is computed from the sample proportion
as

seD P OL @/=n

If you specify the CORREC®inomial-option, PROC FREQ includes a continuity correction in the asymptotic
test statistic, towards adjusting for the difference between the normal approximation and the discrete binomial
distribution. See Fleiss, Levin, and Paik (2003) for details. The continuity correctidsah/ is subtracted

from the numerator of the test statistic > pg/ is positive; otherwise, the continuity correction is added to

the numerator.

PROC FREQ computes one-sided and two-sigl@dlues for this test. When the test statigtis greater than

zero (its expected value under the null hypothesis), PROC FREQ computes the right-saled, which

is the probability of a larger value of the statistic occurring under the null hypothesis. A small right-sided
p-value supports the alternative hypothesis that the true value of the proportion is greafey.thginen

the test statistic is less than or equal to zero, PROC FREQ computes the lefpsidied, which is the
probability of a smaller value of the statistic occurring under the null hypothesis. A small leftisicidde
supports the alternative hypothesis that the true value of the proportion is leggtheine one-sideg-value

P can be expressed as

(
P, D Prob.Z > z/ if z>0
Prob.z<z/ if z O
whereZ has a standard normal distribution. The two-sidedlue is computed @B, D 2 P;.

If you specify the BINOMIAL option in the EXACT statement, PROC FREQ also computes an exact test
of the null hypothesisi Vg D po. To compute the exact test, PROC FREQ uses the binomial probability

function,
I

. n
Prob.X D X j po/ D « pg .1 po/™ ¥ for xDO0;1;2;:::;n

where the variablX has a binomial distribution with parameterandpg. To compute the left-sideghvalue,

Prob.X ni/, PROC FREQ sums the binomial probabilities oxdrom zero ton;. To compute the
right-sidedp-value,Prob.X  ni/, PROC FREQ sums the binomial probabilities ox&mom n; ton. The

exact one-sideg-value is the minimum of the left-sided and right-sidedalues,

P1 D min. Prob.X nijpo/; Prob.X nijpol//

and the exact two-sidguivalue is computed a3, D 2 Pj.

Noninferiority Test  If you specify the NONINFinomial-option, PROC FREQ provides a noninferiority
test for the binomial proportion. The null hypothesis for the noninferiority test is

HoW@ po

versus the alternative

HaW po>
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where is the noninferiority margin anfdg is the null proportion. Rejection of the null hypothesis indicates
that the binomial proportion is not inferior to the null value. See Chow, Shao, and Wang (2003) for more
information.

You can specify the value ofwith the MARGIN=binomial-option, and you can specifgo with the P=
binomial-option. By default, D 0:2andpo D 0:5.

PROC FREQ provides an asymptotic Wald test for noninferiority. The test statistic is computed as
zD . py/=se

wherep, is the noninferiority limit,
Po D po

By default, the standard error is computed from the sample proportion as
seD ' L @F=n

If you specify the VAR=NULL binomial-option, the standard error is based on the noninferiority limit
(determined by the null proportion and the margin) as

q_
seD py.1 py/=n

If you specify the CORREC® inomial-option, PROC FREQ includes a continuity correction in the asymptotic
test statistiz. The continuity correction ofLl=2n/ is subtracted from the numerator of the test statistic if
.[O p,/ is positive; otherwise, the continuity correction is added to the numerator.

Thep-value for the noninferiority test is
P, D Prob.Z > z/

whereZ has a standard normal distribution.

As part of the noninferiority analysis, PROC FREQ provides asymptotic Wald con dence limits for the
binomial proportion. These con dence limits are computed as described in the section “Wald Con dence
Limits” on page 2663 but use the same standard error (VAR=NULL or VAR=SAMPLE) as the noninferiority
test statisti@. The con dence coef cientisl00.1 2/ % (Schuirmann 1999). By default, if you do not
specify the ALPHA= option, the noninferiority con dence limits are 90% con dence limits. You can compare
the con dence limits to the noninferiority limi, D po

If you specify the BINOMIAL option in the EXACT statement, PROC FREQ provides an exact noninferiority
test for the binomial proportion. The exgevalue is computed by using the binomial probability function
with parameterg, andn,

|
kon
Px D E .polk.l pO/.n ki
anl

See Chow, Shao, and Wang (2003, p. 116) for details. If you request exact binomial statistics, PROC
FREQ also includes exact (Clopper-Pearson) con dence limits for the binomial proportion in the equivalence
analysis display. See the section “Exact (Clopper-Pearson) Con dence Limits” on page 2663 for details.
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Superiority Test  If you specify the SURBinomial-option, PROC FREQ provides a superiority test for the
binomial proportion. The null hypothesis for the superiority test is

HoW po

versus the alternative

HaW po>

where is the superiority margin angl is the null proportion. Rejection of the null hypothesis indicates that
the binomial proportion is superior to the null value. You can specify the valuenith the MARGIN=
binomial-option, and you can specify the value p§ with the P=binomial-option. By default, D 0:2and

po D 0:5.

The superiority analysis is identical to the noninferiority analysis but uses a positive value of the margin
the null hypothesis. The superiority limit equalg C . The superiority computations follow those in the
section “Noninferiority Test” on page 2667 but replacewith . See Chow, Shao, and Wang (2003) for
more information.

Equivalence Test  If you specify the EQUIWinomial-option, PROC FREQ provides an equivalence test
for the binomial proportion. The null hypothesis for the equivalence test is

HoW po L or p po u

versus the alternative
HaWL <p po< v

where | is the lower margin,y is the upper margin, angy is the null proportion. Rejection of the null
hypothesis indicates that the binomial proportion is equivalent to the null value. See Chow, Shao, and Wang
(2003) for more information.

You can specify the value of the margins and  with the MARGIN= binomial-option. If you do not
specify MARGIN=, PROC FREQ uses lower and upper margins of —0.2 and 0.2 by default. If you specify
a single margin value, PROC FREQ uses lower and upper margins ofird . You can specify the null
proportionpg with the P=binomial-option. By default,pq D 0:5.

PROC FREQ computes two one-sided tests (TOST) for equivalence analysis (Schuirmann 1987). The TOST
approach includes a right-sided test for the lower margin and a left-sided test for the upper margin. The
overallp-value is taken to be the larger of the tywealues from the lower and upper tests.

For the lower margin, the asymptotic Wald test statistic is computed as
zy D.@ p /=se

where the lower equivalence limit is
PpLDpoC L

By default, the standard error is computed from the sample proportion as

seD P L @/=n
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If you specify the VAR=NULLbinomial-option, the standard error is based on the lower equivalence limit

(determined by the null proportion and the lower margin) as

q
seD p,.1 p./=n

If you specify the CORREC® inomial-option, PROC FREQ includes a continuity correction in the asymptotic
test statistizi . The continuity correction ofl=2n/ is subtracted from the numerator of the test statistic
.0 p,/ ifthe numerator is positive; otherwise, the continuity correction is added to the numerator.

Thep-value for the lower margin test is

The asymptotic test for the upper margin is computed similarly. The Wald test statistic is
zy D . py/=se
where the upper equivalence limit is

PuDpoC u

By default, the standard error is computed from the sample proportion. If you specify the VAR=NULL
binomial-option, the standard error is based on the upper equivalence limit as

q
seD py.1 py/=n

If you specify the CORRECBinomial-option, PROC FREQ includes a continuity correctiond£2n/ in
the asymptotic test statistay .

Thep-value for the upper margin test is

Based on the two one-sided tests (TOST), the overadllue for the test of equivalence equals the larger
p-value from the lower and upper margin tests, which can be expressed as

As part of the equivalence analysis, PROC FREQ provides asymptotic Wald con dence limits for the binomial
proportion. These con dence limits are computed as described in the section “Wald Con dence Limits” on
page 2663, but use the same standard error (VAR=NULL or VAR=SAMPLE) as the equivalence test statistics
and have a con dence coef cient df00.1 2/ % (Schuirmann 1999). By default, if you do not specify the
ALPHA= option, the equivalence con dence limits are 90% limits. If you specify VAR=NULL, separate
standard errors are computed for the lower and upper margin tests, each based on the null proportion and the
corresponding (lower or upper) margin. The con dence limits are computed by using the maximum of these
two standard errors. You can compare the con dence limits to the equivalence lpt€, | ; poC u/.

If you specify the BINOMIAL option in the EXACT statement, PROC FREQ also provides an exact
equivalence test by using two one-sided exact tests (TOST). The procedure computes lower and upper
margin exact tests by using the binomial probability function as described in the section “Noninferiority
Test” on page 2667. The overall exgevalue for the equivalence test is taken to be the lapyesilue

from the lower and upper margin exact tests. If you request exact statistics, PROC FREQ also includes
exact (Clopper-Pearson) con dence limits in the equivalence analysis display. The con dence coef cient
is100.1 2/ % (Schuirmann 1999). See the section “Exact (Clopper-Pearson) Con dence Limits” on
page 2663 for details.
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Risks and Risk Differences

The RISKDIFF option in the TABLES statement provides estimates of risks (binomial proportions) and
risk differences fo2 2 tables. This analysis might be appropriate when comparing the proportion of
some characteristic for two groups, where row 1 and row 2 correspond to the two groups, and the columns
correspond to two possible characteristics or outcomes. For example, the row variable might be a treatment
or dose, and the column variable might be the response. For more information, see Collett (1991); Fleiss,
Levin, and Paik (2003); Stokes, Davis, and Koch (2012).

Let the frequencies of th2 2 table be represented as follows.

Column1 Column 2 Total
Row 1 Nq1 Nq2 nq
Row 2 No1 No2 no
Total ni no, n

By default when you specify the RISKDIFF option, PROC FREQ provides estimates of the row 1 risk
(proportion), the row 2 risk, the overall risk, and the risk difference for column 1 and for column 2 of the
2 2table. The risk difference is de ned as the row 1 risk minus the row 2 risk. The risks are binomial
proportions of their rows (row 1, row 2, or overall), and the computation of their standard errors and Wald
con dence limits follow the binomial proportion computations, which are described in the section “Binomial
Proportion” on page 2663.

The column 1 risk for row 1 is the proportion of row 1 observations classi ed in column 1,
@Dny=m

which estimates the conditional probability of the column 1 response, given the rst level of the row variable.
The column 1 risk for row 2 is the proportion of row 2 observations classi ed in column 1,

@Dny=mn
The overall column 1 risk is the proportion of all observations classi ed in column 1,
D n;=n

The column 1 risk difference compares the risks for the two rows, and it is computed as the column 1 risk for
row 1 minus the column 1 risk for row 2,

fo| @

The standard error of the column 1 risk for ro¥g computed as
se@ D P @.1 Qi/=n;

The standard error of the overall column 1 risk is computed as
se@D' @1 @/=n

Where the two rows represent independent binomial samples, the standard error of the column 1 risk
difference is computed as

sedD " Q.1 @i/=n; C .1 @u/=n,

The computations are similar for the column 2 risks and risk difference.
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Con dence Limits

By default, the RISKDIFF option provides Wald asymptotic con dence limits for the risks (row 1, row 2, and
overall) and the risk difference. By default, the RISKDIFF option also provides exact (Clopper-Pearson)
con dence limits for the risks. You can suppress the display of this information by specifying the NORISKS
riskdiff-option. You can specifyiskdiff-options to request tests and other types of con dence limits for the
risk difference. See the sections “Risk Difference Con dence Limits” on page 2672 and “Risk Difference
Tests” on page 2675 for more information.

The risks are equivalent to the binomial proportions of their corresponding rows. This section describes the
Wald con dence limits that are provided by default when you specify the RISKDIFF optionBTR®MIAL

option provides additional con dence limit types and tests for risks (binomial proportions). See the sections
“Binomial Con dence Limits” on page 2663 and “Binomial Tests” on page 2666 for details.

The Wald con dence limits are based on the normal approximation to the binomial distribution. PROC FREQ
computes the Wald con dence limits for the risks and risk differences as

Est .Z-» seEst//

where Est is the estimate., isthel00.1 =2/ percentile of the standard normal distribution, sedst/
is the standard error of the estimate. The con dence levisldetermined by the value of the ALPHA=
option; the default of ALPHA=0.05 produces 95% con dence limits.

If you specify the CORRECTiskdiff-option, PROC FREQ includes continuity corrections in the Wald

con dence limits for the risks and risk differences. The purpose of a continuity correction is to adjust for the
difference between the normal approximation and the binomial distribution, which is discrete. See Fleiss,
Levin, and Paik (2003) for more information. The continuity-corrected Wald con dence limits are computed
as

Est .Z-p seEst/Ccc/

whereccis the continuity correction. For the row 1 ristg D .1=2n; /; for the row 2 riskcc D .1=2m, /;
for the overall riskcc D .1=2n/; and for the risk differencesc D ..1=n; C 1=n, /=2/. The column 1 and
column 2 risks use the same continuity corrections.

By default when you specify the RISKDIFF option, PROC FREQ also provides exact (Clopper-Pearson)
con dence limits for the column 1, column 2, and overall risks. These con dence limits are constructed by
inverting the equal-tailed test that is based on the binomial distribution. See the section “Exact (Clopper-
Pearson) Con dence Limits” on page 2663 for details.

Risk Difference Con dence Limits You can request additional con dence limits for the risk difference
by specifying the CL=iskdiff-option. Available con dence limit types include Agresti-Caffo, exact uncon-
ditional, Hauck-Anderson, Miettinen-Nurminen (score), Newcombe (hybrid-score), and Wald con dence
limits. Continuity-corrected Newcombe and Wald con dence limits are also available.

The con dence coef cient for the con dence limits produced by the Giliskdiff-option is 100.1  / %,
where the value of is determined by the ALPHA= option. The default of ALPHA=0.05 produces 95%
con dence limits. This differs from the test-based con dence limits that are provided with the equivalence,
noninferiority, and superiority tests, which have a con dence coef cient@d.1 2/ % (Schuirmann
1999). See the section “Risk Difference Tests” on page 2675 for details.

The section “Exact Unconditional Con dence Limits for the Risk Difference” on page 2679 describes the
computation of the exact con dence limits. The con dence limits are constructed by inverting two separate
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one-sided exact tests (tail method). By default, the tests are based on the unstandardized risk difference. If
you specify the RISKDIFF(METHOD=SCORE) option, the tests are based on the score statistic.

The following sections describe the computation of the Agresti-Coull, Hauck-Anderson, Miettinen-Nurminen
(score), Newcombe (hybrid-score), and Wald con dence limits for the risk difference.

Agresti-Caffo Con dence Limits The Agresti-Caffo con dence limits for the risk difference are computed
as

R .z, sedd/

whereD @ Q@,, @D .niz C 1/=.n; C 2/,

p
se?D @1 Q./=n;1C2/ C ®.1 @u/=n,C2

andz -, isthel00.1 =2/ percentile of the standard normal distribution.

The Agresti-Caffo interval adjusts the Wald interval for the risk difference by adding a pseudo-observation of
each type (success and failure) to each sample. See Agresti and Caffo (2000) and Agresti and Coull (1998)
for more information.

Hauck-Anderson Con dence Limits The Hauck-Anderson con dence limits for the risk difference are
computed as

® .ccCz., sed/

whered®D @ @2andz-, isthel00.1 =2/ percentile of the standard normal distribution. The standard
error is computed from the sample proportions as

Y
sedD @1 @i/=n1 1 C ®1 Qi/=n, 1/
The Hauck-Anderson continuity correctionis computed as
ccD1=2min.ny; ny/

See Hauck and Anderson (1986) for more information. The subsection “Hauck-Anderson Test” in the section
“Noninferiority Tests” on page 2676 describes the corresponding noninferiority test.

Miettinen-Nurminen (Score) Con dence LimitsThe Miettinen-Nurminen (score) con dence limits for the
risk difference (Miettinen and Nurminen 1985) are computed by inverting score tests for the risk difference.
A score-based test statistic for the null hypothesis that the risk difference equaise expressed as

q
/= ‘@r./

wheredis the observed value of the risk differeng® ( @),

T./D.P

@r./D.n=n U .11 QulEn C®. /1 @ li=n o)

andpQ./ and@./ are the maximum likelihood estimates of the row 1 and row 2 risks (proportions) under
the restriction that the risk difference is For more information, see Miettinen and Nurminen (1985, pp.
215-216) and Miettinen (1985, chapter 12).
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Thel00.1 / % con dence interval for the risk difference consists of all values far which the score
test statisticl . / falls in the acceptance region,

f W./<z 590

wherez -, isthel00.1 =2/ percentile of the standard normal distribution. PROC FREQ nds the con -
dence limits by iterative computation, which stops when the iteration increment falls below the convergence
criterion or when the maximum number of iterations is reached, whichever occurs rst. By default, the
convergence criterion is 0.00000001 and the maximum number of iterations is 100.

By default, the’éiettinen-Nurminen con dence limits include the bias correction factar 1/ in the
computation of¥ar. / (Miettinen and Nurminen 1985, p. 216). For more information, see Newcombe and
Nurminen (2011). If you specify the CL=MN(CORRECT=N@xkdiff-option, PROC FREQ does not include

the bias correction factor in this computation (Mee 1984). See also Agresti (2002, p. 77). The uncorrected
con dence limits are labeled as “Miettinen-Nurminen-Mee” con dence limits in the displayed output.

The maximum likelihood estimates pf andp,, subject to the constraint that the risk difference,iare
computed as

[@ D 2ucosw/ b=3a and R D C

where
w D C cos t.v=ud//=3
v D b3=.3a63 bc=6& C d=2a
u D signv/ b2=3a/2 c=3a
a D 1C
b D .1C C®C m@C. C2l
c D 2C .2@C c1l1/Cc@C ®
d D @i1.1C/
D np=m

For more information, see Farrington and Manning (1990, p. 1453).

Newcombe Con dence Limits Newcombe (hybrid-score) con dence limits for the risk difference are

constructed from the Wilson score con dence limits for each of the two individual proportions. The
con dence limits for the individual proportions are used in the standard error terms of the Wald con dence
limits for the proportion difference. See Newcombe (1998a) and Barker et al. (2001) for more information.

Wilson score con dence limits fop; andp, are the roots of
. ) p—
jpi @ijD z= pi.l pi/=n

fori D 1;2 The con dence limits are computed as

q
® C 22:2 =2n z-, M1 @i/Cz%=4n =n = 1C 22:2 =n;

See the section “Wilson (Score) Con dence Limits” on page 2666 for details.



Statistical Computations F 2675

Denote the lower and upper Wilson score con dence limitgfpiasL ; andU;, and denote the lower and
upper con dence limits fop, asL » andU,. The Newcombe con dence limits for the proportion difference
(d D p1 p2)arecomputed as

q
d D.@@ @y @ Li/2C .Uy @2

q
dyD.l@ @/ C Ui Q1/2C .0 Ly/2

If you specify the CORRECTiskdiff-option, PROC FREQ provides continuity-corrected Newcombe con-
dence limits. By including a continuity correction d=2n , the Wilson score con dence limits for the
individual proportions are computed as the roots of

) ) p—
jpi @ij 1=2n D z-, pi.1 pil=n

The continuity-corrected con dence limits for the individual proportions are then used to compute the
proportion difference con dence limitd. anddy .

