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Chapter 1

What's New in SAS/QC 14.2

Overview

SAS/QC 14.2 includes enhancements to the ANOM, CAPABILITY, CUSUM, MACONTROL,
RAREVENTS, and SHEWHART procedures.

ANOM, CUSUM, MACONTROL, and SHEWHART
Enhancements

The chart statements in the ANOM, CUSUM, MACONTROL, and SHEWHART procedures support the
following new options that enable you to control the markers that are used to plot subgroups in ODS
Graphics output when you specify asymbol-variable: MARKERDISPLAY=, MARKERDISPLAY2=,
MARKERLABEL=, MARKERLABEL2=, and MARKERMISSINGGROUP.

CAPABILITY Enhancements

The new FORCEQN and FORCESN options in the PROC CAPABILITY statement force the calculation
of the robust estimates of scaleQn andSn . By default, these statistics are not computed for large data sets
because the calculations can be very time-consuming.

RAREEVENTS Enhancements

The RAREEVENTS procedure is production in this release and includes the following enhancements:

� The DIST= option now supports the Weibull distribution.

� The COMPARE statement supports the new PROCESS= and REFERENCE= options, which provide
different ways to display the process data and the reference probability distribution in a comparison
plot.

� When a continuous distribution is in effect, the COMPARE statement now produces a table of goodness-
of-�t statistics that are based on the empirical distribution function (EDF).
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Chapter 2

Using This Book

Overview

The SAS/QC User's Guideprovides complete documentation, including introductory examples, syntax,
computational details, and advanced examples for the procedures in SAS/QC 14.2. In general, this book can
be used for all current releases of SAS/QC software, and it replaces and updates the information provided by
SAS/QC 14.1 User's Guide.

Point-and-click interfaces for basic statistical quality improvement methods and design of experiments are
also included in SAS/QC software. The SQC Menu System for statistical quality control applications is
described inSAS/QC Software: SQC Menu System, Version 6, First Edition. The ADX Interface for the
design and analysis of experiments is described inGetting Started with the SAS ADX Interface for Design of
Experiments.

NOTE : For releases beginning with SAS/QC 12.1 you must enter the follow statements before invoking the
SQC Menu System to ensure its proper operation:

ods graphics off;
ods html close;
ods listing;

Organization

This book is organized as follows.

Chapter 1, “What's New in SAS/QC 14.2,” provides information about the changes and enhancements to
SAS/QC software in SAS/QC 14.2.

Chapter 3, “Components of SAS/QC Software,” gives an overview of the tools provided by SAS/QC software
and their uses.

The majority of SAS/QC procedures produce graphs as an important part of their output. Chapter 4, “SAS/QC
Graphics,” describes the different approaches available for producing this graphical output.
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Each of the remaining chapters describes one SAS/QC procedure. These chapters appear in alphabetical order
by procedure name. The following list summarizes the types of information provided for each procedure:

Overview provides a general description of what the procedure does.
Getting Started illustrates simple uses of the procedure using tutorial ex-

amples.
Syntax constitutes the major reference section for the syntax of

the procedure. First, the statement syntax is summarized.
Next, functional summary tables list the options classi-
�ed by function. Finally, a dictionary of options, listed in
alphabetical order, provides details on each option.

Details describes features of the procedure, including equations,
computational methods, and input and output data sets.

Examples provides examples that illustrate common and advanced
applications of the procedure.

References lists books and journal articles relevant to the procedure.

Several of the SAS/QC procedures are quite large and support several statements that are described inde-
pendently within the procedure chapter. For example, the chapter describing the CAPABILITY procedure
contains a major section for each plot statement (such as the HISTOGRAM statement) supported by the
procedure. Each plot statement section contains its own “Overview,” “Getting Started,” “Syntax,” “Details,”
and “Examples” subsections.

Typographical Conventions

SAS/QC User's Guideuses various type styles, as explained in the following list:

roman is the standard type style used for most text.

UPPERCASE ROMAN is used for SAS statements, options, and other SAS language elements when
they appear in the text. However, you can enter these elements in your own SAS
programs in lowercase, uppercase, or a mixture of the two.

UPPERCASE BOLD is used in the “Syntax” sections' initial lists of SAS statements and options.

oblique is used for user-supplied values for options in the syntax de�nitions. In the text,
these values are written initalic.

helvetica is used for the names of variables and data sets when they appear in the text.

bold is used to refer to matrices and vectors.

italic is used for terms that are de�ned in the text, for emphasis, and for references to
publications.

monospace is used for example code. In most cases, this book uses lowercase type for SAS
code.



Conventions for Examples F 5

Conventions for Examples

Most of the output shown in this book is produced with the following SAS System options:

options linesize=80 pagesize=200 nonumber nodate;

The HTMLBLUE style is used to create the HTML output and graphs that appear in the online documentation.
A style template controls stylistic elements such as colors, fonts, and presentation attributes. The style
template is speci�ed in the ODS HTML statement as follows:

ods html style=htmlblue;

See Chapter 21, “Statistical Graphics Using ODS” (SAS/STAT User's Guide), for more information about
styles.

