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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 within strata and across strata.

For one-way frequency tables, PROC FREQ provides 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, PROC FREQ computes
chi-square tests. 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 fa@r 2 tables

tests for trend

tests and measures of agreement

Cochran-Mantel-Haenszel statistics
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PROC FREQ computes asymptotic standard errors, con dence intervals, and tests for measures of association
and measures of agreement. Exa®lues and con dence intervals are available for many test statistics and
measures. PROC FREQ also performs analyses that adjust for strati cation variables by computing statistics
within and across strata forway 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, you can use PROC SURVEYFREQ. For
more information, see Chapter 14, “Introduction to Survey Procedures.” When you want to t models to
categorical data, you can use a procedure such as CATMOD, GENMOD, GLIMMIX, LOGISTIC, PROBIT,

or SURVEYLOGISTIC. For more information, see Chapter 8, “Introduction to Categorical Data Analysis
Procedures.”

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 2935 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 information about the statistical
graphics that PROC FREQ produces, see the PLOTS= option in the TABLES statement and the section
“ODS Graphics” on page 2939.

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
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were randomly assigned to classes with and without internships in local companies. Table 42.1 contains
counts of the students who enrolled in the summer program by gender and whether they were assigned an
internship slot.

Table 42.1 Summer Enrichment Data

Enroliment
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&@ummerSchool 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 $ Enroliment $ 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.

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=FREQ), 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 enrollment. The CHISQ option requests chi-square statistics for assessing association
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between these two variables. Because the input data are in cell count form, the WEIGHT statement is required.
The WEIGHT statement names the variabtaint, which provides the frequency of each combination of
data values.

Figure 42.1 presents the crosstabulatiomafrnship 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 42.1 Crosstabulation Table

Figure 42.2 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 assqeiathak 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-sigedlue is 0.4122, which also shows no association between
internship status and program enrollment.

Figure 42.2 Statistics Produced with the CHISQ Option
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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.

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 tablestefiship by
Enrollment: one for boys and one for girls. Frequency plots and chi-square statistics are produced for
each individual table. Figure 42.3, Figure 42.4, and Figure 42.5 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 42.4 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 42.6, Figure 42.7, and Figure 42.8 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.
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Figure 42.3 Crosstabulation Table for Boys

Figure 42.4 Frequency Plot for Boys
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Figure 42.5 Chi-Square Statistics for Boys

Figure 42.6 Crosstabulation Table for Girls
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Figure 42.7 Frequency Plot for Girls

Figure 42.8 Chi-Square Statistics for Girls
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These individual table results demonstrate the occasional problems with combining information into one table
and not accounting for information in other variables sucasder. Figure 42.9 contains the CMH results.
There are three summary (CMH) statistics; which one you use depends on whether your rows and/or columns
have an orderim c 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 aspoidtieds

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 rafiosZor

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

Figure 42.9 Test for the Hypothesis of No Association

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 42.2 contains the data.

Table 42.2 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 dataketCondition. 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
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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 0
clear poor 2
clear marginal 6

clear clear 13

)

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 cieniis 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 is 0, which
indicates 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 Derm1 *Derm2 /

agree noprint plots=agreeplot;

test kappa;
weight Count;

run;

ods graphics off;

Figure 42.10 and Figure 42.11 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 0. The AGREE option also produces Bowker's
symmetry test and the weighted kappa coef cient, but that output is not shown here. Figure 42.11 displays
the agreement plot for the ratings of the two dermatologists.

Figure 42.10 Agreement Study
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Figure 42.10 continued

Figure 42.11 Agreement Plot
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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> ;

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 42.3summarizes 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 42.3 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 42.4 lists theptions available in the PROC FREQ statement. Descriptions obgiens follow in
alphabetical order.
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Table 42.4 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.

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 42.5 summarizes the formatting characters used by PROC FREQ.

Table 42.5 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 mustqaftenthe 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 tBAS Visual Data Management and
Utility Procedures Guiddor more information about form characters.
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NLEVELS
displays the “Number of Variable Levels” table, which provides the number of levels for each variable
named in the TABLES statements. For more information, see the section “Number of Variable Levels
Table” on page 2925. PROC FREQ determines the variable levels from the formatted variable values,
as described in the section “Grouping with Formats” on page 2845.

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 2922 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.”

NoOTE: 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:

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 procedureSASheisual
Data Management and Utility Procedures Gualad the discussion of BY-group processingiS
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
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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 discussionSA\®&isual Data Management
and Utility Procedures Guide

EXACT Statement

EXACT statistic-options </ computation-options > ;

The EXACT statement requests exact tests and con dence limits for selected statistissatiElie-options
identify which statistics to compute, and themputation-options specify options for computing exact
statistics. For more information, see the section “Exact Statistics” on page 2917.

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 @xaalues. You can request

Monte Carlo estimation by specifying the M@mputation-option in the EXACT statement. See the section
“Computational Resources” on page 2920 for more information.

Statistic Options

Thestatistic-options specify which exact tests and con dence limits to compute. Table 42.6 lists the available
statistic-options and the exact statistics that are computed. Descriptions atdlistic-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, Cochran-
Armitage test for trend, and Bowker's symmetry test. Exavtlues are also available for tests of the
following statistics: Pearson correlation coef cient, Spearman correlation coef cient, Kendallls Siuart's

tauc, SomersD.C jR/, SomersD.R jC/, simple kappa coef cient, and weighted kappa coef cient.
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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
stratied2 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 42.6 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 42.6.

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.

Table 42.6 EXACT Statement Statistic Options

Statistic Option

Exact Statistics

AGREE McNemar's test (foR 2 tables), simple kappa test,
weighted kappa test

BARNARD Barnard's test (fo2 2 tables)

BINOMIAL | BIN Binomial proportion tests for one-way tables

CHISQ 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 (fotr 2 2 tables)

EQOR | ZELEN Zelen's test for equal odds ratios (for 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 Con dence limits for the odds ratio (far 2 tables)

PCHI 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 2 tables)
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Table 42.6 continued

Statistic Option Exact Statistics

RISKDIFF Con dence limits for the risk 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-

SYMMETRY | BOWKER Symmetry test

TREND Cochran-Armitage test for trend

WTKAPPA | WTKAP Test for the weighted kappa coef cient

You can specify the followingtatistic-options:

AGREE

requests McNemar's exact test, an exact test for the simple kappa coef cient, and an exact test for the
weighted kappa coef cient. For more information, see the sections “Tests and Measures of Agreement”
on page 2901 and “Exact Statistics” on page 2917.

For McNemar's test, you can specify the null hypothesis ratio of discordant proportions by using the
AGREE(MNULLRATIO=) option in the TABLES statement; by default, MNULLRATIO=1. For the
weighted kappa coef cient, you can request Fleiss-Cohen weights by specifying the AGREE(WT=FC)
option in the TABLES statement; by default, PROC FREQ computes the weighted kappa coef cient
by using Cicchetti-Allison agreement weights.

McNemar's test is available f& 2 tables. Kappa coef cients are de ned only for square two-way
tables, where the number of rows equals the number of columns. If your table is not square because
some observations have weights of 0, 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-Weight Rows or Columns” on page 2908.

For2 2tables, the weighted kappa coef cient is equivalent to the simple kappa coef cient, and
PROC FREQ displays only analyses for the simple kappa coef cient.

BARNARD

requests Barnard's exact unconditional test for the risk (proportion) differen@ f@tables. For
more information, see the section “Barnard's Unconditional Exact Test” on page 2883.

To request exact unconditional con dence limits for the risk difference. you can specify the RISKDIFF
option in the EXACT statement. The RISKDIFF option in the TABLES statement provides asymptotic
tests and several types of con dence limits for the risk difference. For more information, see the
section “Risks and Risk Differences” on page 2874.

BINOMIAL

BIN

requests an exact test for the binomial proportion (for one-way tables). For more information, see the
section “Binomial Tests” on page 2869. You can specify the null hypothesis proportion by using the
BINOMIAL(P=) option in the TABLES statement; by default, P=0.5.

The BINOMIAL option in the TABLES statement provides exact (Clopper-Pearson) con dence
limits for the binomial proportion by default. You can specify the BINOMIAL(CL=MIDP) option
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in the TABLES statement to request exact rpiden dence limits for the binomial proportion. The
BINOMIAL option in the TABLES statement also provides asymptotic (Wald) tests and several other
con dence limit types for the binomial proportion. For more information, see the section “Binomial
Proportion” on page 2866.

CHISQ
requests the following exact chi-square tests for two-way tables: Pearson chi-square, likelihood ratio
chi-square, and Mantel-Haenszel chi-square. For more information, see the section “Chi-Square Tests
and Statistics” on page 2851. The CHISQ option in the TABLES statement provides asymptotic tests
for these statistics.

For one-way tables, the CHISQ option requests an exact chi-square goodness-of- t test. You can
specify null hypothesis proportions for this test by using the CHISQ(TESTP=) option in the TABLES
statement. By default, the one-way chi-square test is based on the null hypothesis of equal proportions.
For more information, see the section “Chi-Square Test for One-Way Tables” on page 2851.

COMOR
requests an exact test and exact con dence limits for the common odds ratio for muttiwayables.
For more information, see the section “Exact Con dence Limits for the Common Odds Ratio” on
page 2915. The CMH option in the TABLES statement provides Mantel-Haenszel and logit estimates
of the common odds ratio along with their asymptotic con dence limits.

EQOR

ZELEN
requests Zelen's exact test for equal odds ratios for multifvay? tables. For more information,
see the section “Zelen's Exact Test for Equal Odds Ratios” on page 2914. The CMH option in the
TABLES statement provides an (asymptotic) Breslow-Day test for homogeneity of odds ratios.

FISHER
requests Fisher's exact test. For more information, see the sections “Fisher's Exact Test” on page 2854
and “Exact Statistics” on page 2917. Ror 2 tables, the CHISQ option in the TABLES statement
provides Fisher's exact test. For geneRal C tables, Fisher's exact test is also known as the
Freeman-Halton test.

JT
requests an exact Jonckheere-Terpstra test. For more information, see the sections “Jonckheere-Terpstra
Test” on page 2899 and “Exact Statistics” on page 2917. The JT option in the TABLES statement
provides an asymptotic Jonckheere-Terpstra test.

KAPPA

requests an exact test for the simple kappa coef cient. For more information, see the sections “Simple
Kappa Coef cient” on page 2902 and “Exact Statistics” on page 2917. 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 an asymptotic test for the simple kappa coef cient.

Kappa coef cients are de ned only for square two-way tables, where the number of rows equals the
number of columns. If your table is not square because some observations have weights of 0, 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-Weight Rows or Columns” on page 2908.
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KENTB

TAUB
requests an exact test for Kendall's tauFor more information, see the sections “Kendall's Tau-b” on
page 2858 and “Exact Statistics” on page 2917. The MEASURES option in the TABLES statement
provides an estimate and standard error of Kendall'datalhe KENTB option in the TEST statement
provides an asymptotic test for Kendall's thu-

LRCHI
requests an exact test for the likelihood ratio chi-square for two-way tables. For more information, see
the sections “Likelihood Ratio Chi-Square Test” on page 2853 and “Exact Statistics” on page 2917.
The CHISQ option in the TABLES statement provides an asymptotic likelihood ratio chi-square test
for two-way tables.

For one-way tables, the LRCHI option requests an exact likelihood ratio goodness-of- t test. You can
specify null hypothesis proportions by using the CHISQ(TESTP=) option in the TABLES statement.
By default, the one-way test is based on the null hypothesis of equal proportions. For more information,
see the section “Likelihood Ratio Chi-Square Test for One-Way Tables” on page 2853.

MCNEM
requests an exact McNemar's test. For more information, see the sections “McNemar's Test” on
page 2901 and “Exact Statistics” on page 2917. You can specify the null hypothesis ratio of discordant
proportions by using the AGREE(MNULLRATIO=) option in the TABLES statement; by default,
MNULLRATIO=1. The AGREE option in the TABLES statement provides an asymptotic McNemar's
test.

MEASURES
requests exact tests for the Pearson and Spearman correlations. For more information, see the sec-
tions “Pearson Correlation Coef cient” on page 2860, “Spearman Rank Correlation Coef cient” on
page 2861, and “Exact Statistics” on page 2917. The PCORR and SCORR options in the TEST
statement provide asymptotic tests for the Pearson and Spearman correlations, respectively.

The MEASURES option also requests exact con dence limits for the odds rat fdt tables. For

more information, see the subsection Exact Con dence Limits in the section “Con dence Limits for
the Odds Ratio” on page 2889. You can also request exact con dence limits for the odds ratio by
specifying the OR option in the EXACT statement.

MHCHI
requests an exact test for the Mantel-Haenszel chi-square. For more information, see the sections
“Mantel-Haenszel Chi-Square Test” on page 2854 and “Exact Statistics” on page 2917. The CHISQ
option in the TABLES statement provides an 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
subsection “Exact Con dence Limits” in the section “Con dence Limits for the Odds Ratio” on
page 2889.

You can request exact migleon dence limits for the odds ratio by specifying the OR(CL=MIDP)
option in the TABLES statement. The OR(CL=) option in the TABLES statement also provides other
types of con dence limits for the odds ratio. For more information, see the section “Con dence Limits
for the Odds Ratio” on page 2889.
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The ALPHA= option in the TABLES statement determines the con dence level of the exact con dence
limits; by default, ALPHA=0.05, which produces 95% con dence limits for the odds ratio.

PCHI
requests an exact test for the Pearson chi-square for two-way tables. For more information, see the
sections “Pearson Chi-Square Test for Two-Way Tables” on page 2852 and “Exact Statistics” on
page 2917. The CHISQ option in the TABLES statement provides an asymptotic Pearson chi-square
test.

For one-way tables, the PCHI option requests an exact chi-square goodness-of-t test. You can
specify null hypothesis proportions by using the CHISQ(TESTP=) option in the TABLES statement.

By default, the goodness-of- t test is based on the null hypothesis of equal proportions. For more
information, see the section “Chi-Square Test for One-Way Tables” on page 2851.

PCORR
requests an exact test for the Pearson correlation coef cient. For more information, see the sections
“Pearson Correlation Coef cient” on page 2860 and “Exact Statistics” on page 2917. The MEASURES
option in the TABLES statement provides the estimate and standard error of the Pearson correlation.
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 risi2foR tables. By default (beginning
in SAS/STAT 14.3), the exact con dence limits are computed by inverting two separate one-sided
exact tests that are based on the score statistic (Chan and Zhang 1999). For more information, see
the subsection “Exact Unconditional Con dence Limits” in the section “Con dence Limits for the
Relative Risk” on page 2892.

The RELRISK(CL=) option in the TABLES statement provides additional types of con dence limits
for the relative risk. For more information, see the section “Con dence Limits for the Risk Difference”
on page 2875.

The ALPHA= option in the TABLES statement determines the con dence level; by default, AL-
PHA=0.05, which produces 95% con dence limits for the relative risk.

You can specify the followingptions:

COLUMN=1 | 2 | BOTH
speci es the table column of the relative risk. By default, COLUMN=1, which provides exact
con dence limits for the column 1 relative risk. COLUMN=BOTH provides exact con dence
limits for both column 1 and column 2 relative risks.

METHOD=NOSCORE | SCORE | SCORE2
speci es the computation method for the exact con dence limits. By default, METHOD=SCORE.

You can specify one of the following methods:

NOSCORE
computes the exact con dence limits by inverting two separate one-sided exact tests that are
based on the unstandardized relative risk (Santner and Snell 1980). For more information,
see the subsection “Exact Unconditional Con dence Limits” in the section “Con dence
Limits for the Relative Risk” on page 2892. This method is the default in releases before
SAS/STAT 14.3.
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SCORE
computes the exact con dence limits by inverting two separate one-sided exact tests that
are based on the score statistic (Chan and Zhang 1999). For more information, see the
subsection “Exact Unconditional Con dence Limits” in the section “Con dence Limits for
the Relative Risk” on page 2892. This method is the default beginning in SAS/STAT 14.3.

SCORE2
computes the exact con dence limits by inverting a single two-sided exact test that is based
on the score statistic (Agresti and Min 2001). For more information, see the subsection
“Exact Unconditional Con dence Limits” in the section “Con dence Limits for the Relative
Risk” on page 2892.

RISKDIFF < (options) >
requests exact unconditional con dence limits for the risk differencefor2 tables. By default
(beginning in SAS/STAT 14.3), the exact con dence limits are computed by inverting two separate
one-sided exact tests that are based on the score statistic (Chan and Zhang 1999). For more information,
see the subsection “Exact Unconditional Con dence Limits” in the section “Con dence Limits for the
Risk Difference” on page 2875.

The RISKDIFF(CL=) option in the TABLES statement provides additional types of con dence limits
for the risk difference. For more information, see the section “Con dence Limits for the Risk Difference”
on page 2875.

The ALPHA= option in the TABLES statement determines the con dence level; by default, AL-
PHA=0.05, which produces 95% con dence limits for the risk difference.

You can specify the followingptions:

COLUMN=1 | 2 | BOTH
speci es the table column of the risk difference. By defaGiOLUMN=BOTH and the exact
con dence limits are displayed in the "Risk Estimates' tables. If you specify the RISKD-
IFF(NORISKS) option in the TABLES statement to suppress the "Risk Estimates' tables, COL-
UMN-=1 by default and the exact con dence limits are displayed in the "Risk Difference Con -
dence Limits' table.

METHOD=NOSCORE | SCORE | SCORE2
speci es the computation method for the exact con dence limits. By default, METHOD=SCORE.

You can specify one of the following methods:

NOSCORE
computes the exact con dence limits by inverting two separate one-sided exact tests that are
based on the unstandardized risk difference (Santner and Snell 1980). For more information,
see the subsection “Exact Unconditional Con dence Limits” in the section “Con dence
Limits for the Risk Difference” on page 2875. This method is the default in releases before
SAS/STAT 14.3.

SCORE
computes the exact con dence limits by inverting two separate one-sided exact tests that
are based on the score statistic (Chan and Zhang 1999). For more information, see the
subsection “Exact Unconditional Con dence Limits” in the section “Con dence Limits for
the Risk Difference” on page 2875. This method is the default beginning in SAS/STAT 14.3.
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SCORE2
computes the exact con dence limits by inverting a single two-sided exact test that is based
on the score statistic (Agresti and Min 2001). For more information, see the subsection
“Exact Unconditional Con dence Limits” in the section “Con dence Limits for the Risk
Difference” on page 2875.

SCORR
requests an exact test for the Spearman correlation coef cient. For more information, see the sections
“Spearman Rank Correlation Coef cient” on page 2861 and “Exact Statistics” on page 2917. The
MEASURES option in the TABLES statement provides the estimate and standard error of the Spearman
correlation. The SCORR option in the TEST statement provides an asymptotic test for the Spearman
correlation.

SMDCR
requests an exact test for SomdpsC jR/. For more information, see the sections “Som&rsbn
page 2859 and “Exact Statistics” on page 2917. The MEASURES option in the TABLES statement
provides the estimate and standard error of Soner€' jR/. The SMDCR option in the TEST
statement provides an asymptotic test for Somer€ jR/.

SMDRC
requests an exact test for SomddsR jC/. For more information, see the sections “Som&rson
page 2859 and “Exact Statistics” on page 2917. The MEASURES option in the TABLES statement
provides the estimate and standard error of Some®R'jC/. The SMDRC option in the TEST
statement provides an asymptotic test for Somer€ jR/.

STUTC

TAUC
requests an exact test for Stuart's @u-or more information, see the sections “Stuart's Tau-c” on
page 2859 and “Exact Statistics” on page 2917. The MEASURES option in the TABLES statement
provides the estimate and standard error of Stuart'ctdire STUTC option in the TEST statement
provides an asymptotic test for Stuart's tau-

SYMMETRY

BOWKER
requests an exact symmetry test. This test is available for suarR two-way tables where the
table dimensiorR is greater than 2. For more information, see the section “Exact Symmetry Test” on
page 2902. The AGREE option in the TABLES statement provides an asymptotic symmetry test.

TREND
requests the exact Cochran-Armitage test for trend. For more information, see the sections “Cochran-
Armitage Test for Trend” on page 2898 and “Exact Statistics” on page 2917. The TREND option in
the TABLES statement provides an asymptotic Cochran-Armitage test for trend. This test is available
for tables of dimension2 C orR 2

WTKAPPA

WTKAP
requests an exact test for the weighted kappa coef cient. For more information, see the sections
“Weighted Kappa Coef cient” on page 2904 and “Exact Statistics” on page 2917. By default, PROC
FREQ computes the weighted kappa coef cient by using Cicchetti-Allison agreement weights. You can
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request Fleiss-Cohen agreement weights by specifying the AGREE(WT=FC) option in the TABLES
statement.

Kappa coef cients are de ned only for square two-way tables, where the number of rows equals the
number of columns. If your table is not square because some observations have weights of 0, 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-Weight Rows or Columns” on page 2908.

For2 2tables, the weighted kappa coef cient is equivalent to the simple kappa coef cient, and
PROC FREQ displays only analyses for the simple 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; a con dence level oproducesl00.1 / % con dence limits. By default
ALPHA=0.01, which produces 99% con dence limits for the Monte Carlo estimates.

The ALPHA= option invokes the MC option.

MAXTIME=value

MC

MIDP

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, in addition to direct exaptvalue computation. For more information,

see the section “Computational Resources” on page 2920.

requests Monte Carlo estimation of expetalues instead of direct exgetvalue 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 2921.

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 mipkvalues for the exact tests. The exact mpidalue is de ned as the exaptvalue
minus half the exact point probability. For more information, see the section “De nitign\é&lues”
on page 2919.

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.
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N=n
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.

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
the SAS Visual Data Management and Utility Procedures Gaiae the FORMAT statement and SAS
format inSAS 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 2919.

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 0, 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 42.7 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
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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
information about the contents of the output data set, see the section “Contents of the OUTPUT Statement
Output Data Set” on page 2924.

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 gndaisie), 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 2922 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 2935 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 usibgTha convention.

output-options
specify the statistics to include in the output data set. Table 42.7 listsuthet-options that are
available in the OUTPUT statement, together with the TABLES statement options that are required to
produce the statistics. Descriptions of thaput-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 amutput-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. For more information, see the
section “Contents of the OUTPUT Statement Output Data Set” on page 2924.

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 42.7 lists the TABLES statement options that are
required to produce the OUTPUT data set statistics.
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Table 42.7 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 (number of nonmissing observations)
BDCHI Breslow-Day testlf 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 tet ( 2 tables),
phi and contingency coef cients, Cramérs
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 asymmetridR jC/ MEASURES

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 42.7 continued
Output Option Output Data Set Statistics Required TABLES
Statement Option

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 testZ 2tables) AGREE
MEASURES Gamma, Kendall's taol-Stuart's taue, MEASURES

Somers'D.C jR/ andD.R jC/, Pearson and

Spearman correlations, lambda asymmetric

.CjR/ and.RjC/, lambda symmetric,

uncertainty coef cientsC jR/ and.RjC/,

symmetric uncertainty coef cient;

odds ratio and relative risk& ( 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

Odds ratia 2 tables)

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

Phi coef cient

Polychoric correlation coef cient
Column 1 risk difference (row 1 — row 2)
Column 2 risk difference (row 1 — row 2)
Odds ratio and relative risk& ( 2 tables)
Risks and risk differenceg ( 2 tables)
Risks and risk difference, column 1
Risks and risk difference, column 2
Relative risk, column 1

Relative risk, column 2

Column 1 overall risk

Column 1 risk for row 1

Column 2 risk for row 1

Column 2 overall risk

Column 1 risk for row 2

Column 2 risk for row 2

Spearman correlation coef cient
SomersD.C jR/

SomersD.R|C/

Stuart's tawe

MEASURES, OR,
or RELRISK
CHISQ

MEASURES
CHISQ

PLCORR

RISKDIFF

RISKDIFF
MEASURES or RELRISK
RISKDIFF

RISKDIFF

RISKDIFF

MEASURES or RELRISK

MEASURES or RELRISK
RISKDIFF

RISKDIFF

RISKDIFF

RISKDIFF

RISKDIFF

RISKDIFF

MEASURES
MEASURES
MEASURES
MEASURES
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Table 42.7 continued

Output Option Output Data Set Statistics Required TABLES
Statement Option

TREND Cochran-Armitage test for trend TREND

TSYMM | BOWKER  Bowker's symmetry test AGREE

U Symmetric uncertainty coef cient MEASURES

UCR Uncertainty coef cientC jR/ MEASURES

URC Uncertainty coef cientRjC/ MEASURES

WTKAPPA | WTKAP  Weighted kappa coef cient AGREE

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

AGREE
includes the following tests and measures of agreement in the output data set: McNemar's test (for
2 2tables), Bowker's symmetry test, 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's) test.

The AGREE option in the TABLES statement requests computation of tests and measures of agreement.
For more information, see the section “Tests and Measures of Agreement” on page 2901.