Wald Con dence Limits The Wald con dence limits for the risk difference are computed as

P .z, sedd/

wheredD 8 @»,z-, isthel00.1 =2/ percentile of the standard normal distribution. and the standard
error is computed from the sample proportions as

p
seddD M.1 Qi/=n; C ®.1 Qu/=n,

If you specify the CORRECTiskdiff-option, the Wald con dence limits include a continuity correctiog
P .ccCz,, sed/

wherecc D .1=n; C 1=m, /=2.

The subsection “Wald Test” in the section “Noninferiority Tests” on page 2676 describes the corresponding
noninferiority test.

Risk Difference Tests

You can specifyiskdiff-options to request tests of the risk (proportion) difference. You can request tests of
equality, noninferiority, superiority, and equivalence for the risk difference. The test of equality is a standard
Wald asymptotic test, available with or without a continuity correction. For noninferiority, superiority, and
equivalence tests of the risk difference, the following test methods are provided: Wald (with and without
continuity correction), Hauck-Anderson, Farrington-Manning (score), and Newcombe (with and without
continuity correction). You can specify the test method with the METHOBdiff-option. By default,
PROC FREQ uses METHOD=WALD.

Equality Test  If you specify the EQUALriskdiff-option, PROC FREQ computes a test of equality, or a test

of the null hypothesis that the risk difference equals zero. For the column 1 (or 2) risk difference, this test can
be expressed d$oW D O versus the alternatiid ;\Vd & O, whered D p; p2 denotes the column 1 (or

2) risk difference. PROC FREQ provides a Wald asymptotic test of equality. The test statistic is computed as

zD dxsed?
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By default, the standard error is computed from the sample proportions as

p
se?D @1 @i/=n; C ®.1 Q./=n,

If you specify the VAR=NULLriskdiff-option, the standard error is based on the null hypothesis that the row
1 and row 2 risks are equal,

Y
sedD @ @/ .1=n; C1=m,/
wherefOD n 1=n estimates the overall column 1 risk.

If you specify the CORRECTiskdiff-option, PROC FREQ includes a continuity correction in the test statistic.
If > 0, the continuity correction is subtracted frafin the numerator of the test statistic; otherwise, the
continuity correction is added to the numerator. The value of the continuity correctibangs C 1=, /=2.

PROC FREQ computes one-sided and two-sigl@dlues for this test. When the test statigtis greater than
0, PROC FREQ displays the right-sidperalue, which is the probability of a larger value occurring under
the null hypothesis. The one-sidpdialue can be expressed as

Prob.z>z/ if z>0

P11 D .
Prob.z<z/ if z O

whereZ has a standard normal distribution. The two-sigedlue is computed @, D 2 P;.
Noninferiority Tests  If you specify the NONINFiskdiff-option, PROC FREQ provides a noninferiority test

for the risk difference, or the difference between two proportions. The null hypothesis for the noninferiority
testis

HoW: p2
versus the alternative
HaW1 p2>

where is the noninferiority margin. Rejection of the null hypothesis indicates that the row 1 risk is not
inferior to the row 2 risk. See Chow, Shao, and Wang (2003) for more information.

You can specify the value ofwith the MARGIN=riskdiff-option. By default, D 0:2. You can specify the

test method with the METHOD#skdiff-option. The following methods are available for the risk difference
noninferiority analysis: Wald (with and without continuity correction), Hauck-Anderson, Farrington-Manning
(score), and Newcombe (with and without continuity correction). The Wald, Hauck-Anderson, and Farrington-
Manning methods provide tests and corresponding test-based con dence limits; the Newcombe method
provides only con dence limits. If you do not specify METHOD=, PROC FREQ uses the Wald test by
default.

The con dence coef cient for the test-based con dence limitd@0.1 2/ % (Schuirmann 1999). By
default, if you do not specify the ALPHA= option, these are 90% con dence limits. You can compare the
con dence limits to the noninferiority limit, —

The following sections describe the noninferiority analysis methods for the risk difference.

Wald Test If you specify the METHOD=WALDriskdiff-option, PROC FREQ provides an asymptotic Wald
test of noninferiority for the risk difference. This is also the default method. The Wald test statistic is
computed as
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zD .fc /1=sed?

where (pD @ @») estimates the risk difference ands the noninferiority margin.

By default, the standard error for the Wald test is computed from the sample proportions as

p
sef?D M1 @i/=n; C ®.1 @./=n,

If you specify the VAR=NULLriskdiff-option, the standard error is based on the null hypothesis that the risk
difference equals «(Dunnett and Gent 1977). The standard error is computed as

p
sefD @ @Q/=n, C .0 /1 QC /=n;
where

QD N11Cny1 C ni/=n

If you specify the CORRECTiskdiff-option, the test statistic includes a continuity correction. The continuity
correction is subtracted from the numerator of the test statistic if the numerator is greater than zero; otherwise,
the continuity correction is added to the numerator. The value of the continuity correctibanis C

1=, /=2.

The p-value for the Wald noninferiority test iB, D Prob.Z > z/ , whereZ has a standard normal
distribution.

Hauck-Anderson Testlf you specify the METHOD=HAriskdiff-option, PROC FREQ provides the Hauck-
Anderson test for noninferiority. The Hauck-Anderson test statistic is computed as

zD .fc cc/=sed?

wheredD 1 @, and the standard error is computed from the sample proportions as

p
se?D @1 @i/=n; 1/ C ®.1 @u/=n, 1/
The Hauck-Anderson continuity correctionis computed as
ccD1=2min.ny; no!

The p-value for the Hauck-Anderson noninferiority testHds D Prob.Z > z/ , whereZ has a standard
normal distribution. See Hauck and Anderson (1986) and Schuirmann (1999) for more information.

Farrington-Manning (Score) TestlIf you specify the METHOD=FMiskdiff-option, PROC FREQ provides
the Farrington-Manning (score) test of noninferiority for the risk difference. A score test statistic for the null
hypothesis that the risk difference equalscan be expressed as

zD .fc /1= sed?

wheredis the observed value of the risk differen@®( @2),

sedD " Q.1 Qi/=n1 C .1 Qu/=n,

and@ and@ are the maximum likelihood estimates of the row 1 and row 2 risks (proportions) under the
restriction that the risk difference is —Thep-value for the noninferiority testiB, D Prob.Z > z/ , where
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Z has a standard normal distribution. For more information, see Miettinen and Nurminen (1985); Miettinen
(1985); Farrington and Manning (1990); Dann and Koch (2005).

The maximum likelihood estimates pf andp1, subject to the constraint that the risk difference isare
computed as

[@ D 2ucosw/ b=3a and DR C

where
w D C cos L.v=u®//=3
v D b3=.3a63 bc=6& C d=2a
u D signv/ b?=3a/2 c=3a
a D 1C
b D .1C c@C @ . C2l
c D 2 2@C Ccl1Cc@C ®
d D @.1 /
D np=m

For more information, see Farrington and Manning (1990, p. 1453).

Newcombe Noninferiority Analysisif you specify the METHOD=NEWCOMBZFiskdiff-option, PROC
FREQ provides a noninferiority analysis that is based on Newcombe hybrid-score con dence limits for the
risk difference. The con dence coef cient for the con dence limitsli80.1 2/ % (Schuirmann 1999).

By default, if you do not specify the ALPHA= option, these are 90% con dence limits. You can compare
the con dence limits with the noninferiority limit, = If you specify the CORRECTiskdiff-option, the

con dence limits includes a continuity correction. See the subsection “Newcombe Con dence Limits” in the
section “Risk Difference Con dence Limits” on page 2672 for more information.

Superiority Test  If you specify the SURiskdiff-option, PROC FREQ provides a superiority test for the
risk difference. The null hypothesis is

HoWMW p2

versus the alternative

HaWd1 p2 >

where is the superiority margin. Rejection of the null hypothesis indicates that the row 1 proportion is
superior to the row 2 proportion. You can specify the value ofith the MARGIN=riskdiff-option. By
default, D 0:2.

The superiority analysis is identical to the noninferiority analysis but uses a positive value of the margin
in the null hypothesis. The superiority computations follow those in the section “Noninferiority Tests” on
page 2676 by replacing by . See Chow, Shao, and Wang (2003) for more information.



Statistical Computations F 2679

Equivalence Tests  If you specify the EQUIWiskdiff-option, PROC FREQ provides an equivalence test
for the risk difference, or the difference between two proportions. The null hypothesis for the equivalence
testis

HoW1 p2 L OF p1 P2 v

versus the alternative

HaWL <p1 p2< u

where | is the lower margin andy is the upper margin. Rejection of the null hypothesis indicates that the
two binomial proportions are equivalent. See Chow, Shao, and Wang (2003) for more information.

You can specify the value of the margins and ( with the MARGIN=riskdiff-option. If you do not specify
MARGIN=, PROC FREQ uses lower and upper margins of —-0.2 and 0.2 by default. If you specify a single
margin value , PROC FREQ uses lower and upper margins odrd . You can specify the test method

with the METHOD=riskdiff-option. The following methods are available for the risk difference equivalence
analysis: Wald (with and without continuity correction), Hauck-Anderson, Farrington-Manning (score), and
Newcombe (with and without continuity correction). The Wald, Hauck-Anderson, and Farrington-Manning
methods provide tests and corresponding test-based con dence limits; the Newcombe method provides only
con dence limits. If you do not specify METHOD=, PROC FREQ uses the Wald test by default.

PROC FREQ computes two one-sided tests (TOST) for equivalence analysis (Schuirmann 1987). The TOST
approach includes a right-sided test for the lower margiand a left-sided test for the upper margin.
The overallp-value is taken to be the larger of the tywaalues from the lower and upper tests.

The section “Noninferiority Tests” on page 2676 gives details about the Wald, Hauck-Anderson, Farrington-
Manning (score), and Newcombe methods for the risk difference. The lower margin equivalence test statistic
takes the same form as the noninferiority test statistic but uses the lower marginvatyglace of —. The

upper margin equivalence test statistic take the same form as the noninferiority test statistic but uses the upper
margin value y in place of —.

The test-based con dence limits for the risk difference are computed according to the equivalence test method
that you select. If you specify METHOD=WALD with VAR=NULL, or METHOD=FM, separate standard
errors are computed for the lower and upper margin tests. In this case, the test-based con dence limits are
computed by using the maximum of these two standard errors. These con dence limits have a con dence
coefcient of 100.1 2/ % (Schuirmann 1999). By default, if you do not specify the ALPHA= option,
these are 90% con dence limits. You can compare the test-based con dence limits to the equivalence limits,

Ly ul.

Exact Unconditional Con dence Limits for the Risk Difference

If you specify the RISKDIFF option in the EXACT statement, PROC FREQ provides exact unconditional
con dence limits for the risk difference. PROC FREQ computes the con dence limits by inverting two
separate one-sided tests (tail method), where the size of each test is atZnastl the con dence coef cient
isatleastl ). Exact conditional methods, described in the section “Exact Statistics” on page 2704, do not
apply to the risk difference due to the presence of a nuisance parameter (Agresti 1992). The unconditional
approach eliminates the nuisance parameter by maximizing-ttadue over all possible values of the
parameter (Santner and Snell 1980).

By default, PROC FREQ uses the unstandardized risk difference as the test statistic in the con dence limit
computations. If you specify the RISKDIFF(METHOD=SCORE) option, the procedure uses the score
statistic (Chan and Zhang 1999). The score statistic is a less discrete statistic than the raw risk difference
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and produces less conservative con dence limits (Agresti and Min 2001). See also Santner et al. (2007) for
comparisons of methods for computing exact con dence limits for the risk difference.

PROC FREQ computes the con dence limits as follows. The risk difference is de ned as the difference
between the row 1 and row 2 risks (proportiorts)) p1  p2, andn; andn, denote the row totals of the
2 2table. The joint probability function for the table can be expressed in terms of the table cell frequencies,

the risk difference, and the nuisancei parampieas |

n n

fniinaing:nydipa/ D 1 dCpa/™l d o opy/Mt M 2 pot.l pp/"z "2
N1 N21

Thel00.1 =2/% con dence limits for the risk difference are computed as

d D supd WPy.d /> =2/
dy D inf.d W _.d /> =2/

where
X
Pu.d/ D sup f.n 11;n210Nng;n2;d ;pa/
P2 ATar to
X
P.d/ D sup f.n 11;n211Nn7;n5;d ;p2/
P2 ATar to

The setA includes all2 2 tables with row sums equal t, andny, andT .a/ denotes the value of the
test statistic for tabla in A. To computePy .d /, the sum includes probabilities of those tables for which
(T.a/ tp), wheretp is the value of the test statistic for the observed table. For a xed valde d? .d /

is taken to be the maximum sum over all possible valugs,of

By default, PROC FREQ uses the unstandardized risk difference as the test skatfsfiou specify the
RISKDIFF(METHOD=SCORE) option, the procedure uses the risk difference score statistic as the test
statistic (Chan and Zhang 1999). For information about the computation of the score statistic, see the section
“’ on page 2673. For more information, see Miettinen and Nurminen (1985) and Farrington and Manning
(1990).

Barnard's Unconditional Exact Test

The BARNARD option in the EXACT statement provides an unconditional exact test for the risk (proportion)
difference for2 2 tables. The reference set for the unconditional exact test consist2of &ltables that

have the same row sums as the observed table (Barnard 1945, 1947, 1949). This differs from the reference
set for exact conditional inference, which is restricted to the set of tables that have the same row sums and
the same column sums as the observed table. See the sections “Fisher's Exact Test” on page 2651 and “Exact
Statistics” on page 2704 for more information.

The test statistic is the standardized risk difference, which is computed as
p
T D d= ] 1.1 P 1/.1=n1 C 1=n2/

where the risk differencd is de ned as the difference between the row 1 and row 2 risks (proportions),
d D .n;1=m np1=ny/; ny andn, are the row 1 and row 2 totals, respectively; gndis the overall
proportion in column 1,n11 C ny1/=n.

Under the null hypothesis that the risk difference is 0, the joint probability function for a table can be
expressed in terms of the table cell frequencies, the row totals, and the unknown paraaseter
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Ny N2
f.n 11;n21ln1;n2; / D nllanl.l f N N Nz

N1 N2z
where is the common value of the risk (proportion).

PROC FREQ sums the table probabilities over the reference set for those tables where the test statistic is
greater than or equal to the observed value of the test statistic. This sum can be expressed as

X
Prob./ D f.n 11;n211N1;no; /

AT.al tp

where the sef contains alR 2 tables with row sums equal to, andn,, andT .a/ denotes the value of the
test statistic for tablain A. The sum includes probabilities of those tables for whitte{( top), wheretg
is the value of the test statistic for the observed table.

The sum Prob() depends on the unknown value of To compute the exagtvalue, PROC FREQ eliminates
the nuisance parameterby taking the maximum value of Prob) over all possible values of,

ProbD sup .Prob./ /
0y

See Suissa and Shuster (1985) and Mehta and Senchaudhuri (2003).

Common Risk Difference

PROC FREQ provides Mantel-Haenszel and summary score estimates for the common risk (proportion)
difference for multiwvay2 2 tables. PROC FREQ also provides strati ed Newcombe con dence limits for
the common risk difference.

Mantel-Haenszel Estimate of the Common Risk Difference
PROC FREQ computes the Mantel-Haenszel (Mantel and Haenszel 1959) estimate of the common risk

difference as
I I
X X

dm D Rw, = Wh

h h
whered? is the risk difference in stratutmand

Wh D nNpg Nz =Ny
The column 1 risk difference in stratulris computed as

@Dy @D Npr=nny/ Nppr=nny/

wheref; is the proportion of row 1 observations that are classi ed in column 1gpds the proportion or
row 2 observations that are classi ed in column 1. The column 2 risk is computed in the same way. For more
information, see Agresti (2013, p. 231).

PROC FREQ computes the variancedgi (Sato 1989) as
| |
. . 2
X X X
G.dn/ D ddn PhC Qn = Wh

h h h
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where
2 2 o 2
Ph D nhl Np21 nh2 Nh11 C Npy N2 .Np2 Npy /=2 —nh
Qn D .nm1.Np2  Npoa/ C oy Npga// =2,

Thel00.1 / % con dence limits for the common risk difference are

& z, O &/

Summary Score Estimate of the Common Risk Difference

PROC FREQ computes the summary score estimate of the common risk difference as described in Agresti
(2013, p. 231). This estimate is computed from Miettinen-Nurminen (score) con dence limits for the stratum
risk differences. For more information, see the section “Miettinen-Nurminen (Score) Con dence Limits.”
The score con dence interval for the risk difference in stratuoan be expressed ﬂ Z- Sr?' where

d}]’ is the midpoint of the score con dence interval asﬁds the width of the con dence interval divided by
2z, . The summary score estimate of the common risk difference is computed as

X
&D
h
where
0 02 X 2
w, D .1=8/°/= .1=5"/
i
The variance off2 is computed as
X
F.&/D 1= .1=5%
h

Thel00.1 / % summary score con dence limits for the common risk difference are

) z., O. &/

Strati ed Newcombe Con dence Limits for the Common Risk Difference

PROC FREQ computes strati ed Newcombe con dence limits for the common risk (proportion) difference
by using the method of Yan and Su (2010). The strati ed Newcombe con dence limits are constructed from
strati ed Wilson con dence limits for the common (overall) row proportions.

PROC FREQ rst computes individual Wilson con dence limits for the row proportions in €acl2 table
(stratum), as described in the section “Wilson (Score) Con dence Limits” on page 2666. These stratum
Wilson con dence limits are then combined to form strati ed Wilson con dence limits for the overall row
proportions by using Mantel-Haenszel weights, where the Mantel-Haenszel weight for gtrstum

Wh D nNpg Npp =m,

The con dence levels of the stratum Wilson con dence limits are chosen so that the overall con dence
coef cient (for the strati ed Wilson con dence limits) i400.1  / % (Yan and Su 2010).
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Denote the lower and upper strati ed Wilson score con dence limits for the common row 1 proportion as
andUq, respectively, and denote the lower and upper strati ed Wilson con dence limits for the common row
2 proportion as. , andU», respectively. Tha00.1 / % strati ed Newcombe con dence limits for the
common risk (proportion) difference are

p
L D & 2z, 1L1.1 Li/C Ul Uyf

p
U D d&u Czoy L2l La/C 71Ul Ui/

whered@.H is the Mantel-Haenszel estimate of the common risk difference and
X
1 D Wﬁ=nh1
h
X
2 D WA=,
h

When there is a single stratum, the strati ed Newcombe con dence interval is equivalent to the (unstrati ed)
Newcombe con dence interval. For more information, see the subsection “Newcombe Con dence Limits” in
the section “Risk Difference Con dence Limits” on page 2672. See also Kim and Won (2013).