If you run the examples, you might get slightly different output. This is a function of the SAS System options
used and the precision used by your computer for �oating-point calculations.

The following GOPTIONS statement is used to create traditional graphics output (see Chapter 4, “SAS/QC
Graphics”).

filename GSASFILE �file-specification�;
goptions gsfname = GSASFILE

gsfmode = replace
fileonly
dev = png
htext = 2.6pct
htitle = 3.5pct
hsize = 6.4in
border
horigin = 0in
vorigin = 0in ;

Accessing the SAS/QC Sample Library

The SAS/QC sample library includes many examples that illustrate the use of SAS/QC software, including
the examples used in this documentation. To access these sample programs, select theHelp pull-down menu
and then selectSAS Help and Documentation. From theContentslist, chooseLearning to Use SASand
Sample SAS Programs. ChooseSAS/QCto bring up a list of sample programs.
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Chapter 3

Components of SAS/QC Software

Contents
Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

ADX Interface for Design of Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

SQC Menu System for Statistical Quality Control . . . . . . . . . . . . . . . . . . . . . . . 10

Procedures for Design of Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

Procedures for Control Chart Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Procedure for Process Capability Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . .13

Procedures for Basic Quality Problem Solving . . . . . . . . . . . . . . . . . . . . . . . . . 14

Procedure for Reliability Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Procedure for Analysis of Means . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Procedures for Multivariate Process Monitoring . . . . . . . . . . . . . . . . . . . . . . . . 17

Overview

SAS/QC software, a component of the SAS System, provides a comprehensive set of tools for statistical
quality improvement. You can use these tools to

� organize quality improvement efforts

� design industrial experiments for product and process improvement

� apply Taguchi methods for quality engineering

� establish statistical control of a process

� maintain statistical control and reduce variation

� analyze process capability

� develop and evaluate acceptance sampling plans
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Figure 3.1 Components of SAS/QC Software

There are two types of tools in SAS/QC software: interfaces and procedures.

� The interfaces are complete, full-screen-oriented environments for statistical quality-improvement
applications. Unlike with the procedures, using the interfaces requires no knowledge of SAS pro-
gramming. These include the SQC menu system and the ADX interfaces for statistical quality-control
applications.

� The procedures in SAS/QC software offer greater �exibility and power than the interface. To use a
procedure, you must have a basic knowledge of the SAS language and the syntax of the procedure.
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ADX Interface for Design of Experiments

The ADX Interface provides a solution for engineers
and researchers who require a point-and-click inter-
face for designing and analyzing experimental de-
signs.

Figure 3.2 General Design and Analysis Facilities

NOTE : For more information about the ADX Interface, seeGetting Started with the SAS ADX Interface for
Design of Experiments
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SQC Menu System for Statistical Quality Control

The SQC Menu System provides facilities for stan-
dard statistical quality-control applications and is in-
tended for quality analysts and quality-control man-
agers, rather than for statisticians.

Figure 3.3 Overview of the SQC Menu System

NOTE : The SQC Menu System is documented inSAS/QC Software: SQC Menu System for Quality Improve-
ment, Version 6, Second Edition.
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Procedures for Design of Experiments

The FACTEX procedure constructs factorial exper-
imental designs, which are useful for studying the
effects of various factors on a response. The OPTEX
procedure searches for optimal designs in situations
in which standard designs are not available.

Figure 3.4 Overview of the Experimental Design Procedures
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Procedures for Control Chart Analysis

TheSHEWHARTprocedure creates all commonly en-
countered Shewhart charts for variables and attributes.
The CUSUM procedure creates cumulative sum con-
trol charts. The MACONTROL procedure creates
moving average charts. The RAREEVENTS proce-
dure creates specialized control charts for rare events.

Figure 3.5 Overview of Control Chart Analysis Procedures
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Procedure for Process Capability Analysis

The CAPABILITY procedure compares the distribu-
tion of output from an in-control process to the spec-
i�cation limits of the process to determine the con-
sistency with which the speci�cation limits can be
met.

Figure 3.6 Overview of Process Capability Analysis Procedure
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Procedures for Basic Quality Problem Solving

The PARETO procedure creates charts that display
the relative frequency of problems in a process or
operation. The ISHIKAWA procedure creates a cause-
and-effect or �shbone diagram, which displays factors
that affect a quality characteristic or problem.

Figure 3.7 Overview of Quality Problem-Solving Procedures
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Procedure for Reliability Analysis

The RELIABILITY procedure provides tools for reli-
ability and survival data analysis and for recurrence
data analysis.

Figure 3.8 Overview of Reliability Analysis Procedure
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Procedure for Analysis of Means

The ANOM procedure provides tools for simultane-
ously comparing a group ofk treatment means with
their overall mean at a speci�ed signi�cance level� .
The procedure creates ANOM charts for various types
of response data, including continuous measurements,
proportions, and rates.

Figure 3.9 Overview of Analysis of Means Procedure
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Procedures for Multivariate Process Monitoring

The MVPMODEL procedure builds a principal com-
ponent model from multivariate process data. The
MVPMONITOR procedure creates multivariate con-
trol charts that are used to detect unusual variation
in the process. The MVPDIAGNOSE procedure pro-
duces plots that can be used to investigate unusual
variation.