AGREE statistics are computed only for square tables, where the number of rows equals the number
of columns. PROC FREQ provides Bowker's symmetry test 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.) Cochiritssavailable 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. For more
information, see the section “Continuity-Adjusted Chi-Square Test” on page 2854.

ALL
includes all statistics that are requested by the CHISQ, MEASURES, and &fkit-options in the
output data set. ALL also includes the number of nonmissing observations, which you can request

individually by specifying the Mutput-option.

BDCHI
includes the Breslow-Day test in the output data set. The Breslow-Day test for homogeneity of odds
ratios is computed for multiwag 2 tables and is provided by the CMH, CMH1, and CMH2 options
in the TABLES statement. For more information, see the section “Breslow-Day Test for Homogeneity
of the Odds Ratios” on page 2914.

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. For more information, see the section “Binomial Proportion” on
page 2866.
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CHISQ

CMH

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. For more information, see the section “Chi-Square Tests and
Statistics” on page 2851. For one-way tables, CHISQ includes the chi-square goodness-of- t test in
the output data set. For more information, see the section “Chi-Square Test for One-Way Tables” on
page 2851. 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.

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 2 tables, 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. For more
information, see the section “Cochran-Mantel-Haenszel Statistics” on page 2908.

If you specify the CMH(MANTELFLEISS) option in the TABLES statement, the CMH option includes
the Mantel-Fleiss analysis in the output data set. The varidMfe€MH 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. For more information, see the section “Cochran-Mantel-Haenszel
Statistics” on page 2908.

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. For more

information, see the section “Cochran-Mantel-Haenszel Statistics” on page 2908.

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. For more information, see the section

“Correlation Statistic” on page 2910.

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. For more information, see the
section “General Association Statistic” on page 2911.

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. For more information,
see the section “ANOVA (Row Mean Scores) Statistic” on page 2910.
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COCHQ
includes Cochran'Q test in the output data set. The AGREE option in the TABLES statement requests
computation of this test, which is available for multiw@y 2 tables. For more information, see the
section “Cochran'®) Test” on page 2908.

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. For more information, see the section
“Contingency Coef cient” on page 2856.

CRAMV
includes Cramér'y/ in the output data set. The CHISQ option in the TABLES statement requests
computation of Cramér'¥. For more information, see the section “Cramé&f’son page 2856.

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 (1)
tables. For more information, see the section “Tests for Equal Kappa Coef cients” on page 2907.

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 mulwa tables. For more
information, see the section “Zelen's Exact Test for Equal Odds Ratios” on page 2914.

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, squarel{ r r) tables where > 2. For more information, see the section “Tests for
Equal Kappa Coef cients” on page 2907.

FISHER
includes Fisher's exact test in the output data set.Z-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. For more information, see the section “Fisher's Exact Test” on
page 2854.

GAMMA
includes the gamma statistic in the output data set. The MEASURES option in the TABLES statement
requests computation of the gamma statistic. For more information, see the section “Gamma” on
page 2858.

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. For more information, see the
section “Gail-Simon Test for Qualitative Interactions” on page 2917.
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JT
includes the Jonckheere-Terpstra test in the output data set. The JT option in the TABLES statement
requests the Jonckheere-Terpstra test. For more information, see the section “Jonckheere-Terpstra Test”
on page 2899.

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. For more information, see the sections “Simple Kappa
Coef cient” on page 2902 and “Overall Kappa Coef cient” on page 2907.

KENTB

TAUB
includes Kendall's talz in the output data set. The MEASURES option in the TABLES statement
requests computation of Kendall's tiu+or more information, see the section “Kendall's Tau-b” on
page 2858.

LAMCR
includes the asymmetric lambd& jR/ in the output data set. The MEASURES option in the
TABLES statement requests computation of lambda. For more information, see the section “Lambda
(Asymmetric)” on page 2863.

LAMDAS
includes the symmetric lambda in the output data set. The MEASURES option in the TABLES state-
ment requests computation of lambda. For more information, see the section “Lambda (Symmetric)”
on page 2864.

LAMRC
includes the asymmetric lambd& jC/ in the output data set. The MEASURES option in the
TABLES statement requests computation of lambda. For more information, see the section “Lambda
(Asymmetric)” on page 2863.

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 availabf fdt tables. For more
information, see the section “Adjusted Odds Ratio and Relative Risk Estimates” on page 2912.

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 availal2le f&r
tables. For more information, see the section “Adjusted Odds Ratio and Relative Risk Estimates” on
page 2912.

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 availat@e far
tables. For more information, see the section “Adjusted Odds Ratio and Relative Risk Estimates” on
page 2912.
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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. For more information, see the section
“Likelihood Ratio Chi-Square Test” on page 2853.

MCNEM
includes McNemar's test (f2 2 tables) in the output data set. The AGREE option in the TABLES
statement requests computation of McNemar's test. For more information, see the section “McNemar's
Test” on page 2901.

MEASURES
includes the following measures of association in the output data set: gamma, Kenddi|'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. For more
information, see the section “Measures of Association” on page 2856.

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. For more information, see the
section “Mantel-Haenszel Chi-Square Test” on page 2854.

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 availal2le far
tables. For more information, see the section “Adjusted Odds Ratio and Relative Risk Estimates” on
page 2912.

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 for
2 2tables. For more information, see the section “Adjusted Odds Ratio and Relative Risk Estimates”
on page 2912.

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 for
2 2tables. For more information, see the section “Adjusted Odds Ratio and Relative Risk Estimates”
on page 2912.

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

NMISS
includes the number of missing observations in the output data set. For more information, see the
section “Missing Values” on page 2846.
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OR
ODDSRATIO

RROR
includes the odds ratio (f& 2 tables) in the output data set. The MEASURES, OR, and RELRISK
options in the TABLES statement request this statistic. For more information, see the section “Odds
Ratio” on page 2888.

PCHI
includes the Pearson chi-square in the output data set for two-way tables. For more information, see the
section “Pearson Chi-Square Test for Two-Way Tables” on page 2852. For one-way tables, the PCHI
option includes the chi-square goodness-of- t test in the output data set. For more information, see
the section “Chi-Square Test for One-Way Tables” on page 2851. 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.

PCORR
includes the Pearson correlation coef cient in the output data set. The MEASURES option in the
TABLES statement requests computation of the Pearson correlation. For more information, see the
section “Pearson Correlation Coef cient” on page 2860.

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. For more information, see the section “Phi Coef cient” on
page 2856.

PLCORR
includes the polychoric correlation coef cient in the output data set. 202 tables, this statistic
is known as the tetrachoric correlation coef cient. The PLCORR option in the TABLES statement
requests computation of the polychoric correlation. For more information, see the section “Polychoric
Correlation” on page 2862.

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. For more information, see the section “Risks and Risk Differences” on page 2874.

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. For more information, see the section “Risks and Risk Differences” on page 2874.

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 2891.
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RISKDIFF
includes risks (binomial proportions) and risk differencesZor 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. For more information, see the section “Risks and Risk Differences” on page 2874.

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. For
more information, see the section “Risks and Risk Differences” on page 2874.

RISKDIFF2
includes column 2 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. For
more information, see the section “Risks and Risk Differences” on page 2874.

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 fd&tables. For more information,
see the section “Odds Ratio and Relative Risks for2 Tables” on page 2888.

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 availabt2 f&tables. For more information,
see the section “Odds Ratio and Relative Risks for2Tables” on page 2888.

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 fdables. For
more information, see the section “Risks and Risk Differences” on page 2874.

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 &tables. For
more information, see the section “Risks and Risk Differences” on page 2874.

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 &tables. For
more information, see the section “Risks and Risk Differences” on page 2874.
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RSK2

RISK2
includes the overall column 2 risk in the output data set. The RISKDIFF option in the TABLES
statement requests computation of risks and risk differences. For more information, see the section
“Risks and Risk Differences” on page 2874.

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 &tables. For
more information, see the section “Risks and Risk Differences” on page 2874.

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 &tables. For
more information, see the section “Risks and Risk Differences” on page 2874.

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. For more information, see the
section “Spearman Rank Correlation Coef cient” on page 2861.

SMDCR
includes Somerd.C jR/ in the output data set. The MEASURES option in the TABLES statement
requests computation of SomeB' For more information, see the section “Somés'on page 2859.

SMDRC
includes Somerd.R jC/ in the output data set. The MEASURES option in the TABLES statement
requests computation of SomeB' For more information, see the section “Somés'on page 2859.

STUTC

TAUC
includes Stuart's tawg-in the output data set. The MEASURES option in the TABLES statement
requests computation of tau+or more information, see the section “Stuart's Tau-c” on page 2859.

TREND
includes the Cochran-Armitage test for trend in the output data set. The TREND optiorTihBhé&ES
statement requests computation of the trend test. This test is available for tables of din2ensoor
R 2. For more information, see the section “Cochran-Armitage Test for Trend” on page 2898.

TSYMM

BOWKER
includes Bowker's symmetry test in the output data set. The AGREE option in the TABLES statement
requests computation of Bowker's test. For more information, see the section “Bowker's Symmetry
Test” on page 2902.
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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. For more information, see the
section “Uncertainty Coef cient (Symmetric)” on page 2865.

UCR
includes the asymmetric uncertainty coef ciahtC jR/ in the output data set. The MEASURES option
in the TABLES statement requests computation of the uncertainty coef cient. For more information,
see the section “Uncertainty Coef cients (Asymmetric)” on page 2865.

URC
includes the asymmetric uncertainty coef ciahtR jC/ in the output data set. The MEASURES option
in the TABLES statement requests computation of the uncertainty coef cient. For more information,
see the section “Uncertainty Coef cients (Asymmetric)” on page 2865.

WTKAPPA

WTKAP

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 laige2han

For multiway tables, the WTKAPPA option also includes the overall weighted kappa coef cient in the
output data set. For more information, see the sections “Weighted Kappa Coef cient” on page 2904
and “Overall Kappa Coef cient” on page 2907.

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 (anway table, wher@ > 2), separate the 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,
and 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 AoandB. Each table lists the values fardown

the side and the values foracross the top.
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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 42.8 illustrate grouping syntax.

Table 42.8 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 th8AS Visual Data Management and Utility Procedures Gaiala the
FORMAT statement and SAS formats®AS Formats and Informats: Reference

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 2845 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

any 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 following each table.

Options

Table 42.9 lists theptions available in the TABLES statement. Descriptions of tptions follow in
alphabetical order.
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Table 42.9 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
COMMONRISKDIFF Requests common risk differenceffor 2 2 tables

FISHER Requests Fisher's exact test for tables larger 2hag

GAILSIMON Requests Gail-Simon test for qualitative interactions

JT Requests Jonckheere-Terpstra test

MEASURES Requests measures of association

MISSING Treats missing values as nonmissing

OR Requests the odds ratio fr 2 tables

PLCORR Requests polychoric correlation

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 Displays cell contributions to the Pearson chi-square statistic

CuMCOL Displays cumulative column percentages

DEVIATION Displays deviations of cell frequencies from expected values

EXPECTED Displays expected cell frequencies

MISSPRINT Displays missing value frequencies

PEARSONRES Displays Pearson residuals in the CROSSLIST table

PRINTKWTS Displays kappa coef cient weights

SCOROUT Displays row and column scores

SPARSE Includes all possible combinations of variable levels in the
LIST table and OUT= data set

STDRES Displays standardized residuals in the CROSSLIST table

TOTPCT Displays percentages of total frequencyrfavay tables f > 2)

Control Displayed Output
CONTENTS= Speci es contents label for crosstabulation tables
CROSSLIST Displays crosstabulation tables in ODS column format
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Table 42.9 continued

Option Description
FORMAT= Formats frequencies in crosstabulation tables
LIST Displays two-way tar-way tables in list format
MAXLEVELS= Speci es maximum number of levels to display in one-way tables
NOCOL Suppresses display of column percentages
NOCUM Suppresses display of cumulative frequencies and percentages
NOFREQ Suppresses display of frequencies
NOPERCENT Suppresses display of percentages
NOPRINT Suppresses display of crosstabulation tables but displays statistics
NOROW Suppresses display of row percentages
NOSPARSE Suppresses zero-frequency levels in the CROSSLIST table,
LIST table, and OUT= data set
NOWARN Suppresses log warning message for the chi-square test
Produce Statistical Graphics
PLOTS= Requests plots from ODS Graphics
Create an Output Data Set
OouUT= Names an output data set to contain frequency counts
OUTCUM Includes cumulative frequencies and percentages in the
output data set for one-way tables
OUTEXPECT Includes expected frequencies in the output data set
OUTPCT Includes row, column, and two-way table percentages in the

output data set

You can specify the followingptions in a TABLES statement.

AGREE < (agree-options) >
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, this 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 stréa. For
tables, this option provides McNemar's test; for square tables that have more than two response
categories (levels), this option provides Bowker's symmetry test. For multiway tables that have two
response categories, this option also produces Cochgate'st. For more information, see the section
“Tests and Measures of Agreement” on page 2901.

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 some observations have weights of 0, 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-Weight Rows or Columns” on page 2908.

For2 2tables, the weighted kappa coef cient is equivalent to the simple kappa coef cient, and
PROC FREQ displays only analyses for the simple kappa coef cient.

You can specify the con dence level in the ALPHA= option. By default, ALPHA=0.05, which produces
95% con dence limits.
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You can specify the EXACT statement to request McNemar's exact tes2 (f& tables), an exact
symmetry test, and exact tests for the simple and weighted kappa coef cients. For more information,
see the section “Exact Statistics” on page 2917.

You can specify the followinggree-options:

AC1
requests the AC1 agreement coef cient. For more information, see the section “AC1 Agreement
Coef cient” on page 2907.

DFSYM=df | ADJUST
controls the degrees of freedom for Bowker's symmetry test. You can specify the value of the
degrees of freedomi{), or you can specify DFSYM=ADJUST to adjust the degrees of freedom
for empty table cells. The value df must be a positive number. By defaulf,isR.R  1/=2,
whereRis the dimension of the two-way table.

When you specify DFSYM=ADJUST, the degrees of freedom are reduced by the number of
off-diagonal table-cell pairs that have a total frequency of 0. By default, the degrees of freedom
count all off-diagonal table-cell pairs. For more information, see the section “Bowker's Symmetry
Test” on page 2902.

KAPPADETAILS

DETAILS
displays the “Kappa Details” table, which includes the following statistics for the simple kappa
coef cient: observed agreement, chance-expected agreement, maximum kappa, Brd the
measure. If the two-way tableZs 2, the “Kappa Details” table also includes the prevalence
index and the bias index. For more information, see the section “Simple Kappa Coef cient” on
page 2902.

If the two-way table is larger tha?d 2, this option also displays the “Weighted Kappa Details”
table, which includes the observed agreement and chance-expected agreement components of the
weighted kappa coef cient. For more information, see the section “Weighted Kappa Coef cient”

on page 2904.

MNULLRATIO=value
speci es the nullvalue of the ratio of discordant proportions for McNemar's test. By default,
MNULLRATIO=1. For more information, see the section “McNemar's Test” on page 2901.

NULLKAPPA= value
requests the simple kappa coef cient test and speci es thevaudk for the test. The null value
must be between —1 and 1. By default, NULLKAPPA=0. For more information, see the section
“Simple Kappa Coef cient” on page 2902.

This option is not available when you specify the KAPPA option in the EXACT statement, which
requests an exact test for the kappa coef cient.

NULLWTKAPPA= value
requests the weighted kappa coef cient test and speci es thevalué for the test. The null
value must be between —1 and 1. By default, NULLWTKAPPA=0. For more information, see the
section “Weighted Kappa Coef cient” on page 2904.

This option is not available when you specify the WTKAPPA option in the EXACT statement,
which requests an exact test for the weighted kappa coef cient.
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ALL

PABAK

requests the prevalence-adjusted bias-adjusted kappa coef cient. For more information, see the
section “Prevalence-Adjusted Bias-Adjusted Kappa” on page 2906.

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 Cicchetti-Allison agreement weights. If you specify the WT=FC option,
the procedure uses Fleiss-Cohen agreement weights. For more information, see the section
“Weighted Kappa Coef cient” on page 2904.

TABLES=RESTORE

displays agreement tables (which are produced by the AGREE option) in factoid (label-value)
format, which is the format of these tables in releases before SAS/STAT 14.2. Beginning in

SAS/STAT 14.3, PROC FREQ displays all agreement tables in tabular format (instead of factoid
format) by default.

In SAS/STAT 14.2, PROC FREQ displays agreement tables in tabular format (instead of factoid
format) by default when you specify any of the followiagree-options: AC1, KAPPADETAILS,
NULLKAPPA=, NULLWTKAPPA=, PABAK, or WTKAPPADETAILS.

WT=FC

speci es Fleiss-Cohen agreement weights in the computation of the weighted kappa coef -
cient. Agreement weights re ect the relative agreement between pairs of variable levels. By
default, PROC FREQ uses Cicchetti-Allison agreement weights to compute the weighted kappa
coef cient. For more information, see the section “Weighted Kappa Coef cient” on page 2904.

WTKAPPADETAILS

displays the “Weighted Kappa Details” table, which includes the observed agreement and chance-
expected agreement components of the weighted kappa coef cient. This information is available
for two-way tables that are larger thdn 2. For more information, see the section “Weighted
Kappa Coef cient” on page 2904.

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 2870 and “Equivalence Test” on page 2872.

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 2866.

Table 42.10 summarizes thaomial-options.
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Table 42.10 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 mig€on 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 mgpes 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 Gimemial-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 MARGH\omial-option).

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 2867.
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BLAKER
requests Blaker con dence limits for the binomial proportion. For more information, see the
section “Blaker Con dence Limits” on page 2867.

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 2866.

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 2868.

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 2868.

LOGIT
requests logit con dence limits for the binomial proportion. For more information, see the
section “Logit Con dence Limits” on page 2868.

MIDP
requests exact mig-con dence limits for the binomial proportion. For more information,
see the section “Migh Con dence Limits” on page 2868.

WALD < (CORRECT) >
requests Wald con dence limits for the binomial proportion. For more information, see the
section “Wald Con dence Limits” on page 2866.

If you specify CL=WALD(CORRECT), the Wald con dence limits include a continuity
correction. If you specify the CORRE@inomial-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.

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 2869.

If you specify CL=WILSON(CORRECT) or the CORRE®Inomial-option, the Wilson
con dence limits include a continuity correction.
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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 2872. 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. Taesl-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 EQUHiomial-options, respectively. By default,
MARGIN=0.2.

For noninferiority and superiority tests, specify a singd@ie in the MARGIN= option. The
MARGIN= value must be a positive number. You can speeifjue 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 MARGIBIge, 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
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 and 1. Or you can specify them in percentage form as numbers between
—100 and 100, and PROC FREQ converts the numbers to proportions. The valwerahust be

less than the value afpper.

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
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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 2870 and “Equivalence
Test” on page 2872.

NONINF

NONINFERIORITY
requests a test of noninferiority for the binomial proportion. For more information, see the section
“Noninferiority Test” on page 2870. You can specify the noninferiority test margin, the null
proportion, and the variance type in the MARGIN=, P=, and VAftmomial-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 valueLefelValue 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 propovtiie must be
a positive number. You can specifglue as a number between 0 and 1. Or you can spesifye
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 2872. 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
the null hypothesis proportion (which you can specify in thebifmmial-option). For more
information, see the sections “Noninferiority Test” on page 2870 and “Equivalence Test” on
page 2872. 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 expectetf=expectedwherefrequencyis the table
cell frequency (count) anelxpecteds the expected cell frequency, which is computed under the null
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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 2852. 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. For more information, see the
section “Chi-Square Tests and Statistics” on page 2851.

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 TESGHsg-option, respectively. See the
section “Chi-Square Test for One-Way Tables” on page 2851 for more information.

To request Fisher's exact test for tables larger thar2, 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 vatlfenwfist not be 0. If the
value ofdf is positive, PROC FREQ use$ as the degrees of freedom for the chi-square tests. If
the value ofdf is negative, PROC FREQ uséfto 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 ards the number of columns. See the sections “Chi-Square Test
for One-Way Tables” on page 2851 and “Chi-Square Tests and Statistics” on page 2851 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.

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 2853 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,
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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. For more
information, see the section “Chi-Square Test for One-Way Tables” on page 2851. You can list the
null frequencies agalues in parentheses after TESTF=. Or you can provide the null frequencies
in a secondary input data set by specifying TESTAS-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 aslues, you can separate thvalues with blanks or commas.
Thevalues must be positive numbers. The numbewrailes must equal the number of variable
levels in the one-way table. The sum of tredues 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 humbers. 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. For more
information, see the section “Chi-Square Test for One-Way Tables” on page 2851. 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 numberalles 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 speatifys in probability
form as numbers between 0 and 1, where the proportions sum to 1. Or you can spieekyin
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 nanT&STP_, TestPercent, or Percent.

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.
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CL

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 followirtgpes in the WARN= option. If you specify
more than onaype 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 nar&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 2856
and “Con dence Limits” on page 2857. You can set the level of the con dence limits by using the
ALPHA= option; by default, ALPHA=0.05, which 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
odds ratios. (To request Tarone's adjustment for the Breslow-Day test, specify therBidption.)

For more information, see the section “Cochran-Mantel-Haenszel Statistics” on page 2908.

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. For more information, see the section “Zelen's Exact Test
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for Equal Odds Ratios” on page 2914. 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. For more information, see the section “Exact Con dence Limits for the Common Odds
Ratio” on page 2915.

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. For
more information, see the section “Breslow-Day Test for Homogeneity of the Odds Ratios” on
page 2914.

GAILSIMON < (COLUMN=1 | 2) >
GS <(COLUMN=1 | 2)>
requests the Gail-Simon test for qualitative interaction, which applies to strai e2ltables. For
more information, see the section “Gail-Simon Test for Qualitative Interactions” on page 2917.

The COLUMN-= option speci es the column of the risk differences to use to compute the Gail-
Simon test. By default, PROC FREQ uses column 1 risk differences. If you sgg2OifyJMN=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.
For more information, see the section “Mantel-Fleiss Criterion” on page 2911.

CMHL1 < (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 thgh 2, the CMH1 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
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.
For more information, see the description of the CMH option.

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
option. For tables larger thah 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 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.
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Thecmh-options for CMH2 are the same as tleenh-options that are available with the CMH option.
For more information, see the description of the CMH option.

COMMONRISKDIFF < options >
requests the common (strati ed) risk difference for multivay 2 tables, where the risk difference
is the difference between the row 1 proportion and the row 2 proportior2in 2table. By default,
this option provides Mantel-Haenszel and summary score estimates of the common risk difference,
together with their con dence limits. For more information, see the section “Common Risk Difference”

on page 2884.

You can specify the followingptions to request con dence limit types and tests for the common risk
difference:

CL=type | (types)
requests con dence limits for the common risk difference. You can specify one ortppese
of con dence limits. When you specify only ongpe, you can omit the parentheses. You can
specify CL=NONE to suppress the “Con dence Limits for the Common Risk Difference” table.

You can specify the con dence level in the ALPHA= option. By default, ALPHA=0.05, which
produces 95% con dence limits for the common risk difference.

You can specify one or more of the followitgpes:

MH
requests Mantel-Haenszel con dence limits, which are computed by using Mantel-Haenszel
stratum weights and the Sato variance estimator (Sato 1989). For more information, see the
section “Mantel-Haenszel Con dence Limits and Test” on page 2884.

MR

MINRISK
requests minimum risk con dence limits, which are computed by using minimum risk
weights. For more information, see the section “Minimum Risk Con dence Limits and Test”
on page 2885.

NEWCOMBE
requests strati ed Newcombe con dence limits that use Mantel-Haenszel weights to combine
the stratum components. For more information, see the section “Strati ed Newcombe
Con dence Limits” on page 2887.

NEWCOMBEMR
requests strati ed Newcombe con dence limits that use minimum risk weights to combine
the stratum components. For more information, see the section “Strati ed Newcombe
Con dence Limits” on page 2887.

NONE
suppresses the “Con dence Limits for the Common Risk Difference” table.

SCORE

requests summary score con dence limits. For more information, see the section “Summary
Score Con dence Limits” on page 2887.
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COLUMN=1 | 2
speci es the table column for which to compute the common risk difference statistics. If
you do not specify this option but you do specify the RISKDIFF(COLUMN=) option, PROC
FREQ provides the common risk difference statistics for the column that you specify in the
RISKDIFF(COLUMN-=) option. If you do not specify either of these options, COLUMN=1 by
default.

CORRECT=NO
removes the continuity correction in the minimum risk con dence limits and in the minimum risk
test, which you can request by specifying the CL=MR and TEST=MR options, respectively. For
more information, see the section “Minimum Risk Con dence Limits and Test” on page 2885.