Odds Ratio and Relative Risks for 2 x 2 Tables

Odds Ratio

The odds ratio is a useful measure of association for a variety of study designs. For a retrospective design
called acase-control studythe odds ratio can be used to estimate the relative risk when the probability of
positive response is small (Agresti 2002). In a case-control study, two independent samples are identi ed
based on a binary (yes-no) response variable, and the conditional distribution of a binary explanatory variable
is examined, within xed levels of the response variable. See Stokes, Davis, and Koch (2012) and Agresti
(2007).

The odds of a positive response (column 1) in row tiis=n;». Similarly, the odds of a positive response in
row 2 isnp;=np2. The odds ratio is formed as the ratio of the row 1 odds to the row 2 odds. The odds ratio
fora2 2tableisde nedas

N11=N12 D N11 N22

N21="22 Ni2 N21

OR D

The odds ratio can be any nonnegative number. When the row and column variables are independent, the true
value of the odds ratio equals 1. An odds ratio greater than 1 indicates that the odds of a positive response are
higher in row 1 than in row 2. Values less than 1 indicate the odds of positive response are higher in row 2.
The strength of association increases with the deviation from 1.

The transformatios D .OR 1/=.0R C 1/ transforms the odds ratio to the range (-1,1) v@tk 0 when
OR D 1; G=-1whenOR D 0; andG approaches 1 @8R approaches in nity.G is the gamma statistic,
which PROC FREQ computes when you specify the MEASURES option.

The asymptotid00.1 / % con dence limits for the odds ratio are
OR exp. zp v/; OR exp.zp v/

where
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1 1 1 1
vD Var.nOR/D —C —C —C —
N11 Ni2 N21 N22

andzis thel00.1 =2/ percentile of the standard normal distribution. If any of the four cell frequencies
are zero, the estimates are not computed.

Score Con dence Limits for the Odds Ratio Score con dence limits for the odds ratio (Miettinen and
Nurminen 1985) are computed by inverting score tests for the odds ratio. A score-based chi-square test
statistic for the null hypothesis that the odds ratio equatan be expressed as

Q./ Dfny. @ @i/ =fn=.n 1gfl=.n1 .1 Q://Cl=.n;@.1 Q.lig?

where is the observed row 1 risk (proportion), affgl and@ are the maximum likelihood estimates of the
row 1 and row 2 risks under the restriction that the odds rati@r{>2=n12n»1) is . For more information,
see Miettinen and Nurminen (1985) and Miettinen (1985, chapter 14).

Thel00.1 / % score con dence interval for the odds ratio consists of all valuesfof which the test
statisticQ. / falls in the acceptance region,

f W./< 2g

where i isthe 1001 / percentile of the chi-square distribution with one degree of freedom. PROC
FREQ nds the con dence limits by iterative computation. For more information about score con dence
limits, see Agresti (2013).

By default, the score con dence limits include the bias correction facton 1/ in the denominator of
Q. / (Miettinen and Nurminen 1985, p. 217). If you specify the CL=SCORE(CORRECT=NO) option,
PROC FREQ does not include this factor in the computation.

The maximum likelihood estimates pfi andp», subject to the constraint that the odds ratio jsare
computed as

P
PRD bC b2 4ac =2a and D ®R=.1C&. 1/

where

a D ny. 1/
b D np Cny @1. 1/

c D @
For more information, see Miettinen and Nurminen (1985, pp. 217-218) and Miettinen (1985, chapter 14).

Exact Con dence Limits for the Odds Ratio When you specify the OR option in the EXACT statement,
PROC FREQ computes exact con dence limits for the odds ratio. Because this is a discrete problem, the
con dence coef cient for the exact con dence interval is not exaclly / butisatleastl /. Thus,

these con dence limits are conservative. See Agresti (1992) for more information.
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PROC FREQ computes exact con dence limits for the odds ratio by using an algorithm based on Thomas
(1971). See also Gart (1971). The following two equations are solved iteratively to determine the lower and
upper con dence limits, ; and »:

1 1
X nq Nno i X ni Ny i D =2
i ny i Y i ny i ¢t -
iDni 1 iDO 1
! ! ! !
11 1
X nq Nno P X nq no i D —>
i ny i 2 i ny i 2 -
iDO 1 iDO 1

When the odds ratio equals zero, which occurs when eitheD 0orny; D 0, PROC FREQ sets the lower
exact con dence limit to zero and determines the upper limit with leveSimilarly, when the odds ratio
equals in nity, which occurs when either,, D 0orny; D 0, PROC FREQ sets the upper exact con dence
limit to in nity and determines the lower limit with level .

Relative Risks

These measures of relative risk are usefutamort (prospective) study designs, where two samples are
identi ed based on the presence or absence of an explanatory factor. The two samples are observed in
future time for the binary (yes-no) response variable under study. Relative risk measures are also useful
in cross-sectional studies, where two variables are observed simultaneously. See Stokes, Davis, and Koch
(2012) and Agresti (2007) for more information.

The column 1 relative risk is the ratio of the column 1 risk for row 1 to row 2. The column 1 risk for row 1 is
the proportion of the row 1 observations classi ed in column 1,

p1DNu=m

Similarly, the column 1 risk for row 2 is
P2 D N2 =m

The column 1 relative risk is computed as
RR1 D p1=p2

A relative risk greater than 1 indicates that the probability of positive response is greater in row 1 than in row
2. Similarly, a relative risk less than 1 indicates that the probability of positive response is less in row 1 than
in row 2. The strength of association increases with the deviation from 1.

Asymptotic100.1 / % con dence limits for the column 1 relative risk are computed as
RR; exp. P v/; RR; exp.zp v/
where
vD Var.nRR1/ D .1 pi/=n;1; C .1 pa/=ny

andzis thel00.1 =2/ percentile of the standard normal distribution. If either or n,1 is zero, the
estimates are not computed.

PROC FREQ computes the column 2 relative risks in the same way.
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Score Con dence Limits for the Relative Risk Score con dence limits for the relative risk (Miettinen

and Nurminen 1985; Farrington and Manning 1990) are computed by inverting score tests for the relative
risk. A score-based chi-square test statistic for the null hypothesis that the relative riskRegjcals be
expressed as

Q.Ro/ D .p@ Ropa/? =@r.R0/
wheref@ and are the observed row 1 and row 2 risks (proportions), respectively,
@r.Ro/ D.n=n 1/ @1 Qi/=n1 C Re’m.1 Qz/=n

where@ and@ are the maximum likelihood estimatespf andp,, respectively, under the null hypothesis
that the relative risk equaRy . For more information, see Miettinen and Nurminen (1985) and Miettinen
(1985, chapter 13).

Thel00.1 / % score con dence interval for the relative risk consists of all valueRgpfor which the test
statisticQ. Rp/ falls in the acceptance region,

fRoWQ.Ro/< 1 g

where i isthe 1001 / percentile of the chi-square distribution with one degree of freedom. PROC
FREQ nds the con dence limits by iterative computation. For more information about score con dence
limits, see Agresti (2013).

By default, the score con dence limits include the bias correction facton 1/ in the denominator of
Q. R/ (Miettinen and Nurminen 1985, p. 217). If you specify the CL=SCORE(CORRECT=NO) option,
PROC FREQ does not include this factor in the computation.

The maximum likelihood estimates pf andp2, subject to the constraint that the relative risRis, are
computed as

P
@D b b2 4ac =2a and @ D Q=R
where

D 1C

D .Rp.1C @/C Cm/
D Rp.@@C @/
D np=m

For more information, see Farrington and Manning (1990, p. 1454) and Miettinen and Nurminen (1985, p.
217).

Exact Unconditional Con dence Limits for the Relative Risk If you specify the RELRISK option in

the EXACT statement, PROC FREQ provides exact unconditional con dence limits for the relative risk.
PROC FREQ computes the con dence limits by inverting two separate one-sided tests (tail method), where
the size of each test is at mos®2 and the con dence coefcient is at least /. Exact conditional
methods, described in the section “Exact Statistics” on page 2704, do not apply to the relative risk due to
the presence of a nuisance parameter (Agresti 1992). The unconditional approach eliminates the nuisance
parameter by maximizing thevalue over all possible values of the parameter (Santner and Snell 1980).
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By default, PROC FREQ uses the unstandardized relative risk as the test statistic in the con dence limit
computations. If you specify the RELRISK(METHOD=SCORE) option, the procedure uses the relative risk
score statistic (Chan and Zhang 1999). The score statistic is a less discrete statistic than the raw relative risk
and produces less conservative con dence limits (Agresti and Min 2001). See also Santner et al. (2007) for
comparisons of methods for computing exact con dence limits.

See the section “Exact Unconditional Con dence Limits for the Risk Difference” on page 2679 for a
description of the method that PROC FREQ uses to compute con dence limits for the relative risk. The
test statistic for the relative risk computation is either the unstandardized relative risk (by default) or the
relative risk score statistic (if you specify the RELRISK(METHOD=SCORE) option). PROC FREQ uses
the following form of the unstandardized relative risk, which adds 0.05 to each frequency, to ensure that the
statistic is de ned when there are zero table cells (Gart and Nam 1988):

.n11 C 0:5/=.n; C 0:5/

r D
.Nn21 C 0:5/=.n, C 0:5/

If you specify the RELRISK(METHOD=SCORE) option, PROC FREQ uses the relative risk score statistic
(Miettinen and Nurminen 1985; Farrington and Manning 1990). This test statistic is computed as

zD .p@ Ropa/=serr/

where

q
serr/D .1 Qi/=n1 C Ro’m.1 @Qz/=n,

where and@ are the maximum likelihood estimatesmf andp, under the null hypothesis that the
relative risk equal&®y. The maximum likelihood solution is

P
RD. b b2 4ac/=2a and @ D ®=Ro

where
a D 1C
b D .Rp.1C @/ C Cm/
D Rp.j@C pm/
D np=m

For more information, see Farrington and Manning (1990, p. 1454) and Miettinen and Nurminen (1985, p.
217).

Cochran-Armitage Test for Trend

The TREND option in the TABLES statement provides the Cochran-Armitage test for trend, which tests
for trend in binomial proportions across levels of a single factor or covariate. This test is appropriate for a
two-way table where one variable has two levels and the other variable is ordinal. The two-level variable
represents the response, and the other variable represents an explanatory variable with ordered levels. When
the two-way has two columns amrows, PROC FREQ tests for trend acrossRlevels of the row variable,

and the binomial proportion is computed as the proportion of observations in the rst column. When the
table has two rows an@ columns, PROC FREQ tests for trend acrossGHevels of the column variable,

and the binomial proportion is computed as the proportion of observations in the rst row.
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The trend test is based on the regression coef cient for the weighted linear regression of the binomial
proportions on the scores of the explanatory variable levels. See Margolin (1988) and Agresti (2002) for
details. If the table has two columns aRdows, the trend test statistic is computed as

R q——
TD nm.Ri BY= p;.1 pi/s?
iD1

whereR; is the score of row, Ris the average row score, and

x
s’°D n; .R;j Ry?
iD1

The SCORES= option in the TABLES statement determines the type of row scores used in computing the
trend test (and other score-based statistics). The default is SCORES=TABLE. See the section “Scores” on
page 2647 for details. For character variables, the table scores for the row variable are the row numbers (for
example, 1 for the rst row, 2 for the second row, and so on). For numeric variables, the table score for each
row is the numeric value of the row level. When you perform the trend test, the explanatory variable might

be numeric (for example, dose of a test substance), and the variable values might be appropriate scores. If the
explanatory variable has ordinal levels that are not numeric, you can assign meaningful scores to the variable
levels. Sometimes equidistant scores, such as the table scores for a character variable, might be appropriate.
For more information on choosing scores for the trend test, see Margolin (1988).

The null hypothesis for the Cochran-Armitage test is no trend, which means that the binomial proportion
pi1 D nj1=n; is the same for all levels of the explanatory variable. Under the null hypothesis, the trend
statistic has an asymptotic standard normal distribution.

PROC FREQ computes one-sided and two-siokdlues for the trend test. When the test statistic is greater
than its null hypothesis expected value of zero, PROC FREQ displays the rightpsidéuk, which is the
probability of a larger value of the statistic occurring under the null hypothesis. A small rightsicidde
supports the alternative hypothesis of increasing trend in proportions from row 1 ®. Men the test
statistic is less than or equal to zero, PROC FREQ displays the leftgidaldie. A small left-sideg-value
supports the alternative of decreasing trend.

The one-sidegb-value for the trend test is computed as

(
Prob.z>T/ if T >0
P1 D .
Prob.z<T/ if T O

whereZ has a standard normal distribution. The two-sigedlue is computed as

P, D Prob.jzj > jTj/

PROC FREQ also provides exgetalues for the Cochran-Armitage trend test. You can request the exact test
by specifying the TREND option in the EXACT statement. See the section “Exact Statistics” on page 2704
for more information.
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Jonckheere-Terpstra Test

The JT option in the TABLES statement provides the Jonckheere-Terpstra test, which is a nonparametric
test for ordered differences among classes. It tests the null hypothesis that the distribution of the response
variable does not differ among classes. It is designed to detect alternatives of ordered class differences, which
canbe expressedas » r (Or 1 2 r), with at least one of the inequalities being

strict, where ; denotes the effect of clagsFor such ordered alternatives, the Jonckheere-Terpstra test can be
preferable to tests of more general class difference alternatives, such as the Kruskal-Wallis test (produced by
the WILCOXON option in the NPAR1WAY procedure). See Pirie (1983) and Hollander and Wolfe (1999)
for more information about the Jonckheere-Terpstra test.

The Jonckheere-Terpstra test is appropriate for a two-way table in which an ordinal column variable represents
the response. The row variable, which can be nominal or ordinal, represents the classi cation variable. The
levels of the row variable should be ordered according to the ordering you want the test to detect. The
order of variable levels is determined by the ORDER= option in the PROC FREQ statement. The default is
ORDER=INTERNAL, which orders by unformatted values. If you specify ORDER=DATA, PROC FREQ
orders values according to their order in the input data set. For more information about how to order variable
levels, see the ORDER= option.

The Jonckheere-Terpstra test statistic is computed by rst forRifigy  1/=2 Mann-Whitney count$/;; o,
wherei < i © for pairs of rows in the contingency table,

Mijo D f
1

Cs f

whereX;; is respons¢in rowi. The Jonckheere-Terpstra test statistic is computed as

X X
JD Mi:i o
1 i<i®R

This test rejects the null hypothesis of no difference among classes for large valuésgmptoticp-values
for the Jonckheere-Terpstra test are obtained by using the normal approximation for the distribution of the
standardized test statistic. The standardized test statistic is computed as

P
J D.J EoJd/l= VargJd/

whereEg.J/ andVarg.J/ are the expected value and variance of the test statistic under the null hypothesis,

X
Eo.J/ D n? n2 =4

i
Varg.J/ D A=72C B=.36n.n 1/.n 2//CC=.8n.n 1//

where
X X
ADnn 1/.2nC5/ ni.ni 1/.2n; C5/ nj.nj 1/.2n; C5/
i j
Y 1
X X
B D ni.nij 1.n; 2/ @ nj.nj 1/.n; 2/A
i j
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Y 1
X X
CD nj .Nj 1/ @ nj.n; 1/A

i i

PROC FREQ computes one-sided and two-siga@lues for the Jonckheere-Terpstra test. When the
standardized test statistic is greater than its null hypothesis expected value of zero, PROC FREQ displays
the right-sidedo-value, which is the probability of a larger value of the statistic occurring under the null
hypothesis. A small right-sidgglvalue supports the alternative hypothesis of increasing order from row 1 to
row R. When the standardized test statistic is less than or equal to zero, PROC FREQ displays the left-sided
p-value. A small left-sidegb-value supports the alternative of decreasing order from row 1 tdrow

The one-sideg-value for the Jonckheere-Terpstra tét, is computed as

Prob.z>J [/ if J >0
Prob.z<J [ if J 0

whereZ has a standard normal distribution. The two-sigadhlue,P,, is computed as

P, D Prob.jzj > jJ jl

PROC FREQ also provides exgevalues for the Jonckheere-Terpstra test. You can request the exact test by
specifying the JT option in the EXACT statement. See the section “Exact Statistics” on page 2704 for more
information.

Tests and Measures of Agreement

When you specify the AGREE option in the TABLES statement, PROC FREQ computes tests and measures
of agreement for square tables (that is, for tables where the number of rows equals the number of columns).
For two-way tables, these tests and measures include McNemar's t@st fdtables, Bowker's test of
symmetry, the simple kappa coef cient, and the weighted kappa coef cient. For multiple strai@y(tables,

wheren > 2), PROC FREQ also computes the overall simple kappa coef cient and the overall weighted
kappa coef cient, as well as tests for equal kappas (simple and weighted) among strata. Cdghsan's
computed for multiway tables when each variable has two levels, that is, f{& 2 tables.

PROC FREQ computes the kappa coef cients (simple and weighted), their asymptotic standard errors, and
their con dence limits when you specify the AGREE option in the TABLES statement. If you also specify
the KAPPA option in the TEST statement, then PROC FREQ computes the asymptotic test of the hypothesis
that simple kappa equals zero. Similarly, if you specify the WTKAP option in the TEST statement, PROC
FREQ computes the asymptotic test for weighted kappa.

In addition to the asymptotic tests described in this section, PROC FREQ providesperduaes for
McNemar's test, the simple kappa coef cient test, and the weighted kappa coef cient test. You can request
these exact tests by specifying the corresponding options in the EXACT statement. See the section “Exact
Statistics” on page 2704 for more information.

The following sections provide the formulas that PROC FREQ uses to compute the AGREE statistics. For
information about the use and interpretation of these statistics, see Agresti (2002, 2007); Fleiss, Levin, and
Paik (2003), and the other references cited for each statistic.
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McNemar's Test

PROC FREQ computes McNemar's test for 2 tables when you specify the AGREE option. McNemar's

test is appropriate when you are analyzing data from matched pairs of subjects with a dichotomous (yes-no)
response. It tests the null hypothesis of marginal homogeneips d p 1. McNemar's test is computed as

QM D .N1o n21/2 =.N12 C n21/

Under the null hypothesi€Qy has an asymptotic chi-square distribution with one degree of freedom.
See McNemar (1947), as well as the general references cited in the preceding section. In addition to the
asymptotic test, PROC FREQ also computes the gxaeiue for McNemar's test when you specify the
MCNEM option in the EXACT statement.

Bowker's Test of Symmetry

For Bowker's test of symmetry, the null hypothesis is that the cell proportions are symmetric, or that
pj D pji forall pairs of table cells. F@2 2 tables, Bowker's test is identical to McNemar's test, and so
PROC FREQ provides Bowker's test for square tables larger2hag.

Bowker's test of symmetry is computed as
XX )
Qs D Nij nji /<=.nj Cn/

i<j

For large sample€) g has an asymptotic chi-square distribution wRHR  1/=2 degrees of freedom under
the null hypothesis of symmetry. See Bowker (1948) for details.