Figure 3.10 Overview of Multivariate Process Monitoring Procedures
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Chapter 4

SAS/QC Graphics

Contents
Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Which Graphics Approach Should You Use? . . . . . . . . . . . . . . . . . . . . . . . . . 20

Traditional Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

ODS Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Legacy Line Printer Displays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

This chapter describes the alternatives available for producing graphical output with the SAS/QC procedures.
The statements you use to produce graphical output and the options you specify to control its appearance are
described in the chapters ofSAS/QC User's Guidedevoted to the various procedures.

Overview

The following SAS/QC procedures produce graphical output:

� ANOM

� CAPABILITY

� CUSUM

� ISHIKAWA

� MACONTROL

� MVPDIAGNOSE

� MVPMODEL

� MVPMONITOR

� PARETO

� RAREEVENTS

� RELIABILITY

� SHEWHART
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The ISHIKAWA procedure (Chapter 9, “The ISHIKAWA Procedure”) provides an interactive environment
for creating Ishikawa diagrams. This discussion applies to the other procedures, which generate graphical
displays when you specify appropriate statements and options.

SAS/QC procedures can produce two types of graphical output1:

� traditional graphics

� ODS Statistical Graphics output

Traditional graphics are saved in a graphics catalogs with entry type GRSEG, and their appearance is
controlled by global statements such as the GOPTIONS, AXIS, and SYMBOL statements, which are
described inSAS/GRAPH: Reference. In addition, SAS/QC procedures provide numerous options for
controlling the appearance of traditional graphics. You must have a SAS/GRAPH® license to produce
traditional graphics.

Beginning with SAS 9.2, SAS/QC procedures can use ODS Statistical Graphics to create graphs. ODS
Statistical Graphics (or ODS Graphics for short) is an extension to the Output Delivery System (ODS). Graphs
are produced in standard image �le formats (such as PNG) instead of graphics catalogs, and the details of
their appearance and layout are controlled by ODS styles and templates rather than global statements and
procedure options. Graphical output produced by SAS/QC procedures using ODS Graphics is consistent in
appearance with graphical output produced by statistical procedures using ODS Graphics.

When ODS Graphics is enabled (for example, with the ODS GRAPHICS ON statement) SAS/QC procedures
produce ODS Graphics output. Otherwise, they produce traditional graphics by default.NOTE : The
following procedures do not support traditional graphics:

� MVPDIAGNOSE

� MVPMODEL

� MVPMONITOR

� RAREEVENTS

Which Graphics Approach Should You Use?

Beginning with SAS 9.2, SAS/QC procedures can produce ODS Graphics output as an alternative to traditional
graphics. Also beginning with SAS 9.2, the default appearance of traditional graphics is determined by the
ODS style that is in effect for the ODS destination that you are using. You can prevent the ODS style from
affecting the appearance of traditional graphics by specifying the NOGSTYLE system option. Therefore,
you have three alternatives for producing graphical output with SAS/QC procedures:

� traditional graphics without ODS styles

� traditional graphics using ODS styles

1Some SAS/QC procedures can also produce legacy line printer charts. See “Legacy Line Printer Displays” on page 32.
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� ODS Graphics

The appropriate approach depends on your objective, as follows:

� If you are working with a SAS program written prior to SAS 9.2, and your priority is to preserve
the appearance of traditional graphics produced with SAS/QC procedures, you should specify the
NOGSTYLE system option.

� If you are writing a new SAS program, consider using traditional graphics with ODS style-dependent
defaults to take advantage of their improved appearance while retaining control over every detail of
your graphs with procedure options.

� If you are writing a new SAS program, consider using ODS Graphics for the highest-quality graphics
output and consistency with output from SAS/STAT procedures and other procedures that are enabled
to use ODS Graphics.

The next two sections provide more details and examples of these approaches.

Traditional Graphics

The following SAS/QC procedures support traditional graphics:

� ANOM

� CAPABILITY

� CUSUM

� MACONTROL

� PARETO

� RELIABILITY

� SHEWHART

These procedures support global SAS statements (such as GOPTIONS, AXIS, and SYMBOL statements)
used to control the appearance of traditional graphics. Each procedure also supports a rich set of options
providing detailed control of features speci�c to its graphs.

Prior to SAS 9.2 the default appearance of SAS/QC graphs was primitive. To produce attractive graphical
output, careful selection of colors, fonts, and other attributes speci�ed with global statements and procedure
options was required. Beginning with SAS 9.2, the default appearance of traditional graphs is determined by
the ODS style that is in effect.