PRINTWTS <=(MH | MR) >
displays the stratum weights together with the stratum risk differences and frequencies. By
default, this option displays the weight type or types for the con dence limits and tests that
you request. Optionally, you can specify the weight type to display; the PRINTWTS=MH
option displays Mantel-Haenszel weights and the PRINTWTS=MR option displays minimum
risk weights. You can display both weight types by specifying PRINTWTS=(MH MR).

TEST <=type | (types) >
requests common risk difference tests. You can specify one or typ® When you specify
only onetype, you can omit the parentheses. If you do not spewibgs, this option provides
tests that correspond to the con dence lingites that you specify in the CL= option.

You can specify one or more of the followitgpes:

MH
requests a Mantel-Haenszel test, which is computed by using Mantel-Haenszel stratum
weights and the Sato variance estimator (Sato 1989). For more information, see the section
“Mantel-Haenszel Con dence Limits and Test” on page 2884.

MR < (VAR=SAMPLE) >

MINRISK < (VAR=SAMPLE) >
requests the minimum risk test, which is computed by using minimum risk weights. If you
specify VAR=SAMPLE, PROC FREQ uses the sample (observed) variance estimate instead
of a null variance estimate to compute the minimum risk test statistic. For more information,
see the section “Minimum Risk Con dence Limits and Test” on page 2885.

SCORE
requests the summary score test. For more information, see the section “Summary Score
Con dence Limits” on page 2887.

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, se8Al%Output Delivery System: User's
Guide

If you omit the CONTENTS= option, the contents label for crosstabulation tables is “Cross-Tabular
Freq Table” by default.
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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. In the 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 2927.

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.

You can specify the NOSPARSE option along with the CROSSLIST option to suppress variable levels
that have frequencies of 0. By default for CROSSLIST tables, PROC FREQ displays all levels of the
column variable within each level of the row variable, including any levels that have frequencies of
0. By default for multivay CROSSLIST tables, PROC FREQ displays all levels of the row variable
within each stratum of the table, including any row levels that have frequencies of 0 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- expecteiito its standard error, whefeequencyis the table
cell frequency (count) aneixpecteds 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 2852. 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
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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 2852. You can display the
expected values, deviations, and cell chi-squares by specifying the EXPECTED, DEVIATION,
and CELLCHI2 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 frequefregsgncy- 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 2852. 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 2852. 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 2 tables, 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 2854 and “Exact Statistics” on page 2917 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
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 theedh@putation-option in

the EXACT statement. See the section “Computational Resources” on page 2920 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.
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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) >

JT

LIST

requests the Gail-Simon test for qualitative interaction, which applies to strei ed tables. For
more information, see the section “Gail-Simon Test for Qualitative Interactions” on page 2917.

The COLUMN-= option speci es the column of the risk differences to use to compute 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.

requests the Jonckheere-Terpstra test. For more information, see the section “Jonckheere-Terpstra Test
on page 2899. To request exgetalues for the Jonckheere-Terpstra test, specify the JT option in the
EXACT statement. See the section “Exact Statistics” on page 2917 for more information.

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 2927.

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 thenrgariable 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.

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 2856.

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
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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 tatp; Stuart's taue, Somers'D.C jR/, SomersD.R jC/, and Pearson and Spear-

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 2917.

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
following the table. See the section “Missing Values” on page 2846 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
following the table. See the section “Missing Values” on page 2846 for more information.

NOCOL
suppresses the display of column percentages in crosstabulation table cells.

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, and 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.
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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 zero-frequency cells in the LIST table, CROSSLIST table, and OUT= data set.

The NOSPARSE option is available when you specify the ZEROS option in the WEIGHT statement,
which include observations that have weights of 0. By default, the ZEROS option invokes the SPARSE
option, which displays zero-frequency cells in the LIST table and includes them in the OUT= data set;
the NOSPARSE option suppresses the zero-frequency cells. For more information, see the description
of the ZEROS option.

The NOSPARSE option is also available when you specify the CROSSLIST option. By default for
CROSSLIST tables, PROC FREQ displays all levels of the column variable within each level of the row
variable, including any levels that have frequencies of 0. By default for multivay CROSSLIST tables,
PROC FREQ displays all levels of the row variable within each stratum of the table, including any row
levels that have O frequencies in the stratum. The NOSPARSE option suppresses the zero-frequency
levels in the CROSSLIST table.

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.

OR < (CL=type | (types ) >
ODDSRATIO < (CL=type | (types) >

requests the odds ratio and con dence limits2or 2 tables. For more information, see the section
“Odds Ratio” on page 2888.

You can specify one or motgpes of con dence limits. When you specify only one con dence limit
type, you can omit the parentheses around the request. PROC FREQ displays the con dence limits in
the “Con dence Limits for the Odds Ratio” 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:
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EXACT
displays exact con dence limits for the odds ratio in the “Con dence Limits for the Odds Ratio”
table. (By default, PROC FREQ displays the exact con dence limits in a separate 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 subsection “Exact Con dence Limits” in the
section “Con dence Limits for the Odds Ratio” on page 2889.

LR

LIKELIHOODRATIO
requests likelihood ratio con dence limits for the odds ratio. For more information, see the
subsection “Likelihood Ratio Con dence Limits” in the section “Con dence Limits for the Odds
Ratio” on page 2889.

MIDP
requests exact mig-con dence limits for the odds ratio. For more information, see the subsection
“Exact Mid-p Con dence Limits” in the section “Con dence Limits for the Odds Ratio” on
page 2889.

SCORE < (CORRECT=NO) >
requests score con dence limits for the odds ratio. For more information, see the subsection
“Score Con dence Limits” in the section “Con dence Limits for the Odds Ratio” on page 2889. If
you specify CORRECT=NO, PROC FREQ provides the uncorrected form of the score con dence
limits.

WALD
requests asymptotic Wald con dence limits, which are based on a log transformation of the
odds ratio. For more information, see the subsection “Wald Con dence Limits” in the section
“Con dence Limits for the Odds Ratio” on page 2889.

WALDMODIFIED
requests Wald modi ed con dence limits for the odds ratio. For more information, see the
subsection “Wald Modi ed Con dence Limits” in the section “Con dence Limits for the Odds
Ratio” on page 2889.

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 ve@QaiNg
contains the frequencies and the varig®RCENT contains the percentages. For more information,
see the section “Output Data Sets” on page 2922. 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 varighlgl_PCT contains
the cumulative percentages. For more information, see the section “Output Data Sets” on page 2922.
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. For more information, see the section “Output
Data Sets” on page 2922. 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) frequencyfevay tables where > 2

For more information, see the section “Output Data Sets” on page 2922. The OUTPCT option has no
effect for one-way tables.

PLCORR < (options) >

POLYCHORIC < (options) >
requests the polychoric correlation coef cient and its asymptotic standard errd?. Farttables, this
statistic is more commonly known as the tetrachoric correlation coef cient and is labeled as such in
the displayed output. For more information, see the section “Polychoric Correlation” on page 2862.

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:

ADJUST
replaces 2 2 table cell frequency of 0 by 0.5 before computing the tetrachoric correlation
(Brown and Benedetti 1977a, p. 353). To maintain the row and column marginal frequencies,
adjacent cell frequencies are decreased by 0.5 and the opposite cell frequency is increased by 0.5.

This option is available foR 2 tables and is applied only when a single cell frequency is 0. It
has no effect when both off-diagonal cell frequencies are 0 (and therefore the correlation is 1) or
when both diagonal cell frequencies are 1 (and therefore the correlation is —1).

CONVERGE=value
speci es the convergence criterion. Thalue must be a positive number. By default, CON-
VERGE=0.0001. Iterative computation of the polychoric correlation stops when the convergence
measure falls belowalue or when the number of iterations exceeds the MAXITERrmber,
whichever happens rst. For parameter values that are less than 0.01, PROC FREQ evaluates con-
vergence by using the absolute difference instead of the relative difference. For more information,
see the section “Polychoric Correlation” on page 2862.

MAXITER=number
speci es the maximummumber of iterations. The value afumber must be a positive integer.
By default, MAXITER=50. Iterative computation of the polychoric correlation stops when the
number of iterations exceeds the maximuomber or when the convergence measure falls
below the CONVERGE=alue, whichever happens rst. For more information, see the section
“Polychoric Correlation” on page 2862.
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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 Graptitst-requests identify the plots, and
plot-options control the appearance and content of the plots. You can speaifyptions 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 specifyglobal-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 615 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 CUMFREQRi@¥equest, 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 42.11) by default when you request the
corresponding TABLES statement options. You can suppress default plots and request speci c plots by
using the PLOTS(ONLY)= option; PLOTS(ONLY)plpt-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 42.11 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 42.11 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 AGREEN r r table)

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

ODDSRATIOPLOT Odds ratio plot MEASURES, OR, or RELRISK (2 2table)
RELRISKPLOT Relative risk plot MEASURES or RELRISK ( 2 2table)
RISKDIFFPLOT Risk difference plot RISKDIFF( 2 2table)
WTKAPPAPLOT Weighted kappa plot AGREEBE( 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 42.12 lists thelot-options that are available for agreement plots. For descriptions of the
plot-options, see the subsection “Plot Options” in this section.

Table 42.12 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 STATSplot-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 Bakhessure, which

is not displayed. For more information, see the section “ODS Table Names” on page 2935.
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requests all plots that are associated with the speci ed analyses. Table 42.11 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 42.13 lists thplot-options that are available for cumulative frequency plots. For descriptions
of theplot-options, see the subsection “Plot Options” in this section.

Table 42.13 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 42.14 lists thelot-options that are available for deviation plots. For descriptions of the
plot-options, see the subsection “Plot Options” in this section.

Table 42.14 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 42.15 lists thelot-options that are available for frequency plots. For descriptions of the
plot-options, see the subsection “Plot Options” in this section.

Table 42.15 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 TWOWAYstot-option. For more information, see the
subsection “Plot Options” in this section.

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 42.16 lists th@lot-options that are available for kappa plots. For descriptions of the
plot-options, see the subsection “Plot Options” in this section.
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Table 42.16 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 MOSAICPLgE-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 2852. 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 2852. 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, or
RELRISK option in the TABLES statement to compute the odds ratios.

Table 42.17 lists thelot-options that are available for odds ratio plots. For descriptions of the
plot-options, see the subsection “Plot Options” in this section.

Table 42.17 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

COLUMN= Risk column lor2

COMMON= Common value NO or YES

LOGBASE= Axis scale 2,E,orl0

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), likelihood ratio (CL=LR), exact migr (CL=MIDP), score (CL=SCORE), Wald
(CL=WALD), or Wald modi ed (CL=WALDMODIFIED). By default, the odds ratio plot displays
Wald con dence limits. For more information, see the descriptions of the @atoption and

the OR(CL=) option.

To display exact con dence limits in the odds ratio plot, you must also request their computation
by specifying the OR option in the EXACT 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.

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@ch?2 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.
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Table 42.17 lists thelot-options that are available for relative risk plots. For descriptions of the
plot-options, see the subsection “Plot Options” in this section.

You can specify one of the following con dence limit types for the relative risk plot: exact
(CL=EXACT), likelihood ratio (CL=LR), score (CL=SCORE), Wald (CL=WALD), or Wald
modi ed (CL=WALDMODIFIED). By default, the relative risk plot displays Wald con dence
limits. For more information, see the descriptions of the @lst-option and the RELRISK(CL=)
option.

To display exact con dence limits in the relative risk plot, you must also request their computation
by specifying the RELRISK 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.

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.

RISKDIFFPLOT < (plot-options) >
requests a plot of risk (proportion) differences along with con dence limits. Risk difference plots
are available for multiwa@ 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 42.17 lists thelot-options that are available for risk difference plots. For descriptions of
theplot-options, see the subsection “Plot Options” in this section.

You can specify one of the following con dence limit types for the risk difference plot: Agresti-
Caffo (CL=AC), exact (CL=EXACT), Hauck-Anderson (CL=HA), Miettinen-Nurminen (score)
(CL=MN), Newcombe (CL=NEWCOMBE), and Wald (CL=WALD). By default, the plot displays
Wald con dence limits for the risk difference. For more information, see the descriptions of the
CL= plot-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
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=NIQ-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 42.16 lists thelot-options that are available for weighted kappa plots. For descriptions of
the plot-options, see the subsection “Plot Options” in this section.
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Global Plot Options

A global-plot-option applies to all plots for which the option is available unless it is altered by 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 thesget-options, see the subsection “Plot Options” in this
section.

In addition to thes@lot-options, you can specify the followinglobal-plot-option:

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

Plot Options
You can specify the followinglot-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 any of the followinglot-requests: ODDSRATIOPLOT, RELRISKPLOT, and
RISKDIFFPLOT.

For odds ratio plots (ODDSRATIOPLQOT), the available con dence limit types include the
following: exact (CL=EXACT), likelihood ratio (CL=LR), exact mig{CL=MIDP), score
(CL=SCORE), Wald (CL=WALD), and Wald modi ed (CL=WALDMODIFIED). For more
information, see the description of the OR(CL=) option and the section “Con dence Limits
for the Odds Ratio” on page 2889. By default, 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.

For relative risk plots (RELRISKPLOT), the available con dence limit types include the follow-
ing: exact (CL=EXACT), likelihood ratio (CL=LR), score (CL=SCORE), Wald (CL=WALD),
and Wald modi ed (CL=WALDMODIFIED). For more information, see the description of the
RELRISK(CL=) option and the section “Con dence Limits for the Relative Risk” on page 2892.
By default, 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.

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 “Con dence
Limits for the Risk Difference” on page 2875. By default, CL=WALD. When 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.
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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 RANGplst-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
(RELRISKPLQOT) 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 COMMOpIst-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.

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 appropriatatistic-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
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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 mogistatistics 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. Thgot-option is available for all plots except mosaic plots and one-way
weighted frequency plots.

For two-way frequency plots (FREQPLOT), NPANELPQOS=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
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@8quests that panels
display at mosjnj statistics. By defaulp=0 and all statistics are displayed in a single panel. This
plot-option applies to the following plots: KAPPAPLOT, ODDSRATIOPLOT, 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.
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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 ORIENIGtoption 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=DOTPLOT).

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@IRt=option 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)
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=COLUMMot-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 defaultis SHOWS-
CALE=YES.
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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, 8¢ measure (Bangdiwala and Bryan 1987), and the
sample size. PROC FREQ stores these statistics in an ODS table Bamedsure, which is

not displayed. For more information, see the section “ODS Table Names” on page 2935.

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.

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 default is TYPE=BARCHART.
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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 2904.

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 and their con dence limitg for2 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 Tables” on page 2888. 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.

You can specifyelrisk-options in parentheses after the RELRISK option to request tests and additional
con dence limits for the column 1 or column 2 relative risk. Table 42.18 summarizesitisk-options.

When you request tests or additional con dence limit types for the relative risk, PROC FREQ does not
display the “Odds Ratio and Relative Risks” table unless you also specify the PRINBAisk-option.

Table 42.18 RELRISK (Relative Risk) Options

Option Description

COLUMN=1]|2 Speci es the risk column

PRINTALL Displays “Odds Ratio and Relative Risks” table
Request Con dence Limits

CL=EXACT Displays exact con dence limits

CL=LR Requests likelihood ratio con dence limits
CL=SCORE Requests score con dence limits
CL=WALD Requests Wald con dence limits
CL=WALDMODIFIED Requests Wald modi ed con dence limits
Request Tests

EQUAL(NULL=) 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

You can specify the followingelrisk-options:

CL=type | (types)
speci es con dence limit types for the relative risk. You can specify one or mgpes of
con dence limits. When you specify only ongpe, you can omit the parentheses around the
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request. When you specify the Clerisk-option, PROC FREQ displays the con dence limits in
the “Con dence Limits for the Relative Risk” 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:

EXACT
displays exact unconditional con dence limits for the relative risk in the “Con dence Limits
for the Relative Risk” table. (By default, PROC FREQ displays the exact con dence limits
in a separate 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
subsection “Exact Unconditional Con dence Limits” in the section “Con dence Limits for
the Relative Risk” on page 2892.

LR

LIKELIHOOD RATIO
requests likelihood ratio con dence limits for the relative risk. For more information, see
the subsection “Likelihood Ratio Con dence Limits” in the section “Con dence Limits for
the Relative Risk” on page 2892.

SCORE < (CORRECT=NO) >
requests score con dence limits for the relative risk. For more information, see the subsection
“Score Con dence Limits” in the section “Con dence Limits for the Relative Risk” on
page 2892. If you speciffORRECT=NQ PROC FREQ provides the uncorrected form of
the con dence limits.

WALD
requests asymptotic Wald con dence limits, which are based on a log transformation of the
relative risk. For more information, see the subsection “Wald Con dence Limits” in the
section “Con dence Limits for the Relative Risk” on page 2892.

WALDMODIFIED
requests Wald modi ed con dence limits for the odds ratio. For more information, see the
subsection “Wald Modi ed Con dence Limits” in the section “Con dence Limits for the
Relative Risk” on page 2892.

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

This option has no effect on the “Odds Ratio and Relative Risks” table, which displays both
column 1 and column 2 relative risks.

EQUAL < (NULL=value )>
requests an equality test for the relative risk. For more information, see the subsection “Equality
Test” in the section “Relative Risk Tests” on page 2895. You can specify the testin the METHOD=
relrisk-option, and you can specify the null hypothesgigue of the relative risk in the NULL=
option. The nullvalue must be a positive number. By default, METHOD=WALD and NULL=1.
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EQUIV

EQUIVALENCE
requests an equivalence test for the relative risk. For more information, see the subsection
“Equivalence Test” in the section “Relative Risk Tests” on page 2895. You can specify the test
method in the METHOD=elrisk-option, and you can specify the test margins in the MARGIN=
relrisk-option. By default, METHOD=WALD and MARGIN=(0.8,1.25).

MARGIN=value | (lower, upper)
speci es the margin for the noninferiority, superiority, and equivalence tests, which you request
by specifying the NONINF, SUP, and EQUeIrisk-options, respectively. By default, MAR-
GIN=0.8 for noninferiority tests, MARGIN=1.25 for superiority tests, and MARGIN=(0.8,1.25)
for equivalence tests.

For noninferiority and superiority tests, specify a singd@ie in the MARGIN= option. The
value must be a positive number. For a noninferiority test,uhiee should be less than 1; for a
superiority test, thealue should be greater than 1.

For an equivalence test, you can specify a single MARGIAge, or you can specify botlower
andupper values. All values must be positive numbers. If you specify a singlee, PROC
FREQ usesalue as the lower margin and the inversevafue as the upper margin. If you specify
bothlower andupper values, the value dbwer must be less than the valueugdper.

METHOD=method
speci es the method to be used for the equality, equivalence, noninferiority, and superiority
tests, which you request by specifying the EQUAL, EQUIV, NONINF, and $&lii3k-options,
respectively. By default, METHOD=WALD.

You can specify one of the followingethods:

FM

SCORE
requests Farrington-Manning (score) tests for the equality, equivalence, noninferiority, and
superiority analyses of the relative risk. For more information, see the subsection “Farrington-
Manning (Score) Test” in the section “Relative Risk Tests” on page 2895.

LR

LIKELIHOODRATIO
requests likelihood ratio tests for the equality, equivalence, noninferiority, and superiority
analyses of the relative risk. For more information, see the subsection “Likelihood Ratio
Test” in the section “Relative Risk Tests” on page 2895.

WALD
requests Wald tests for the equality, equivalence, noninferiority, and superiority analyses
of the relative risk. For more information, see the subsection “Wald Test” in the section
“Relative Risk Tests” on page 2895.

WALDMODIFIED
requests Wald modi ed tests for the equality, equivalence, noninferiority, and superiority
analyses of the relative risk. For more information, see the subsection “Wald Modi ed Test”
in the section “Relative Risk Tests” on page 2895.
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NONINF

NONINFERIORITY
requests a noninferiority test for the relative risk. For more information, see the subsection
“Noninferiority Test” in the section “Relative Risk Tests” on page 2895. You can specify the
test method in the METHOD=elrisk-option, and you can specify the margin in the MARGIN=
relrisk-option. By default, METHOD=WALD and MARGIN=0.8.

PRINTALL
displays the “Odds Ratio and Relative Risks” table when you request tests or additional con dence
limits by specifyingrelrisk-options. By default, PROC FREQ does not display this table when
you request tests or additional con dence limits for the relative risk.

SUP

SUPERIORITY
requests a superiority test for the relative risk. For more information, see the subsection “Superi-
ority Test” in the section “Relative Risk Tests” on page 2895. You can specify the test method in
the METHOD-=relrisk-option, and you can specify the margin in the MARGIXgtrisk-option.
By default, METHOD=WALD and MARGIN=1.25.

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. PROC FREQ displays these results in the column 1 and column 2 “Risk Estimates”
tables (which you can suppress by specifying the NORI&&&liff-option).

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 2 tables. Table 42.19 summarizes tiskdiff-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 “Con dence Limits for the Risk Difference” table.

The CL=EXACTriskdiff-option displays exact unconditional con dence limits in the “Con dence Lim-
its for the Risk Difference” 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 statement.

The EQUAL, EQUIV, NONINF, and SUPRiskdiff-options request tests of equality, equivalence,
noninferiority, and superiority, respectively, for the risk difference. Available test methods include
Farrington-Manning (score), Hauck-Anderson, and Wald. Newcombe (hybrid-score) con dence limits
are available for the equivalence, noninferiority, and superiority analyses.

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 2880 and “Equivalence Test” on page 2883.
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Table 42.19 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(NULL=) 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 followingiskdiff-options:

CL=type | (types)
requests con dence limits for the risk difference. You can specify one or tgpee 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 “Con dence Limits for the Risk Difference” 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.

You can specify the CLziskdiff-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 MARGISkdiff-option).

You can specify the followingypes:

AC

AGRESTICAFFO
requests Agresti-Caffo con dence limits for the risk difference. For more information, see
the subsection “Agresti-Caffo Con dence Limits” in the section “Con dence Limits for the
Risk Difference” on page 2875.
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EXACT
displays exact unconditional con dence limits for the risk difference in the “Con dence
Limits for the Risk Difference” table. You must also request computation of the exact
con dence limits by specifying the RISKDIFF option in the EXACT statement.

By default, PROC FREQ computes the exact con dence limits by inverting two separate
one-sided exact tests that are based on the score statistic. For more information, see
the RISKDIFF option in the EXACT statement and the subsection “Exact Unconditional
Con dence Limits” in the section “Con dence Limits for the Risk Difference” on page 2875.

By default, PROC FREQ also displays these exact con dence limits in the “Risk Estimates”
table. You can suppress this table by specifying the NORIS#Siff-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 “Con dence Limits
for the Risk Difference” on page 2875.

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 “Con dence Limits for the Risk Difference” on page 2875. 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 CORREGT&kdiff-option, the Newcombe con dence
limits include a continuity correction. For more information, see the subsection “Newcombe
Con dence Limits” in the section “Con dence Limits for the Risk Difference” on page 2875.

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 correc-
tion. For more information, see the subsection “Wald Con dence Limits” in the section
“Con dence Limits for the Risk Difference” on page 2875.

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.



TABLES Statement F 2837

COMMON
requests estimates of the common (overall) risk difference for mult®vay? tables. This
option provides Mantel-Haenszel and summary score estimates for the common risk difference,
together with their con dence limits. If you specify the RISKDIFF(CL=NEWCOMBE) option,
the RISKDIFF(COMMON) option also provides Newcombe con dence limits for the common
risk difference. For more information, see the section “Common Risk Difference” on page 2884.

You can use the COMMONRISKDIFF option to request additional con dence limits and tests
for the common risk difference.

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 2874.

EQUAL < (NULL=value )>
requests an equality test for the risk difference. For more information, see the section “Equality
Tests” on page 2880. You can specify the test method in the METH@Rdiff-option, and you
can specify the null hypothesislue of the risk difference in the NULL= option. By default,
METHOD=WALD and NULL=0. You can specify the nullue in proportion form as a number
between —1 and 1, or you can specify the nalle in percentage form as a number between
—100 and 100. When thelue is between —100 and —1 or between 1 and 100, PROC FREQ
converts the number to a proportion. PROC FREQ treats the values —1 and 1 as percentages.

EQUIV

EQUIVALENCE
requests an equivalence test for the risk difference. For more information, see the section “Equiv-
alence Test” on page 2883. You can specify the test method in the MET Htioka#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 EQUiskdiff-options, respectively. By default,
MARGIN=0.2.

For noninferiority and superiority tests, specify a singd@ie in the MARGIN= option. The

value must be a positive number. You can speefjue 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 MARGIflle, or you can specify both

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

lower margin andvalue 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
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—1 and 1. Or you can specify them in percentage form as numbers between —100 and 100, and
PROC FREQ converts the numbers to proportions. The valisvef must be less than the value
of upper.

METHOD=method
speci es the method to be used for the equality, equivalence, noninferiority, and superiority
tests, which you request by specifying the EQUAL, EQUIV, NONINF, and &kKeliff-options,
respectively. By default, METHOD=WALD.