Simple Kappa Coef cient
The simple kappa coef cient, introduced by Cohen (1960), is a measure of interrater agreement. PROC
FREQ computes the simple kappa coef cient as

OD .Py, Pel =.1 Pel

wherePy, D P i Pii andPe D P i Pi:p:i . If the two response variables are viewed as two independent
ratings of then subjects, the kappa coef cient equals +1 when there is complete agreement of the raters.
When the observed agreement exceeds chance agreement, kappa is positive, with its magnitude re ecting the
strength of agreement. Although this is unusual in practice, kappa is negative when the observed agreement
is less than chance agreement. The minimum value of kappa is between —1 and 0, depending on the marginal
proportions.

The asymptotic variance of the simple kappa coef cient is computed as

Var.OD.ACB C/=.1 Pg?n

where
X
A D pi.1 .pi Cpill O/?
i
XX
B D .1 O?2 pj -pi Cpj/?

igj
C D .0 Pol O/

See Fleiss, Cohen, and Everitt (1969) for details.
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PROC FREQ computes con dence limits for the simple kappa coef cient as

p
@] Z-) Var. ©

wherez -, isthel00.1 =2/ percentile of the standard normal distribution. The value &f determined
by the value of the ALPHA= option, which, by default, equals 0.05 and produces 95% con dence limits.

To compute an asymptotic test for the kappa coef cient, PROC FREQ uses the standardized test@tatistic
which has an asymptotic standard normal distribution under the null hypothesis that kappa equals zero. The
standardized test statistic is computed as

p___
ODO= Varg. 0O

whereVarg. © is the variance of the kappa coef cient under the null hypothesis,
I

X
Varg.® D P C P2 pipi.pi Cpi/ =.1 Pe?n
i
See Fleiss, Levin, and Paik (2003) for details.

PROC FREQ also provides an exact test for the simple kappa coef cient. You can request the exact test by
specifying the KAPPA or AGREE option in the EXACT statement. See the section “Exact Statistics” on
page 2704 for more information.

Weighted Kappa Coef cient

The weighted kappa coef cient is a generalization of the simple kappa coef cient that uses weights to
quantify the relative difference between categories.Zo12 tables, the weighted kappa coef cient equals

the simple kappa coef cient. PROC FREQ displays the weighted kappa coef cient only for tables larger than
2 2. PROC FREQ computes the kappa weights from the column scores, by using either Cicchetti-Allison
weights or Fleiss-Cohen weights, both of which are described in the following section. The wejghts

are constructed so that w; <1 foralli 60 ,w;; D 1foralli, andw; D w;; . The weighted kappa

coef cient is computed as

QD Pow Pew =1 Pew

where
X X
Pow D Wi Pij
[ J
X X
Pew D Wi Pi Pj
I J

The asymptotic variance of the weighted kappa coef cient is
0 1

X X
Var.Q,/ D @ Pi Wy W CW;/1 Ow/ > Q Pew.l Ouw/ A=1 Py /?n
i

where

X
w; D P wj
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Wi D Pi Wij
i
See Fleiss, Cohen, and Everitt (1969) for details.

PROC FREQ computes con dence limits for the weighted kappa coef cient as

p
Q Z-, Var. Q,/

wherez -, isthel00.1 =2/ percentile of the standard normal distribution. The value &f determined
by the value of the ALPHA= option, which, by default, equals 0.05 and produces 95% con dence limits.

To compute an asymptotic test for the weighted kappa coef cient, PROC FREQ uses the standardized test
statisticQ, , which has an asymptotic standard normal distribution under the null hypothesis that weighted
kappa equals zero. The standardized test statistic is computed as

p
Q D Q= Varg.Q/

whereVarg. Q,/ is the variance of the weighted kappa coef cient under the null hypothesis,

0 1
X X

Varg.Q,/ D @ pip; wj Wi CwW;/
i

2 P2

2P =1 Pew/?n

See Fleiss, Levin, and Paik (2003) for details.

PROC FREQ also provides an exact test for the weighted kappa coef cient. You can request the exact test by
specifying the WTKAPPA or AGREE option in the EXACT statement. See the section “Exact Statistics” on
page 2704 for more information.

Weights PROC FREQ computes kappa coef cient weights by using the column scores and one of the
two available weight types. The column scores are determined by the SCORES= option in the TABLES
statement. The two available types of kappa weights are Cicchetti-Allison and Fleiss-Cohen weights. By
default, PROC FREQ uses Cicchetti-Allison weights. If you specify (WT=FC) with the AGREE option, then
PROC FREQ uses Fleiss-Cohen weights to compute the weighted kappa coef cient.

PROC FREQ computes Cicchetti-Allison kappa coef cient weights as
G G

wj b1 =22
Cc Ci

whereC; is the score for columnandC is the number of categories or columns. See Cicchetti and Allison
(1971) for details.

The SCORES= option in the TABLES statement determines the type of column scores used to compute the
kappa weights (and other score-based statistics). The defaultis SCORES=TABLE. See the section “Scores”
on page 2647 for details. For numeric variables, table scores are the values of the variable levels. You can
assign numeric values to the levels in a way that re ects their level of similarity. For example, suppose you
have four levels and order them according to similarity. If you assign them values of O, 2, 4, and 10, the
Cicchetti-Allison kappa weights take the following valugg:, = 0.8,w13 = 0.6,w14 =0, w»3 = 0.8,w4

= 0.2, andws4 = 0.4. Note that when there are only two categories (thal is,2), the weighted kappa

coef cient is identical to the simple kappa coef cient.
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If you specify (WT=FC) with the AGREE option in the TABLES statement, PROC FREQ computes
Fleiss-Cohen kappa coef cient weights as

Ci GC/?
Cc Ci/2
See Fleiss and Cohen (1973) for details.

Wile

For the preceding example, the Fleiss-Cohen kappa weightsvares 0.96,w13 = 0.84,w14 = 0, W3 =
0.96,w,4 = 0.36, andN34 =0.64.

Overall Kappa Coef cient
When there are multiple strata, PROC FREQ combines the stratum-level estimates of kappa into an overall

and letVar. @/ denote the variance @ . The estimate of the overall kappa coef cient is computed as
X Q X 1

D =
@ 1Var.qq/ 1Var.qg/

hD
See Fleiss, Levin, and Paik (2003) for details.

hD

PROC FREQ computes an estimate of the overall weighted kappa in the same way.

Tests for Equal Kappa Coef cients
When there are multiple strata, the following chi-square statistic tests whether the stratum-level values of
kappa are equal:

X
Qk D .Q O7/%2 =Var.Q/
hD1

Under the null hypothesis of equal kappas forghstrata,Q« has an asymptotic chi-square distribution with
0—1 degrees of freedom. See Fleiss, Levin, and Paik (2003) for more information. PROC FREQ computes a
test for equal weighted kappa coef cients in the same way.

Cochran's Q Test

Cochran'sQ is computed for multiway tables when each variable has two levels, that &, f@r 2

tables. Cochran'® statistic is used to test the homogeneity of the one-dimensional margins degtote

the number of variables aridl denote the total number of subjects. Cochra@statistic is computed as
0 1 I

hd X
QcDmm 1@ T2 T2A= mT S?
iD1 kD1

whereT; is the number of positive responses for varigblEis the total number of positive responses over

all variables, an®, is the number of positive responses for subjedtinder the null hypothesis, Cochran's

Q has an asymptotic chi-square distribution withl degrees of freedom. See Cochran (1950) for details.
When there are only two binary response variabtes?), Cochran'QQ simpli es to McNemar's test. When

there are more than two response categories, you can test for marginal homogeneity by using the repeated
measures capabilities of the CATMOD procedure.
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Tables with Zero Rows and Columns

The AGREE statistics are de ned only for square tables, where the number of rows equals the number of
columns. If the table is not square, PROC FREQ does not compute AGREE statistics. In the kappa statistic
framework, where two independent raters assign ratings to eatlsulfjects, suppose one of the raters

does not use all possibterating levels. If the corresponding table lra®ws but onlyr—1 columns, then

the table is not square and PROC FREQ does not compute AGREE statistics. To create a square table in
this situation, use the ZEROS option in the WEIGHT statement, which requests that PROC FREQ include
observations with zero weights in the analysis. Include zero-weight observations in the input data set to
represent any rating levels that are not used by a rater, so that the input data set has at least one observation
for each possible rater and rating combination. The analysis then includes all rating levels, even when all
levels are not actually assigned by both raters. The resulting table (of rater 1 by rater 2) is a square table, and
AGREE statistics can be computed.

For more information, see the description of the ZEROS option. By default, PROC FREQ does not process
observations that have zero weights, because these observations do not contribute to the total frequency count,
and because any resulting zero-weight row or column causes many of the tests and measures of association
to be unde ned. However, kappa statistics are de ned for tables with a zero-weight row or column, and
the ZEROS option makes it possible to input zero-weight observations and construct the tables needed to
compute kappas.

Cochran-Mantel-Haenszel Statistics

The CMH option in the TABLES statement gives a strati ed statistical analysis of the relationship between
the row and column variables after controlling for the strata variables in a multiway table. For example, for
the table request*B*C*D, the CMH option provides an analysis of the relationship betw&andD, after
controlling forA andB. The strati ed analysis provides a way to adjust for the possible confounding effects
of A andB without being forced to estimate parameters for them.

The CMH analysis produces Cochran-Mantel-Haenszel statistics, which include the correlation statistic, the
ANOVA (row mean scores) statistic, and the general association statisti2. Fatables, the CMH option

also provides Mantel-Haenszel and logit estimates of the common odds ratio and the common relative risks,
as well as the Breslow-Day test for homogeneity of the odds ratios.

Exact statistics are also available for strati 2d 2 tables. If you specify the EQOR option in the EXACT
statement, PROC FREQ provides Zelen's exact test for equal odds ratios. If you specify the COMOR option
in the EXACT statement, PROC FREQ provides exact con dence limits for the common odds ratio and an
exact test that the common odds ratio equals one.

contingency table witlX representing the row variable andepresenting the column variable. For table
denote the cell frequency in romand columrj by ny; , with corresponding row and column marginal totals
denoted byn,;. andny,; , and the overall stratum total loy, .
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Because the formulas for the Cochran-Mantel-Haenszel statistics are more easily de ned in terms of matrices,
the following notation is used. Vectors are presumed to be column vectors unless they are trafsposed

n% D Npig;Npig;iiiiMhic/ .1 C/
ne D .ndind il 1 RC/
Phi D ny =m A1
Phj D npj =m 1 1
PP D .priPn2iiiiiPrr/ 1 R/
Ph D .pniiPn2iiiiiPnc/ 1 C/

Assume that the strata are independent and that the marginal totals of each stratum are xed. The null
hypothesisH g, is that there is no association betweeandY in any of the strata. The corresponding model

is the multiple hypergeometric; this implies that, untley, the expected value and covariance matrix of the
frequencies are, respectively,

thE(E']]H()'D Ny . P Ph /

Var@, jHo*Dc .Dpy  Pn PY/ .Dpn Pn PY 1/

where
cDni=.n, 1

and where denotes Kronecker product multiplication aldd is a diagonal matrix with the elementsaf
on the main diagonal.

The generalized CMH statistic (Landis, Heyman, and Koch 1978) is de ned as
Qcwn D GVg G

where

X
G D Bh.n, my/
h
X
Vg D By .Var@, j Ho*/ B
h

and where
B,DC, Rj

is a matrix of xed constants based on column scdZgsand row scoref;,. When the null hypothesis is

true, the CMH statistic has an asymptotic chi-square distribution with degrees of freedom equal to the rank of
B;. If Vg is found to be singular, PROC FREQ prints a message and sets the value of the CMH statistic to
missing.
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PROC FREQ computes three CMH statistics by using this formula for the generalized CMH statistic, with
different row and column score de nitions for each statistic. The CMH statistics that PROC FREQ computes
are the correlation statistic, the ANOVA (row mean scores) statistic, and the general association statistic.
These statistics test the null hypothesis of no association against different alternative hypotheses. The
following sections describe the computation of these CMH statistics.

CAUTION: The CMH statistics have low power for detecting an association in which the patterns of
association for some of the strata are in the opposite direction of the patterns displayed by other strata. Thus,
a nonsigni cant CMH statistic suggests either that there is no association or that no pattern of association has
enough strength or consistency to dominate any other pattern.

Correlation Statistic
The correlation statistic, popularized by Mantel and Haenszel, has one degree of freedom and is known as the
Mantel-Haenszel statistic (Mantel and Haenszel 1959; Mantel 1963).

The alternative hypothesis for the correlation statistic is that there is a linear association bétveknin
at least one stratum. If eith&ror Y does not lie on an ordinal (or interval) scale, then this statistic is not
meaningful.

To compute the correlation statistic, PROC FREQ uses the formula for the generalized CMH statistic with
the row and column scores determined by the SCORES= option in the TABLES statement. See the section
“Scores” on page 2647 for more information about the available score types. The matrix of rowRggores

has dimensiod R, and the matrix of column scor€}, has dimensiod C.

When there is only one stratum, this CMH statistic reduces to 1/r 2, wherer is the Pearson correlation
coef cient betweenX andY. When nonparametric (RANK or RIDIT) scores are speci ed, the statistic
reduces ton 1/r52, wherer g is the Spearman rank correlation coef cient betw&eandY. When there is
more than one stratum, this CMH statistic becomes a stratum-adjusted correlation statistic.

ANOVA (Row Mean Scores) Statistic

The ANOVA statistic can be used only when the column variablies on an ordinal (or interval) scale so
that the mean score 6fis meaningful. For the ANOVA statistic, the mean score is computed for each row of
the table, and the alternative hypothesis is that, for at least one stratum, the mean scorBsoithare
unequal. In other words, the statistic is sensitive to location differences amoRgltk&ibutions ofy.

The matrix of column scorgS, has dimensiod C, and the column scores are determined by the SCORES=
option.

The matrix of row scoreR;, has dimensiolR 1/ R and is created internally by PROC FREQ as

RhD@®& 1; Jr 1°

wherelr 1 is anidentity matrix of ranlR— 1 andJg iisan.R 1/ 1vector of ones. This matrix has
the effect of formingR — 1 independent contrasts of tRanean scores.

When there is only one stratum, this CMH statistic is essentially an analysis of variance (ANOVA) statistic in
the sense that it is a function of the variance rétistatistic that would be obtained from a one-way ANOVA

on the dependent variab¥e If nonparametric scores are speci ed in this case, then the ANOVA statistic is a
Kruskal-Wallis test.

If there is more than one stratum, then this CMH statistic corresponds to a stratum-adjusted ANOVA or
Kruskal-Wallis test. In the special case where there is one subject per row and one subject per column in the
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contingency table of each stratum, this CMH statistic is identical to Friedman's chi-square. See Example 40.9
for an illustration.

General Association Statistic

The alternative hypothesis for the general association statistic is that, for at least one stratum, there is some
kind of association betweexiandY. This statistic is always interpretable because it does not require an
ordinal scale for eithex or Y.

For the general association statistic, the md®ixis the same as the one used for the ANOVA statistic. The
matrix Cy, is de ned similarly as

ChD®& 1; Jc 1°

PROC FREQ generates both score matrices internally. When there is only one stratum, then the general
association CMH statistic reduces@p .n  1/=n, whereQp is the Pearson chi-square statistic. When there

is more than one stratum, then the CMH statistic becomes a stratum-adjusted Pearson chi-square statistic.
Note that a similar adjustment can be made by summing the Pearson chi-squares across the strata. However,
the latter statistic requires a large sample size in each stratum to support the resulting chi-square distribution
with g(R-1)(C-1) degrees of freedom. The CMH statistic requires only a large overall sample size because it
has only R-1)(C-1) degrees of freedom.

See Cochran (1954); Mantel and Haenszel (1959); Mantel (1963); Birch (1965); Landis, Heyman, and Koch
(1978).

Mantel-Fleiss Criterion

If you specify the CMH(MANTELFLEISS) option in the TABLES statement, PROC FREQ computes the
Mantel-Fleiss criterion for stratie@® 2 tables. The Mantel-Fleiss criterion can be used to assess the
validity of the chi-square approximation for the distribution of the Mantel-Haenszel statis@ic f@tables.

For details, see Mantel and Fleiss (1980); Mantel and Haenszel (1959); Stokes, Davis, and Koch (2012);
Dmitrienko et al. (2005).

The Mantel-Fleiss criterion is computed as

n # " #!
X X X X
MF D min M1 N/l Np1lu Mh11

h h h h

wheremy,; is the expected value of,1; under the hypothesis of no association between the row and column
variables in tabld, .ny.1 /| is the minimum possible value of the table cell frequency, .apg /y is the
maximum possible value,

My1 D Ny Nhp=my
N/t D max.0; ny  nho/

Npi/fu D min.npq; N /

The Mantel-Fleiss guideline accepts the validity of the Mantel-Haenszel approximation when the value of the
criterion is at least 5. When the criterion is less than 5, PROC FREQ displays a warning.
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Adjusted Odds Ratio and Relative Risk Estimates

The CMH option provides adjusted odds ratio and relative risk estimates for stréti e?itables. For each

of these measures, PROC FREQ computes a Mantel-Haenszel estimate and a logit estimate. These estimates
apply ton-way table requests in the TABLES statement, when the row and column variables both have two
levels.

For example, for the table requestB* C*D, if the row and column variables andD both have two levels,
PROC FREQ provides odds ratio and relative risk estimates, adjusting for the confounding variabtts.

The choice of an appropriate measure depends on the study design. For case-control (retrospective) studies,
the odds ratio is appropriate. For cohort (prospective) or cross-sectional studies, the relative risk is appropriate.
See the section “Odds Ratio and Relative Risks for 2 x 2 Tables” on page 2683 for more information on these
measures.

Throughout this sectiorz,denotes thd00.1 =2/ percentile of the standard normal distribution.

Odds Ratio, Case-Control Studies PROC FREQ provides Mantel-Haenszel and logit estimates for the
common odds ratio for stratie@ 2 tables.
Mantel-Haenszel Estimatoifhe Mantel-Haenszel estimate of the common odds ratio is computed as
! !
X X
ORmn D Nh11 Nh22 =My = Nh12 Nh21 =Mk
h h

Itis always computed unless the denominator is zero. See Mantel and Haenszel (1959) and Agresti (2002)
for details.

To compute con dence limits for the common odds ratio, PROC FREQ uses the Robins, Breslow, and
Greenland (1986) variance estimateliorORyy /. Thel00.1 =2/ % con dence limits for the common
odds ratio are

ORMH exp. zQ ORwmH exp.z(D

where

g D \Qr. In.ORmu //

—n2
o M C Mn22/:Npuy Mnaa/=N;

P 2
2 Np1p N2 =y

—2
hER1 C Ny2o/-Npi2 Mot/ € Nhip € Nnpa /Ny Mgz /*=Ng

2 | Np11 Npp2 =My h Nh12 Nh21 =Mk

C

—n2
h-Nh12 C Nh21/-Nh1p Nho1/=Ng

P — 2
2 N2 N2 =My

Note that the Mantel-Haenszel odds ratio estimator is less sensitive torgpthin the logit estimator.
Logit Estimator The adjusted logit estimate of the common odds ratio (Woolf 1955) is computed as
|

X X
ORL D exp wh In.OR}/ = Wh
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and the correspondin00.1  / % con dence limits are
1 0 11
S x—— S x——
@QOR, exp@ z= wpA; OR.  exp@z= wpA A
h h

whereORy, is the odds ratio for stratuim and

wp, D 1=Var.In.ORy//

If any table cell frequency in a stratulmis zero, PROC FREQ adds 0.5 to each cell of the stratum before
computingOR}, andw,, (Haldane 1955) for the logit estimate. The procedure prints a warning when this
occurs.