An example taken from the “Getting Started: HISTOGRAM Statement” on page 300 section of Chapter 6,
“The CAPABILITY Procedure,” demonstrates the alternatives for producing SAS/QC graphics. The following
statements create a data set namedTrans containing measurements of the thickness of copper plating on 100
printed circuit boards:
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data Trans;
input Thickness @@;
label Thickness=�Plating Thickness (mils)�;
datalines;

3.468 3.428 3.509 3.516 3.461 3.492 3.478 3.556 3.482 3.512
3.490 3.467 3.498 3.519 3.504 3.469 3.497 3.495 3.518 3.523
3.458 3.478 3.443 3.500 3.449 3.525 3.461 3.489 3.514 3.470
3.561 3.506 3.444 3.479 3.524 3.531 3.501 3.495 3.443 3.458
3.481 3.497 3.461 3.513 3.528 3.496 3.533 3.450 3.516 3.476
3.512 3.550 3.441 3.541 3.569 3.531 3.468 3.564 3.522 3.520
3.505 3.523 3.475 3.470 3.457 3.536 3.528 3.477 3.536 3.491
3.510 3.461 3.431 3.502 3.491 3.506 3.439 3.513 3.496 3.539
3.469 3.481 3.515 3.535 3.460 3.575 3.488 3.515 3.484 3.482
3.517 3.483 3.467 3.467 3.502 3.471 3.516 3.474 3.500 3.466
;

The following statements produce a histogram of the variableThickness using traditional graphics whose
default appearance is determined by the ODS style.

ods graphics off;
title �Process Capability Analysis of Plating Thickness�;
proc capability data=Trans noprint;

spec lsl=3.45 usl=3.55 cleft cright;
histogram Thickness;

run;

The SPEC statement LSL= and USL= options specify the lower speci�cation limit (LSL) and upper speci�ca-
tion limit (USL) for Thickness. The CLEFT and CRIGHT options request that histogram bars (and portions
of bars) below the LSL and above the USL be �lled with contrasting colors. Figure 4.1 shows the resulting
histogram.
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Figure 4.1 Traditional Graphics with Default Appearance Determined by ODS Style

The attributes determining the appearance of the graph elements—including text fonts and heights, line styles
and thicknesses, and �ll colors—all come from the ODS style associated with the output destination. In this
case the HTMLBLUE style is in effect.

Prior to SAS 9.2, in order to �ll histogram bars outside the speci�cation limits with contrasting colors, it was
necessary to specify CLEFT= and CRIGHT= colors explicitly. SAS/QC procedures now support options
such as CLEFT and CRIGHT that enable optional graph featureswithoutexplicitly specifying colors.

In SAS 9.2, you can still specify colors “on top of” the ODS style, as the following statements demonstrate:

proc capability data=Trans noprint;
spec lsl=3.45 usl=3.55 cleft=magenta cright=blue;
histogram Thickness;

run;

The colors explicitly speci�ed with the CLEFT= and CRIGHT= options replace the CLEFT and CRIGHT
colors used in Figure 4.1. The resulting histogram is shown in Figure 4.2.
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Figure 4.2 Traditional Graphics Using ODS Style and Appearance Options

Graphical attributes, such as colors or fonts, speci�ed with global graphics statements or procedure options
take precedence over default attributes from the ODS style. To avoid using style-based defaults or to revert to
the defaults used prior to SAS 9.2, you can specify the NOGSTYLE system option:

options nogstyle;
proc capability data=Trans noprint;

spec lsl=3.45 usl=3.55;
histogram Thickness;

run;

The appearance of the resulting histogram, shown in Figure 4.3, is very similar to that of a histogram produced
by the same CAPABILITY procedure statements in SAS 9.1.



Traditional Graphics F 25

Figure 4.3 Traditional Graphics with NOGSTYLE

When you specify the NOGSTYLE option, traditional graphics output remains unaffected by ODS styles
until the default behavior is restored with the GSTYLE option:

options gstyle;
proc capability data=Trans noprint;

spec lsl=3.45 usl=3.55 cleft=CXf7AE4A cright=CXB59E6B;
histogram Thickness / cframe = ywh

cfill = CXB5D3B5;
run;

The preceding statements produce the histogram shown in Figure 4.4. Here, the default attributes provided
by the HTMLBLUE style are overridden by the CLEFT=, CRIGHT=, CFRAME=, and CFILL= options.
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Figure 4.4 Traditional Graphics Using ODS Style and Attribute Options

ODS Graphics

The following SAS/QC procedures support ODS Graphics:

� ANOM

� CAPABILITY

� CUSUM

� MACONTROL

� MVPDIAGNOSE

� MVPMODEL

� MVPMONITOR

� PARETO
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� RAREEVENTS

� RELIABILITY

� SHEWHART

ODS Graphics provides the highest quality graphical output available from SAS/QC procedures. It is
unaffected by global graphics statements, procedure options for controlling traditional graphics, and the
GSTYLE system option. See Chapter 21, “Statistical Graphics Using ODS” (SAS/STAT User's Guide), for a
thorough discussion of ODS Graphics.

The following statements produce a histogram of the variableThickness, which is discussed in the previous
section. Here, the ODS GRAPHICS statement is speci�ed to request ODS Graphics.

ods listing style=htmlblue;
ods graphics on;
proc capability data=Trans noprint;

spec lsl = 3.45 usl = 3.55 cleft cright;
histogram Thickness;

run;

Figure 4.5 shows the ODS Graphics version of the histogram. Note that fonts, colors, and other attributes are
determined by the HTMLBLUE style. Options for specifying these attributes (as used, for example, in the
statements that produced Figure 4.4) are not applicable with ODS Graphics and are ignored when you use
the ODS GRAPHICS statement.