You can specify the followingnethods:

FM

SCORE
requests Farrington-Manning (score) tests for the equality, equivalence, noninferiority, and
superiority analyses. For more information, see the subsection “Farrington-Manning (Score)
Test” in the section “Noninferiority Tests” on page 2880.

HA
requests Hauck-Anderson tests for the equality, equivalence, noninferiority, and superiority
analyses. For more information, see the subsection “Hauck-Anderson Test” in the section
“Noninferiority Tests” on page 2880.

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 2880.

WALD
requests Wald tests for the equality, equivalence, noninferiority, and superiority analyses.
If you specify the CORRECTiskdiff-option, the Wald tests and con dence limits include
a continuity correction. If you specify the VAR=NULLiskdiff-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 2880.

NONINF

NONINFERIORITY
requests a noninferiority test for the risk difference. For more information, see the section “Non-
inferiority Tests” on page 2880. You can specify the test method in the MET H@Rdiff-option,
and you can specify the margin in the MARGINskdiff-option. By default, METHOD=WALD
and MARGIN=0.2.

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.



TABLES Statement F 2839

SUP

SUPERIORITY
requests a superiority test for the risk difference. For more information, see the section “Superior-
ity Test” on page 2882. You can specify the test method in the METH@dBdiff-option, and
you can specify the margin in the MARGINiskdiff-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 equality, equivalence, noninferiority,
and superiority. 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 Tests”
on page 2880 and “Noninferiority Tests” on page 2880. 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 2850 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. For more information, see the section “Scores” on page 2850.
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 by using the SCORES= option. For more information, see the section
“Scores” on page 2850.

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 2935 for more information.

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 that have frequency counts of 0. By default, without the
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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 2846 for more information.

TOTPCT
displays the percentage of the total multiway table frequency in crosstabulation tabres/égr
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 2927 for more information.

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

TREND
requests the Cochran-Armitage test for trend. The table mudt b& orR 2 to compute the trend
test. For more information, see the section “Cochran-Armitage Test for Trend” on page 2898. To
request exaqgt-values for the trend test, specify the TREND option in the EXACT statement. See the
section “Exact Statistics” on page 2917 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 42.20 lists the avail&deoptions, together with their
corresponding TABLES statement options. Descriptions ofdhieoptions 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 is 0. The procedure displays the asymptotic standard error under the
null hypothesis, the test statistic, and the one-sided and two-pigaties. PROC FREQ also provides

con dence limits for the measure. The ALPHA= option in the TABLES statement determines the con dence
level; by default, ALPHA=0.05, which provides 95% con dence limits. For more information, see the
sections “Asymptotic Tests” on page 2857 and “Con dence Limits” on page 2857. For information about the
individual measures, see the sections “Measures of Association” on page 2856 and “Tests and Measures of
Agreement” on page 2901.

You can also request exact tests for selected measures of association and agreement by using the EXACT
statement. For more information, see the section “Exact Statistics” on page 2917.

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 specify in the TEST statement.
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Table 42.20 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 talo-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 talc ALL or MEASURES
WTKAPPA | WTKAP  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. For
more information, see the sections “Simple Kappa Coef cient” on page 2902 and “Weighted Kappa
Coef cient” on page 2904.

By default, these tests are based on null values of 0; you can specify nonzero null values
for the simple kappa and weighted kappa tests by using the AGREE(NULLKAPPA=) and
AGREE(NULLWTKAPPA=) options, respectively, in the TABLES statement.

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. FEbtables, 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. For more information, see the section “Gamma”
on page 2858. The MEASURES option in the TABLES statement provides the gamma statistic and its
asymptotic standard error.

KAPPA
requests an asymptotic test for the simple kappa coef cient. For more information, see the section
“Simple Kappa Coef cient” on page 2902.

By default, the null value of kappa for this test is 0; you can specify a nonzero null value by using the
AGREE(NULLKAPPA=) option in the TABLES statement.
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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 tau-or more information, see the section “Kendall's Tau-b”
on page 2858.

The MEASURES option in the TABLES statement provides Kendall'siiand 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 R/, SomersD.R jC/, Spearman correlation coef cient, and
Stuart's taue. For more information, see the section “Measures of Association” on page 2856.

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. For more information, see the

section “Pearson Correlation Coef cient” on page 2860.

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. For more information,

see the section “Polychoric Correlation” on page 2862.

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. For more information, see the

section “Spearman Rank Correlation Coef cient” on page 2861.

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.

SMDCR
requests an asymptotic test for Somé&<C jR/. For more information, see the section “Somdps'

on page 2859.

The MEASURES option in the TABLES statement provides Sonmier€' jR/ and its standard error.
You can request an exact test for Som&<C jR/ by specifying the SMDCR option in the EXACT
statement.
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SMDRC
requests an asymptotic test for Somé&<R jC/. For more information, see the section “Somé?¥'
on page 2859.

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

STUTC

TAUC
requests an asymptotic test for Stuart's tal~or more information, see the section “Stuart's Tau-c” on
page 2859.

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

WTKAPPA

WTKAP
requests an asymptotic test for the weighted kappa coef cient. For more information, see the section
“Weighted Kappa Coef cient” on page 2904.

By default, the null value of weighted kappa for this test is 0; you can specify a nonzero null value by
using the AGREE(NULLWTKAPPA=) option in the TABLES statement.

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
WTKAPPA 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 2844 for more information. If you use a WEIGHT statement, PROC FREQ
assumes that an observation represermtiservations, wheneis the value of/ariable. 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 0, PROC FREQ ignores the observation unless you specify the ZEROS
option, which includes observations that have weights of 0. If you do not specify a WEIGHT statement,
PROC FREQ assigns a weight of 1 to each observation. The sum of the WEIGHT variable values represents
the total number of observations.

If any value of the WEIGHT variable is hegative, 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
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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 that have weights of 0. By default, PROC FREQ ignores observations that have
weights of 0.

If you specify the ZEROS option, frequency and crosstabulation tables display levels that contain only
zero-weight observations. If you do not specify the ZEROS option, PROC FREQ does not process
observations that have weights of 0 and therefore does not display levels that contain only zero-weight
observations.

When you specify the ZEROS option, PROC FREQ includes zero-weight levels in chi-square tests
and binomial computations for one-way tables. This makes it possible to compute binomial tests and
estimates for a reference level that 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 weights. For more information, see the section “Tables with
Zero-Weight Rows or Columns” on page 2908.

Even when you specify the ZEROS option, PROC FREQ does not compute CHISQ or MEASURES
statistics for two-way tables that contain a zero-weight row or column because most of these statistics
are unde ned in this case.

By default, the ZEROS option invokes the SPARSE option in the TABLES statement, which includes
zero-weight table cells in the LIST table and OUT= data set. To suppress zero-weight cells, 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 sampleGeéimber.
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.

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
1322 1422 142 2

1121 1221

)
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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 tBellCounts 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 varialfléas 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
table. If you use the same data with different formats, 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:
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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 nhot
include observations with missing values in the computation of percentages and statistics. The procedure
displays the number of missing observations following 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.

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 vakiable

data one;
input A Fregq;
datalines;
12
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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 42.12 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
Ais not included in the table, and the frequency of missing values is displayed following 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 42.12 Missing Values in Frequency Tables
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Figure 42.12 continued

When a combination of variable values in a two-way table is missing, PROC FREQ assigns 0 to the frequency
count of the corresponding table cell. By default, PROC FREQ does not include missing combinations in the
LIST display or the OUT= output data set. To include missing combinations in the LIST display and the
OUT= output data set, you can specify the SPARSE 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). PROC
FREQ supports the following database management systems: Aster, DB2, Greenplum, Hadoop, HAWQ,
Impala, Netazza, Oracle, SAP HANA, and Teradata. 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 Proced 8aS/MCCESS 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). Instead of transferring the entire data set over the network between the database and
SAS software, in-database computation 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). In addition, 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. For information about the SQLGENERATION option and
other options that affect in-database computation, see the section “In-Database Proce @A&AGCESS

for Relational Databases: Referend®y default, PROC FREQ uses in-database computation when possible.
PROC FREQ has no procedure options that control in-database computation.

PROC FREQ uses formatted values to group observations into the levels of frequency and crosstabulation
tables. For more information, see the section “Grouping with Formats” on page 2845. If formats are available

in the database, in-database summarization uses the formats. If formats are not available in the database,
the in-database summarization uses 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” iNSAS/ACCESS for Relational Databases: Reference
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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 varigldad 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 iklerow andjth column and de ne the following notation:
X
ni D Nj (row totals)
X
n; D Nj (column totals)
X X
nD nj  (overall total)
P
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

BD  nRi=n (average row score)

&D n; C; =n (average column score)
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X X X X

A'J D ng C Ny
k>i 1> k<i 1)
X X

D'J D ng C Ny

k> <) k<i 1>

PD nj Aj  (twice the number of concordances)

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.niCl=2 iD12;:::;R
ks
CG'D nC.njCl=2 jDIL;2:::;C
I<j

WhereRi1 is the rank score of row, ande1 is the rank score of colump Note that rank scores vyield
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’DCl=nC1 jDIL2:::;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 2917 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 2917 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 /°=q
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 2917 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. For more information,
see Fienberg (1980).

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 2852 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=q/
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 2917 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

X X
G?D 2 nj In nj =g
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wheren; is the observed frequency in table celljf ande; is the expected frequency for table celjj.

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 2917 for more
information.

Continuity-Adjusted Chi-Square Test

The continuity-adjusted chi-square f&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 )
Qc D max.0;jnj €] 05/ " =g

Under the null hypothesis of independen@g; has an asymptotic chi-square distribution wig1)(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

Qwu D.n 1r?

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 2860. 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@Qiyy has an asymptotic chi-square distribution with 1 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 2917 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 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 equal®i{1n22=n12Nn21). The left-sided alternative is also 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 rpw«2> p 1j>. For

more information, see Agresti (2007).

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 2917 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 .nj1n2  niznaq/ :p ninonin, 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

PDpr:.Qan/

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

Cramér's V

Cramér'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
largerthar2 2,therangei® V 1. Cramér'sV is computed as

V D for2 2tables
S

Qp=n
minR 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 observatiocmasrdantor discordant A pair

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

if the observation with the larger value ®fhas 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.
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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.

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, is 0.05 and produces 95% con dence limits.

The con dence limits are computed as
Est .Z2-» ASE/

where Est is the estimate of the measwurg, is the100.1 =2/ th 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 is 0. 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 ¥ar,.Est/ is the variance of the estimate under the null
hypothesis. Formulas fararg. Est/ for the individual measures of association are given in the following
sections.

Note that the ratio of Est tlg 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 jV\dammaD 0 equal thep-values for the test dfip\tau b D O.

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

greater than its null hypothesis expected value of 0, PROC FREQ displays the righp-sidiee, 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 0. When the
test statistic is less than or equal to 0, PROC FREQ displays the left{sidalde, which is the probability

of a smaller value of the statistic occurring under the null hypothesis. A small left-gigallie supports

the alternative hypothesis that the true value of the measure is less than 0. The onevsilledP; can be
expressed as

Prob.z>z/ if z>0

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

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

P> D Prob.jZj > jzj/
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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 is 0. For more information, see the section “Exact Statistics” on
page 2917.

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 valiesraqual values oY). 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, gamma tends to be close to 0. Gamma is computed as

GD.P Q=P CQ

and the asymptotic variance is

16 X X )
i

For2 2tables, gamma is equivalent to Yul&€s See Goodman and Kruskal (1979) and Agresti (2002) for
more information.

The variance under the nu(l)l hypothesis that gamma equals 0 is C(imputed as

4 X X

i .

For more information, see Brown and Benedetti (1977b).

Kendall's Tau-b
Kendall's taub ( p) is similar to gamma except that téusses a correction for ties. Tduis appropriate only
when both variables lie on an ordinal scale. The range obtsu-1 |, 1. Kendall's taub is computed
as
_P——
and the asymptoti(c): variance is 1
1 @X X 2 3:2 2A
Var.ty/ D Wi~ nj .2wdj C tyvj /= n’ts.w, C we/
i
where

X
w, D n? n?
i
X
we D n? n2j
j
dj Aj  Dj
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See Kendall (1955) for more information.

The variance under the null hypothesis that beeguals 0 is computed as

0 1
4 X X
@ Njj .Aij Dij /2 P Q/2=nA
i

Varg.t,/ D

Wr We

For more information, see Brown and Benedetti (1977b).

PROC FREQ also provides an exact test for the Kendall'sotaveu can request this test by specifying
the KENTB option in the EXACT statement. See the section “Exact Statistics” on page 2917 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

t:DmP Q/=n°m 1/

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

- @
m 1/2n4 .

nj df P Q/%=rA

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

Varg.te/ D Var.tc/

For more information, see Brown and Benedetti (1977b).

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 2917 for more
information.

Somers' D

Somers'D.C jR/ and SomersD.R jC/ are asymmetric modi cations of talb- CjR indicates that the
row variableX is regarded as the independent variable and the column vavablegarded as dependent.
Similarly, RjC indicates that the column variab¥eis regarded as the independent variable and the row
variableX is regarded as dependent. Somé&sdliffers from taub in that it uses a correction only for pairs
that are tied on the independent variable. Somerns appropriate only when both variables lie on an ordinal
scale. Therange of Some@'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 W dj P Qln nj/

r i J
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wheredj D A; Dj and
X
w, D n? n?
[
For more information, see Somers (1962); Goodman and Kruskal (1979); Liebetrau (1983).

The variance under the null hypothesis tBba€ jR/ equals 0 is computed as

0 1
4 X X
Varo.D.C jR// D V?@ nj Aj Dj/? P Q/%=pA

r i J
For more information, see Brown and Benedetti (1977b).
Formulas for Somerd.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 2917 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
Var.r/ D — nj wR; RIc; & 2‘—
who w

whereR; andC; are the row and column scores and

X X
ss D nj .Ri RI?
i
X X
s D nj .C; &y?
i
X X
ssc D nj Ri RBLc; &

bj D .Ri Ri%sgc.c; N%ss

v D ss¢

p

w D SS S&

See Snedecor and Cochran (1989) for more information.
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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 2850 for details about the available score types and how they are computed.

The variance under the null hypothesis that the correlation equals 0 is computed as
0 1

X X
Varg.r/ D @ nj .Ri RIZ2C; &N? st =rA =sssg
i
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. For more information, see Brown and Benedetti (1977b).

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 2917 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 2850. 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

r«sDv=w

and its asymptotic variance is

X X

1
Varrs/ D —- o nj .zj N/?

P
whereR?! ande1 are the row and column rank scores and

X X
v D nj R./C.j/

Ri/ D R! n=2

cj/ D Cc! n=2
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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 0 is computed as

1 X X
Varo.rs/ D s nj .vj Ni/?
P
where
X X
WD nj vj =n

i
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. For more information, see Brown and Benedetti (1977b).

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 2917 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 Gis the estimate of the polychoric correlatian,, isthel00.1 =2/ th 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 is 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 1 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. Initiallys is set equal to —1 for ajl Beginning withi=1, if there is at least one value
jsuchthan; D r; D ¢ ,andifcs D 1,1 is de ned to be the smallest such valuejplndcs is set
equal toi. Otherwise, ifn;; D r;, |; is de ned to be equal tb. If neither condition is trud, is taken to be
the smallest value gfsuch 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.



Statistical Computations F 2865

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 -, isthel00.1 =2/ th percentile of the standard normal distribution. The con dence levsl|
determined by the ALPHA= option; by default, ALPHA=0.05, which 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)th percentile of thé- 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/ isthe th percentile of the beta distribution with shape paramdieasdc. 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.nilog.f&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 / th percentile of the chi-square distribution with 1 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 2866. The exact mpleon dence limitsP. andPy are the solutions to the 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. For more information, see Fleiss, Levin, and Paik (2003). The continuity correctibn2f/ is
subtracted from the numerator of the test statistigf po/ is positive; otherwise, the continuity correction

is added to the numerator.

PROC FREQ computes one-sided and two-sigledlues for this test. When the test statigtic greater

than 0 (its expected value under the null hypothesis), PROC FREQ computes the righg-gadee, 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.thiémen the

test statistic is less than or equal to 0, PROC FREQ computes the leftgsiddde, which is the probability

of a smaller value of the statistic occurring under the null hypothesis. A small left-pigallie supports the
alternative hypothesis that the true value of the proportion is lesgtfafihe one-sideg-valueP, 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 &8, 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 variabl& has a binomial distribution with parametarandpg. To compute the left-sided
p-value,Prob.X  ni/, PROC FREQ sums the binomial probabilities oxdérom 0 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 specifgg 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 P O1 @/=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 pg.1 py/=n

If you specify the CORRECThinomial-option, PROC FREQ includes a continuity correction in the asymptotic
test statisti@. The continuity correction ofLl=2n/ is subtracted from the numerator of the test statistic if
. 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 2866 but use the same standard error (VAR=NULL or VAR=SAMPLE) as the noninferiority
test statistie. The con dence coef cient i00.1 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 limip, 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
Py D . P/ K1 po/ ¥
anl

For more information, see Chow, Shao, and Wang (2003, p. 116). 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. For more information, see the section “Exact (Clopper-Pearson) Con dence
Limits” on page 2866.
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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 2870 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 2866, 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 2870. 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

is 100.1 2/ % (Schuirmann 1999). For more information, see the section “Exact (Clopper-Pearson)
Con dence Limits” on page 2866.
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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 2866.

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. For more information, see the sections “Con dence Limits for the Risk Difference” on page 2875
and “Risk Difference Tests” on page 2879.

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 option. The
BINOMIAL option provides additional con dence limit types and tests for risks (binomial proportions). For
more information, see the sections “Binomial Con dence Limits” on page 2866 and “Binomial Tests” on
page 2869.

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/th percentile of the standard normal distribution, and
seEst/ is the standard error of the estimate. The con dence levis determined by the value of the
ALPHA= option; by default, ALPHA=0.05, which 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-, seEst/Ccc/

whereccis the continuity correction. For the row 1 ristg D .1=2m /; for the row 2 risk,cc 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. For more information, see the section
“Exact (Clopper-Pearson) Con dence Limits” on page 2866.

Con dence Limits for the Risk Difference PROC FREQ provides the following con dence limit types

for the risk difference: Agresti-Caffo, exact unconditional, Hauck-Anderson, Miettinen-Nurminen (score),
Newcombe (hybrid-score), and Wald con dence limits. Continuity-corrected forms of Newcombe and Wald
con dence limits are also available.

The con dence coef cient for the con dence limits produced by the Ciiskdiff-option is 100.1  / %,
where the value of is determined by the ALPHA= option. By default, ALPHA=0.05, which 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@.1 2/ % (Schuirmann
1999). For more information, see the section “Risk Difference Tests” on page 2879.
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Agresti-Caffo Con dence Limits
Agresti-Caffo con dence limits for the risk difference are computed as

R .z, sed/

where®D 8 @», @D .ni1 C 1/=.n; C 2/,

p
seD M1 Q./=n;1C2/ C ®.1 @u/=n,C2

andz -, isthel00.1 =2/th 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
Hauck-Anderson con dence limits for the risk difference are computed as

® .ccCz,, sed

wheredD B @;andz-, isthel00.1 =2/th percentile of the standard normal distribution. The
standard error is computed from the sample proportions as

sedD " M.1 @i/=n1 1/ C ®.1 Qu=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 2880 describes the corresponding noninferiority test.

Miettinen-Nurminen (Score) Con dence Limits

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 equalscan be expressed as

q
/= ‘@r./

wheredis the observed value of the risk differeng® ( @),

T./D.HP

@ ./ D.n=n U .m0 I1 @u.l=n1C®. /1 Q. l=n g/

and@R./ andp./ 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).

Thel00.1 / % con dence interval for the risk difference consists of all values fafr which the score
test statisticT . / falls in the acceptance region,

f W./<z 59
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wherez-, is the100.1 =2/th 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, theéiettinen—Nurminen con dence limits include the bias correction fastar 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=Nf}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 @@ D &

where
w D C cos t.v=ud//=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@QC @C. Cc2/
c D ?C.2mC Ccl/C@®C ®
d D ®.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
ipi @ijD z=5 pi.1  pi/=n

fori D 1;2 The con dence limits are computed as

q
®Cz%,=2n zo, ®1 @/Cz2=4n =n = 1CZz2%,=n

For more information, see the section “Wilson (Score) Con dence Limits” on page 2869.

Denote the lower and upper Wilson score con dence limitgfprasL ;1 andU;, and denote the lower and
upper con dence limits fop, asL » andU,. The Newcombe con dence limits for the proportion difference
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(d D p1 p2)arecomputed as

q
d. D.@ @y 2 L1/2C .Uy 2

q
dyD.@ @2/ C .Uy @1/2C .0 Ly/?

If you specify the CORRECTiskdiff-option, PROC FREQ provides continuity-corrected Newcombe con-
dence limits. By including a continuity correction df=2n , the Wilson score con dence limits for the
individual proportions are computed as the roots of

, , p—MM
jipi @ij 1=2n Dz-, 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
Wald con dence limits for the risk difference are computed as

P .z, sedd/

whered®D R ®,, z-, isthel00.1 =2/th percentile of the standard normal distribution. and the
standard error is computed from the sample proportions as

p
sed?D M@.1 Qi/=n; C ®.1 @u/=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=n, /=2.

The subsection “Wald Test” in the section “Noninferiority Tests” on page 2880 describes the corresponding
noninferiority test.

Exact Unconditional Con dence Limits

If you specify the RISKDIFF option in the EXACT statement, PROC FREQ provides exact unconditional
con dence limits for the risk differencad(D p; p2). The exact unconditional approach xes the row
margins of the2 2 table and eliminates the nuisance paramegely using the maximum-value (worst-

case scenario) over all possible valuep pf{Santner and Snell 1980). The conditional approach, which is
described in the section “Exact Statistics” on page 2917, does not apply to the risk difference because of the
nuisance parameter (Agresti 1992).

By default, PROC FREQ computes the con dence limits by the tail method, which inverts two separate
one-sided exact tests of the risk difference, where the tests are based on the score statistic (Chan and Zhang
1999). The size of each one-sided exact test is at m@stand the con dence coef cientis atleasgt /. If

you specify the RISKDIFF(METHOD=NOSCORE) option in the EXACT statement, PROC FREQ computes

the con dence limits by inverting two separate one-sided exact tests that are based on the unstandardized
risk difference. If you specify the RISKDIFF(METHOD=SCOREZ2) option in the EXACT statement, PROC
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FREQ computes the con dence limits by inverting a single two-sided exact test that is based on the score
statistic (Agresti and Min 2001).

The score statistic is a less discrete statistic than the unstandardized risk difference and produces less
conservative con dence limits (Agresti and Min 2001). For more information, see Santner et al. (2007). The
section “Miettinen-Nurminen (Score) Con dence Limits” describe computation of the risk difference score
statistic. For more information, see Miettinen and Nurminen (1985) and Farrington and Manning (1990).

PROC FREQ computes the exact unconditional con dence limits as follows. The risk difference is de ned
as the difference between the row 1 and row 2 risks (proportionB),p;  p2, andn; andn, denote the
row totals of the2 2 table. The joint probability function for the table can be expressed in terms of the
table cell frequencies, the risk difference, and the nuisance parapaetsr

| |

dCpy/1 d pym M
N11 N21

N1

f.n 11,n211N1;n2;d;p2/ D po2t.l  pp/Mz M

For the tail method (which inverts two separate one-sided exact testdQ@ht =2/ % con dence limits
for the risk difference are computed as

d D sup.d WPy.d /> =2/
dy D inf.d WP_.d /> =2/

where
X
Pud/ D sup f.n11;n210Nn1;n2;d ;pof
P2 AT.al tg
X
Pod/ D sup f.n11;n210Nn1;n2;d ;pao/
P2 ATl to

The setAincludes all2 2 tables in which the row sums ang andn,, T .a/ denotes the value of the test
statistic for tablea in A, andtg is the value of the test statistic for the observed table. The test statistic is
either the score statistic (by default) or the unstandardized risk difference. To compute/, the sum
includes probabilities of those tables for whidha/  to/. For a xed value ofd , Py.d /is de ned as

the maximum sum over all possible valueggt

The two-sided score method evaluatespgh&luesPy .d / andP, .d / by comparingT .a/j to jtgj. To
compute the con dence limitd, andd,, the two-sided method compares {hw@alues to . For more
information, see Agresti and Min (2001) and Santner et al. (2007).

Risk Difference Tests

PROC FREQ provides tests of equality, noninferiority, superiority, and equivalence for the risk (proportion)
difference. The following analysis methods are available: Wald (with and without continuity correction),
Hauck-Anderson, Farrington-Manning (score), and Newcombe (with and without continuity correction). You
can specify the method by using the METHODskdiff-option; by default, PROC FREQ provides Wald tests.
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Equality Tests  The equality test for the risk difference tests the null hypothesis that the risk difference
equals the null value. You can specify a null value by using the EQUAL(NULlskyliff-option; by default,

the null value is 0. This test can be expressetigéd D dp versus the alternativid ;.\l @ dg, where

d D p1 p2 denotes the risk difference (for column 1 or column 2) dpdienotes the null value.