Relative Risks, Cohort Studies PROC FREQ provides Mantel-Haenszel and logit estimates of the
common relative risks for strati e@ 2 tables.

Mantel-Haenszel Estimatoif he Mantel-Haenszel estimate of the common relative risk for column 1 is

computed as
| I
X X
RRyn D Nh11 Nh2 =y = Nh21 Nh1 =My

h h

It is always computed unless the denominator is zero. See Mantel and Haenszel (1959) and Agresti (2002)
for more information.

To compute con dence limits for the common relative risk, PROC FREQ uses the Greenland and Robins
(1985) variance estimate ftog. RRyy /. Thel00.1 =2/ % con dence limits for the common relative
risk are

RRvy exp. zQ RRyy expz®

where
P

—n2
FD \Qr. N.RRyy // D _pht Mhz Mha  Dr1 Mhza Nn/=N,

h Nhi1 Nh2 =Nk h Nh21 Ny =Mk

Logit Estimator The adjusted logit estimate of the common relative risk for column 1 is computed as
|
X X
RR. D exp Wh In.RR/ = Wh,
h

and the correspondin00.1  / % con dence limits are

0 0 1 0 11
s s

h
@QRR, exp@ z= whA: RR. exp@z = wpA A
h h

whereRR}, is the column 1 relative risk estimate for strathrand
wh D 1 =Var.In.RRy//

If nhp1 Ornppq is zero, then PROC FREQ adds 0.5 to each cell of the stratum before comR&jngnd
wy, for the logit estimate. The procedure prints a warning when this occurs. See Kleinbaum, Kupper, and
Morgenstern (1982, Sections 17.4 and 17.5) for details.
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Breslow-Day Test for Homogeneity of the Odds Ratios

When you specify the CMH option, PROC FREQ computes the Breslow-Day test for strati titables.

It tests the null hypothesis that the odds ratios forglstrata are equal. When the null hypothesis is true,
the statistic has approximately a chi-square distribution withdegrees of freedom. See Breslow and Day
(1980) and Agresti (2007) for more information.

The Breslow-Day statistic is computed as

X
Qep D .Npu1 E.Npag j ORwe /1% =Var.ngyy j ORw /

h

where E and Var denote expected value and variance, respectively. The summation does not include any table
with a zero row or column. IODRyy equals zero or if it is unde ned, then PROC FREQ does not compute
the statistic and prints a warning message.

For the Breslow-Day test to be valid, the sample size should be relatively large in each stratum, and at least
80% of the expected cell counts should be greater than 5. Note that this is a stricter sample size requirement
than the requirement for the Cochran-Mantel-Haenszel test foR 2 tables, in that each stratum sample

size (not just the overall sample size) must be relatively large. Even when the Breslow-Day test is valid, it
might not be very powerful against certain alternatives, as discussed in Breslow and Day (1980).

If you specify the BDT option, PROC FREQ computes the Breslow-Day test with Tarone's adjustment,
which subtracts an adjustment factor fr@gp to make the resulting statistic asymptotically chi-square.
The Breslow-Day-Tarone statistic is computed as
!
X . 2 X _
Qepr D Qep Npy Enpr JORmu /= Var.npg j ORwy /
h h

See Tarone (1985); Jones et al. (1989); Breslow (1996) for more information.

Zelen's Exact Test for Equal Odds Ratios

If you specify the EQOR option in the EXACT statement, PROC FREQ computes Zelen's exact test for equal
odds ratios for stratie® 2tables. Zelen's test is an exact counterpart to the Breslow-Day asymptotic test
for equal odds ratios. The reference set for Zelen's test includes all pogsitde 2 tables with the same row,
column, and stratum totals as the observed multiway table and with the same sum of cell (1,1) frequencies as
the observed table. The test statistic is the probability of the observe?l 2 table conditional on the xed
margins, which is a product of hypergeometric probabilities.

Thep-value for Zelen's test is the sum of all table probabilities that are less than or equal to the observed
table probability, where the sum is computed over all tables in the reference set determined by the xed
margins and the observed sum of cell (1,1) frequencies. This test is similar to Fisher's exact test for two-way
tables. For more information, see Zelen (1971); Hirji (2006); Agresti (1992). PROC FREQ computes Zelen's

exact test by using the polynomial multiplication algorithm of Hirji et al. (1996).

Exact Con dence Limits for the Common Odds Ratio

If you specify the COMOR option in the EXACT statement, PROC FREQ computes exact con dence limits
for the common odds ratio for strati ed 2 tables. This computation assumes that the odds r?,tio is constant
over all the2 2 tables. Exact con dence limits are constructed from the distributio & | Ny,
conditional on the marginal totals of tl2e 2 tables.
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Because this is a discrete problem, the con dence coef cient for these exact con dence limits is not exactly
.1/ butisatleastl /. Thus, these con dence limits are conservative. See Agresti (1992) for more
information.

PROC FREQ computes exact con dence limits for the common odds ratio by using an algorithm based on
\ollset, Hirji, and Elashoff (1991). See also Mehta, Patel, and Gray (1985).

Conditional on the marginal totals &f 2 tableh, let the random variabl§,, denote the frequency of table
cell (1,1). Given the row totals,,; andny, and column totalsy, ;1 andny, 5, the lower and upper bounds for
S, arel, anduy,,

lh D max.0; nyy npao!
u, D min.npy; N1/

Let Cs, denote the hypergeometric coef cient,
! !
Nh 1 Nh 2

Cs, D
S N S

and let denote the common odds ratio. Then the conditional distributicsy, aé
X? Un
P.ShDsyjni;ni;n2/DCs, "= Cx *
x D Iy

P
Summing over allthe 2tablesS D | S, and the lower and upper bounds®érel andu,

X X
I D I, and uD Up

h h

The conditional distribution of the suBis

xXDu
P.SDSjNy;Nhy; N2l hD 1;:::;,q/DCs 5= c, *
x D I
where
|
X Y '
CSD Csh

s1C:iiCsq D s h

Let g denote the observed sum of cell (1,1) frequencies oveq thbles. The following two equations are
solved iteratively for lower and upper con dence limits for the common odds rafi@nd »:

X)@ u X)p u

CX 1X = Cx 1X D =2
x D sp x D |
X)@ So X)p u

CX 2X = CX 2X D :2

x DI x DI
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When the observed susy equals the lower bounld PROC FREQ sets the lower con dence limit to zero
and determines the upper limit with level Similarly, when the observed susy equals the upper boung
PROC FREQ sets the upper con dence limit to in nity and determines the lower limit with level

When you specify the COMOR option in the EXACT statement, PROC FREQ also computes the exact test
that the common odds ratio equals one. Settirig) 1, the conditional distribution of the suBwunder the
null hypothesis becomes

X)@u
Po.SDsjnn; Np1; Npol hD 1;:::;9/D Cs= Cx
x DI

The point probability for this exact test is the probability of the observedsummder the null hypothesis,
conditional on the marginals of the strati &l 2 tables, and is denoted By.so/. The expected value &
under the null hypothesis is

X)pu X)@u
Eo.S/ D X Cy = Cx
x D | x D |

The one-sided exagtvalue is computed from the conditional distribution”sS >D sp/ orPg.S o/,
depending on whether the observed s4is greater or less thaBg.S/,

Xy u Xy u

P, D Pg.S>D /D Cy = Cx if s> Eg.S/
x D so x DI
x>@so X)@u

P1 D Pop.S<D /D Cy = Cx if s Eo.S/
x DI x D I

PROC FREQ computes two-sidpéralues for this test according to three different de nitions. A two-sided
p-value is computed as twice the one-sigedalue, setting the result equal to one if it exceeds one,

P2D2 P

Additionally, a two-sideg-value is computed as the sum of all probabilities less than or equal to the point
probability of the observed susg, summing over all possible values®f 1 s u,

X
P, D Po.s/

| s uWogp.s/ Pg.so/

Also, a two-sided-value is computed as the sum of the one-sipedlue and the corresponding area in the
opposite tail of the distribution, equidistant from the expected value,

PZC DPo.jS Eo.S/j js9 Eq.S/j/
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Gail-Simon Test for Qualitative Interactions

The GAILSIMON option in the TABLES statement provides the Gail-Simon test for qualitative interaction
for stratied 2 2tables. For details, see Gail and Simon (1985); Silvapulle (2001); Dmitrienko et al. (2005).

The Gail-Simon test is based on the risk differences in stratted?2 tables, where the risk difference

is de ned as the row 1 risk (proportion in column 1) minus the row 2 risk. See the section “Risks and
Risk Differences” on page 2671 for details. By default, the procedure uses column 1 risks to compute the
Gail-Simon test. If you specify the GAILSIMON(COLUMN=2) option, the procedure uses column 2 risks.

PROC FREQ computes the Gail-Simon test statistics as described in Gail and Simon (1985),

X
Q D dp=s/21.dy >0/
h

X
QC D dp=s/21.dy <0/
h

Q D mn.Q ; QC/

wheredy, is the risk difference in tablb, s, is the standard error of the risk difference, drdl;, > 0/ equals
1if dy > 0 and O otherwise. Similarly,d , < 0/ equals 1 ifd, < 0 and O otherwise. Thg2 2tables

Thep-values for the Gail-Simon statistics are computed as

X

pQ / D 1 FL,.Q //BhiInDgq;pD 05/
h
X

pQC/ D 1 FL,.QC//B.hinDq;p D 0:5/
h
% 1

p.Q/ D 1 FL,.Q/BhInD.q 1/;p D 0:5/

hD1

whereF,, . / is the cumulative chi-square distribution function witldegrees of freedom arglh I n; p/ is
the binomial probability function with parametarandp. The statistidQ tests the null hypothesis of no
qualitative interaction. The statistf@g tests the null hypothesis of positive risk differences. A sipalélue
for Q indicates negative differences; similarly, a snpallalue forQ C indicates positive risk differences.

Exact Statistics

Exact statistics can be useful in situations where the asymptotic assumptions are not met, and so the
asymptoticp-values are not close approximations for the fpu&lues. 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 asypptities

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

the distribution of the data is sparse, skewed, or heavily tied. See Agresti (2007) and Bishop, Fienberg,
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and Holland (1975) for more information. 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 FREQ provides the option of estimating epaetiues
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.

Exact statistics are available for many PROC FREQ tests. For one-way tables, PROC FREQ provides exact
p-values for the binomial proportion tests and the chi-square goodness-of- t test. Exact (Clopper-Pearson)
con dence limits are available for the binomial proportion. For two-way tables, PROC FREQ provides exact
p-values for the following tests: Pearson chi-square test, likelihood ratio chi-square test, Mantel-Haenszel chi-
square test, Fisher's exact test, Jonckheere-Terpstra test, and Cochran-Armitage test for trend. PROC FREQ
also computes exagptvalues for tests of the following statistics: Kendall's tauStuart's taue, Somers'

D.C jR/, SomersD.R jC/, Pearson correlation coef cient, Spearman correlation coef cient, simple kappa
coef cient, and weighted kappa coef cient. F@r 2tables, PROC FREQ provides McNemar's exact test

and exact con dence limits for the odds ratio. PROC FREQ also provides exact unconditional con dence
limits for the proportion (risk) difference and for the relative risk. For stratizzd 2 tables, PROC FREQ
provides Zelen's exact test for equal odds ratios, exact con dence limits for the common odds ratio, and an
exact test for the common odds ratio.

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

Computational Algorithms

PROC FREQ computes exgelvalues for generdR  C tables 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 exaptvalues, and see Mehta, Patel, and Tsiatis (1984) and Mehta, Patel, and
Senchaudhuri (1991) for information about the performance of the network algorithm.

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 statistics that can be expressed
as a linear combination of cell frequencies multiplied by increasing row and column scores, PROC FREQ
computes shortest and longest path distances by using the algorithm of Agresti, Mehta, and Patel (1990). For
statistics of other forms, PROC FREQ 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 or 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
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 FREQ 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
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to improve the speed and memory requirements of the algorithm, PROC FREQ does not do this because it
can result in reduced accuracy of fwalues.

For one-way tables, PROC FREQ computes the exact chi-square goodness-of- t test by the method of Radlow
and Alf (1975). PROC FREQ generates all possible one-way tables with the observed total sample size and
number of categories. For each possible table, PROC FREQ compares its chi-square value with the value
for the observed table. If the table's chi-square value is greater than or equal to the observed chi-square,
PROC FREQ increments the ex@etalue by the probability of that table, which is calculated under the null
hypothesis by using the multinomial frequency distribution. By default, the null hypothesis states that all
categories have equal proportions. If you specify null hypothesis proportions or frequencies by using the
TESTP= or TESTF= option in the TABLES statement, then PROC FREQ calculates the exact chi-square test
based on that null hypothesis.

Other exact computations are described in sections about the individual statistics. See the section “Binomial
Proportion” on page 2663 for details about how PROC FREQ computes exact con dence limits and tests for
the binomial proportion. See the section “Odds Ratio and Relative Risks for 2 x 2 Tables” on page 2683 for
information about computation of exact con dence limits for the odds rati@for2 tables. Also, see the
sections “Exact Unconditional Con dence Limits for the Risk Difference” on page 2679, “Exact Con dence
Limits for the Common Odds Ratio” on page 2701, and “Zelen's Exact Test for Equal Odds Ratios” on
page 2701.

De nition of p-Values

For several tests in PROC FREQ, the test statistic is nonnegative, and large values of the test statistic indicate
a departure from the null hypothesis. Such nondirectional tests include the Pearson chi-square, the likelihood
ratio chi-square, the Mantel-Haenszel chi-square, Fisher's exact test for tables larger tBakicNemar's

test, and the one-way chi-square goodness-of- t test. The gxe&lue for a nondirectional test is the sum

of probabilities for those tables having a test statistic greater than or equal to the value of the observed test
statistic.

There are other tests where it might be appropriate to test against either a one-sided or a two-sided alternative
hypothesis. For example, when you test the null hypothesis that the true parameter value egqule)) (

the alternative of interest might be one-sidéd ( 0, orT  0) or two-sided T & 0). Such tests include the
Pearson correlation coef cient, Spearman correlation coef cient, Jonckheere-Terpstra test, Cochran-Armitage
test for trend, simple kappa coef cient, and weighted kappa coef cient. For these tests, PROC FREQ displays
the right-sideg-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 for which the test statistic is greater than or
equal to the observed test statistic. Otherwise, when the observed test statistic is less than or equal to the
expected value, PROC FREQ displays the left-sigl@dlue. The left-side@-value is the sum of probabilities

for those tables for which the test statistic is less than or equal to the one observed. The opevalde&;

can be expressed as

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

wheret is the observed value of the test statistic &pdT / is the expected value of the test statistic under the

null hypothesis. PROC FREQ computes the two-sig@dlue 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-sidedb-valueP, can be expressed as

P> D Prob. jTest Statistic Eq.T/j j t Eo.T/j/
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If you specify the POINT option in the EXACT statement, PROC FREQ provides exact point probabilities for
the exact tests. The exact point probability is the exact probability that the test statistic equals the observed
value.

If you specify the MIDP option in the EXACT statement, PROC FREQ provides exacpraadues. The
exact midp-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 mgevalue

is smaller and less conservative than the non-adjusted pxadtie. For more information, see Agresti (2013,
section 1.1.4) and Hirji (2006, sections 2.5 and 2.11.1).

Computational Resources

PROC FREQ uses relatively fast and ef cient algorithms for exact computations. These recently developed
algorithms, together with improvements in computer power, now make it feasible to perform exact compu-
tations 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 pxaaiues, as described in the section
“Monte Carlo Estimation” on page 2707.

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
increases, because 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. See Agresti, Mehta, and Patel (1990) and Gail and Mantel (1977) for more information.

At any time while PROC FREQ is computing exaet/alues, you can terminate the computations by
pressing the system interrupt key sequence (seSA8Companiofor your system) and choosing to stop
computations. After you terminate exact computations, PROC FREQ completes all other remaining tasks.
The procedure produces the requested output and reports missing values for apyvakaes that were not
computed by the time of termination.

You can also use the MAXTIME= option in the EXACT statement to limit the amount of time PROC FREQ
uses for exact computations. You specify a MAXTIME= value that is the maximum amount of clock time (in
seconds) that PROC FREQ can use to compute an pxatie. If PROC FREQ does not nish computing

an exacp-value within that time, it terminates the computation and completes all other remaining tasks.

Monte Carlo Estimation

If you specify the option MC in the EXACT statement, PROC FREQ computes Monte Carlo estimates of
the exacp-values instead of directly computing the expeatalues. 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 FREQ provides the asymptotic standard errorl&@dl / % con dence limits. The con dence

level is determined by the ALPHA= option in the EXACT statement, which, by default, equals 0.01 and
produces 99% con dence limits. The N®option in the EXACT statement speci es the number of samples
that PROC FREQ uses for Monte Carlo estimation; the default is 10000 samples. You can specify a larger
value forn to improve the precision of the Monte Carlo estimates. Because larger valngepérate more
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samples, the computation time increases. Alternatively, you can specify a smaller valiwerefiuce the
computation time.

To compute a Monte Carlo estimate of an expatalue, PROC FREQ generates a random sample of
tables with the same total sample size, row totals, and column totals as the observed table. PROC FREQ
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 FREQ
computes the value of the test statistic and compares it to the value for the observed table. When estimating a
right-sidedp-value, PROC FREQ counts all sample tables for which the test statistic is greater than or equal
to the observed test statistic. Then fhealue estimate equals the number of these tables divided by the total
number of tables sampled.

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

PROC FREQ computes left-sided and two-sigiedalue estimates in a similar manner. For left-sided
p-values, PROC FREQ evaluates whether the test statistic for each sampled table is less than or equal to the
observed test statistic. For two-sidedalues, PROC FREQ examines the sample test statistics according to
the expression fdP, given in the section “De nition ofp-Values” on page 2706.

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

q
seFic/ D Fc .1 Fc/=.N U
PROC FREQ constructs asymptotic con dence limits forphealues according to

Fq&c Z-o se Fq&c /

wherez -, isthel100.1 =2/ percentile of the standard normal distribution and the con dence leil
determined by the ALPHA= option in the EXACT statement.

When the Monte Carlo estimaf&c equals 0, PROC FREQ computes the con dence limits forpthalue
as

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

A1=N/ : 1/

Computational Resources

For each variable in a table request, PROC FREQ stores all of the levels in memory. If all variables are
numeric and not formatted, this requires about 84 bytes for each variable level. When there are character
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variables or formatted numeric variables, the memory that is required depends on the formatted variable
lengths, with longer formatted lengths requiring more memory. The number of levels for each variable is
limited only by the largest integer that your operating environment can store.