Figure 4.5 ODS Graphics Using HTMLBLUE Style
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Figure 4.6 through Figure 4.13 show examples of ODS Graphics output produced by SAS/QC procedures.
These graphs were all created with the HTMLBLUE style.

Figure 4.6 ANOM Chart

Figure 4.7 Box Chart (SHEWHART)
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Figure 4.8 Comparative Histogram (CAPABILITY)

Figure 4.9 Moving Average Chart (MACONTROL)
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Figure 4.10 Pareto Chart

Figure 4.11 Probability Plot (RELIABILITY)
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Figure 4.12 Q-Q Plot (CAPABILITY)

Figure 4.13 NX and R Chart (SHEWHART)
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Legacy Line Printer Displays

The following SAS/QC procedures continue to support legacy line printer charts and plots, drawn with
characters, which are produced in the SAS output listing:

� CAPABILITY

� CUSUM

� MACONTROL

� PARETO

� SHEWHART

Beginning with SAS 7, these procedures produce high-resolution graphics by default, and you must specify
the LINEPRINTER option in the PROC statement to create line printer charts, as illustrated by the following
statements.

title �Process Capability Analysis of Plating Thickness�;
proc capability data=Trans noprint lineprinter;

spec lsl=3.45 usl=3.55;
histogram Thickness;

run;

The resulting histogram is shown in Figure 4.14.

Figure 4.14 Legacy Line Printer Display
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In SAS/QC, some charts and plots are not supported with the LINEPRINTER option. For example, line
printer displays are not available with the CAPABILITY procedure's COMPHISTOGRAM statement or the
PARETO procedure's HBAR statement.
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PROC ANOM and General Statements

Overview: ANOM Procedure

Analysis of means (ANOM) is a graphical and statistical method for simultaneously comparingk treatment
means with their overall mean at a speci�ed signi�cance level� . You can use the ANOM procedure to create
ANOM charts for various types of response data, including continuous measurements, proportions, and rates.

In addition, you can use the ANOM procedure to do the following:

� create charts from either response values or summarized data

� analyze multiple response variables

� specify decision limits in terms of the signi�cance level (� )

� compute decision limits from the data and automatically adjust decision limits for unequal sample sizes

� save chart statistics and decision limits in output data sets

� tabulate chart statistics and decision limits.

See Chapter 4, “SAS/QC Graphics,” for a detailed discussion of the alternatives available for producing
charts with SAS/QC procedures.

Uses of Analysis of Means

Many statistical quality improvement applications involve a comparison of treatment means to determine
which are signi�cantly different from the overall average. For example, a manufacturing engineer might
run an experiment to investigate which of six positions on a machine are producing different output, in the
sense that the average measurement for each position differs from the overall average. Likewise, a health
care system administrator might ask which clinics in the system have a higher or lower rate of admissions
than the average for all clinics.

Questions of this type can be answered withanalysis of means, which is an alternative to one-way analysis
of variance (ANOVA) for a �xed effects model. However, unlike ANOVA, which simply determines
whether there is a statistically signi�cant difference in the treatment means, ANOM identi�es the means
that are signi�cantly different from the overall mean. As a statistical technique, ANOM is a method for
making multiple comparisons that is sometimes referred to as a “multiple comparison with the weighted
mean.” Analysis of means lends itself to quality improvement applications because it has a simple graphical
representation that is similar to a Shewhart chart and requires little training to interpret. This representation is
also useful for assessing practical signi�cance.

Figure 5.1 illustrates a typical ANOM chart. The central line represents the overall average. The treatment
means, plotted as deviations from the overall average are compared with upper and lower decision limits to
identify which are signi�cantly different from the overall mean (in this case, the means corresponding to the
�rst, fourth, and sixth positions).
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Figure 5.1 Typical ANOM Chart

Although the term “analysis of means” suggests that the method is intended for means of continuous response
measurements, the method is also applicable to means of attributes data, including proportions and rates.

Analysis of means was introduced as a tool for statistical quality control by Ellis Ott in 1967, and it became
popular during the early 1980s, when it was applied to experimental data in manufacturing. In this setting,
measurements are taken at a number of treatment levels (factor levels). During the 1990s, the use of ANOM
spread to service industry applications and, in particular, health care quality improvement. In these settings,
data (such as utilization rates) are observed for a number of groups (such as hospitals or clinics).

Terminology

In order to accommodate the growing variety of modern applications for analysis of means, the termgroup
is used instead of treatment level throughout the documentation for the ANOM procedure. Likewise, the
termgroup-variableis used to refer to the variable in the input data set that classi�es the observations into
treatment levels. In the ANOM procedure, agroup-variableplays the same role as a CLASS variable in the
GLM and ANOVA procedures, and it is syntactically the same as asubgroup-variablein the SHEWHART
procedure.

The nomenclature for ANOM charts is the same as that for Shewhart charts:NX charts for means,p charts
for proportions, andu charts for rates. Consequently, the syntax for the ANOM procedure is patterned after
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the syntax for the SHEWHART procedure. However, there are some important differences between ANOM
charts and Shewhart charts:

� Analysis of means is formally a test of hypothesis, whereas a Shewhart chart is used to distinguish
between special and common causes of variation.