The test statistic is computed as
zD . P do/=sed?

where the standard erree §? is computed by using the method that you specify. Available methods for
the equality test include Wald (with and without continuity correction), Hauck-Anderson, and Farrington-
Manning (score). For a description of the standard error computation, see the subsections “Wald Test,”
“Hauck-Anderson Test,” and “Farrington-Manning (Score) Test,” respectively, in the section “Noninferiority
Tests” on page 2880.

PROC FREQ computes one-sided and two-sig@dlues for equality tests. When the test statisticgreater
than 0, PROC FREQ displays the right-sigedalue, which is the probability of a larger value occurring
under the null hypothesis. The one-sigedalue can be expressed as

Prob.z>z/ if z>0
Prob.z<z/ if z O

whereZ has a standard normal distribution. The two-sidedlue is computed &8, 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:1 p2

versus the alternative

HaWW:1 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#Hskdiff-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@30.1 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.
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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

zD .fc /1= sed?

where (PD 2 @) 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
sed?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 risk
difference equals <(Dunnett and Gent 1977). The standard error is computed as

p
sefD @ @Q=n, C.W /1 QC /=n;
where

[IQD 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 0; otherwise, the
continuity correction is added to the numerator. The value of the continuity correctibaris C 1=n, /=2.

The p-value for the Wald noninferiority test iB, D Prob.Z > z/ , whereZ has a standard normal
distribution.

Hauck-Anderson Test
If 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?

whered®D @ @, and the standard error is computed from the sample proportions as

sedD " Q.1 @i/=n1 1 C ®.1 Q)/=n, 1/
The Hauck-Anderson continuity correctionis computed as
ccD1=2min.ny; ny/
The p-value for the Hauck-Anderson noninferiority testAs D Prob.Z > z/ , whereZ has a standard

normal distribution. See Hauck and Anderson (1986) and Schuirmann (1999) for more information.

Farrington-Manning (Score) Test

If you specify the METHOD=FMriskdiff-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
equals — can be expressed as

zD .C /=sed?
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wheredis the observed value of the risk differeng® ( @),
p
sedD M@.1 Qi/=n; C ®.1 Qs/=n,

andp@R 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 test iB, D Prob.Z > z/ , where

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 pfi andp1, subject to the constraint that the risk difference isare
computed as

[@ D 2ucosw/ b=3a and @D C

where
w D C cos t.v=ud//=3
v D b3=.3%3 bc=6& C d=2a
u D signv/ b?=3a/2 c=3a
a D 1C
b D .1C c@C @ . C2
c D ? 2@mC CclUC@®C ®
d D @.1 /
D no=m

For more information, see Farrington and Manning (1990, p. 1453).

Newcombe Noninferiority Analysis

If you specify the METHOD=NEWCOMBEiskdiff-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 limits isl00.1 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 “Con dence Limits for the Risk Difference”
on page 2875 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

HaWW1 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 wfith 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 2880 by replacing by . See Chow, Shao, and Wang (2003) for more information.
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Equivalence Test  If you specify the EQUIVriskdiff-option, PROC FREQ provides an equivalence test for
the risk difference, or the difference between two proportions. The null hypothesis for the equivalence test is

HoW:1 po2 L Or 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 y 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 2880 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 margin vatuglace 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.

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 @kables 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 2854 and “Exact
Statistics” on page 2917 for more information.

The test statistic is the standardized risk difference, which is computed as

TD d=p P 1.1 P 1/.1=n1 C 1=,/
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where the risk differencd is de ned as the difference between the row 1 and row 2 risks (proportions),
d D .n11=m np1=np/; ny andn, are the row 1 and row 2 totals, respectively; gndis the overall
proportion in column 1,n11 C na1/=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
! !

nq N2
f.n 11;n21ln1;n2; /| D n11Cn21.1 /n N1 N21
N1 N21

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;n211N7;n2; /

AT.al to

where the sef contains all 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{ tp), 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.//
oy

See Suissa and Shuster (1985) and Mehta and Senchaudhuri (2003).

Common Risk Difference

If you specify the COMMONRISKDIFF option in the TABLES statement, PROC FREQ provides estimates,
con dence limits, and tests for the common (overall) risk difference for multi@day? tables.

Mantel-Haenszel Con dence Limits and Test

PROC FREQ computes the Mantel-Haenszel estimate, con dence limits, and test for the common risk
difference by using Mantel-Haenszel stratum weights (Mantel and Haenszel 1959) and the Sato variance
estimator (Sato 1989). The Mantel-Haenszel estimate of the common risk difference is

X
Bwn D By wy

h

wheref, is the risk difference in stratutmand

D Nh1 Nh2 _ X Nj1 N2
" Nh i n;

is the Mantel-Haenszel weight of stratum The column 1 risk difference in straturd ( 2 table)h is
computed as

BLD @ ®n2D Npa=n/ Npay=nny/
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wheref; is the proportion of row 1 observations that are classi ed in column 1@pds 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 varianceaf, (Sato 1989) as
| |
) X X X '
b2.8Buy/D Bun PhC Qn = Np1 Nh2 =Ny
h h h

where
2 2 o 2
PhD ngNhat NP, Npag C N Npp N Npg /=2 =19
Qn D .nma.Np2  Np2a/ C oy Npga// =2,

The100.1 [/ % con dence limits for the common risk difference are

BMH Z-> b.EMH/

If you specify the COMMONRISKDIFF(TEST=MH) option, PROC FREQ provides a Mantel-Haenszel test
of the null hypothesis that the common risk difference is 0, which is computag-aD EMH =h. EMH /.
The two-sidedp-value isProb.jZj > jzuy j/, whereZ has a standard normal distribution.

Minimum Risk Con dence Limits and Test

PROC FREQ computes the minimum risk estimate, con dence limits, and test for the common risk difference
by using the method of Mehrotra and Railkar (2000). The stratum estimates are weighted by minimum risk
weights, which minimize the mean square error of the estimate of the common risk difference. Minimum risk
weights are designed to improve precision and reduce bias (compared to other weighting strategies) and can
minimize the power loss that can occur when underlying assumptions are not met. For more information, see
Mehrotra (2001) and Dmitrienko et al. (2005, section 1.3.3).

The minimum risk estimate of the common risk difference is

X
BMR D BhWh
h

whereEh is the risk difference in stratum andw, is the minimum risk weight of stratur (which is
described in the section “Minimum Risk Weights” on page 2886). The varianggefis estimated by

X
V.EMR/D thbh
h

wherely |, (the variance estimate of the stratinrisk difference) is computed as
D@1 Qu/=np C ®2.1 @ro/=np

Thel100.1 / % minimum risk con dence limits for the common risk difference are

q
Bur ccCz, WBWR/




2886 F Chapter 42: The FREQ Procedure

where the continuity correction is

X
cc D 0:1875 = N1 N2 =Ny /

h

The continuity correction is applied only when < jBMRj (Fleiss, Levin, and Paik 2003). You can remove
the continuity correction by specifying the COMMONRISKDIFF(CORRECT=NO) option.

By default, the minimum risk test is computed as
q_——
Zvr D EMR CC = bO-EMR/

The continuity correctioc is subtracted frond MR If EMR >0 and added t@ MR If BMR < 0. The null
variance of the common risk difference is estimated by

X
VO-BMR/ D WhZVQ.Bh/
h

wherebo.ah/ (an estimate of the variance of the strathmisk difference under the null hypothesis) is
o8B,/ D1 N .1=ny C 1=n,/
and

ND .np @ Cnpp /=Ny Cnpy /

The two-sidedp-value isProb.jZ | > jzur j/, whereZ has a standard normal distribution.

If you specify the VAR=SAMPLE option for COMMONRISKDIFF(TEST=MR), PROC FREQ uses the
sample variance estima%.EMR/ instead of the null variance estimél@.EMR/ in the denominator of
the test statistigyr . If you specify the COMMONRISKDIFF(CORRECT=NO) option, the continuity
correction is not included in the test statistic.

Minimum Risk Weights ~ The estimate of the minimum risk weight for stratinis de ned by Mehrotra
and Railkar (2000). as

| |

' p !
w. D h N hghl niBii
" bt T eiic Bt A

where
X X
h D bl 1 B|b| 1
[ i
X
nDW, 1Cc , B
i
andf , is the fraction in straturh
X
fh D np = Ny

All sums are over thestrata 2 2 tables) in the multiway table requeﬁti, denotes the risk difference
estimate in stratum andbi denotes the sample variance estimate of the risk difference in stratum
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Summary Score Con dence Limits

PROC FREQ computes the summary score estimate of the common risk difference (Agresti 2013, p. 231) by
using inverse-variance stratum weights and 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 Bﬁ Z-) q?, where

Bﬂ 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
BsD ngr?
h

where

X
wlD .1=5%%/= " 1=%

i
The variance OBS is computed as

X
b2Bs/D 1= 1=5/
h

Thel00.1 / % summary score con dence limits for the common risk difference are

Bs Z-5 b.ES/

If you specify the COMMONRISKDIFF(TEST=SCORE) option, PROC FREQ provides a summary score
test of the null hypothesis that the common risk difference is 0. The test statizsidisHs=h Bs/ The
two-sidedp-value isProb.jZj > jzsj/ whereZ has a standard normal distribution.

Strati ed Newcombe Con dence Limits

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. By default, the strata are
weighted by Mantel-Haenszel weights; if you specify the COMMONRISKDIFF(CL=NEWCOMBEMR)
option, the strata are weighted by minimum risk weights.

PROC FREQ rst computes individual Wilson con dence limits for the row proportions in €acl table
(stratum), as described in the section “Wilson (Score) Con dence Limits” on page 2869. These stratum
Wilson con dence limits are then combined to form strati ed Wilson con dence limits for the overall row
proportions by using stratum weights (either Mantel-Haenszel or minimum risk). 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) is100.1  / % (Yan and Su 2010).

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 ad , andU,, respectively. Thd00.1 / % strati ed Newcombe con dence limits for the
common risk (proportion) difference are

p
L DB 2z, 1L11 Li/C 2Upl Uy

p
U D BCz., L1 LoJJC Ul U/
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wheref is the weighted estimate of the common risk difference and

X

1 D Wh = Ny
h
X s

> D Wy = Mh2
h

By default, the strata are weighted by Mantel-Haenszel weights, which are de ned as
Nhy N
p MheMh2 _

X Ni1 Nj2
Wh =

Np i n;

and the weighted estimate of the common risk differen@avils . For more information, see the section
“Mantel-Haenszel Con dence Limits and Test” on page 2884. Optionally, the strata are weighted by minimum
risk weights, and the weighted estimate of the common risk diﬁerer’ﬁ:@ds For more information, see

the section “Minimum Risk Con dence Limits and Test” on page 2885.

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 “Con dence Limits for the Risk Difference” on page 2875. See also Kim and Won (2013).

Odds Ratio and Relative Risks for 2 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. For more information, see Stokes, Davis, and Koch
(2012), Agresti (2013), and Agresti (2007).

The odds of a positive response (column 1) in row fiis=n;2. Similarly, the odds of a positive response in
row 2 isnp;=ny>. The odds ratio is formed as the ratio of the row 1 odds to the row 2 odds. The odds ratio
fora2 2tableis de nedas

N11=N12 D N11 N22
N21=N22 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 is 1. An odds ratio greater than 1 indicates that the odds of a positive response are
higher in row 1 than in row 2. An odds ratio less than 1 indicates that the odds of a positive response are
higher in row 2. The strength of association increases as the deviation from 1 increases.

The transformatioi® D .OR 1/=.0R C 1/ transforms the odds ratio to the range (-1,1), witere0
whenOR D 1; G=-1whenOR D 0; andG approaches 1 @R approaches in nity.G is the gamma
statistic, which PROC FREQ computes when you specify the MEASURES option.
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Con dence Limits for the Odds Ratio The following types of con dence limits are available for the
odds ratio: exact, exact mig-likelihood ratio, score, Wald, and Wald modi ed.

Wald Con dence Limits
The asymptotic Wald con dence limits are based on a log transformation of the odds ratio (Woolf 1955;
Haldane 1955). PROC FREQ computes the Wald con dence limits as

OR exp. 2P v/; OR exp.zp v/
where
vD Var.InOR/ D 1=m1 C 1=m> C 1=mp1 C 1=y

andzis the100.1 =2/th percentile of the standard normal distribution. The con dence levid
determined by the ALPHA= option in the TABLES statement; by default, ALPHA=0.05, which produces
95% con dence limits for the odds ratio. If any of the four cell frequencies ara®unde ned and the Wald

con dence limits cannot be computed. For more information, see Agresti (2013, p. 70).

Wald Modi ed Con dence Limits
PROC FREQ computes Wald modi ed con dence limits (Haldane 1955) for the odds ratio by replacing the
nj by.nj C 0:5/inthe estimatoOR and the variance as follows:

.n11 C 0:5/ .nypy C 0:5/

ORD
.n12 C 0:5/.np; C 0:5/

v D Var.InOR/ D 1=.n1; C 0:5/C 1=.n;2 C 0:5/C 1=.np; C 0:5/C 1=.ny; C 0:5/

The modi ed con dence limits are then computed as
OR exp. 2" v/; OR exp.zp v/

wherezis the100.1 =2/ th percentile of the standard normal distribution. For more information, see
Fleiss, Levin, and Paik (2003) and Agresti (2013).

Score Con dence Limits

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
equals can be expressed as

Q./ Dfni . @ Qi/Ff=fn=.n Ugfl=.n1@.1 @1/ Cl=n,@.1 Q,lig?

where is the observed row 1 risk{1=mn ), and@ and@ are the maximum likelihood estimates of the
row 1 and row 2 risks under the restriction that the odds ratigr(zo=m2n21) is . For more information,
see Miettinen and Nurminen (1985) and Miettinen (1985, chapter 14).

The100.1 / % score con dence interval for the odds ratio consists of all valuesfof which the test
statisticQ. / falls in the acceptance region,

f w./< %49
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where i isthe 1001 / th percentile of the chi-square distribution with 1 degree of freedom. 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 pf andp», subject to the constraint that the odds ratio jsare
computed as

P
@D bC b2 4ac =2a and QD ®R=.1C 6. 1/

where

a D ny. 1/
b D ny C Nno (p 1. 1/
c D @

For more information, see Miettinen and Nurminen (1985, pp. 217-218) and Miettinen (1985, chapter 14).

Likelihood Ratio Con dence Limits

Likelihood ratio (pro le likelihood) con dence limits for the odds ratio are computed by inverting likelihood
ratio tests. The likelihood ratio test statistic for the null hypothesis that the odds ratio eqcatsbe
expressed as

G2./ D 2 ni; |I’1.[ZQ=[.Q/ C npo In..1 @1/2.1 @1/ C ny In.szpQ/ C nyo In..1 @2:.1 @2/

where is the observed rowrisk (n11=n; ) and@ is the maximum likelihood estimate of the rawisk

under the restriction that the odds ratio is The computation of the maximum likelihood estimates is
described in the subsection “Score Con dence Limits” in this section. For more information, see Agresti
(2013), Miettinen and Nurminen (1985), and Miettinen (1985, chapter 14).

Thel1l00.1 / % likelihood ratio con dence interval for the odds ratio consists of all values fofr which
the test statistiG2. / falls in the acceptance region,

f Ws2. /< Z2g

where i isthe 1001 / th percentile of the chi-square distribution with 1 degree of freedom.

Exact Con dence Limits

PROC FREQ computes exact con dence limits for the odds ratio by inverting two one-sided (equal-tail)
exact tests that are based on the noncentral hypergeometric distribution, where the distribution is conditional
on the observed marginal totals of the 2 table. The exact con dence limits; and » are the solutions to

the equations

X1
fi Whi;ni;ny; 4 D =2
iDn]_l

X1
fi Wii;ni;no; of D =2
iDO
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where
! ! ! !
1
. nq No ; X nq Ny :
fi Wig;ni;na; / D .= ) !

[ ny i i nyg i
1 iDO 1

For more information, see Fleiss, Levin, and Paik (2003), Thomas (1971), and Gart (1971).

Because this is a discrete problem, the con dence coef cient for the exact con dence interval is not exactly
.1 / butisatleastl [/ ;thus, these con dence limits are conservative. For more information, see
Agresti (1992).

When the odds ratio is 0, which occurs when eithgr D 0 orny,; D 0, PROC FREQ sets the lower exact
con dence limit to 0 and determines the upper limit by using the levéhstead of=2). Similarly, when
the odds ratio is in nity, which occurs when either, D 0 orny; D 0, PROC FREQ sets the upper exact
con dence limit to in nity and determines the lower limit by using level

Exact Mid-p Con dence Limits

PROC FREQ computes exact mpdzon dence limits for the odds ratio by inverting two one-sided hypergeo-
metric tests that include mig+tail areas. The mighapproach replaces the probability of the observed table
by half of that probability in the hypergeometric probability sums, which are described in the subsection
“Exact Con dence Limits” in this section. The exact mcon dence limits 1 and » are the solutions to

the equations

X1
fi Wii;ni;na; 1/ C . 1=2fin11W1;ni;ny; ¢/ D =2
iDn11C1
Ny 1
fai Wii;ni;na; of C . 1=2fin11Wqi;ni;ny; o/ D =2
iDO
where
! ! ! !
X1
. n n - n n -
fi Wigniiny:/ D SR ! S
| ni |1 iDo | ni |1

For more information, see Agresti (2013).

When the odds ratio is 0, which occurs when eithigr D 0 orny,; D 0, PROC FREQ sets the lower exact
con dence limit to 0 and determines the upper limit by using the levghstead of=2). Similarly, when
the odds ratio is in nity, which occurs when eithet, D 0orny; D 0, PROC FREQ sets the upper exact
con dence limit to in nity and determines the lower limit by using level

Relative Risks

Relative risks are useful measurexohort(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 risks are also useful in cross-sectional studies,
where two variables are observed simultaneously. For more information, see Stokes, Davis, and Koch (2012)
and Agresti (2007).
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The relative risk is the ratio of the row 1 risk to the row 2 risk i@ a 2 table. The column 1 risk in row 1 is
the proportion of row 1 observations that are classi ed in column 1, which can be expressed as

p1DnNui=m

Similarly, the column 1 risk in row 2 is
p2 D N2 =m

The column 1 relative risk is computed as
RD pi=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 as the deviation from 1 increases.

Con dence Limits for the Relative Risk PROC FREQ provides the following types of con dence limits
for the relative risk: exact unconditional, likelihood ratio, score, Wald, and Wald modi ed.

Wald Con dence Limits
The asymptotic Wald con dence limits are based on a log transformation of the relative risk. PROC FREQ
computes the Wald con dence limits for the column 1 relative risk as

0 exp. zp vl; 0 exp.sz/
wherelQis the observed value of the relative rigg=[3, and
vD Var.ln.<d D .1 @1/:n11 c 1 @2/:n21

andzis the100.1 =2/th percentile of the standard normal distribution. The con dence levid
determined by the ALPHA= option in the TABLES statement; by default, ALPHA=0.05, which produces
95% con dence limits. If either cell frequenagy;; or ny1 is 0, thenvis unde ned and the Wald con dence
limits cannot be computed.

PROC FREQ computes the con dence limits for the column 2 relative risk in the same way.

Wald Modi ed Con dence Limits
PROC FREQ computes Wald modi ed con dence limits (Haldane 1955) for the relative risk by replacing the
nj with .nj C 0:5/and then; with .n; C 0:5/in the estimatoR and the variance as follows:

.n11 C 0:5/=.n1 C 0:5/

D®@=-mD
@ m FQ .n»1 C 0:5/=.n, C 0:5/

v D Var.In.@// D 1=.n;1 C0:5/C 1=.n,1 C 0:5/ 1=.n; C0:5/ 1=.n, C 0:5/

The con dence limits are computed as
G exp. zp v/, Qim exp.zp v/

wherezis the100.1 =2/ th percentile of the standard normal distribution. For more information, see
Fleiss, Levin, and Paik (2003) and Agresti (2013).
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Score Con dence Limits

Score con dence limits (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 risk ig¢ can be expressed as

Qro/D.@ rom/? =@r.r0/
wheref@ and@ are the observed row 1 and row 2 risks (proportions), respectively,
@r.ro/ D.n=n 1/ M1 Qi/=n1 C r’ .1 Qz/=ny

where@ and@ are the maximum likelihood estimatespf andp,, respectively, under the null hypothesis
that the relative risk isg. For more information, see Miettinen and Nurminen (1985) and Miettinen (1985,
chapter 13).

Thel100.1 / % score con dence interval for the relative risk consists of all valuag dér which the test
statisticQ.r o/ falls in the acceptance region,

fro WD.r o/ < i g

where i isthe 1001 / th percentile of the chi-square distribution with 1 degree of freedom. For more
information, see Agresti (2013).

By default, the score con dence limits include the bias correction facton 1/ in the denominator of
Q.r o/ (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 andp,, subject to the constraint that the relative riskgsare
computed as

P
D b b2 4ac =2a and @ D ®Q=rg

where
a D 1C
b D rg.1C @/C Cm/
D ro.FQC FQ/
D np=m

For more information, see Farrington and Manning (1990, p. 1454) and Miettinen and Nurminen (1985, p.
217).

Likelihood Ratio Con dence Limits

Likelihood ratio (pro le likelihood) con dence limits for the relative risk are computed by inverting likelihood
ratio tests. The likelihood ratio test statistic for the null hypothesis that the relative risk ragicas be
expressed as

Gz.ro/ D 2 nu1 Ian=|Q/ Cnp In..1 @1/2.1 @1/ Cny |I’][ZQ=@/ C ny In..1 @22.1 @2/
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where is the observed rowrisk (nj; =n; ) and@ is the maximum likelihood estimate of the rowisk

under the restriction that the relative riskris Expressions for the maximum likelihood estimg@sand

are given in the subsection “Score Con dence Limits” in this section. For more information, see Miettinen
and Nurminen (1985) and Miettinen (1985, chapter 13).

The100.1 / % likelihood ratio con dence interval for the relative risk consists of all valueg,dbr
which the test statistiG2.r o/ falls in the acceptance region,

f We2ro/< 1 g

where i isthe 1001 / th percentile of the chi-square distribution with 1 degree of freedom.

Exact Unconditional Con dence Limits

If you specify the RELRISK option in the EXACT statement, PROC FREQ provides exact unconditional
con dence limits for the relative risk. The exact unconditional approach xes the row margins &f tte

table and eliminates the nuisance parampgeby using the maximurp-value (worst-case scenario) over all
possible values gb, (Santner and Snell 1980). The conditional approach, which is described in the section
“Exact Statistics” on page 2917, does not apply to the relative risk because of the nuisance parameter (Agresti
1992).

By default, PROC FREQ computes the con dence limits by the tail method, which inverts two separate
one-sided exact tests of the relative risk, where the tests are based on the score statistic (Chan and Zhang
1999). The size of each one-sided exact test is at m@stand the con dence coef cientisatleadt /. If

you specify the RELRISK(METHOD=NOSCORE) option in the EXACT statement, PROC FREQ computes

the con dence limits by inverting two separate one-sided exact tests that are based on the unstandardized
relative risk. If you specify the RELRISK(METHOD=SCOREZ2) option in the EXACT statement, PROC
FREQ computes the con dence limits by inverting a single two-sided exact test that is based on the score
statistic (Agresti and Min 2001).

PROC FREQ uses the relative risk score statistic (or the modi ed form of the unstandardized relative risk) to
compute the exact con dence limits as described in the subsection “Exact Unconditional Con dence Limits”
in the section “Con dence Limits for the Risk Difference” on page 2875.

The score statistic is a less discrete statistic than the unstandardized risk difference and produces less
conservative con dence limits (Agresti and Min 2001). For more information, see Santner et al. (2007). The
relative risk score statistic (Miettinen and Nurminen 1985; Farrington and Manning 1990) is computed as

zro/ D .@@ rom/ =serg/

where

q
serg/ D .1 Qi/=n1 C ro2 .1 @2/=ny

wherefQ andpR are the maximum likelihood estimatesmf andp, under the restriction that the relative
risk isrg. Expressions for the maximum likelihood estimgi@sandy are given in the subsection “Score
Con dence Limits” in this section. For more information, see Farrington and Manning (1990, p. 1454) and
Miettinen and Nurminen (1985, p. 217).

When the con dence limits are computed by using the unstandardized relative risk as the test statistic
(METHOD=NOSCORE), PROC FREQ uses a modi ed form of the relative risk to ensure that the statistic
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is de ned when there are zero-frequency table cells. The modi ed form adds 0.5 to the table cell and row
frequencies (Gart and Nam 1988) and is computed as:

.n11 C 0:5/=.n; C 0:5/

10D
N1 C 0:5/=.n; C0:5/

For more information, see the subsection “Wald Modi ed Con dence Limits” in this section.