For any single crosstabulation table requested, PROC FREQ builds the entire table in memory, regardless of
whether the table has zero cell counts. Thus, if the numeric variabBsandC each have 10 levels, PROC
FREQ requires 2520 bytes to store the variable levels for the table ref{ig*st, as follows:

3 variables * 10 levels/variable * 84 bytes/level

In addition, PROC FREQ requires 8000 bytes to store the table cell frequencies

1000 cells * 8 bytes/cell

even though there might be only 10 observations.

When the variables have many levels or when there are many multiway tables, your computer might not
have enough memory to construct the tables. If PROC FREQ runs out of memory while constructing tables,
it stops collecting levels for the variable with the most levels and returns the memory that is used by that
variable. The procedure then builds the tables that do not contain the disabled variables.

If there is not enough memory for your table request and if increasing the available memory is impractical,
you can reduce the number of multiway tables or variable levels. If you are not using the CMH or AGREE
option in the TABLES statement to compute statistics across strata, reduce the number of multiway tables
by using PROC SORT to sort the data set by one or more of the variables or by using the DATA step to
create an index for the variables. Then remove the sorted or indexed variables from the TABLES statement
and include a BY statement that uses these variables. You can also reduce memory requirements by using
a FORMAT statement in the PROC FREQ step to reduce the number of levels. Additionally, reducing the
formatted variable lengths reduces the amount of memory that is needed to store the variable levels. For more
information about using formats, see the section “Grouping with Formats” on page 2642.

Output Data Sets

PROC FREQ produces two types of output data sets that you can use with other statistical and reporting
procedures. You can request these data sets as follows:

» Specify the OUT= option in a TABLES statement. This creates an output data set that contains
frequency or crosstabulation table counts and percentages

» Specify an OUTPUT statement. This creates an output data set that contains statistics.

PROC FREQ does not display the output data sets. Use PROC PRINT, PROC REPORT, or any other SAS
reporting tool to display an output data set.

In addition to these two output data sets, you can create a SAS data set from any piece of PROC FREQ
output by using the Output Delivery System. See the section “ODS Table Names” on page 2721 for more
information.
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Contents of the TABLES Statement Output Data Set

The OUT= option in the TABLES statement creates an output data set that contains one observation for each
combination of variable values (or table cell) in the last table request. By default, each observation contains
the frequency and percentage for the table cell. When the input data set contains missing values, the output
data set also contains an observation with the frequency of missing values. The output data set includes the
following variables:

» BY variables
* table request variables, suchmsB, C, andD in the table reque#t*B*C*D
* COUNT, which contains the table cell frequency

* PERCENT, which contains the table cell percentage

If you specify the OUTEXPECT option in the TABLES statement for a two-way or multiway table, the
output data set also includes expected frequencies. If you specify the OUTPCT option for a two-way or
multiway table, the output data set also includes row, column, and table percentages. The additional variables
are as follows:

» EXPECTED, which contains the expected frequency
» PCT_TABL, which contains the percentage of two-way table frequency)-fway tables whera > 2
* PCT_ROW, which contains the percentage of row frequency

* PCT_COL, which contains the percentage of column frequency

If you specify the OUTCUM option in the TABLES statement for a one-way table, the output data set also
includes cumulative frequencies and cumulative percentages. The additional variables are as follows:
* CUM_FREQ, which contains the cumulative frequency

* CUM_PCT, which contains the cumulative percentage

The OUTCUM option has no effect for two-way or multiway tables.

The following PROC FREQ statements create an output data set of frequencies and percentages:

proc freq;
tables A A *B / out=D;
run;

The output data se& contains frequencies and percentages for the tabdebyfB, which is the last table
request listed in the TABLES statementAlhas two levels (1 and 2B has three levels (1,2, and 3), and
no table cell count is zero or missing, then the output dat® setludes six observations, one for each
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combination ofA andB levels. The rst observation correspondsAsl andB=1; the second observation
corresponds ta=1 andB=2; and so on. The data set includes the variaB@ENT andPERCENT. The
value of COUNT is the number of observations with the given combinatioa ahdB levels. The value of
PERCENT is the percentage of the total number of observations withAtzaidB combination.

When PROC FREQ combines different variable values into the same formatted level, the output data set
contains the smallest internal value for the formatted level. For example, suppose a vatiablthe values
1.1,1.4,1.7,2.1, and 2.3. When you submit the statement

format X 1.

in a PROC FREQ step, the formatted levels listed in the frequency tabked 1 and 2. If you create an
output data set with the frequency counts, the internal values of the levélaref1.1 and 1.7. To report the
internal values oK when you display the output data set, use a format of 3.Xfor

Contents of the OUTPUT Statement Output Data Set

The OUTPUT statement creates a SAS data set that contains statistics computed by PROC FREQ. Table 40.7
lists the statistics that can be stored in the output data set. You identify which statistics to include by
specifyingoutput-options. See the description of the OUTPUT statement for details.

If you specify multiple TABLES statements or multiple table requests in a single TABLES statement, the
contents of the output data set correspond to the last table request.

For a one-way table or a two-way table, the output data set contains one observation that stores the requested
statistics for the table. For a multiway table, the output data set contains an observation for each two-way
table (stratum) of the multiway crosstabulation. If you request summary statistics for the multiway table, the
output data set also contains an observation that stores the across-strata summary statistics. If you use a BY
statement, the output data set contains an observation (for one-way or two-way tables) or set of observations
(for multiway tables) for each BY group.

The OUTPUT data set can include the following variables:

» BY variables
* Variables that identify the stratum for multiway tables, suclA asdB in the table reque#*B*C*D

 Variables that contain the speci ed statistics

In addition to the speci ed estimate or test statistic, the output data set includes associated values such as
standard errors, con dence limitg;values, and degrees of freedom.

PROC FREQ constructs variable names for the statistics in the output data set by enclosingutieption
names in underscores. Variable names for the corresponding standard errors, con dencge-Viatitss,
and degrees of freedom are formed by combiningotitput-option names with pre xes that identify the
associated values. Table 40.20 lists the pre xes and their descriptions.
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Table 40.20 Output Data Set Variable Name Pre xes

Pre x Description

E_ Asymptotic standard error (ASE)
L Lower con dence limit
u_ Upper con dence limit
EO_ Null hypothesis ASE
Z_ Standardized value
DF_ Degrees of freedom
P_ p-value

P2_ Two-sidedp-value

PL_ Left-sidedp-value

PR_ Right-sidedp-value
XP_ Exactp-value

XP2_  Exact two-sideg-value
XPL_  Exact left-sidedp-value
XPR_ Exact right-sideg-value
XPT_  Exact point probability
XMP_  Exact midp-value

XL_ Exact lower con dence limit
XU_ Exact upper con dence limit

For example, the PCHilutput-option in the OUTPUT statement includes the Pearson chi-square test in the
output data set. The variable names for the Pearson chi-square statistic, its degrees of freedom, and the
corresponding-value are PCHI_, DF_PCHI, andP_PCHI, respectively. For variables that were added to

the output data set before SAS/STAT 8.2, PROC FREQ truncates the variable name to eight characters when
the length of the pre x plus theutput-option name exceeds eight characters.

Displayed Output
Number of Variable Levels Table

If you specify the NLEVELS option in the PROC FREQ statement, PROC FREQ displays the “Number
of Variable Levels” table. This table provides the number of levels for all variables named in the TABLES
statements. PROC FREQ determines the variable levels from the formatted variable values. See “Grouping
with Formats” on page 2642 for details. The “Number of Variable Levels” table contains the following
information:

Variable name

Levels, which is the total number of levels of the variable
» Number of Nonmissing Levels, if there are missing levels for any of the variables

* Number of Missing Levels, if there are missing levels for any of the variables
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One-Way Frequency Tables

PROC FREQ displays one-way frequency tables for all one-way table requests in the TABLES statements,
unless you specify the NOPRINT option in the PROC FREQ statement or the NOPRINT option in the
TABLES statement. For a one-way table showing the frequency distribution of a single variable, PROC
FREQ displays the name of the variable and its values. For each variable value or level, PROC FREQ displays
the following information:

» Frequency count, which is the number of observations in the level

» Test Frequency count, if you specify the CHISQ and TESTF= options to request a chi-square goodness-
of- t test for speci ed frequencies

» Percent, which is the percentage of the total number of observations. (The NOPERCENT option
suppresses this information.)

» Test Percent, if you specify the CHISQ and TESTP= options to request a chi-square goodness-of- t
test for speci ed percents. (The NOPERCENT option suppresses this information.)

» Cumulative Frequency count, which is the sum of the frequency counts for that level and all other
levels listed above it in the table. The last cumulative frequency is the total number of nonmissing
observations. (The NOCUM option suppresses this information.)

» Cumulative Percent, which is the percentage of the total number of observations in that level and in all
other levels listed above it in the table. (The NOCUM or the NOPERCENT option suppresses this
information.)

The one-way table also displays the Frequency Missing, which is the number of observations with missing
values.

Statistics for One-Way Frequency Tables

For one-way tables, two statistical options are available in the TABLES statement. The CHISQ option
provides a chi-square goodness-of- t test, and the BINOMIAL option provides binomial proportion statistics

and tests. PROC FREQ displays the following information, unless you specify the NOPRINT option in the
PROC FREQ statement:

* If you specify the CHISQ option for a one-way table, PROC FREQ provides a chi-square goodness-
of- t test, displaying the Chi-Square statistic, the degrees of freedom (DF), and the probability value
(Pr > ChiSq). If you specify the CHISQ option in the EXACT statement, PROC FREQ also displays
the exact probability value for this test. If you specify the POINT option with the CHISQ option in
the EXACT statement, PROC FREQ displays the exact point probability for the test statistic. If you
specify the MIDP option in the EXACT statement, PROC FREQ displays the exagi-watlie for the
chi-square test.

* If you specify the BINOMIAL option for a one-way table, PROC FREQ displays the estimate of the
binomial Proportion, which is the proportion of observations in the rst class listed in the one-way
table. PROC FREQ also displays the asymptotic standard error (ASE) and the asymptotic (Wald) and
exact (Clopper-Pearson) con dence limits by default. For the binomial proportion test, PROC FREQ
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displays the asymptotic standard error under the null hypothesis (ASE Under HO), the standardized
test statistic (Z), and the one-sided and two-sided probability values.

If you specify the BINOMIAL option in the EXACT statement, PROC FREQ also displays the exact
one-sided and two-sided probability values for this test. If you specify the POINT option with the
BINOMIAL option in the EXACT statement, PROC FREQ displays the exact point probability for the
test. If you specify the MIDP option in the EXACT statement, PROC FREQ displays the exact mid
p-value for the binomial proportion test.

* If you request binomial con dence limits by specifying the BINOMIAL(CL=) option, PROC FREQ
displays the “Binomial Con dence Limits” table, which includes the Lower and Upper Con dence
Limits for each con dence limit Type that you request. In addition to Wald and Clopper-Pearson
(Exact) con dence limits, you can request the following con dence limit types for the binomial
proportion: Agresti-Coull, Blaker, Jeffreys, Likelihood Ratio, Logit, Mid-p, and Wilson (score).

* If you request a binomial noninferiority or superiority test by specifying the NONINF or Bibial-
option, PROC FREQ displays a Noninferiority Analysis or Superiority Analysis table that contains
the following information: the binomial Proportion, the test ASE (under HO or Sample), the test
statistic Z, the probability value, the noninferiority or superiority limit, and the test con dence limits.
If you specify the BINOMIAL option in the EXACT statement, PROC FREQ also provides the exact
probability value for the test, and exact test con dence limits.

* If you request a binomial equivalence test by specifying the EQhifidmial-option, PROC FREQ
displays an Equivalence Analysis table that contains the following information: binomial Proportion
and the test ASE (under HO or Sample). PROC FREQ displays two one-sided tests (TOST) for
equivalence, which include test statistics (Z) and probability values for the Lower and Upper tests,
together with the Overall probability value. PROC FREQ also displays the equivalence limits and the
test-based con dence limits. If you specify the BINOMIAL option in the EXACT statement, PROC
FREQ provides exact probability values for the TOST and exact test-based con dence limits.

Two-Way and Multiway Tables

PROC FREQ displays all multiway table requests in the TABLES statements, unless you specify the
NOPRINT option in the PROC FREQ statement or the NOPRINT option in the TABLES statement.

For two-way to multiway crosstabulation tables, the values of the last variable in the table request form the
table columns. The values of the next-to-last variable form the rows. Each level (or combination of levels) of
the other variables forms one stratum.

There are three ways to display multiway tables in PROC FREQ. By default, PROC FREQ displays multiway
tables as separate two-way crosstabulation tables for each stratum of the multiway table. Also by default,
PROC FREQ displays these two-way crosstabulation tables in table cell format. Alternatively, if you specify
the CROSSLIST option, PROC FREQ displays the two-way crosstabulation tables in ODS column format. If
you specify the LIST option, PROC FREQ displays multiway tables in list format, which presents the entire
multiway crosstabulation in a single table.

Crosstabulation Tables

By default, PROC FREQ displays two-way crosstabulation tables in table cell format. The row variable
values are listed down the side of the table, the column variable values are listed across the top of the table,
and each row and column variable level combination forms a table cell.
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Each cell of a crosstabulation table can contain the following information:

» Frequency, which is the number of observations in the table cell. (The NOFREQ option suppresses
this information.)

» Expected frequency under the hypothesis of independence, if you specify the EXPECTED option
 Deviation of the cell frequency from the expected value, if you specify the DEVIATION option

» Cell Chi-Square, which is the cell's contribution to the total chi-square statistic, if you specify the
CELLCHIZ2 option

* Tot Pct, which is the cell's percentage of the total multiway table frequency-feay tables whem >
2, if you specify the TOTPCT option

» Percent, which is the cell's percentage of the total (two-way table) frequency. (The NOPERCENT
option suppresses this information.)

* Row Pct, or the row percentage, which is the cell's percentage of the total frequency for its row. (The
NOROW option suppresses this information.)

» Col Pct, or column percentage, which is the cell's percentage of the total frequency for its column.
(The NOCOL option suppresses this information.)

» Cumulative Col%, or cumulative column percentage, if you specify the CUMCOL option
The table also displays the Frequency Missing, which is the number of observations with missing values.

CROSSLIST Tables

If you specify the CROSSLIST option, PROC FREQ displays two-way crosstabulation tables in ODS column
format. The CROSSLIST column format is different from the default crosstabulation table cell format, but
the CROSSLIST table provides the same information (frequencies, percentages, and other statistics) as the
default crosstabulation table.

In the CROSSLIST table format, the rows of the display correspond to the crosstabulation table cells, and the
columns of the display correspond to descriptive statistics such as frequencies and percentages. Each table
cell is identi ed by the values of its TABLES row and column variable levels, with all column variable levels
listed within each row variable level. The CROSSLIST table also provides row totals, column totals, and
overall table totals.

For a crosstabulation table in CROSSLIST format, PROC FREQ displays the following information:

« the row variable name and values
e the column variable name and values

» Frequency, which is the number of observations in the table cell. (The NOFREQ option suppresses
this information.)

Expected cell frequency under the hypothesis of independence, if you specify the EXPECTED option

Deviation of the cell frequency from the expected value, if you specify the DEVIATION option
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» Standardized Residual, if you specify the CROSSLIST(STDRES) option
» Pearson Residual, if you specify the CROSSLIST(PEARSONRES) option

» Cell Chi-Square, which is the cell's contribution to the total chi-square statistic, if you specify the
CELLCHIZ2 option

 Total Percent, which is the cell's percentage of the total multiway table frequencyway tables
whenn > 2, if you specify the TOTPCT option

» Percent, which is the cell's percentage of the total (two-way table) frequency. (The NOPERCENT
option suppresses this information.)

» Row Percent, which is the cell's percentage of the total frequency for its row. (The NOROW option
suppresses this information.)

» Column Percent, the cell's percentage of the total frequency for its column. (The NOCOL option
suppresses this information.)

The table also displays the Frequency Missing, which is the number of observations with missing values.

LIST Tables

If you specify the LIST option in the TABLES statement, PROC FREQ displays multiway tables in a list
format rather than as crosstabulation tables. The LIST option displays the entire multiway table in one table,
instead of displaying a separate two-way table for each stratum. The LIST option is not available when
you also request statistical options. Unlike the default crosstabulation output, the LIST output does not
display row percentages, column percentages, and optional information such as expected frequencies and cell
chi-squares.

For a multiway table in list format, PROC FREQ displays the following information:

* the variable names and values
» Frequency, which is the number of observations in the level (with the indicated variable values)

» Percent, which is the level's percentage of the total number of observations. (The NOPERCENT option
suppresses this information.)

» Cumulative Frequency, which is the accumulated frequency of the level and all other levels listed
above it in the table. The last cumulative frequency in the table is the total number of nonmissing
observations. (The NOCUM option suppresses this information.)

» Cumulative Percent, which is the accumulated percentage of the level and all other levels listed above
itin the table. (The NOCUM or the NOPERCENT option suppresses this information.)

The table also displays the Frequency Missing, which is the number of observations with missing values.
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Statistics for Two-Way and Multiway Tables

PROC FREQ computes statistical tests and measures for crosstabulation tables, depending on which state-
ments and options you specify. You can suppress the display of these results by specifying the NOPRINT
option in the PROC FREQ statement. With any of the following information, PROC FREQ also displays the
Sample Size and the Frequency Missing.

* If you specify the SCOROUT option in the TABLES statement, PROC FREQ displays the Row Scores
and Column Scores that it uses for statistical computations. The Row Scores table displays the row
variable values and the Score corresponding to each value. The Column Scores table displays the
column variable values and the corresponding Scores. PROC FREQ also identi es the score type used
to compute the row and column scores. You can specify the score type with the SCORES= option in
the TABLES statement.

« If you specify the CHISQ option, PROC FREQ displays the following statistics for each two-way table:
Pearson Chi-Square, Likelihood Ratio Chi-Square, Continuity-Adjusted Chi-Squag (fatables),
Mantel-Haenszel Chi-Square, the Phi Coef cient, the Contingency Coef cient, and Cravhétts
each test statistic, PROC FREQ also displays the degrees of freedom (DF) and the probability value
(Prob).

« If you specify the CHISQ option fa2 2 tables, PROC FREQ also displays Fisher's exact test. The
test output includes the cell (1,1) frequency (F), the exact left-sided and right-sided probability values,
the table probability (P), and the exact two-sided probability value. If you specify the POINT option in
the EXACT statement, PROC FREQ displays the exact point probability for Fisher's exact test. If you
specify the MIDP option in the EXACT statement, PROC FREQ displays thepgMidlue for the test.