� In an ANOM chart, the horizontal axis corresponds to thegroup-variable, and it identi�es the groups,
which can be displayed in any order. In a Shewhart chart, the horizontal axis corresponds to the
subgroup-variable, and it identi�es the order in which the subgroup measurements were taken.

� An ANOM chart displays response summary statistics for a set of groups (treatments) at a speci�c time.
A Shewhart chart displays subgroup summary statistics for a speci�c process where the subgroups are
made up of measurements taken over successive points in time.

� In an ANOM chart, the decision limits are determined by a speci�ed signi�cance level (� ), which is
the probability that under the null hypothesis of no treatment differences, at least one of the response
summary statistics will exceed the decision limits. In a Shewhart chart, control limits are typically
computed as3� limits.

History

Analysis of means compares the absolute deviations of group means from their overall mean, an approach
that was initially studied by Laplace in 1827. Halperin et al. derived a version of this method in the form of a
multiple signi�cance test in 1955. Ott developed a graphical representation for the test and introduced the
term “analysis of means” in 1967. Refer to Ott (1967) and Ott (1975).

P. R. Nelson (1982a) and L. S. Nelson (1983) provided exact critical values for ANOM when the groups
have equal sample sizes. P. R. Nelson (1991) developed a method for computing exact critical values for
ANOM when the group sample sizes are not equal. Refer to Nelson, Cof�n, and Copeland (2003) for more
information on the use of ANOM in engineering experimentation.

Using the ANOM Procedure

The PROC ANOM statement invokes the ANOM procedure and it optionally identi�es various data sets.

To create an ANOM chart, you specify a chart statement (after the PROC ANOM statement) that speci�es
the type of ANOM chart you want to create and the variables in the input data set that you want to analyze.
For example, the following statements request a basic ANOM chart for treatment means:

proc anom data=Values;
xchart Weight * Treatment;

run;

Here, the DATA= option speci�es an input data set (Values) that contains theresponsemeasurement variable
(Weight) and thegroup-variable(Treatment). You can use options in the PROC ANOM statement to

� specify input data sets containing variables to be analyzed, decision limits, and annotation information

� specify a graphics catalog for saving graphical output

NOTE : If you are learning to use the ANOM procedure, you should read both this section and the “Getting
Started” subsection in the section for the chart statement that corresponds to the chart you want to create.
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Syntax: ANOM Procedure

The following are the primary statements that control the ANOM procedure:

PROC ANOM < options > ;
BOXCHART (responses) � group-variable < (block-variables) >

< =symbol-variable > < / options > ;
PCHART (responses) � group-variable

< (block-variables) >
< =symbol-variable > < / options > ;

UCHART (responses) � group-variable
< (block-variables) >
< =symbol-variable > < / options > ;

XCHART (responses) � group-variable < (block-variables) >
< =symbol-variable > < / options > ;

INSET keyword-list < / options > ;

The PROC ANOM statement invokes the procedure and speci�es the input data set. The chart statements
create different types of charts. You can specify one or more of each of the chart statements. For details, read
the section on the chart statement that corresponds to the type of chart that you want to produce.

BY Statement

BY variables ;

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

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

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

� Specify the NOTSORTED or DESCENDING option in the BY statement for the ANOM 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 discussion inSAS Language Reference: Concepts.
For more information about the DATASETS procedure, see the discussion in theBase SAS Procedures Guide.

ID Statement

In addition, you can optionally specify the following statement:

ID variables ;
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The ID statement speci�es variables used to identify observations. The ID variables must be variables in the
DATA= or SUMMARY= input data sets.

The ID variables are used in the following ways:

� If you create an OUTSUMMARY= or OUTTABLE= data set, the ID variables are included. If the
input data set is a DATA= data set, only the values of the ID variables from the �rst observation in
each group are passed to the output data set.

� If you specify the TABLEID or TABLEALL options in a chart statement, the table produced is
augmented by a column for each of the ID variables. Only the values of the ID variables from the �rst
observation in each group are tabulated.

� If you specify the BOXSTYLE= SCHEMATICID option or the BOXSTYLE= SCHEMATICIDFAR
option in the BOXCHART statement, the value of the �rst variable listed in the ID statement is used to
label each extreme observation.

Graphical Enhancement Statements

You can use TITLE, FOOTNOTE, and NOTE statements to enhance graphical and printed output. You can
also use AXIS, LEGEND, and SYMBOL statements to enhance traditional graphics. For details, refer to
SAS/GRAPH: Referenceand see the section for the chart statement that you are using.

PROC ANOM Statement

The syntax for the PROC ANOM statement is as follows:

PROC ANOM options ;

The PROC ANOM statement starts the ANOM procedure and optionally identi�es various data sets. The
following options can appear in the PROC ANOM statement.

ANNOTATE=SAS-data-set

ANNO=SAS-data-set
speci�es an input data set containing ANNOTATE= variables as described inSAS/GRAPH: Reference.
You can use this data set to add features to ANOM charts produced as traditional graphics. Features
provided in this data set are displayed on every chart produced in the current run of the ANOM
procedure. This option is ignored if you are not producing traditional graphics.