Relative Risk Tests PROC FREQ provides tests of equality, noninferiority, superiority, and equivalence for
the relative risk. The following analysis methods are available: Wald (which is based on a log transformation),
Wald modi ed, score, and likelihood ratio. You can specify the method by using the METH®IDsk-

option; by default, PROC FREQ provides Wald tests.

Equality Test
An equality test for the relative risk can be expressed as

HoVR D rg
versus the alternative
HaVWR @ rg

whereR D p;=p2 denotes the relative risk (for column 1 or column 2) apdenotes the null value. You
can specify a null value by using the EQUAL(NULL#Irisk-option; by default, the null value is 1.

The test statistic is computed by the method that you specify; by default, PROC FREQ uses the Wald test.
For information about test statistic computation, see the subsections “Wald Test,” “Wald Modi ed Test,”
“Farrington-Manning (Score) Test,” and “Likelihood Ratio Test” in this section.

For the Wald and score methods, the test statigticave standard normal distributions under the null
hypothesis. For the likelihood ratio test, the test stati@fichas a chi-square distribution with 1 degree of
freedom under the null hypothesis.

When the test statistiz is greater than 0, PROC FREQ displays the right-sige@lue, which is the
probability of a larger value occurring under the null hypothesis. The one-piglatiie 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-sigedhlue is computed @, D 2 Pj.
Noninferiority Test
A noninferiority test for the relative risk can be expressed as
HoVR
versus the alternative
HaWR >

whereR D pj;=p, denotes the relative risk (for column 1 or column 2) amkénotes the noninferiority margin
(limit). You can specify the margin by using the MARGINeirisk-option; by default, the noninferiority
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margin is 0.8. The noninferiority margin for a relative risk test should be less than 1. Rejection of the null
hypothesis indicates that the row 1 risk is not inferior to the row 2 risk. For more information, see Chow,
Shao, and Wang (2008).

The test statistizis computed by the method that you specify. For information about test statistic computation,
see the subsections “Wald Test,” “Wald Modi ed Test,” “Farrington-Manning (Score) Test,” and “Likelihood
Ratio Test” in this section. The test statistiis computed by using the noninferiority margin (limit) as the

null value of the relative risk. Under the null hypothesis, the test statistic has a standard normal distribution.
The p-value for the noninferiority test is the right-sidpdralue (the probability thaZ > z ).

As part of the noninferiority analysis, PROC FREQ also provides con dence limits for the relative risk. The
con dence coef cient is100.1 2/ % (Schuirmann 1999). The con dence levels determined by the
ALPHA= option in the TABLES statement; by default, ALPHA=0.05, which produces 90% con dence limits
for the noninferiority analysis. You can compare the con dence limits to the value of the noninferiority limit

Superiority Test
A superiority test for the relative risk can be expressed as

HoVR
versus the alternative
HaVR >

whereR D p1=p, denotes the relative risk (for column 1 or column 2) argknotes the superiority margin
(limit). You can specify the margin by using the MARGINelrisk-option; by default, the superiority margin

is 1.25. The superiority margin for a relative risk test should be greater than 1. Rejection of the null hypothesis
indicates that the row 1 risk is superior to the row 2 risk. For more information, see Chow, Shao, and Wang
(2008).

The test statistizis computed by using the superiority margin (limit) as the null value of the relative risk.
Under the null hypothesis, the test statistic has a standard normal distributiop-vehee for the superiority
test is the right-sideg-value (the probability thaZ >z ).

The computations for the superiority analysis are the same as the computations for the noninferiority analysis,
which are described in the subsection “Noninferiority Test” in this section.

Equivalence Test
An equivalence test for the relative risk can be expressed as

H()VR L or R U
versus the alternative
HaWL <R < y

where | is the lower margin andy is the upper margin. Rejection of the null hypothesis indicates that the
two risks are equivalent. For more information, see Chow, Shao, and Wang (2008).

You can specify the margins by using the MARGINsrisk-option; by default, the lower margin is 0.8 and
the upper margin is 1.25. If you specify a single margin value, PROC FREQ uses this value as the lower
margin for the equivalence test and computes the upper margin as the inverse of the lower margin.
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PROC FREQ computes two one-sided tests (TOST) for equivalence analysis (Schuirmann 1987), which
include a right-sided test for the lower marginand a left-sided test for the upper margin. The lower test
statistic uses the lower margin as the null relative risk value, ang-ttadue is the right-sided probability

(Z > z ). The upper test statistic uses the upper margin as the null value, apd/ahee is the left-sided
probability € < z y). The overallp-value is taken to be the larger of the tywevalues for the lower and

upper tests.

The test statistics are computed by the method that you specify. For more information about the test statistic
computation, see the subsections “Wald Test,” “Wald Modi ed Test,” “Farrington-Manning (Score) Test,”
and “Likelihood Ratio Test” in this section.

As part of the equivalence analysis, PROC FREQ also provides con dence limits for the relative risk. The
con dence coef cient is100.1 2/ % (Schuirmann 1999). The con dence levels determined by the
ALPHA= option in the TABLES statement; by default, ALPHA=0.05, which produces 90% con dence limits
for the equivalence analysis. You can compare the con dence limits to the equivalence limits, which are
and y.

Wald Test

The Wald test sﬁ@tistic (which is based on a log transformation of the relative risk) is computeg/ds
An.®@ In.rof/= v/, whereQis the relative risk estimatgf=), ro is the null value of the relative risk,
and

vD Var.In.d D 1=m; C 1=.ny; 1=m 1l=n

The null value is determined by the type of test (equality, noninferiority, superiority, or equivalence) and
the null or margin values that you specify. The side ofgthalue and the interpretation of the test are also
determined by the type of test; for more information, see the subsections “Equality Test,” “Noninferiority
Test,” “Superiority Test,” and “Equivalence Test” in this section.

Wald Modi ed Test

The Wald modi ed test statistic is computed by replacingrthewith .nj C 0:5/and then; with .n; C 0:5/
in the relative risk estimatoR and the variance. The test statistic is computed asq/ D .In.@
In.rol/l= v/, whererg is the null value of the relative risk,

.n11 C 0:5/=.n; C 0:5/
.n21 C 0:5/=.n, C 0:5/

OD ©=(9 D

vD Var.In. D 1=.n;; C 0:5/C 1=.n,1 C 0:5/ 1=.n; C0:5/ 1=.n, C 05/

The null value is determined by the type of test (equality, noninferiority, superiority, or equivalence) and
the null or margin values that you specify. The side ofgh&alue and the interpretation of the test are also
determined by the type of test; for more information, see the subsections “Equality Test,” “Noninferiority
Test,” “Superiority Test,” and “Equivalence Test” in this section.

Farrington-Manning (Score) Test
The relative risk score test statistic (Miettinen and Nurminen 1985; Farrington and Manning 1990) for the
null valuerg is computed as

Z.ro/ D .@ ro/ =serg/
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where

sero/ D FQ.]. @1/=n1 C I’()2 @.1 Qz/znz

whereQ andpR are the maximum likelihood estimatespf andp, under the null valueg. Expressions
for the maximum likelihood estimatg® andp are given in the subsection “Score Con dence Limits” in
this section.

The null value is determined by the type of test (equality, noninferiority, superiority, or equivalence) and
the null or margin values that you specify. The side ofgthalue and the interpretation of the test are also
determined by the type of test; for more information, see the subsections “Equality Test,” “Noninferiority
Test,” “Superiority Test,” and “Equivalence Test” in this section.

Likelihood Ratio Test
The likelihood ratio statistic for the null relative risk valugis computed as

Gz.ro/ D 2 ni; In.szgQ/C Ni2 In..1 @1/2.1 @1/C Noq |n.@=FQ/C Noo In..1 @22.1 @2/

wherefQ and@® are the maximum likelihood estimatesmf andp, under the null valuey. Expressions
for the maximum likelihood estimatg® andp are given in the subsection “Score Con dence Limits” in
this section. For more information, see Miettinen and Nurminen (1985) and Miettinen (1985, chapter 13).

PROC FREQ,computes the likelihood ratio test statistig/ for the noninferiority, superiority, and equiva-
lence tests as GZ2.rq/, where the sign is positive if the estimate is greater than the null viuerg) and
negative otherwise@< r g).

The null value is determined by the type of test (equality, noninferiority, superiority, or equivalence) and
the null or margin values that you specify. The side ofgthalue and the interpretation of the test are also
determined by the type of test; for more information, see the subsections “Equality Test,” “Noninferiority
Test,” “Superiority Test,” and “Equivalence Test” in this section.

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 aftrows, 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.

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. For more information, see Margolin (1988) and
Agresti (2002). If the table has two columns @Rdows, the trend test statistic is computed as

x qg ——
TD Ni1.R; FN: P1 A p1/52
iD1

whereR; is the score of row, Ris the average row score, and

x
32 D n; .Ri FNZ
iD1
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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. For more information, see
the section “Scores” on page 2850. 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-siokedlues for the trend test. When the test statistic is greater
than its null hypothesis expected value of 0, PROC FREQ displays the rightysidde, which is the
probability of a larger value of the statistic occurring under the null hypothesis. A small rightsicide
supports the alternative hypothesis of increasing trend in proportions from row 1 ®. Men the test
statistic is less than or equal to 0, PROC FREQ displays the left-pidatle. A small left-sidegh-value
supports the alternative of decreasing trend.

The one-sidegb-value for the trend test is computed as

Prob.z>T/ if T >0
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 2917
for more information.

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
can be 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
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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 formRifgy  1/=2 Mann-Whitney count$/;; o,
wherei <i © for pairs of rows in the contingency table,

Mijo D f numberoftimes; <Xiojo; j D 1;:::;m:l jOD 1;:::;njo g
Cs f

N[

whereX;; is responsgin rowi. The Jonckheere-Terpstra test statistic is computed as

X X
JD Mi: o
1 i<i®R

This test rejects the null hypothesis of no difference among classes for large valudsgimptoticp-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 EpJ/l = VargJd/
whereEq.J/ andVarg.J/ are the expected value and variance of the test statistic under the null hypothesis,

X
Eo.J/ D n? n® =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
1 0 1
X X
B D nj .Nj 1/.ni 2/ @ nj.n; 1/.I’]j Z/A
i i
Y 1
X X
CD n.ni 1 @ njn; 1A
i j

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 0, PROC FREQ displays
the right-sidedp-value, which is the probability of a larger value of the statistic occurring under the null
hypothesis. A small right-sidggivalue supports the alternative hypothesis of increasing order from row 1 to
row R. When the standardized test statistic is less than or equal to 0, 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
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whereZ has a standard normal distribution. The two-sidealue,P,, is computed as

P, D Prob.jzj > jJ jl/

PROC FREQ also provides exaevalues 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 2917 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 (for which the number of rows equals the number of columns). By default,
these statistics include McNemar's test for 2 tables, Bowker's symmetry test, the simple kappa coef cient,

and the weighted kappa coef cient. For multiple stratanMay tables, whera > 2), the AGREE option
provides the overall simple and weighted kappa coef cients, in addition to tests for equal kappas (simple and
weighted) among strata. For multiple strat&2of 2 tables, the AGREE option provides Cochra@'sest.

Optionally, PROC FREQ provides kappa tests and other agreement statistics. In addition to the asymptotic
tests described in this section, PROC FREQ provides gxaatues 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. For more information, see the section “Exact Statistics” on
page 2917.

The following sections provide the formulas that PROC FREQ uses to compute agreement 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.

McNemar's Test

PROC FREQ computes McNemar's test (McNemar 19472fd2 tables when you specify the AGREE option.

This test is appropriate when you are analyzing data from matched pairs of subjects with a dichotomous
(yes-no) response. By default, the null hypothesis for McNemar's test is marginal homogeneity, which can be
expressed gg1 D p 1; this is equivalent to a discordant proportion rapa4{=p,1) of 1. The corresponding

test statistic is computed as

QM D .Nq2 n21/2 =.N12 C n21/

Under the null hypothesi€fy has an asymptotic chi-square distribution with 1 degree of freedom.

Optionally, you can specify the null ratio of discordant proportioms,€p,1) by using the
AGREE(MNULLRATIO=) option. When the null ratio is, McCNemar's test is computed as

QM.F/ D N2 612/2/2812 C .Noq 621/22621

wheree;; D D=.1 C 1=r/,ex; D D=.1 C r/, andD is the number of discordant pairsi16 C n»1). Under
the null hypothesisQy .r/ has an asymptotic chi-square distribution with 1 degree of freedom.

PROC FREQ also computes an expatalue for McNemar's test when you specify the MCNEM option in
the EXACT statement.
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Bowker's Symmetry Test

The null hypothesis for Bowker's symmetry test (Bowker 1948) is symmetric table-cell proportions, which
can be expressed pag D pj; for all off-diagonal pairs of table cells. F@ 2 tables, Bowker's test is
identical to McNemar's test; therefore, PROC FREQ provides Bowker's test only for square tables that are
larger thar2 2.

Bowker's symmetry test is computed as
XX )
Qs D N i /=3 Cny/

i<j

For large samplef)g has an asymptotic chi-square distribution wRtR  1/=2 degrees of freedom under
the null hypothesis of symmetry, whelRds the dimension of the square, two-way table.

By default, the number of degrees of freedom for this tBsR( 1/=2) is the number of off-diagonal
table-cell comparisons. You can specify the number of degrees of freedom in the AGREE(DFSYM=) option.
Alternatively, you can specify the AGREE(DFSYM=ADJUST) option, which reduces the degrees of freedom
by the number of off-diagonal table-cell pairs that have a total frequency of 0. For more information, see
Hoenig, Morgan, and Brown (1995).

Exact Symmetry Test  When you specify the SYMMETRY option in the EXACT statement, PROC FREQ
provides an exact symmetry test by using the method of Krauth (1973). This exact test is computed by
conditioning on the observed frequency sums of the complementary off-diagonal table-cethpaBs; ).

PROC FREQ evaluates the symmetry test statistic for all tables in the reference set, which includes all
possible tables in which the frequency sums of the off-diagonal table-cell pairs match the corresponding
frequency sums in the observed table. The egactlue is then computed as the sum of the table probabilities

for those tables for which the symmetry test statistic is greater than or equal to the observed test statistic. The
table probabilities are computed as productRd®  1/=2 binomial probabilities (which correspond to the
off-diagonal table-cell pairs in tables of dimensignby using the binomial proportion 0.5 under the null
hypothesis of symmetry. For more information, see the section “Exact Statistics” on page 2917.

Alternatively, you can request a Monte Carlo estimate of the gxaatue by specifying the SYMMETRY

option together with the MComputation-option in the EXACT statement. The Monte Carlo computation for

the exact symmetry test is conditional on the same reference set that the exact test uses (tables in which the
frequency sums of the off-diagonal table-cell pairs match the corresponding sums in the observed table). For
more information, see the section “Monte Carlo Estimation” on page 2921.

Simple Kappa Coef cient
The simple kappa coef cient (Cohen 1960) is a measure of interrater agreement. PROC FREQ computes the
simple kappa coef cient as

OD .Py, Pel =.1 Pel

P P
wherePo, D ; pji andPe D ; pi:p:i. The componen®, is the proportion of observed agreement, and
the componen®, represents the proportion of chance-expected agreement.

If the two response variables are viewed as two independent ratings msthgects, the kappa coef cient

is +1 when there is complete agreement of the raters. When the observed agreement exceeds the chance-
expected agreement, the kappa coef cient is positive, and its magnitude re ects the strength of agreement.
When the observed agreement is less than the chance-expected agreement, the kappa coef cient is negative.
The minimum value of kappa is between —1 and 0, depending on the marginal proportions of the table.
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PROC FREQ computes the asymptotic variance of the simple kappa coef cient as
Var.OD .ACB C/=.1 Pe/?n

where

X 2
A D pii .1 .p; Cpill O/
i
XX
B D .1 O?2 pij.piij/Z

igj
C D .0 Pel O/

For more information, see Fleiss, Cohen, and Everitt (1969).

Con dence limits for the simple kappa coef cient are computed as

p
@] Z-) Var. ©
wherez -, isthel00.1 =2/th percentile of the standard normal distribution. The value isfdetermined
by the ALPHA= option; by default ALPHA=0.05, which produces 95% con dence limits.

PROC FREQ provides an asymptotic test for the simple kappa coef cient. By default, the null hypoth-
esis value of kappa is 0; alternatively, you can specify a nonzero null value of kappa (by using the
AGREE(NULLKAPPA=) option in the TABLES statement). When the null value of kappa is nonzero,
PROC FREQ computes the test statistic as

p__
zD.O o/ = Var.O

where g is the null value that you specify antr. © is the variance of the kappa coef cient.

When the null value of kappa is 0, PROC FREQ computes the test statistic as
p__
zD O= Varg. 0

whereVaryg. O is the variance of the kappa coef cient under the null hypothesis (that kappa is 0) and is
computed as

I
X !
Varg.® D PeC P2 pipi.pi Cpi/ =.1 Pe?n
i
This test statistic has an asymptotic standard normal distribution under the null hypothesis. For more
information, see Fleiss, Levin, and Paik (2003).

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. For more information, see the section
“Exact Statistics” on page 2917.
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Kappa Details When you specify the AGREE(KAPPADETAILS) option, PROC FREQ displays the
“Kappa Details” table, which includes the observed agreemgnthance-expected agreem&at maximum
kappa, andB, measure.

The maximum kappa, which is the maximum possible value of the kappa coef cient given the marginal
proportions of the two-way table, is computed as

max./ D .max.Po/ Pe/ =.1 Pl

where
!
X
max.Po/ D min.n; ; nj/ =n

TheB, measure (Bangdiwala 1988; Bangdiwala et al. 2008) is computed as
1 0 1
X X X
Bn D I’lg =@ n; niA

For2 2 tables, the “Kappa Details” table also includes the prevalence index and the bias index. The
prevalence index is the absolute difference between the agreement propgptiensp»2j. The bias index

is the absolute difference between the disagreement propoijimas, p21j. For more information, see Sim

and Wright (2005) and Byrt, Bishop, and Carlin (1993).

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 differences between categories. ZFor2 tables, the weighted kappa coef cient is
equivalent to the simple kappa coef cient; therefore, PROC FREQ displays the weighted kappa coef cient
only for tables larger thaB 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 section “Kappa
Weights” on page 2906. The kappa weigiws are constructed soth@t wj <1 foralli 60 ,w; D 1

for all i, andw; D w;; . The weighted kappa coef cient is computed as

QD Pow Pew =1 Pew

where
X X
Pow D Wi Pij
i
X X
Pew D Wi Pi Pj
i
The componentP,,, Iis the proportion of observed (weighted) agreement, and the component
Pews represents the proportion of chance-expected (weighted) agreement. When you specify the

AGREE(WTKAPDETAILS) option, PROC FREQ displays these components in the “Weighted Kappa
Details” table.



Statistical Computations F 2905

PROC FREQ computes the asymptotic variance of the weighted kappa coef cient as

0 1
X X X 5
Var.Q/ D @ pj wj Wi CW;/1 O/ Q Pew .1 Ow/ “A=1 Pgy/?n

i
where

X

w; D P Wi
j
X

Wi D Pi Wi
[

For more information, see Fleiss, Cohen, and Everitt (1969).

Con dence limits for the weighted kappa coef cient are computed as
p__
Q Z- Var. Q,/

wherez -, isthel00.1 =2/ th percentile of the standard normal distribution. The value isfdetermined
by the ALPHA= option; by default ALPHA=0.05, which produces 95% con dence limits.

PROC FREQ provides an asymptotic test for the weighted kappa coef cient. By default, the null hypothesis
value of weighted kappa is 0; alternatively, you can specify a nonzero null value of weighted kappa (by using
the AGREE(NULLWTKAPPA=) option in the TABLES statement). When the null value of weighted kappa
is nonzero, PROC FREQ computes the test statistic as

p__
zD.Q wo /= Var.Ql

where , o/ is the null value that you specify anthr. Q,/ is the variance of the weighted kappa coef cient.

When the null value of weighted kappa is 0, PROC FREQ computes the test statistic as
p__
zD Q, = Varg.Q/

whereVarg. @,/ is the variance of the weighted kappa coef cient under the null hypothesis (that weighted
kappa is 0) and is computed as
0 1
X X 5
Varo.Q/ D @ pip; wj .W; CW;/
i

P2

e.w/

A=1 Pewl/*n

This test statistic has an asymptotic standard normal distribution under the null hypothesis. For more
information, see Fleiss, Levin, and Paik (2003).

PROC FREQ also provides an exact test for the weighted kappa coef cient. You can request the exact test by
specifying the KAPPA or AGREE option in the EXACT statement. For more information, see the section
“Exact Statistics” on page 2917.
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Kappa 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 the AGREE(WT=FC) option, 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
Cc G

whereC; is the score for columnandC is the number of categories or columns. For more information, see
Cicchetti and Allison (1971).

Wile

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. For more information,
see the section “Scores” on page 2850. 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 0, 2, 4, and
10, the Cicchetti-Allison kappa weights take the following valugs; = 0.8,w13 = 0.6,w14 = 0,w>3 = 0.8,

wy4 = 0.2, andws4 = 0.4. Note that when there are only two categories (th& is,2), the weighted kappa

coef cient is identical to the simple kappa coef cient.

If you specify the AGREE(WT=FC) option in the TABLES statement, PROC FREQ computes Fleiss-Cohen
kappa coef cient weights as

Ci G /2
.Cc Cy/2

For more information, see Fleiss and Cohen (1973).

wj D1

For the preceding example, the Fleiss-Cohen kappa weightg;are 0.96,w13 = 0.84,w14 = 0, Wp3 =
0.96,W24 =0.36, andN34 =0.64.

Prevalence-Adjusted Bias-Adjusted Kappa
When you specify the AGREE(PABAK) option, PROC FREQ provides the prevalence-adjusted bias-adjusted
kappa coef cient (PABAK) (Byrt, Bishop, and Carlin 1993). This coef cient is computed as

QD.P, 1=R/ =.1 1=K/

whereP, D P i pii andRis the dimension of the square, two-way table. The compdPgrs the proportion

of observed agreement, and the comporieR represents the chance-expected agreement. When the table
is2 2, QD 2P, 1. Formore information, see Sim and Wright (2005), Xie (2013), and Holley and
Guilford (1964).

PROC FREQ computes the variance of the prevalence-adjusted bias-adjusted kappa as
Var.Q/ D .R=.R 1/?.Py.1 Pol=n/

Con dence limits are computed as
Q Z-p P Var. Q/

wherez -, isthel00.1 =2/th percentile of the standard normal distribution. The value isfdetermined
by the ALPHA= option; by default ALPHA=0.05, which produces 95% con dence limits.
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AC1 Agreement Coef cient
When you specify the AGREE(AC1) option, PROC FREQ provides Gwet's rst-order agreement coef cient,
AC1 (Gwet 2008). This coef cient is computed as

OD Py Pe; =1 Pey

P P
whereP, D, pii,Pe D ;6.1 e&/=R 1/,ande D .p; C pi/=2 The componenP, is the
proportion of observed agreement, and the compoRgnt represents the proportion of chance-expected
agreement. For more information, see Xie (2013) and Blood and Spratt (2007).

PROC FREQ computes the variance of AC1 as
Var.OD Po.l Po/ 41 OA C41 O?B =nl1 P, /?

where

X
AD pi.l e/=R 1 PoPe,

i
X X X
B D pj 1 eCg/=2°=R 17 P2,

i

Con dence limits for AC1 are computed as

p
O Z-» Var. O

wherez —, isthel100.1 =2/ th percentile of the standard normal distribution. The value isfdetermined
by the ALPHA= option; by default ALPHA=0.05, which produces 95% con dence limits.

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

Var. Q/ D1 Var. @/

G D

hD1
For more information, see Fleiss, Levin, and Paik (2003).

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:

xd
Qk D .Q O7/%=Var.Q/

hD1

Under the null hypothesis of equal kappas forgredrata,Qx has an asymptotic chi-square distribution with
01 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.
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Cochran's Q Test
Cochran'sQ is computed for multiway tables when each variable has two levels, that 8, f@r 2
tables. Cochran'§ statistic is used to test the homogeneity of the one-dimensional margins daxtote

the number of variables ardl denote the total number of subjects. Cochr@q'statistic is computed as
0 1 [

X0 X
QcDmm 1@ T2 T?A= mT S?
jb1 kD1

whereT; is the number of positive responses for varigbleis the total number of positive responses over

all variables, an@y is the number of positive responses for subjedtinder the null hypothesis, Cochran's

Q has an asymptotic chi-square distribution withl degrees of freedom. For more information, see Cochran
(1950). When there are only two binary response varialme), Cochran'®Q 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.