* If you specify the FISHER option in the TABLES statement (or, equivalently, the FISHER option in
the EXACT statement), PROC FREQ displays Fisher's exact test for tables largeér thanThe test
output includes the table probability (P) and the probability value. If you specify the POINT option in
the EXACT statement, PROC FREQ displays the exact point probability for Fisher's exact test. If you
specify the MIDP option in the EXACT statement, PROC FREQ displays thepgMidlue for the test.

* If you specify the PCHI, LRCHI, or MHCHI option in the EXACT statement, PROC FREQ displays
the corresponding exact test: Pearson Chi-Square, Likelihood Ratio Chi-Square, or Mantel-Haenszel
Chi-Square, respectively. The test output includes the test statistic, the degrees of freedom (DF), and
the asymptotic and exact probability values. If you also specify the POINT option in the EXACT
statement, PROC FREQ displays the point probability for each exact test requested. If you specify
the MIDP option in the EXACT statement, PROC FREQ displays the exacpmidue for each test.

If you specify the CHISQ option in the EXACT statement, PROC FREQ displays exact probability
values for all three of these chi-square tests.

* If you specify the MEASURES option, PROC FREQ displays the following statistics and their
asymptotic standard errors (ASE) for each two-way table: Gamma, Kendall'b, T8iwrart's Taue,
SomersD.C jR/, SomersD.R jC/, Pearson Correlation, Spearman Correlation, Lambda Asymmetric
.CjR/, Lambda AsymmetricRjC/, Lambda Symmetric, Uncertainty Coef cier jR/, Uncertainty
Coef cient .RjC/, and Uncertainty Coef cient Symmetric. If you specify the CL option, PROC FREQ
also displays con dence limits for these measures.

* If you specify the PLCORR option, PROC FREQ displays the tetrachoric correlati@ f@tables
or the polychoric correlation for larger tables. In addition, PROC FREQ displays the MEASURES
output listed earlier, even if you do not also specify the MEASURES option.
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* If you specify the GAMMA, KENTB, STUTC, SMDCR, SMDRC, PCORR, or SCORR option in
the TEST statement, PROC FREQ displays asymptotic tests for Gamma, Kendalbs Sauwart's
Tau<, Somers'D.C jR/, Somers'D.R jC/, the Pearson Correlation, or the Spearman Correlation,
respectively. If you specify the MEASURES option in the TEST statement, PROC FREQ displays
all these asymptotic tests. The test output includes the statistic, its asymptotic standard error (ASE),
Con dence Limits, the ASE under the null hypothesis HO, the standardized test statistic (Z2), and the
one-sided and two-sided probability values.

* If you specify the KENTB, STUTC, SMDCR, SMDRC, PCORR, or SCORR option in the EXACT
statement, PROC FREQ displays asymptotic and exact tests for the corresponding measure of associa-
tion: Kendall's Taub, Stuart's Taue, SomersD.C jR/, SomersD.R jC/, the Pearson Correlation, or
the Spearman correlation, respectively. The test output includes the correlation, its asymptotic standard
error (ASE), Con dence Limits, the ASE under the null hypothesis HO, the standardized test statistic
(2), and the asymptotic and exact one-sided and two-sided probability values. If you also specify the
POINT option in the EXACT statement, PROC FREQ displays the point probability for each exact test
requested. If you specify the MIDP option in the EXACT statement, PROC FREQ displays the exact
Mid p-Value for each test.

* If you specify the RISKDIFF option fo2 2 tables, PROC FREQ displays the Column 1 and Column
2 Risk Estimates. For each column, PROC FREQ displays the Row 1 Risk, Row 2 Risk, Total
Risk, and Risk Difference, together with their asymptotic standard errors (ASE) and Asymptotic
Con dence Limits. PROC FREQ also displays Exact Con dence Limits for the Row 1 Risk, Row 2
Risk, and Total Risk. If you specify the RISKDIFF option in the EXACT statement, PROC FREQ
provides unconditional Exact Con dence Limits for the Risk Difference. You can suppress this table
by specifying the RISKDIFF(NORISKS) option.

* If you specify the RISKDIFF(CL=) option fo2 2 tables, PROC FREQ displays the “Con dence
Limits for the Proportion (Risk) Difference” table, which includes the Lower and Upper Con dence
Limits for each con dence limit Type that you request (Exact, Hauck-Anderson, Miettinen-Nurminen
score, Newcombe, or Wald).

* If you request a noninferiority or superiority test for the proportion difference (RISKDIFF) by spec-
ifying the NONINF or SUPriskdiff-option, and if you specify METHOD=HA (Hauck-Anderson),
METHOD=FM (Farrington-Manning score), or METHOD=WALD (Wald), PROC FREQ displays
the following information: the Proportion Difference, the test ASE (HO, Sample, Sample H-A, or FM,
depending on the method you specify), the test statistic Z, the probability value, the Noninferiority or
Superiority Limit, and the test-based Con dence Limits. If you specify METHOD=NEWCOMBE
(Newcombe), PROC FREQ displays the Proportion Difference, the Noninferiority or Superiority Limit,
and the Newcombe Con dence Limits.

« If you request an equivalence test for the proportion difference (RISKDIFF) by specifying the EQUIV
riskdiff-option, and if you specify METHOD=HA (Hauck-Anderson), METHOD=FM (Farrington-
Manning score), or METHOD=WALD (Wald), PROC FREQ displays the following information: the
Proportion Difference and the test ASE (HO, Sample, Sample H-A, or FM, depending on the method
you specify). PROC FREQ displays a two one-sided test (TOST) for equivalence, which includes test
statistics (Z) and probability values for the Lower and Upper tests, together with the Overall probability
value. PROC FREQ also displays the Equivalence Limits and the test-based Con dence Limits. If you
specify METHOD=NEWCOMBE (Newcombe), PROC FREQ displays the Proportion Difference, the
Equivalence Limits, and the Newcombe Con dence Limits.
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« If you request an equality test for the proportion difference (RISKDIFF) by specifying the EQUAL
riskdiff-option, PROC FREQ displays the following information: the Proportion Difference and the test
ASE (HO or Sample), the test statistic Z, the One-Sided probability value (Pr > Z or Pr < Z), and the
Two-Sided probability value, Pr > |Z].

* If you specify the MEASURES option or the RELRISK option #r 2 tables, PROC FREQ displays
the “Odds Ratio and Relative Risks” table, which includes the following statistics with their con dence
limits: Odds Ratio, Relative Risk (Column 1), and Relative Risk (Column 2). If you specify the OR
option in the EXACT statement, PROC FREQ also displays the “Exact Con dence Limits for the Odds
Ratio” table If you specify the RELRISK option in the EXACT statement, PROC FREQ displays the
“Exact Con dence Limits for the Relative Risk” table.

« If you specify the OR(CL=) option fo2 2 tables, PROC FREQ displays the “Odds Ratio Con dence
Limits” table, which includes the Lower and Upper Con dence Limits for each con dence limit Type
that you request (Exact, Score, or Wald).

* If you specify the RELRISK(CL=) option fo2 2 tables, PROC FREQ displays the “Relative Risk
Con dence Limits” table, which includes the Lower and Upper Con dence Limits for each con dence
limit Type that you request (Exact, Score, or Wald).

« If you specify the TREND option, PROC FREQ displays the Cochran-Armitage Trend Test for tables
thatare2 C orR 2. For this test, PROC FREQ gives the Statistic (Z) and the one-sided and
two-sided probability values. If you specify the TREND option in the EXACT statement, PROC FREQ
also displays the exact one-sided and two-sided probability values for this test. If you specify the
POINT option with the TREND option in the EXACT statement, PROC FREQ displays the exact
point probability for the test statistic. If you specify the MIDP option in the EXACT statement, PROC
FREQ displays the exact Mid p-Value for the trend test.

* If you specify the JT option, PROC FREQ displays the Jonckheere-Terpstra Test, showing the Statistic
(JT), the standardized test statistic (Z), and the one-sided and two-sided probability values. If you
specify the JT option in the EXACT statement, PROC FREQ also displays the exact one-sided and
two-sided probability values for this test. If you specify the POINT option with the JT option in
the EXACT statement, PROC FREQ displays the exact point probability for the test statistic. If you
specify the MIDP option in the EXACT statement, PROC FREQ displays the exagb-Madue for
the Jonckheere-Terpstra test.

* If you specify the AGREE(PRINTKWTS) option, PROC FREQ displays the Kappa Coef cient Weights
for square tables of dimension greater than 2.

* If you specify the AGREE option, for two-way tables PROC FREQ displays McNemar's Test and the
Simple Kappa Coef cient fo2 2 tables. For square tables larger tf#an 2, PROC FREQ displays
Bowker's Test of Symmetry, the Simple Kappa Coef cient, and the Weighted Kappa Coef cient. For
McNemar's Test and Bowker's Test of Symmetry, PROC FREQ displays the Statistic (S), the degrees
of freedom (DF), and For the simple and weighted kappa coef cients, PROC FREQ displays the kappa
values, asymptotic standard errors (ASE), and Con dence Limits. the probability value (Pr > S).

If you specify the MCNEM option in the EXACT statement, PROC FREQ also displays the exact
probability value for McNemar's test. If you specify the POINT option with the MCNEM option in
the EXACT statement, PROC FREQ displays the exact point probability for the test statistic. If you
specify the MIDP option in the EXACT statement, PROC FREQ displays the ExacpMalue for
McNemar's test.
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If you specify the KAPPA or WTKAP option in the TEST statement, PROC FREQ displays asymptotic
tests for the simple kappa coef cient or the weighted kappa coef cient, respectively. If you specify
the AGREE option in the TEST statement, PROC FREQ displays both these asymptotic tests. The
test output includes the kappa coef cient, its asymptotic standard error (ASE), Con dence Limits, the
ASE under the null hypothesis HO, the standardized test statistic (Z), and the one-sided and two-sided
probability values.

If you specify the KAPPA or WTKAP option in the EXACT statement, PROC FREQ displays asymp-
totic and exact tests for the simple kappa coef cient or the weighted kappa coef cient, respectively.
The test output includes the kappa coef cient, its asymptotic standard error (ASE), Con dence Limits,
the ASE under the null hypothesis HO, the standardized test statistic (Z), and the asymptotic and exact
one-sided and two-sided probability values. If you specify the POINT option in the EXACT statement,
PROC FREQ displays the point probability for each exact test requested. If you specify the MIDP
option in the EXACT statement, PROC FREQ displays the exactgvidlue for each exact test.

If you specify the MC option in the EXACT statement, PROC FREQ displays Monte Carlo estimates
for all exactp-values requested kytatistic-options in the EXACT statement. The Monte Carlo output
includes thep-value Estimate, its Con dence Limits, the Number of Samples used to compute the
Monte Carlo estimate, and the Initial Seed for random number generation.

If you specify the AGREE option for a multiway square table, PROC FREQ displays Overall Simple
and Weighted Kappa Coef cients, with their asymptotic standard errors (ASE) and Con dence Limits.
PROC FREQ also displays Tests for Equal Kappa Coef cients, giving the Chi-Squares, degrees of
freedom (DF), and probability values (Pr > ChiSq) for the Simple Kappa and Weighted Kappa. For
multiple strata o2 2 tables, PROC FREQ displays Cochra@'sgiving the Statistic (Q), the degrees

of freedom (DF), and the probability value (Pr > Q).

If you specify the RISKDIFF(COMMON) option for a multiwe® 2 table, PROC FREQ displays

the “Common Proportion (Risk) Difference” table, which includes the following information: Method
(Mantel-Haenszel or Summary Score), Value of the common risk difference, Standard Error, and Con -
dence Limits. If you specify both the RISKDIFF(COMMON) and the RISKDIFF(CL=NEWCOMBE)
options, this table also includes the Newcombe con dence limits for the common risk difference.

If you specify the CMH option, PROC FREQ displays Cochran-Mantel-Haenszel Statistics for the
following three alternative hypotheses: Nonzero Correlation, Row Mean Scores Differ (ANOVA
Statistic), and General Association. For each of these statistics, PROC FREQ gives the degrees of
freedom (DF) and the probability value (Prob). If you specify the MANTELFLEISS option, PROC
FREQ displays the Mantel-Fleiss Criterion fr 2 tables. Fo2 2 tables, PROC FREQ also displays
Estimates of the Common Relative Risk for Case-Control and Cohort studies, together with their
con dence limits. These include both Mantel-Haenszel and Logit stratum-adjusted estimates of the
common Odds Ratio, Column 1 Relative Risk, and Column 2 Relative Risk. Alsd fd tables,

PROC FREQ displays the Breslow-Day Test for Homogeneity of the Odds Ratios. For this test, PROC
FREQ gives the Chi-Square, the degrees of freedom (DF), and the probability value (Pr > ChiSq).

If you specify the CMH option in the TABLES statement and also specify the COMOR option in the
EXACT statement for amultiwvag 2 table, PROC FREQ displays exact con dence limits for the Com-
mon Odds Ratio. PROC FREQ also displays the Exact Tdd0ofCommon Odds Ratio = The test
output includes theCell (1,1) Sum (S) Mean of S Under HQ)One-sided Pr <= SandPoint Pr=S
PROC FREQ also provides exact two-sided probability values for the test, computed according
to the following three methods2 * One-sided Sum of probabilities <= Point probability, and
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Pr >=|S - Mean|If you specify the MIDP option in the EXACT statement, PROC FREQ provides the
exact Midp-Value for the common odds ratio test.

* If you specify the CMH option in the TABLES statement and also specify the EQOR option in the
EXACT statement for a multivag 2 table, PROC FREQ computes Zelen's exact test for equal odds
ratios. PROC FREQ displays Zelen's test along with the asymptotic Breslow-Day test produced by the
CMH option. PROC FREQ displays the test statistic, Zelen's Exact Test (P), and the probability value,
Exact Pr <= P.

* If you specify the GAILSIMON option in the TABLES statement for a multiny 2 tables, PROC
FREQ displays the Gail-Simon test for qualitative interactions. The display include the following
statistics and theip-values: Q+ (Positive Risk Differences), Q- (Negative Risk Differences), and Q
(Two-Sided).

ODS Table Names

PROC FREQ 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 40.21 lists the ODS table names together with their descriptions and the options required to produce
the tables. Note that the ALL option in the TABLES statement invokes the CHISQ, MEASURES, and CMH
options.

Table 40.21 ODS Tables Produced by PROC FREQ

ODS Table Name  Description Statement Option
BarnardsTest Barnard's exact test EXACT BARNARD
BinomialCLs Binomial con dence limits TABLES BINOMIAL(CL=)
BinomialEquiv Binomial equivalence analysis TABLES BINOMIAL(EQUIV)
BinomialEquivLimits Binomial equivalence limits TABLES BINOMIAL(EQUIV)
BinomialEquivTest Binomial equivalence test TABLES BINOMIAL(EQUIV)
BinomialNoninf Binomial noninferiority test TABLES BINOMIAL(NONINF)
Binomial Binomial proportion TABLES BINOMIAL
BinomialTest Binomial proportion test TABLES BINOMIAL
BinomialSup Binomial superiority test TABLES BINOMIAL(SUP)
BnMeasure Agreement measures TABLES PLOTS=AGREEPLOT(STATS)
BreslowDayTest Breslow-Day test TABLES CMH

(h 2 2table)
CMH Cochran-Mantel-Haenszel TABLES CMH

statistics

Chisq Chi-square tests TABLES CHISQ
CochransQ Cochran® TABLES AGREE

(h 2 2table)
ColScores Column scores TABLES SCOROUT
CommonOdds- Exact con dence limits EXACT COMOR
RatioCl for the common odds ratio h( 2 2table)
CommonOdds- Common odds ratio exacttest EXACT COMOR

RatioTest h 2 2table)
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Table 40.21 continued

ODS Table Name  Description Statement Option
CommonPdiff Common proportion difference  TABLES RISKDIFF(COMMON)
(h 2 2table)
CommonRelRisks ~ Common relative risks TABLES CMH
(h 2 2table)
CrossList Crosstabulation table TABLES CROSSLIST
in column format O-way tablen> 1)
CrossTabFregs Crosstabulation table TABLES n-way table,n > 1)

EqualKappaTest Test for equal simple kappas TABLES

EqualKappaTests Tests for equal kappas TABLES
EqualOddsRatios Tests for equal odds ratios EXACT
GailSimon Gail-Simon test TABLES
FishersExact Fisher's exact test EXACT
or TABLES
or TABLES
FishersExactMC Monte Carlo estimates EXACT
for Fisher's exact test
Gamma Gamma TEST
GammaTest Gamma test TEST
JTTest Jonckheere-Terpstra test TABLES
JTTestMC Monte Carlo estimates for EXACT
Jonckheere-Terpstra exact test
Kappa Simple kappa coef cient TEST
or EXACT
KappaMC Monte Carlo exact test for EXACT
simple kappa coef cient
KappaStatistics Kappa statistics TABLES
KappaTest Simple kappa test TEST
or EXACT
KappaWeights Kappa weights TABLES
List List format multiway table TABLES
LRChiSq Likelihood ratio chi-square EXACT
exact test
LRChiSgMC Monte Carlo exact test for EXACT
likelihood ratio chi-square
MantelFleiss Mantel-Fleiss criterion TABLES
McNemarsTest McNemar's test TABLES

AGREE

(h 2 2table)
AGREE

(h r r,r>2)
EQOR

(h 2 2table)
GAILSIMON

(h 2 2table)
FISHER

FISHER or EXACT

CHISQ @ 2table)
FISHER / MC

GAMMA
GAMMA
JT
JT/MC

KAPPA
KAPPA
KAPPA /MC

AGREE,
no TEST or EXACT
(r rtable,r >2)
KAPPA
KAPPA
AGREE(PRINTKWTS)
LIST
LRCHI

LRCHI/MC

CMH(MF)
(h 2 2table)
AGREE
(2 2table)
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ODS Table Name  Description Statement Option
Measures Measures of association TABLES MEASURES
MHChiSq Mantel-Haenszel chi-square EXACT MHCHI
exact test
MHChiSgMC Monte Carlo exact test for EXACT MHCHI / MC
Mantel-Haenszel chi-square
NLevels Number of variable levels PROC NLEVELS
OddsRatioCLs Odds ratio con dence limits TABLES OR(CL?) ( 2table)
OddsRatioExactCL Exact con dence limits EXACT OR ( 2table)
for the odds ratio
OneWayChiSq One-way chi-square test TABLES CHISQ
(one-way table)
OneWayChiSgMC  Monte Carlo exact test for EXACT CHISQ /MC
one-way chi-square (one-way table)
OneWayFreqs One-way frequencies PROC (no TABLES stmt)
or TABLES (one-way table)
OneWayLRChiSq One-way likelihood ratio TABLES CHISQ(LRCHI)
chi-square test (one-way table)
OverallKappa Overall simple kappa TABLES AGREE
(h 2 2table)
OverallKappas Overall kappa coef cients TABLES AGREE
(h r r,r>2)
PdiffCLs Proportion difference TABLES RISKDIFF(CL=)
con dence limits @ 2table)
PdiffEquiv Equivalence analysis TABLES RISKDIFF(EQUIV)
for the proportion difference 2( 2table)
PdiffEquivLimits Equivalence limits TABLES RISKDIFF(EQUIV)
for the proportion difference 2( 2table)
PdiffEquivTest Equivalence test TABLES RISKDIFF(EQUIV)
for the proportion difference 2( 2table)
PdiffNoninf Noninferiority test TABLES RISKDIFF(NONINF)
for the proportion difference 2( 2table)
PdiffSup Superiority test TABLES RISKDIFF(SUP)
for the proportion difference 2( 2table)
PdiffTest Proportion difference test TABLES RISKDIFF(EQUAL)
(2 2table)
PearsonChiSq Pearson chi-square exact test EXACT PCHI
PearsonChiSgMC Monte Carlo exact test for EXACT PCHI/MC
Pearson chi-square
PearsonCorr Pearson correlation TEST PCORR
or EXACT PCORR
PearsonCorrMC Monte Carlo exact test for EXACT PCORR/MC
Pearson correlation
PearsonCorrTest Pearson correlation test TEST PCORR
or EXACT PCORR
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Table 40.21 continued