BOX=SAS-data-set
names an input data set that contains group summary statistics, decision limits, and outlier values in
“strung out” form, with more than one observation per group. Each observation corresponds to one
feature of one group's box-and-whisker plot. Typically, this data set is created as an OUTBOX= data
set in a previous run of the ANOM procedure with a BOXCHART statement. The BOX= data set
is the only kind of summary data set you can use to produce schematic box-and-whisker plots. The
BOXCHART statement is the only chart statement you can use with a BOX= input data set.
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DATA=SAS-data-set
names an input data set that contains response values (typically, measurements or counts) as observa-
tions. Note that the DATA= data set may need sorting. If the values of thegroup-variableare numeric,
you must sort the data set so that these values are in increasing order (within BY groups). Use PROC
SORT if the data are not already sorted.

The DATA= data set may contain more than one observation for each value of thegroup-variable. This
happens, for example, when you produce a chart for means and ranges with the XCHART statement.

You cannot use a DATA= data set together with a SUMMARY= or a TABLE= data set. If you do not
specify one of these three input data sets, the ANOM procedure uses the most recently created data set
as a DATA= data set. For more information, see the “DATA= Data Set” subsection in the section for
the chart statement you are using.

GOUT=graphics-catalog
speci�es the graphics catalog for traditional graphics output from the ANOM procedure. This is useful
if you want to save the output. This option is ignored if you are not producing traditional graphics.

SUMMARY=SAS-data-set
names an input data set that contains group summary statistics. For example, you can read sample
sizes, means, and standard deviations for the groups to create an ANOM chart. Typically, this data set
is created as an OUTSUMMARY= data set in a previous run of the ANOM procedure, but it can also
be created using a SAS summarization procedure such as PROC MEANS.

Note that the SUMMARY= data sets may need sorting. If the values of thegroup-variableare numeric,
you need to sort the data set so that these values are in increasing order (within BY groups). Use PROC
SORT if the data are not already sorted. The SUMMARY= data set can contain only one observation
for each value for thegroup-variable.

You cannot use a SUMMARY= data set with a DATA= or a TABLE= data set. If you do not specify
one of these three input data sets, the ANOM procedure uses the most recently created data set as a
DATA= data set. For more information, see the “SUMMARY= Data Set” subsection in the section for
the chart statement you are using.

LIMITS=SAS-data-set
names an input data set that contains preestablished decision limits or the parameters from which
decision limits can be computed. Each observation in a LIMITS= data set provides decision limit
information for aresponse. Typically, this data set is created as an OUTLIMITS= data set in a previous
run of the ANOM procedure.

If you omit the LIMITS= option, then decision limits are computed from the data in the DATA= or
SUMMARY= input data sets. For details about the variables needed in a LIMITS= data set, see the
“LIMITS= Data Set” subsection in the section for the chart statement you are using.

TABLE= SAS-data-set
names an input data set that contains group summary statistics and decision limits. Each observation in
a TABLE= data set provides information for a particular group andresponse. Typically, this data set is
created as an OUTTABLE= data set in a previous run of the ANOM procedure.

You cannot use a TABLE= data set with a DATA= or a SUMMARY= data set. If you do not specify
one of these three input data sets, the ANOM procedure uses the most recently created data set as a
DATA= data set. For more information, see the “TABLE= Data Set” subsection in the section for the
chart statement that you are using.
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BOXCHART Statement: ANOM Procedure

Overview: BOXCHART Statement

The BOXCHART statement creates an ANOM chart for group (treatment level) means of response values
superimposed with box-and-whisker plots of the measurements in each group. Throughout this chapter, a
chart of this type is referred to as anANOM boxchart. You can use options in the BOXCHART statement to

� compute decision limits from the data based on a speci�ed parameters, such as the signi�cance level
(� )

� tabulate group sample sizes, group means, decision limits, and other information

� save decision limits in an output data set

� save group sample sizes and group means in an output data set

� read decision limits and decision limit parameters from a data set

� display distinct sets of decision limits for different sets of groups

� specify one of several methods for calculating quantile statistics (percentiles)

� control the style of the box-and-whisker plots

� add block legends and symbol markers to identify special groups

� clip extreme points to make the chart more readable

� display vertical and horizontal reference lines

� control axis values and labels

� control layout and appearance of the chart

You have two alternatives for producing ANOM boxcharts with the BOXCHART statement:

� ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

� Otherwise, traditional graphics are produced if SAS/GRAPH® is licensed.

See Chapter 4, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.
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Getting Started: BOXCHART Statement

This section introduces the BOXCHART statement with simple examples that illustrate the most commonly
used options. Complete syntax for the BOXCHART statement is presented in the section “Syntax: BOX-
CHART Statement” on page 53, and advanced examples are given in the section “Examples: BOXCHART
Statement” on page 75.

Creating ANOM Boxcharts from Response Values

NOTE : SeeCreating ANOM BOXCHARTS from Response Valuesin the SAS/QC Sample Library.

A manufacturing engineer carries out a study to determine the source of excessive variation in the positioning
of labels on shampoo bottles.1 A labeling machine removes bottles from the line, attaches the labels, and
returns the bottles to the line. There are six positions on the machine, and the engineer suspects that one or
more of the position heads might be faulty.