Tables with Zero-Weight Rows or Columns

The AGREE statistics are de ned only for square tables, where the number of rows equals the number of
columns; if a table is not square, PROC FREQ does not compute AGREE statistics for the table. In the
kappa statistic framework, where two independent raters assign ratings to eeshpécts, suppose one of

the raters does not use all possibleting levels. If the corresponding table containews but onlyr—1

columns, the table is not square and PROC FREQ does not compute AGREE statistics. To create a square
table in this situation, you can use the ZEROS option in the WEIGHT statement, which includes zero-weight
observations in the analysis. You can 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. When you use this input data set and specify the ZEROS option, the
analysis 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 in the WEIGHT statement. By default, PROC
FREQ does not process observations that have weights of 0 because these observations do not contribute
to the total frequency count, and because many of the tests and measures of association are unde ned for
tables that contain zero-weight rows or columns. However, kappa statistics are de ned for tables that contain
zero-weight rows or columns, and the ZEROS option enables you to input zero-weight observations and
construct the tables needed to compute kappa statistics.

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 reque#t*B*C*D, the CMH option provides an analysis of the relationship betwzandD, 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. Fartables, the CMH option

also provides Mantel-Haenszel and logit estimates of the common odds ratio and the common relative risks,
in addition to 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
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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 tabje
denote the cell frequency in ronand columrj by np; , with corresponding row and column marginal totals
denoted by andny; , and the overall stratum total oy, .

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 traffsposed

NS D .NpigiNpig;iiinpic/ .1 CJ
e D .ndind il 1 RC/
Phi D Ny =m 1 1
Phj D npj =m 1 1
PO D .pra;Pn2iiiiiPr/ 1 R/
Ph D .phiPn2iiiiiPnc/ 1 CJ/

Assume that the strata are independent and that the marginal totals of each stratum are xed. The null
hypothesisH g, is that there is ho 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,

mp D E@, jHo*D ny.P, Py /

Var@, jHo*D ¢ .Dpp Py P) / .Dpn Pn PQ/
where

cDn=n, 1

and where denotes Kronecker product multiplication abd 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 GV G

where
X
G D Bn.n, my/
h
X
Vg D By, .Var@, j Ho*/ B
h
and where

B,DC, Ry
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is a matrix of xed constants based on column scaZgsand row score®y,. 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.

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 1 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 béamenin at
least one stratum. If eithet or Y does not lie on an ordinal (or interval) scale, 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 2850 for more information about the available score types. The matrix of rowRgcores

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, whererg 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 ofis 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 scorg8;, has dimensiod C, and the column scores are determined by the SCORES=
option.

The matrix of row scoreRy, has dimensionR 1/ R and is created internally by PROC FREQ as

RhD@& 1; Jr 1°

wherelg 1 is an identity 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 ré&tistatistic that would be obtained from a one-way ANOVA

on the dependent variable If nonparametric scores are speci ed in this case, the ANOVA statistic is a
Kruskal-Wallis test.
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When there is more than one stratum, 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
contingency table of each stratum, this CMH statistic is identical to Friedman's chi-square. See Example 42.9

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 ma®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, the general association
CMH statistic reduces tQp .n  1/=n, whereQp is the Pearson chi-square statistic. When there is more

than one stratum, 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 statistic f@tables. For

more information, 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 # n # !

X X X X
MF D min Mh11 Npafe Nn11/u M1

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;, /| is the minimum possible value of the table cell frequency, .apg /y is the
maximum possible value,

My1 D Npp Nhp=m
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 for2 Tables” on page 2888 for more information on

these measures.

Throughout this sectiorz,denotes thd00.1 =2/ th 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 Estimator

The Mantel-Haenszel estimate of the common odds ratio is computed as
! !
X X
ORmn D Nh11 Nh22 =M = Nh12 Nh21 =Mk

h h

Itis always computed unless the denominator is 0. For more information, see Mantel and Haenszel (1959)
and Agresti (2002).

To compute con dence limits for the common odds ratio, PROC FREQ uses the Robins, Breslow, and
Greenland (1986) variance estimate forORyy /. Thel00.1 =2/ % con dence limits for the common
odds ratio are

ORmy exp. zQ ORmy expz®

where

G D \Qr. In.ORwy //

—n2
o M C Mn22/:Npay Moo/

P 2
2 | Np11 Npg2=My

_2
hER1 C Nyoo/ N2 Nhat/ € Nhap € Nhga /Ny Mg /*=N

2 | Npi1 N2 =My h Nhi2 Nh21 =Nk

_n2
h-Nh12 C Nha1/-Nhaz Nha1/=Ng

P — 2
2 | Npi2 N2 =My

Note that the Mantel-Haenszel odds ratio estimator is less sensitive torgnthin the logit estimator.
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Logit Estimator

The adjusted logit estimate of the common odds ratio (Woolf 1955) is computed as
|
X X '
ORL D exp Wh In.OR}/ = W,
h h

and the correspondin00.1  / % con dence limits are

0 0 1 0 11
S S

X— X—
@QOR, exp@ z= wpA; OR.  exp@z= wpA A
h h

whereORy, is the odds ratio for stratutm and

wh D 1=Var.In.ORy//

If any table cell frequency in a stratumis 0, PROC FREQ adds 0.5 to each cell of the stratum before
computingORy, andwy, (Haldane 1955) for the logit estimate. The procedure provides 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 Estimator

The Mantel-Haenszel estimate of the common relative risk for column 1 is computed as
| |
X X
RRwn D Nh11 N2 =N = Nh21 Nh1 = Mh
h h

It is always computed unless the denominator is 0. 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 ftovg. RRyvn /. Thel00.1 =2/ % con dence limits for the common relative
risk are

RRvy exp. zQ RRyy expz®

where
P

— 2
3D \Qr. In.RRyp; // D —phthe M2 Mn1  fnt Nhay /=1,

h Nh11 Nh2 =Ny 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 W In.RRy/ = Wh
h
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and the correspondin00.1  / % con dence limits are

0 0 S 1 0 S 11
X— X—
@QRR, exp@ z= whA; RR. exp@ = wpA A
h h

whereRRy, is the column 1 relative risk estimate for strathrand
wp D 1 =Var.In.RRy//

If Nh11 Or Ny is 0, PROC FREQ adds 0.5 to each cell of the stratum before comRRgandwy, for
the logit estimate. The procedure prints a warning when this occurs. For more information, see Kleinbaum,
Kupper, and Morgenstern (1982, Sections 17.4 and 17.5).

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 forgis¢rata are equal. When the null hypothesis is true,
the statistic has approximately a chi-square distribution gi#th degrees of freedom. See Breslow and Day
(1980) and Agresti (2007) for more information.

The Breslow-Day statistic is computed as

X
Qeo D .Nmi  E.Npgg j ORwn /1% =Var.npyy j ORww /
h

where E and Var denote expected value and variance, respectively. The summation does not include any table
that contains a row or column that has a total frequency of ORf,y equals O or if it is unde ned, 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@ap to make the resulting statistic asymptotically chi-square.
The Breslow-Day-Tarone statistic is computed as
!
X _ 2 X _
Qsor D QsD MNh11 Enp JORww /= Var.np j ORwmn /
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 stratied®® 2 tables. 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.
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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 el 2 tables. This computation assumes that the odds rgtio is constant
over all the2 2 tables. Exact con dence limits are constructed from the distributio & | np1,
conditional on the marginal totals of tlze 2 tables.

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, ; andny, », the lower and upper bounds for
Sy arel, anduy,,

lh D max.0; nyy npao!
u, D min.npy; npe/

Let Cs, denote the hypergeometric coef cient,
! !
Nh1 Nh 2

Cs, D
S N S

and let denote the common odds ratio. Then the conditional distributicsy, aé
X jg Up
P.ShDsyjni;ni;na/DCs, "= Cy *
x D Iy

P
Summing over allth@ 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;nNhy; Npol hD 1;:::;9/DCs S= C, X
x D |
where
I
X Y
CsD Cs,

s;C Csqy D s h
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Let s denote the observed sum of cell (1,1) frequencies oveq tebles. The following two equations are
solved iteratively for lower and upper con dence limits for the common odds ratiand »:

XD U XD u

Cx = Ck £ D =2
X D sg x D |
X)@so X)pu

Ck ;= Ck S D =2
x DI x DI

When the observed susy equals the lower bound PROC FREQ sets the lower con dence limit to 0 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. Settifng 1, the conditional distribution of the suBunder the
null hypothesis becomes
Xy u
Po.SDsjnup; Npp; ol WD 1;:::;9/D Cg = Cx
x D |
The point probability for this exact test is the probability of the observedsummder the null hypothesis,
conditional on the marginals of the strati & 2 tables, and is denoted IBp.so/. The expected value &
under the null hypothesis is
XD u Xy u
Eo.S/ D X Cy =
x D | x DI
The one-sided exagtvalue is computed from the conditional distributionR®sS >D sp/ or Po.S  so/,
depending on whether the observed sgis greater or less thdgy.S/,

Cx

XD u XD u

P1 D Pop.S>D /D Cy = Cx if s> Eg.S/
x D sp x DI
X)@so X)@u

P1 D Pp.S<D /D Cy = Cx if s5 Eo.S/
x D | 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-sigedhlue, setting the result equal to one if it exceeds one,

P2AD2 Py

In addition, a two-sideg-value is computed as the sum of all probabilities less than or equal to the point
probability of the (;(bserved sugrg, summing over all possible values®f | s u,

P, D Po.s/
| s uWg.s/ Pg.sg/

Also, a two-sideg-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 D Pqg. jS EQ.S/j j So Eo.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 more information, see Gail and Simon (1985); Silvapulle (2001); Dmitrienko
et al. (2005).

The Gail-Simon test is based on the risk differences in stra2ed? tables, where the risk difference is

de ned as the row 1 risk (proportion in column 1) minus the row 2 risk. For more information, see the section
“Risks and Risk Differences” on page 2874. By default, PROC FREQ uses column 1 risks to compute the
Gail-Simon test. If you specify the GAILSIMON(COLUMN=2) option, PROC FREQ uses column 2 risks.

PROC FREQ computes the Gail-Simon test statistics as described in Gail and Simon (1985),

X
Q D dp=s,/%1.d}, >0/
h

X
QC D dp=s,/21.dp <0/

h

Q D min.Q ;QC/

whered,, is the risk difference in tablp, s, is the standard error of the risk difference, dratl, > 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

p.Q / D 1 F,.Q /B.hiInDq;pD 0:5/
h
X

pQC/ D 1 FL,.QC//IB.hInD q;p D 0:5/
h
% 1

p.Q/ D 1 FL,.Q/BhInD.q 1/;p D05/

hD1

whereF,, . / is the cumulative chi-square distribution function whtkdegrees of freedom a®lh I n; p/ is
the binomial probability function with parameterandp. The statistidQ tests the null hypothesis of no
gualitative interaction. The statistig 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 fpeealues. 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 asyppéities

differing perhaps substantially from the exaetalues. Asymptotic results might also be unreliable when
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the distribution of the data is sparse, skewed, or heavily tied. See Agresti (2007) and Bishop, Fienberg,
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 memaory, 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, Cochran-Armitage test for trend, and the symmetry
test. PROC FREQ also computes exastlues for tests of the following statistics: Kendall's tauStuart's

tauc, SomersD.C jR/, SomersD.R jC/, Pearson correlation coef cient, Spearman correlation coef cient,
simple kappa coef cient, and weighted kappa coef cient. Bor2 tables, 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 stratted?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 thepxakies that PROC
FREQ computes, discuss the computational resource requirements, and describe the Monte Carlo estimation
option.

Computational Algorithms

PROC FREQ computes exgetalues 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-tr&due, 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.
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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
to improve the speed and memory requirements of the algorithm, PROC FREQ does not do this because it
can result in reduced accuracy of {walues.

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, PROC FREQ calculates the exact chi-square test
based on that null hypothesis.

Other exact computations are described in sections about the individual statistics. For information about
the computation of exact con dence limits and tests for the binomial proportion, see the section “Binomial
Proportion” on page 2866. For information about computation of exact con dence limits for the odds ratio, see
the subsection “Exact Con dence Limits” in the section “Con dence Limits for the Odds Ratio” on page 2889.
For information about other exact computations, see the subsection “Exact Unconditional Con dence Limits”
in the section “Con dence Limits for the Risk Difference” on page 2875, the subsection “Exact Unconditional
Con dence Limits” in the section “Con dence Limits for the Relative Risk” on page 2892, and the sections
“Exact Symmetry Test” on page 2902, “Exact Con dence Limits for the Common Odds Ratio” on page 2915
and “Zelen's Exact Test for Equal Odds Ratios” on page 2914.

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 larder than
McNemar's test, the symmetry test, and the one-way chi-square goodness-of- t test. Thp-eatr 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 eguale)) (

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-sipledlue. 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 &gdT / is the expected value of the test statistic under the
null hypothesis. PROC FREQ computes the two-sipkedlue as the sum of the one-sidedalue and the
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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 jt Eo.T/j/

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 exacpmaues. 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 npelvalue

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
and require much less computer time and memory. When asymptotic methods might not be suf cient for
such large problems, consider using Monte Carlo estimation of pxaaities, as described in the section
“Monte Carlo Estimation” on page 2921.

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. For a xed total sample
size, time and memory requirements tend to increase as the number of rows and number of columns increase
because the number of tables in the reference set increases. Also for a xed sample size, time and memory
requirements tend to increase as the marginal row and column totals become more homogeneous. For more
information, see Agresti, Mehta, and Patel (1990) and Gail and Mantel (1977).

When PROC FREQ is computing exgevalues, you can terminate the computations by pressing the system
interrupt key sequence (see tBAS Companiofor 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 any pxaaities 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 pxadtie. If PROC FREQ does not nish computing

an exacp-value within that time, it terminates the computation and completes all other remaining tasks.
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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®@l / % con dence limits. The ALPHA=

option in the EXACT statement determines the con dence leydly default, ALPHA=0.01, which produces

99% con dence limits. The Nroption 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 valige for
improve the precision of the Monte Carlo estimates. Because larger valoggograte more samples, the
computation time increases. Alternatively, you can specify a smaller valu&aktduce 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 thealue 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-sigedhlue 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 faP, given in the section “De nition ofp-Values” on page 2919.

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
seMic/D  Fc .1 Fhc/=.N U
PROC FREQ constructs asymptotic con dence limits forphealues according to

Fic 2, seMQc/

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

When the Monte Carlo estimak)c is 0, PROC FREQ computes the con dence limits for phealue as

.01 NTy
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When the Monte Carlo estima)c is 1, PROC FREQ computes the con dence limits as

1=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
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 cell frequencies of 0. Thus, if the numeric variabsandC each have 10 levels,
PROC FREQ requires 2520 bytes to store the variable levels for the table ragBésy, 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. In addition, 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 2845.

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
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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 2935 for more
information.

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, suchg®, C, andD in the table reque#*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)-feay 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:



2924 F Chapter 42: The FREQ Procedure

proc freq;
tables A A B / out=D;
run;

The output data s contains frequencies and percentages for the tabdbyfB, 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 0 or missing, the output data@tcludes six observations, one for each combination of
A andB levels. The rst observation correspondsAel andB=1; the second observation corresponda+td
andB=2; and so on. The data set includes the variaBl@eegNT andPERCENT. The value ofCOUNT is

the number of observations with the given combinatioA @indB levels. The value OPERCENT is the
percentage of the total number of observations with AhahdB 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 vatablehe 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 tablkedor 1 and 2. If you create an
output data set with the frequency counts, the internal values of the levglaref1.1 and 1.7. To report the
internal values oK when you display the output data set, use a format of 3.X for

Contents of the OUTPUT Statement Output Data Set

The OUTPUT statement creates a SAS data set that contains statistics computed by PROC FREQ. Table 42.7
lists the statistics that can be stored in the output data set. You identify which statistics to include by
specifyingoutput-options. For more information, see the description of the OUTPUT statement.

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, such asndB 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.
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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 dence-Viatitss,
and degrees of freedom are formed by combiningotitput-option names with pre xes that identify the
associated values. Table 42.21 lists the pre xes and their descriptions.

Table 42.21 Output Data Set Variable Name Pre xes

Pre x Description

XP2_
XPL_
XPR_
XPT_
XMP_

XL
XU_

Asymptotic standard error (ASE)
Lower con dence limit

Upper con dence limit

Null hypothesis ASE
Standardized value

Degrees of freedom
p-value

Two-sidedp-value
Left-sidedp-value
Right-sidedp-value
Exactp-value

Exact two-sideg-value
Exact left-sidedy-value
Exact right-sideg-value
Exact point probability
Exact midp-value

Exact lower con dence limit
Exact upper con dence limit

For example, the PCHlutput-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

correspondingp-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. For more
information, see the section “Grouping with Formats” on page 2845. The “Number of Variable Levels” table

contains the following information:

Variable name

Levels, which is the total number of levels of the variable
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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

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 exaqi-k@tle for the
chi-square test.
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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
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 Bibiétial-
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 EQbifdgmial-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.
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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.

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-veay 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
the column variable name and values

Frequency, which is the number of observations in the table cell. (The NOFREQ option suppresses
this information.)
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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
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-Squat (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 thepMidlue 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 largegr 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 thepMidlue 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 exacpmadue 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 MC option in the EXACT statement, PROC FREQ displays Monte Carlo estimates
for all exactp-values that you request in the EXACT statement. The Monte Carlo output includes the
p-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 MEASURES option, PROC FREQ displays the following statistics and their
asymptotic standard errors (ASE) for each two-way table: Gamma, Kendall'b, twart's Taue,
SomersD.C jR/, SomersD.R jC/, Pearson Correlation, Spearman Correlation, Lambda Asymmetric
.CjR/, Lambda AsymmetricRjC/, Lambda Symmetric, Uncertainty Coef cier€ jR/, Uncertainty
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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 polychoric correlation and its asymptotic
standard error (ASE). F@ 2tables, this statistic is known as the tetrachoric correlation (and is labeled
as such in the displayed output). If you specify the CL option, PROC FREQ also displays con dence
limits for the polychoric correlation. If you specify the PLCORR option in the TEST statement, PROC
FREQ displays the polychoric correlation, asymptotic standard error (ASE), con dence limits, and the
following: the standardized test statistic (Z), the corresponding one-sided and two-sided probability
values, the likelihood ratio (LR) chi-square, and the probability value (Pr > ChiSq).

If you specify the GAMMA, KENTB, STUTC, SMDCR, SMDRC, PCORR, or SCORR option in

the TEST statement, PROC FREQ displays asymptotic tests for Gamma, Kendalbis Sawart'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 (Z), 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 (Z), 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 Mig-Value for each test.

If you specify the RISKDIFF option foR 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 (Agresti-Caffo, Exact, Hauck-Anderson,
Miettinen-Nurminen, Newcombe, or Wald).

If you specify the RISKDIFF(NONINF) option fa2 2 tables, PROC FREQ displays the “Noninferior-
ity Analysis for the Risk Difference” table, which includes the Risk Difference, test ASE, standardized
test statistic Z, probability value (Pr > Z), Noninferiority Limit, and (test-based) Con dence Limits.

If you specify the RISKDIFF(SUP) option f& 2 tables, PROC FREQ displays the “Superiority
Analysis for the Risk Difference” table, which includes the Risk Difference, test ASE, standardized
test statistic Z, probability value ( Pr > Z), Superiority Limit, and (test-based) Con dence Limits.
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If you specify the RISKDIFF(EQUIV) option fo2 2 tables, PROC FREQ displays the “Equivalence
Analysis for the Risk Difference” table, which includes the Risk Difference, test ASE, Equivalence
Limits, and (test-based) Con dence Limits. PROC FREQ also displays the “Two One-Sided Tests
(TOST)” table, which includes test statistics (Z) and P-Values for the Lower Margin and Upper Margin
tests, along with the Overall P-Value.

If you specify the RISKDIFF(EQUAL) option fo2 2 tables, PROC FREQ displays the “Risk
Difference Test” table, which includes the Risk Difference, test ASE, standardized test statistic Z,
One-sided probability value (Pr > Z or Pr < Z), and Two-sided probability value (Pr > |Z|).

If you specify the MEASURES option or the RELRISK option fdr 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 “Con dence Limits for
the Odds Ratio” table, which includes the Lower and Upper Con dence Limits for each con dence
limit Type that you request (Exact, Mid-p, Likelihood Ratio, Score, Wald, or Wald Modi ed).

If you specify the RELRISK(CL=) option fo2 2 tables, PROC FREQ displays the “Con dence
Limits for the Relative Risk” table, which includes the Lower and Upper Con dence Limits for each
con dence limit Type that you request (Exact, Likelihood Ratio, Score, Wald, or Wald Modi ed).

If you specify the RELRISK(NONINF) option, PROC FREQ displays the “Noninferiority Analysis for
the Relative Risk” table, which includes the Relative Risk, standardized test statistic Z, probability
value (Pr > Z), Noninferiority Limit, and Con dence Limits.

If you specify the RELRISK(SUP) option, PROC FREQ displays the “Superiority Analysis for the
Relative Risk” table, which includes the Relative Risk, standardized test statistic Z, probability value
(Pr > Z), Superiority Limit, and Con dence Limits.

If you specify the RELRISK(EQUIV) option, PROC FREQ displays the “Equivalence Analysis for the
Relative Risk” table, which includes the Relative Risk, Equivalence Limits, and Con dence Limits.
PROC FREQ also displays the “Two One-Sided Tests(TOST)” table, which includes test statistics (2)
and P-Values for the Lower Margin and Upper Margin tests, along with the Overall P-Value.

If you specify the RELRISK(EQUAL) option, PROC FREQ displays the “Relative Risk Test” table,
which includes the Relative Risk, standardized test statistic Z, One-sided probability value (Pr > Z or
Pr < Z), and Two-sided probability value (Pr > |Z]).

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.
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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 option fora 2 table, PROC FREQ displays the “McNemar's Test” table.
This table includes the McNemar test statistic (chi-square), the degrees of freedom, pavahliine |If

you specify the MCNEM option in the EXACT statement, this table also includes the pxatte. If

you specify the POINT option or the MIDP option in the EXACT statement, the “McNemar's Test”
table includes the exact point probability or the exact pridhlue, respectively.

If you specify the AGREE option for a square table of dimension greater than 2, PROC FREQ displays
the “Symmetry Test” table. This table displays Bowker's symmetry test statistic (chi-square), the
degrees of freedom, and thevalue. If you specify the SYMMETRY option in the EXACT statement,
this table also includes the exgevalue. If you specify the POINT option or the MIDP option in the
EXACT statement, the “Symmetry Test” table includes the exact point probability or the exact mid
p-value, respectively.

The AGREE option also produces the “Kappa Statistics” table, which displays the simple kappa
coef cient. If the dimension of the two-way table is greater than 2, the “Kappa Statistics” table includes
the weighted kappa coef cient. If you specify the AGREE(AC1) option or the AGREE(PABAK)
option, this table includes the AC1 agreement coef cient or the prevalence-adjusted bias-adjusted
kappa (PABAK), respectively. The “Kappa Statistics” table displays the standard error and con dence
limits for each agreement statistic.

If you specify the AGREE(KAPPADETAILS) option, PROC FREQ displays the “Kappa Details” table,
which includes the observed agreement, the chance-expected agreement, the maximum kappa, and the
B_N measure. Fa2 2 tables, the “Kappa Details” table also includes the prevalence index and the
bias index.

If you specify the AGREE(WTKAPPADETAILS) or AGREE(KAPPADETAILS) option for a square

table of dimension greater than 2, PROC FREQ produces the “Weighted Kappa Details” table, which
displays the observed agreement and the chance-expected agreement components of the weighted
kappa coef cient.

If you specify the AGREE(PRINTKWTS) option for a square table of dimension greater than 2, PROC
FREQ displays the matrix of agreement weights in the “Kappa Coef cient Weights” table.

If you request a simple kappa coef cient test, PROC FREQ produces the “Kappa Test” table. You can
request this test by specifying the KAPPA option in the TEST statement, the KAPPA option in the
EXACT statement, or the AGREE(NULLKAPPA=) option in the TABLES statement. The “Kappa
Test” table displays the kappa coef cient, null test value, standard error (when the null value is 0),
standardized test statistic (Z), and one-sided and two-gidedues.

If you request an exact test (by specifying the KAPPA option in the EXACT statement), the “Kappa
Test” table also includes the exact one-sided and two-gdedues. If you specify the POINT option

or the MIDP option in the EXACT statement, the “Kappa Test” table includes the point probability or
the exact migp-value, respectively.
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If you request a weighted kappa coef cient test for a square table of dimension greater than 2,
PROC FREQ produces the “Weighted Kappa Test” table. You can request this test by specifying the
WTKAPPA option in the TEST statement, the WTKAPPA option in the EXACT statement, or the
AGREE(NULLWTKAPPA=) option in the TABLES statement. The “Weighted Kappa Test” table
displays the weighted kappa coef cient, null test value, standard error (when the null value is 0),
standardized test statistic (Z2), and one-sided and two-gidedues.