ODS Table Name  Description Statement Option
PICorr Polychoric correlation TEST PLCORR
PICorrTest Polychoric correlation test TEST PLCORR
RelativeRiskCLs Relative risk con dence limits  TABLES RELRISK(CL=)
(2 2table)
RelativeRisks Relative risk estimates TABLES RELRISK
or MEASURES
(2 2table)
RelRisk1ExactCL  Exact con dence limits EXACT RELRISK
for column 1 relative risk 4 2table)
RelRisk2ExactCL  Exact con dence limits EXACT RELRISK
for column 2 relative risk 4 2table)
RiskDiffCol1 Column 1 risk estimates TABLES RISKDIFF
(2 2table)
RiskDiffCol2 Column 2 risk estimates TABLES RISKDIFF
(2 2table)
RowScores Row scores TABLES SCOROUT
SomersDCR Somer®.C jR/ TEST SMDCR
or EXACT SMDCR
SomersDCRMC Monte Carlo exact test for EXACT SMDCR/MC
SomersD.C jR/
SomersDCRTest Somer®.C jR/ test TEST SMDCR
or EXACT SMDCR
SomersDRC Somer®.R jC/ TEST SMDRC
or EXACT SMDRC
SomersDRCMC Monte Carlo exact test for EXACT SMDRC/MC
SomersD.R jC/
SomersDRCTest SomeS'.R jC/ test TEST SMDRC
or EXACT SMDRC
SpearmanCorr Spearman correlation TEST SCORR
or EXACT SCORR
SpearmanCorrMC  Monte Carlo exact test for EXACT SCORR/MC
Spearman correlation
SpearmanCorrTest  Spearman correlation test TEST SCORR
or EXACT SCORR
SymmetryTest Test of symmetry TABLES AGREE
TauB Kendall's taub TEST KENTB
or EXACT KENTB
TauBMC Monte Carlo exact test for EXACT KENTB/MC
Kendall's taub
TauBTest Kendall's talp-test TEST KENTB
or EXACT KENTB
TauC Stuart's tawe TEST STUTC
or EXACT STUTC
TauCMC Monte Carlo exact test for EXACT STUTC/MC
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Table 40.21 continued

ODS Table Name  Description Statement Option
Stuart's taue
TauCTest Stuart's tagtest TEST STUTC
or EXACT STUTC
TrendTest Cochran-Armitage trend test TABLES TREND
TrendTestMC Monte Carlo exact test EXACT TREND / MC
for trend
WitKappa Weighted kappa coef cient TEST WTKAP
or EXACT WTKAP
WtKappaMC Monte Carlo exact test for EXACT WTKAP / MC
weighted kappa coef cient
WitKappaTest Weighted kappa test TEST WTKAP

or EXACT WTKAP

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 TABLES
statement. To produce a frequency plot or cumulative frequency plot, you must specify the FREQPLOT or
CUMFREQPLOTplot-request, respectively, in the PLOTS= option. To produce a mosaic plot, you must
specify the MOSAICPLOplot-request in the PLOTS= option. You can also produce frequency, cumulative
frequency, and mosaic plots by specifying the PLOTS=ALL option. By default, PROC FREQ produces all
other plots that are associated with the analyses that you request in the TABLES statement. You can suppress
the default plots and request speci ¢ plots by using the PLOTS(ONLY)= option. See the description of the
PLOTS= option for details.

PROC FREQ assigns a name to each graph that it creates with ODS Graphics. You can use these names to
refer to the graphs. Table 40.22 lists the hames of the graphs that PROC FREQ generates together with their
descriptions, their PLOTS= optionpl¢t-requests), and the TABLES statement options that are required to
produce the graphs.
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Table 40.22 Graphs Produced by PROC FREQ

ODS Graph Name Description PLOTS= Option TABLES Statement Option
AgreePlot Agreement plot AGREEPLOT AGREE ( r table)
CumFreqgPlot Cumulative frequency plot CUMFREQPLOT One-way table request
DeviationPlot Deviation plot DEVIATIONPLOT CHISQ (one-way table)
FregPlot Frequency plot FREQPLOT Any table request
KappaPlot Kappa plot KAPPAPLOT AGREB( r r table)
MosaicPlot Mosaic plot MOSAICPLOT Two-way or multiway table request
ORPIlot Odds ratio plot ODDSRATIOPLOT MEASURES or RELRISK

(h 2 2table)
RelRiskPlot Relative risk plot RELRISKPLOT MEASURES or RELRISK

(h 2 2table)
RiskDiffPlot Risk difference plot RISKDIFFPLOT RISKDIFFh( 2 2table)
WtKappaPlot Weighted kappa plot WTKAPPAPLOT AGREE

(h r rtable,r>2)

Examples: FREQ Procedure

Example 40.1: Output Data Set of Frequencies

The eye and hair color of children from two different regions of Europe are recorded in the datdoset
Instead of recording one observation per child, the data are recorded as cell counts, where theCeaniable
contains the number of children exhibiting each of the 15 eye and hair color combinations. The data set does
not include missing combinations.

The following DATA step statements create the SAS dat&sktr:

data Color;
input Region Eyes $ Hair $ Count @@;
label Eyes =Eye Color

Hair =Hair Color

Region= Geographic Region ;
datalines;
blue fair 23 1 blue red 7 1 blue medium 24
blue dark 11 1 green fair 19 1 green red 7
green medium 18 1 green dark 14 1 brown fair 34
brown red 5 1 brown medium 41 1 brown dark 40
brown black 3 2 blue fair 46 2 blue red 21
blue medium 44 2 blue dark 40 2 blue black 6
green fair 50 2 green red 31 2 green medium 37
green dark 23 2 brown fair 56 2 brown red 42
brown medium 53 2 brown dark 54 2 brown black 13

CCNNNNR R R R R

The following PROC FREQ statements read @udor data set and create an output data set that contains the
frequencies, percentages, and expected cell frequencies of the two-way taids bl Hair. The TABLES
statement requests three tables: a frequency tabyar, a frequency table fadair, and a crosstabulation
table forEyes by Hair. The OUT= option creates thieeqCount data set, which contains the crosstabulation
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table frequencies. The OUTEXPECT option outputs the expected table cell frequerf@iegdount, and

the SPARSE option includes zero cell frequencies in the output data set. The WEIGHT statement speci es
that the variableCount contains the observation weights. These statements create Output 40.1.1 through
Output 40.1.3.

proc freq data=Color;
tables Eyes Hair Eyes *Hair / out=FregCount outexpect sparse;
weight Count;
titte Eye and Hair Color of European Children;

run;

proc print data=FreqCount noobs;
titte2 Output Data Set from PROC FREQ;
run;

Output 40.1.1 displays the two frequency tables produced by PROC FREQ: one showing the distribution of
eye color, and one showing the distribution of hair color. By default, PROC FREQ lists the variables values in
alphabetical order. The "Eyes*Hair' speci cation produces a crosstabulation table, sh@utpat 40.1.2

with eye color de ning the table rows and hair color de ning the table columns. A zero cell frequency for
green eyes and black hair indicates that this eye and hair color combination does not occur in the data.

The output data sérreqCount (Output 40.1.3) contains frequency counts and percentages for the last table
requested in the TABLES statemeRtes by Hair. Because the SPARSE option is speci ed, the data set
includes the observation with a zero frequency. The varigkpected contains the expected frequencies, as
requested by the OUTEXPECT option.

Output 40.1.1 Frequency Tables
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Output 40.1.2 Crosstabulation Table

Output 40.1.3 Output Data Set of Frequencies
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Example 40.2: Frequency Dot Plots
This example produces frequency dot plots for the children's eye and hair color data from Example 40.1.

PROC FREQ produces plots by using ODS Graphics to create graphs as part of the procedure output.
Frequency plots are available for any frequency or crosstabulation table request. You can display frequency
plots as bar charts or dot plots. You can pke-options to specify the orientation (vertical or horizontal),

scale, and layout of the plots.

The following PROC FREQ statements request frequency tables and dot plots. The rst TABLES statement
requests a one-way frequency tabledafr and a crosstabulation table Bfes by Hair. The PLOTS= option
requests frequency plots for the tables, and the TYPE=DOTRu®Toption speci es dot plots. By default,
frequency plots are produced as bar charts. ODS Graphics must be enabled before producing plots.

The second TABLES statement requests a crosstabulation taRégioh by Hair and a frequency dot plot for

this table. The SCALE=PERCENMIot-option plots percentages instead of frequency counts. SCALE=LOG
and SCALE=SQRTlot-options are also available to plot log frequencies and square roots of frequencies,
respectively.

The ORDER=FREQ option in the PROC FREQ statement orders the variable levels by frequency. This order
applies to the frequency and crosstabulation table displays and also to the corresponding frequency plots.

ods graphics on;
proc freq data=Color order=freq;
tables Hair Hair *Eyes / plots=fregplot(type=dotplot);
tables Hair *Region / plots=freqplot(type=dotplot scale=percent);
weight Count;
titte Eye and Hair Color of European Children;
run;
ods graphics off;

Output 40.2.1, Output 40.2.2, and Output 40.2.3 display the dot plots produced by PROC FREQ. By default,
the orientation of dot plots is horizontal, which places the variable levels on the Y axis. You can specify
the ORIENT=VERTICAL plot-option to request a vertical orientation. For two-way plots, you can use
the TWOWAY = plot-option to specify the plot layout. The default layout (shown in Output 40.2.2 and
Output 40.2.3) is GROUPVERTICAL. Two-way layouts STACKED and GROUPHORIZONTAL are also
available.
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Output 40.2.1 One-Way Frequency Dot Plot
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Output 40.2.2 Two-Way Frequency Dot Plot
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Output 40.2.3 Two-Way Percent Dot Plot

Example 40.3: Chi-Square Goodness-of-Fit Tests

This example examines whether the children's hair color (from Example 40.1) has a speci ed multinomial
distribution for the two geographical regions. The hypothesized distribution of hair color is 30% fair, 12%
red, 30% medium, 25% dark, and 3% black.

In order to test the hypothesis for each region, the data are rst sort@edpgn. Then the FREQ procedure

uses a BY statement to produce a separate table for each BY dregiprf). The option ORDER=DATA

orders the variable values (hair color) in the frequency table by their order in the input data set. The TABLES
statement requests a frequency table for hair color, and the option NOCUM suppresses the display of the
cumulative frequencies and percentages.

The CHISQ option requests a chi-square goodness-of- t test for the frequency tatde.ofhe TESTP=

option speci es the hypothesized (or test) percentages for the chi-square test; the number of percentages
listed equals the number of table levels, and the percentages sum to 100%. The TESTP= percentages are
listed in the same order as the corresponding variable levels appear in frequency table.

The PLOTS= option requests a deviation plot, which is associated with the CHISQ option and displays the
relative deviations from the test frequencies. The TYPE=DOTPhBifoption requests a dot plot instead
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of the default type, which is a bar chart. ODS Graphics must be enabled before producing plots. These
statements produce Output 40.3.1 through Output 40.3.4.

proc sort data=Color;
by Region;
run;

ods graphics on;
proc freq data=Color order=data;
tables Hair / nocum chisq testp=(30 12 30 25 3)
plots(only)=deviationplot(type=dotplot);
weight Count;
by Region;
titte Hair Color of European Children;
run;
ods graphics off;

Output 40.3.1 Frequency Table and Chi-Square Test for Region 1

Output 40.3.1 shows the frequency table and chi-square test for Region 1. The frequency table lists the
variable values (hair color) in the order in which they appear in the data set. The “Test Percent” column
lists the hypothesized percentages for the chi-square test. Always check that you have ordered the TESTP=
percentages to correctly match the order of the variable levels.

Output 40.3.2 shows the deviation plot for Region 1, which displays the relative deviations from the
hypothesized values. The relative deviation for a level is the difference between the observed and hypothesized
(test) percentage divided by the test percentage. You can suppress the chipseplaesthat is displayed by

default in the deviation plot by specifying the NOSTApBt-option.
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Output 40.3.2 Deviation Plot for Region 1

Output 40.3.3 and Output 40.3.4 show the results for Region 2. PROC FREQ computes a chi-square statistic
for each region. The chi-square statistic is signi cant at the 0.05 level for Regipn®J003) but not for
Region 1. This indicates a signi cant departure from the hypothesized percentages in Region 2.

Output 40.3.3 Frequency Table and Chi-Square Test for Region 2
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Output 40.3.3 continued

Output 40.3.4 Deviation Plot for Region 2

Example 40.4: Binomial Proportions

In this example, PROC FREQ computes binomial proportions, con dence limits, and tests. The example uses
the eye and hair color data from Example 40.1. By default, PROC FREQ computes the binomial proportion
as the proportion of observations in the rst level of the one-way table. You can designate a different level by

using the LEVEL=binomial-option.

The following PROC FREQ statements compute the proportion of children with brown eyes (from the data

set in Example 40.1) and test the null hypothesis that the population proportion equals 50%. These statements
also compute an equivalence for the proportion of children with fair hair.
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The rst TABLES statement requests a one-way frequency table for the vakgbte The BINOMIAL

option requests the binomial proportion, con dence limits, and test. PROC FREQ computes the proportion
with Eyes = “brown', which is the rst level displayed in the table. The AC, WILSON, and EXACT
binomial-options request the following con dence limits types: Agresti-Coull, Wilson (score), and exact
(Clopper-Pearson). By default, PROC FREQ provides Wald and exact (Clopper-Pearson) con dence limits for
the binomial proportion. The BINOMIAL option also produces an asymptotic Wald test that the proportion
equals 0.5. You can specify a different test proportion with théiRemial-option. The ALPHA=0.1 option

speci es that D 10%, which produces 90% con dence limits.

The second TABLES statement requests a one-way frequency table for the veldablEhe BINOMIAL

option requests the proportion for the rst levélair = “fair'. The EQUIV binomial-option requests an
equivalence test for the binomial proportion. The P=.28 option speci es 0.28 as the null hypothesis proportion,
and the MARGIN=.1 option speci es 0.1 as the equivalence test margin.

proc freq data=Color order=freq;
tables Eyes / binomial(ac wilson exact) alpha=.1;
tables Hair / binomial(equiv p=.28 margin=.1);
weight Count;
titte Hair and Eye Color of European Children;
run;

Output 40.4.1 displays the results for eye color, and Output 40.4.2 displays the results for hair color.

Output 40.4.1 Binomial Proportion for Eye Color
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Output 40.4.1 continued

The frequency table in Output 40.4.1 displays the valudsye$ in order of descending frequency count.
PROC FREQ computes the proportion of children in the rst level displayed in the frequencyEgbdes
“brown'. Output 40.4.1 displays the binomial proportion con dence limits and test. The con dence limits are
90% con dence limits. If you do not specify the ALPHA= option, PROC FREQ computes 95% con dence
limits by default. Because the value Biis less than zero, PROC FREQ displays the a left-spedlue
(0.0019). This smalp-value supports the alternative hypothesis that the true value of the proportion of
children with brown eyes is less than 50%.

Output 40.4.2 displays the equivalence test results produced by the second TABLES statement. The null
hypothesis proportion is 0.28 and the equivalence margins are —0.1 and 0.1, which yield equivalence limits
of 0.18 and 0.38. PROC FREQ provides two one-sided tests (TOST) for equivalence. Thp-salad

indicates rejection of the null hypothesis in favor of the alternative that the proportion is equivalent to the null
value.

Output 40.4.2 Binomial Proportion for Hair Color
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Example 40.5: Analysis of a 2x2 Contingency Table

This example computes chi-square tests and Fisher's exact test to compare the probability of coronary heart
disease for two types of diet. It also estimates the relative risks and computes exact con dence limits for the
odds ratio.

The data sefFatComp contains hypothetical data for a case-control study of high fat diet and the risk of
coronary heart disease. The data are recorded as cell counts, where the Cauabintains the frequencies

for each exposure and response combination. The data set is sorted in descending order by the variables
Exposure andResponse, so that the rst cell of th€ 2 table contains the frequency of positive exposure
and positive response. The FORMAT procedure creates formats to identify the type of exposure and response
with character values.

proc format;
value ExpFmt 1=High Cholesterol Diet
0=Low Cholesterol Diet;
value RspFmt 1=Yes
0=No;
run;

data FatComp;
input Exposure Response Count;
label Response= Heart Disease ;
datalines;

R, P OO
_ OmFr O
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proc sort data=FatComp;
by descending Exposure descending Response;
run;

In the following PROC FREQ statements, ORDER=DATA option orders the contingency table values by their
order in the input data set. The TABLES statement requests a two-way tabtpaxfure by Response. The

CHISQ option produces several chi-square tests, while the RELRISK option produces relative risk measures.
The EXACT statement requests the exact Pearson chi-square test and exact con dence limits for the odds
ratio.

proc freq data=FatComp order=data;

format Exposure ExpFmt. Response RspFmt.;

tables Exposure *Response / chisq relrisk;

exact pchi or;

weight Count;

titte Case-Control Study of High Fat/Cholesterol Diet;
run;

The contingency table in Output 40.5.1 displays the variable values so that the rst table cell contains the
frequency for the rst cell in the data set (the frequency of positive exposure and positive response).
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Output 40.5.1 Contingency Table

Output 40.5.2 displays the chi-square statistics. Because the expected counts in some of the table cells are
small, PROC FREQ gives a warning that the asymptotic chi-square tests might not be appropriate. In this
case, the exact tests are appropriate. The alternative hypothesis for this analysis states that coronary heart
disease is more likely to be associated with a high fat diet, so a one-sided test is desired. Fisher's exact
right-sided test analyzes whether the probability of heart disease in the high fat group exceeds the probability
of heart disease in the low fat group; becausephiglue is small, the alternative hypothesis is supported.

The odds ratio, displayed in Output 40.5.3, provides an estimate of the relative risk when an event is rare.
This estimate indicates that the odds of heart disease is 8.25 times higher in the high fat diet group; however,
the wide con dence limits indicate that this estimate has low precision.

Output 40.5.2 Chi-Square Statistics
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