If you request an exact test (by specifying the WTKAPPA option in the EXACT statement), the
“Weighted Kappa Test” table also includes the exact one-sided and twosidddes. If you specify

the POINT option or the MIDP option in the EXACT statement, the “Weighted Kappa Test” table
includes the point probability or the exact npdralue, respectively.

If you specify the AGREE option for a multiway square table, PROC FREQ displays the “Overall
Kappa Coef cients” table, which includes the overall simple kappa coef cient together with its standard
error and con dence limits. This table also includes the overall weighted kappa coef cient if the
two-way table dimension is greater than 2.

For multiway square tables, the AGREE option also produces the “Tests for Equal Kappa Coef cients”
table. This table includes the chi-square statistic, degrees of freedomps\aatae for the test of equal
simple kappa coef cients (over all strata). If the two-way table dimension is greater than 2, this table
also includes the test for equal weighted kappa coef cients.

For multiway2 2 tables, the AGREE option displays the “Cochran's Q” table, which includes
Cochran's Q statistic (to test for marginal homogeneity), the degrees of freedom, gndahue.

If you specify the COMMONRISKDIFF option for a multiwa® 2 table, PROC FREQ displays the
“Con dence Limits for the Common Risk Difference” table, which includes the Method, Value of the
common risk difference, Standard Error, and Con dence Limits for each con dence limit type that you
request (Mantel-Haenszel, Minimum Risk, Newcombe, Newcombe MR, or Summary Score).

If you specify the COMMONRISKDIFF(TEST) option for a multiwédy 2 table, PROC FREQ
displays the “Common Risk Difference Tests” table, which includes Method, Risk Difference, Z, and
Pr > |Z| for each test that you request (Mantel-Haenszel, Minimum Risk, or Summary Score).

If you specify the COMMONRISKDIFF(PRINTWTS) option for a multiway 2 table, PROC FREQ
displays the “Stratum Weights” table, which includes the following information for each str&ur (
table): Stratum index, variable levels, Risk Difference, Frequency, Fraction, Mantel-Haenszel Weight,
and Minimum Risk Weight.

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 for 2tables. FoR 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).
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If you specify the CMH option in the TABLES statement and also specify the COMOR option in the
EXACT statement for a multiwvag 2 table, PROC FREQ displays exact con dence limits for the Com-
mon Odds Ratio. PROC FREQ also displays the Exact Tdd0ofCommon Odds Ratio = T'he 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

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 multiwvag 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 multingy 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 42.22 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 42.22 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 ( 2 2table)
CMH Cochran-Mantel-Haenszel TABLES CMH

statistics

Chisq Chi-square tests TABLES CHISQ
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Table 42.22 continued
ODS Table Name  Description Statement Option
CochransQ Cochran® TABLES AGREEf 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 L 2 2table)
CommonPdiff Common risk difference TABLES COMMONRISKDIFF
con dence limits O 2 2table)
CommonPdiffTests Common risk difference tests TABLES COMMONRISKDIFF(TESTS)
(h 2 2table)
CommonRelRisks  Common relative risks TABLES CMH (2 2table)
CrossList Crosstabulation table TABLES CROSSLIST
in column format O-way tablen> 1)
CrossTabFregs Crosstabulation table TABLES n-w@y tablen> 1)
EqualKappaTest Test for equal simple kappas TABLES AGREE
(h 2 2table)
EqualKappaTests Tests for equal kappas TABLES AGREE
(h r rtableyr>2)
EqualOddsRatios Tests for equal odds ratios EXACT EQOR
(h 2 2table)
GailSimon Gail-Simon test TABLES GAILSIMON
(h 2 2table)
FishersExact Fisher's exact test EXACT FISHER
or TABLES FISHER or EXACT
or TABLES CHISQ@ 2table)
FishersExactMC Monte Carlo estimates EXACT FISHER / MC
for Fisher's exact test
Gamma Gamma TEST GAMMA
GammaTest Gamma test TEST GAMMA
JTTest Jonckheere-Terpstra test TABLES JT
JTTestMC Monte Carlo estimates for EXACT JT/MC
Jonckheere-Terpstra exact test
KappaDetails Kappa details TABLES AGREE(KAPPADETAILS)
KappaMC Monte Carlo exact test for EXACT KAPPA / MC
simple kappa coef cient
KappasStatistics Kappa statistics TABLES AGREE
KappaTest Simple kappa test TEST KAPPA
or EXACT KAPPA
or TABLES AGREE(NULLKAPPA=)
KappaWeights Kappa weights TABLES AGREE(PRINTKWTS)
List List format multiway table TABLES LIST
LRChiSq Likelihood ratio chi-square EXACT LRCHI

exact test
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Table 42.22 continued
ODS Table Name  Description Statement Option
LRChiSgMC Monte Carlo exact test for EXACT LRCHI/MC
likelihood ratio chi-square
MantelFleiss Mantel-Fleiss criterion TABLES CMH(MANTELFLEISS)
(h 2 2table)
McNemarsTest McNemar's test TABLES AGREE ( 2table)
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 rtable,r>2)
PdiffCLs Risk difference TABLES RISKDIFF(CL=)
con dence limits @ 2table)
PdiffEquiv Equivalence analysis TABLES RISKDIFF(EQUIV)
for the risk difference 4 2table)
PdiffEquivTest Equivalence test TABLES RISKDIFF(EQUIV)
for the risk difference 4 2table)
PdiffNoninf Noninferiority test TABLES RISKDIFF(NONINF)
for the risk difference 4 2table)
PdiffSup Superiority test TABLES RISKDIFF(SUP)
for the risk difference 4 2table)
PdiffTest Risk 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
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Table 42.22 continued
ODS Table Name  Description Statement Option
PearsonCorrMC Monte Carlo exact test for EXACT PCORR/MC
Pearson correlation
PearsonCorrTest Pearson correlation test TEST PCORR
or EXACT PCORR
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)
RelriskEquiv Equivalence analysis TABLES RELRISK(EQUIV)
for the relative risk 2 2table)
RelriskEquivTest Equivalence test TABLES RELRISK(EQUIV)
for the relative risk 2 2table)
RelriskNoninf Noninferiority test TABLES RELRISK(NONINF)
for the relative risk 2 2table)
RelriskSup Superiority test TABLES RELRISK(SUP)
for the relative risk 2 2table)
RelriskTest Relative risk test TABLES RELRISK(EQUAL)
(2 2table)
RiskDiffCol1 Column 1 risk estimates TABLES RISKDIFR ( 2table)
RiskDiffCol2 Column 2 risk estimates TABLES RISKDIFE ( 2table)
RowScores Row scores TABLES SCOROUT
SomersDCR Somer®.C jR/ TEST SMDCR
or EXACT SMDCR
SomersDCRMC Monte Carlo exact test for EXACT SMDCR/MC
Somers'D.C jR/
SomersDCRTest Somers.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 SomeB'.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
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Table 42.22 continued
ODS Table Name  Description Statement Option
SpearmanCorrTest  Spearman correlation test TEST SCORR
or EXACT SCORR
StratumWeights Stratum weights and TABLES COMMONRISKDIFF
risk differences it 2 2table)
SymmetryTest Symmetry test TABLES AGREE
SymmetryMC Monte Carlo exact EXACT SYMMETRY / MC
symmetry test
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
Stuart's taue
TauCTest Stuart's taatest TEST STUTC
or EXACT STUTC
TrendTest Cochran-Armitage trend test TABLES TREND
TrendTestMC Monte Carlo exact test EXACT TREND / MC
for trend
WtKappaDetails Weighted kappa details TABLES AGREE(WTKAPPADETAILS)
WtKappaMC Monte Carlo exact test for EXACT WTKAPPA / MC
weighted kappa coef cient
WitKappaTest Weighted kappa test TEST WTKAPPA
or EXACT WTKAPPA
or TABLES AGREE(NULLWTKAPPA=)

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 615 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 614 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
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CUMFREQPLOTplot-request, respectively, in the PLOTS= option. To produce a mosaic plot, you must
specify the MOSAICPLOTplot-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 42.23 lists the names 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.

Table 42.23 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 AGREEB ( r r table)
MosaicPlot Mosaic plot MOSAICPLOT Two-way or multiway table request
ORPIlot Odds ratio plot ODDSRATIOPLOT MEASURES, OR,

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 AGRBE (r r table,r >2)

Examples: FREQ Procedure

Example 42.1: 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&Zskir:

data Color;
input Region Eyes $ Hair $ Count @@;
label Eyes =Eye Color
Hair =Hair Color
Region= Geographic Region;
datalines;
1 blue fair 23 1 blue red 7 1 blue medium 24
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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

TTNDNDNDNPRP 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 tabeyar, a frequency table fadair, and a crosstabulation

table forEyes by Hair. The OUT= option creates thieeqCount data set, which contains the crosstabulation
table frequencies. The OUTEXPECT option outputs the expected table cell frequer@iegtount, and

the SPARSE option includes cell frequencies of 0 in the output data set. The WEIGHT statement speci es
that the variableCount contains the observation weights. These statements create Output 42.1.1 through
Output 42.1.3.

proc freq data=Color;
tables Eyes Hair Eyes *Hair / out=FregqCount 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 42.1.1 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@upnt 42.1.2

with eye color de ning the table rows and hair color de ning the table columns. A cell frequency of O for
green eyes and black hair indicates that this eye and hair color combination does not occur in the data.

The output data séreqCount (Output 42.1.3) contains frequency counts and percentages for the last table
requested in the TABLES statemeRtjes by Hair. Because the SPARSE option is speci ed, the data set
includes the observation that has a frequency of 0. The variadplected contains the expected frequencies,

as requested by the OUTEXPECT option.

Output 42.1.1 Frequency Tables
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Output 42.1.1 continued

Output 42.1.2 Crosstabulation Table
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Output 42.1.3 Output Data Set of Frequencies

Example 42.2: Frequency Dot Plots
This example produces frequency dot plots for the children's eye and hair color data from Example 42.1.

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 pks-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 tableHair and a crosstabulation table Byes 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 taégyioh by Hair and a frequency dot plot for

this table. The SCALE=PERCENdIot-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;
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Output 42.2.1, Output 42.2.2, and Output 42.2.3 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 42.2.2 and
Output 42.2.3) is GROUPVERTICAL. Two-way layouts STACKED and GROUPHORIZONTAL are also
available.

Output 42.2.1 One-Way Frequency Dot Plot
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Output 42.2.2 Two-Way Frequency Dot Plot
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Output 42.2.3 Two-Way Percent Dot Plot

Example 42.3: Chi-Square Goodness-of-Fit Tests

This example examines whether the children's hair color (from Example 42.1) 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



Example 42.3: Chi-Square Goodness-of-Fit Tests F 2947

of the default type, which is a bar chart. ODS Graphics must be enabled before producing plots. These
statements produce Output 42.3.1 through Output 42.3.4.

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 42.3.1 Frequency Table and Chi-Square Test for Region 1

Output 42.3.1 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 42.3.2 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 42.3.2 Deviation Plot for Region 1

Output 42.3.3 and Output 42.3.4 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 42.3.3 Frequency Table and Chi-Square Test for Region 2
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Output 42.3.3 continued

Output 42.3.4 Deviation Plot for Region 2

Example 42.4: 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 42.1. 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.
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The following PROC FREQ statements compute the proportion of children with brown eyes (from the data
setin Example 42.1) and test the null hypothesis that the population proportion equals 50%. These statements
also compute an equivalence test for the proportion of children with fair hair.

The rst TABLES statement requests a one-way frequency table for the vatigbie 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 is
0.5. You can specify a different test proportion in thedfomial-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 veldabEhe 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 42.4.1 displays the results for eye color, and Output 42.4.2 displays the results for hair color.

Output 42.4.1 Binomial Proportion for Eye Color
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Output 42.4.1 continued

The frequency table in Output 42.4.1 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 42.4.1 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®fs less than 0, PROC FREQ displays the a left-sigledlue (0.0019).

This smallp-value supports the alternative hypothesis that the true value of the proportion of children with
brown eyes is less than 50%.

Output 42.4.2 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 42.4.2 Binomial Proportion for Hair Color
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Example 42.5: 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
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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, and 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 42.5.1 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 42.5.1 Contingency Table

Output 42.5.2 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, and therefore a one-sided test is appropriate.
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; becausethizdue is small, the alternative hypothesis

is supported.

The odds ratio, displayed in Output 42.5.3, 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 42.5.2 Chi-Square Statistics
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Output 42.5.2 continued

Output 42.5.3 Relative Risk

Example 42.6: Output Data Set of Chi-Square Statistics

This example uses theolor data from Example 42.1 to output the Pearson chi-square and the likelihood
ratio chi-square statistics to a SAS data set. The following PROC FREQ statements create a two-way table of
eye color versus hair color.

proc freq data=Color order=data;
tables Eyes Hair / expected cellchi2 norow nocol chisq;
output out=ChiSgData n nmiss pchi Irchi;
weight Count;
titte Chi-Square Tests for 3 by 5 Table of Eye and Hair Color;
run;

proc print data=ChiSgData noobs;
tittel Chi-Square Statistics for Eye and Hair Color;
titte2 Output Data Set from the FREQ Procedure ;
run;

The EXPECTED option displays expected cell frequencies in the crosstabulation table, and the CELLCHI2
option displays the cell contribution to the overall chi-square. The NOROW and NOCOL options suppress
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the display of row and column percents in the crosstabulation table. The CHISQ option produces chi-square
tests.

The OUTPUT statement creates thieiSqData output data set and speci es the statistics to include. The N
option requests the number of nonmissing observations, the NMISS option stores the number of missing
observations, and the PCHI and LRCHI options request Pearson and likelihood ratio chi-square statistics,
respectively, together with their degrees of freedom@anelues.

The preceding statements produce Output 42.6.1 and Output 42.6.2. The contingency table in Output 42.6.1
displays eye and hair color in the order in which they appear iiCther data set. The Pearson chi-square
statistic in Output 42.6.2 provides evidence of an association between eye and haip=010073). The

cell chi-square values show that most of the association is due to more green-eyed children with fair or red
hair and fewer with dark or black hair. The opposite occurs with the brown-eyed children.

Output 42.6.3 displays the output data set created by the OUTPUT statement. It includes one observation
that contains the sample size, the number of missing values, and the chi-square statistics and corresponding
degrees of freedom arnEvalues as in Output 42.6.2.

Output 42.6.1 Contingency Table

Output 42.6.2 Chi-Square Statistics
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Output 42.6.3 Output Data Set

Example 42.7: Cochran-Mantel-Haenszel Statistics

The data seMigraine contains hypothetical data for a clinical trial of migraine treatment. Subjects of both
genders receive either a new drug therapy or a placebo. Their response to treatment is coded as "Better' or
“Same'. The data are recorded as cell counts, and the number of subjects for each treatment and response
combination is recorded in the varialiteunt.

data Migraine;
input Gender $ Treatment $ Response $ Count @@;
datalines;
female Active Better 16 female Active Same 11
female Placebo Better 5 female Placebo Same 20
male Active Better 12 male Active Same 16
male Placebo Better 7 male Placebo Same 19

The following PROC FREQ statements create a multiway table strati e@dnder, whereTreatment forms

the rows andresponse forms the columns. The RELRISK option in the TABLES statement requests the
odds ratio and relative risks for the two-way tablegehtment by Response. The PLOTS= option requests

a relative risk plot, which shows the relative risk and its con dence limits for each lev&tnder and overall.

The CMH option requests Cochran-Mantel-Haenszel statistics for the multiway table. For this st2ati2d

table, the CMH option also produces estimates of the common relative risk and the Breslow-Day test for
homogeneity of the odds ratios. The NOPRINT option suppresses the display of the crosstabulation tables.

ods graphics on;
proc freq data=Migraine;
tables Gender *Treatment *Response /
relrisk plots(only)=relriskplot(stats) cmh noprint;
weight Count;
title Clinical Trial for Treatment of Migraine Headaches;
run;
ods graphics off;

Output 42.7.1 through Output 42.7.4 show the results of the analysis. The relative risk plot (Output 42.7.1)
displays the relative risks and con dence limits for the two level§ehder and for the overall (common)
relative risk. Output 42.7.2 displays the CMH statistics. For a strat2ed? table, the three CMH statistics

test the same hypothesis. The signi cpatalue (0.004) indicates that the association between treatment and
response remains strong after adjusting for gender.

The CMH option also produces a table of overall relative risks, as shown in Output 42.7.3. Because this is a
prospective study, the relative risk estimate assesses the effectiveness of the new drug; the “Cohort (Coll
Risk)” values are the appropriate estimates for the rst column (the risk of improvement). The probability

of migraine improvement with the new drug is just over two times the probability of improvement with the
placebo.
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The largep-value for the Breslow-Day test (0.2218) in Output 42.7.4 indicates no signi cant gender difference
in the odds ratios.

Output 42.7.1 Relative Risk Plot

Output 42.7.2 Cochran-Mantel-Haenszel Statistics
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Output 42.7.3 CMH Option: Common Relative Risks

Output 42.7.4 CMH Option: Breslow-Day Test

Example 42.8: Cochran-Armitage Trend Test

The data seain contains hypothetical data for a clinical trial of a drug therapy to control pain. The clinical

trial investigates whether adverse responses increase with larger drug doses. Subjects receive either a placebo
or one of four drug doses. An adverse response is recordedvasse="Yes'; otherwise, it is recorded as
Adverse="No'. The number of subjects for each drug dose and response combination is contained in the
variableCount.

data pain;
input Dose Adverse $ Count @@;
datalines;
0 No 26 0O Yes 6
1 No 26 1 Yes 7
2 No 23 2 Yes 9
3 No 18 3 Yes 14
23

4 No 9 4 Yes

The following PROC FREQ statements provide a trend analysis. The TABLES statement requests a table of
Adverse by Dose. The MEASURES option produces measures of association, and the CL option produces
con dence limits for these measures. The TREND option tests for a trend across the ordinal values of the
variableDose with the Cochran-Armitage test. The PLOTS= option requests a mosaic pldvefse by

Dose.

The EXACT statement produces expetalues for this test, and the MAXTIME= option terminates the exact
computations if they do not complete within 60 seconds. The TEST statement computes an asymptotic test
for SomersD.R jC/.
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ods graphics on;
proc freq data=Pain;
tables Adverse *Dose / trend measures cl
plots=mosaicplot;
test smdrc;
exact trend / maxtime=60;
weight Count;
title Clinical Trial for Treatment of Pain;
run;
ods graphics off;

Output 42.8.1 through Output 42.8.4 display the results of the analysis. The “Col Pct” values in Output 42.8.1
show the expected increasing trend in the proportion of adverse effects with the increasing dosage (from
18.75% to 71.88%). The corresponding mosaic plot (Output 42.8.2) also shows this increasing trend.

Output 42.8.1 Contingency Table
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Output 42.8.2 Mosaic Plot

Output 42.8.3 displays the measures of association produced by the MEASURES option. SoR¢&s/
measures the association treating the row variakdedrse) as the response and the column variablesg)

as a predictor. Because the asymptotic 95% con dence limits do not contain 0, this indicates a strong positive
association. Similarly, the Pearson and Spearman correlation coef cients show evidence of a strong positive
association, as hypothesized.

The Cochran-Armitage test (Output 42.8.4) supports the trend hypothesis. The small left-salads

for the Cochran-Armitage test indicate that the probability of the Row 1 léublefse="No') decreases
asDose increases or, equivalently, that the probability of the Row 2 lexdlérse="Yes') increases as

Dose increases. The two-sidgsvalue tests against either an increasing or decreasing alternative. This

is an appropriate hypothesis when you want to determine whether the drug has progressive effects on the
probability of adverse effects but the direction is unknown.
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Output 42.8.3 Measures of Association

Output 42.8.4 Trend Test
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Example 42.9: Friedman's Chi-Square Test

Friedman's test is a nonparametric test for treatment differences in a randomized complete block design.

Each block of the design might be a subject or a homogeneous group of subjects. If blocks are groups of

subjects, the number of subjects in each block must equal the number of treatments. Treatments are randomly
assigned to subjects within each block. If there is one subject per block, the subjects are repeatedly measured
once under each treatment. The order of treatments is randomized for each subject.

In this setting, Friedman's test is identical to the ANOVA (row means scores) CMH statistic when the analysis
uses rank scores (SCORES=RANK). The three-way table uses subject (or subject group) as the stratifying
variable, treatment as the row variable, and response as the column variable. PROC FREQ handles ties by
assigning midranks to tied response values. If there are multiple subjects per treatment in each block, the
ANOVA CMH statistic is a generalization of Friedman's test.

The data settlypnosis contains data from a study investigating whether hypnosis has the same effect on skin
potential (measured in millivolts) for four emotions (Lehmann and D'Abrera 2006, p. 264). Eight subjects

are asked to display fear, joy, sadness, and calmness under hypnosis. The data are recorded as one observation
per subject for each emotion.

data Hypnosis;
length Emotion $ 10;

input Subject Emotion $ SkinResponse @@;

datalines;
1 fear 23.1 1 joy 22.7 1 sadness 22.5 1 calmness 22.6
2 fear 57.6 2 joy 53.2 2 sadness 53.7 2 calmness 53.1
3 fear 10.5 3 joy 9.7 3 sadness 10.8 3 calmness 8.3
4 fear 23.6 4 joy 19.6 4 sadness 21.1 4 calmness 21.6
5 fear 11.9 5 joy 13.8 5 sadness 13.7 5 calmness 13.3
6 fear 54.6 6 joy 47.1 6 sadness 39.2 6 calmness 37.0
7 fear 21.0 7 joy 13.6 7 sadness 13.7 7 calmness 14.8
8 fear 20.3 8 joy 23.6 8 sadness 16.3 8 calmness 14.8

In the following PROC FREQ statements, the TABLES statement creates a three-way table strati ed
by Subject and a two-way table; the variabl&mnotion and SkinResponse form the rows and columns

of each table. The CMH2 option produces the rst two Cochran-Mantel-Haenszel statistics, the option
SCORES=RANK speci es that rank scores are used to compute these statistics, and the NOPRINT option
suppresses the contingency tables. These statements produce Output 42.9.1 and Output 42.9.2.

proc freq data=Hypnosis;
tables Subject  *Emotion * SkinResponse /
cmh2 scores=rank noprint;
run;

proc freq data=Hypnosis;
tables Emotion  * SkinResponse /
cmh2 scores=rank noprint;
run;

Because the CMH statistics in Output 42.9.1 are based on rank scores, the Row Mean Scores Differ statistic
is identical to Friedman's chi-squar® € 6.45). Thep-value of 0.0917 indicates that differences in skin
potential response for different emotions are signi cant at the 10% level but not at the 5% level.
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When you do not stratify by subject, the Row Mean Scores Differ CMH statistic is identical to a Kruskal-
Wallis test and is not signi cantp(= 0.9038 in Output 42.9.2). Thus, adjusting for subject is critical to
reducing the background variation due to subject differences.

Output 42.9.1 CMH Statistics: Stratifying by Subject

Output 42.9.2 CMH Statistics: No Strati cation

Example 42.10: Cochran's Q Test

When a binary response is measured several times or under different conditions, CaQhesitesthat the
marginal probability of a positive response is unchanged across the times or conditions. When there are more
than two response categories, you can use the CATMOD procedure to t a repeated-measures model.

The data sebrugs contains data for a study of three drugs to treat a chronic disease (Agresti 2002). Forty-six
subjects receive drugs A, B, and C. The response to each drug is either favorable ("F') or unfavorable ("U").

proc format;
value $ResponseFmt F = Favorable

U = Unfavorable ;
run;

data drugs;
input Drug_A $ Drug_B $ Drug_ C $ Count @@;
datalines;

FFF 6 UFF 2

FF U116 UFU 4

FUF 2 UUF 6

FUU 4 Uuuu 6
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The following statements create one-way frequency tables of the responses to each drug. The AGREE option

produces Cochran® and other measures of agreement for the three-way table. These statements produce
Output 42.10.1 through Output 42.10.5.

proc freq data=Drugs;
tables Drug_A Drug_B Drug_C / nocum;
tables Drug_A *Drug_B=*Drug_C / agree noprint;
format Drug_A Drug_B Drug_C $ResponseFmt.;
weight Count;

titte Study of Three Drug Treatments for a Chronic Disease ;
run;

The one-way frequency tables in Output 42.10.1 provide the marginal response for each drug. For drugs
A and B, 61% of the subjects reported a favorable response; for drug C, 35% of the subjects reported a
favorable response. Output 42.10.2 and Output 42.10.3 display measures of agreement for the “Favorable'
and “Unfavorable' levels of drug A, respectively. McNemar's test shows a strong discordance between drugs
B and C when the response to drug A is favorable.

Output 42.10.1 One-Way Frequency Tables

Output 42.10.2 Measures of Agreement for Drug A Favorable
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