A sample of 60 bottles, 10 per position, is run through the machine. For each bottle, the deviation of each
label is measured in millimeters, and the machine position is recorded. The following statements create a
SAS data set namedLabelDeviations, which contains the deviation measurements for the 60 bottles:

data LabelDeviations;
input Position @;
do i = 1 to 5;

input Deviation @;
output;

end;
drop i;
datalines;

1 -0.02386 -0.02853 -0.03001 -0.00428 -0.03623
1 -0.04222 -0.00144 -0.06466 0.00944 -0.00163
2 -0.02014 -0.02725 0.02268 -0.03323 0.03661
2 0.04378 0.05562 0.00977 0.05641 0.01816
3 -0.00728 0.02849 -0.04404 -0.02214 -0.01394
3 0.04855 0.03566 0.02345 0.01339 -0.00203
4 0.06694 0.10729 0.05974 0.06089 0.07551
4 0.03620 0.05614 0.08985 0.04175 0.05298
5 0.03677 0.00361 0.03736 0.01164 -0.00741
5 0.02495 -0.00803 0.03021 -0.00149 -0.04640
6 0.00493 -0.03839 -0.02037 -0.00487 -0.01202
6 0.00710 -0.03075 0.00167 -0.02845 -0.00697
;

A partial listing ofLabelDeviations is shown in Figure 5.2.

1This example is based on a case study described by Hansen (1990).
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Figure 5.2 Listing of the Data Set LabelDeviations

The data setLabelDeviations is said to be in “strung-out” form, because each observation contains the position
and the deviation measurement for a single bottle. The �rst 10 observations contain the measurements for
the �rst position, the second 10 observations contain the measurements for the second position, and so on.
Because the variablePosition classi�es the observations into groups (treatment levels), it is referred to as
thegroup-variable. The variableDeviation contains the deviation measurements and is referred to as the
response variable(or responsefor short).

The following statements create the ANOM boxchart shown in Figure 5.3:

ods graphics on;
title �Analysis of Label Deviations�;
proc anom data=LabelDeviations;

boxchart Deviation * Position / alpha = 0.05
odstitle = title;

label Deviation = �Mean Deviation from Center (mm)�;
label Position = �Labeler Position�;

run;

The ODS GRAPHICS ON statement speci�ed before the PROC ANOM statement enables ODS Graphics,
so the boxchart is created by using ODS Graphics instead of traditional graphics. This example illustrates
the basic form of the BOXCHART statement. After the keyword BOXCHART, you specify theresponse
to analyze (in this case,Deviation) followed by an asterisk and thegroup-variable(Position). Options are
speci�ed after the slash (/) in the BOXCHART statement. A complete list of options is presented in the
section “Syntax: BOXCHART Statement” on page 53.

The input data set is speci�ed with the DATA= option in the PROC ANOM statement when it contains raw
measurements for theresponse.

Each point on the ANOM chart represents the average (mean) of the response measurements for a particular
sample.
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Figure 5.3 ANOM Chart for Means of Labeler Position Data

The average for Position 1 is below the lower decision limit (LDL), and the average for Position 6 is slightly
below the lower decision limit. The average for Position 4 exceeds the upper decision limit (UDL). The
conclusion is that Positions 1, 4, and 6 are operating differently.

By default, the decision limits shown correspond to a signi�cance level of� D 0:05; the formulas for the
limits are given in the section “Decision Limits” on page 63. You can also read decision limits from an input
data set.

For computational details, see “Constructing ANOM Boxcharts” on page 62. For details on reading raw
measurements, see “DATA= Data Set” on page 70.

Creating ANOM Boxcharts from Group Summary Data

NOTE : SeeCreating BOXCHARTS from Group Summary Datain the SAS/QC Sample Library.

The previous example illustrates how you can create ANOM charts for means using measurement data.
However, in many applications, the data are provided as group summary statistics. This example illustrates
how you can use the BOXCHART statement with data of this type.
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The following data set (Labels) provides the data from the preceding example in summarized form:

data Labels;
input Position DeviationL Deviation1 DeviationX

DeviationM Deviation3 DeviationH DeviationS;
DeviationN = 10;
datalines;

1 -0.0647 -0.0362 -0.02234 -0.02620 -0.0016 0.0094 0.02281
2 -0.0332 -0.0201 0.01625 0.02045 0.0438 0.0564 0.03347
3 -0.0440 -0.0139 0.00604 0.00570 0.0285 0.0486 0.02885
4 0.0362 0.0530 0.06473 0.06030 0.0755 0.1073 0.02150
5 -0.0464 -0.0074 0.00813 0.00760 0.0302 0.0374 0.02593
6 -0.0384 -0.0285 -0.01283 -0.00950 0.0017 0.0071 0.01599
;

A listing of Labels is shown in Figure 5.4. There is exactly one observation for each group (note that the
groups are still indexed byPosition). There are eight summary variables inLabels.

� DeviationL contains the group minimums (low values).

� Deviation1 contains the 25th percentile (�rst quartile) of each group.

� DeviationX contains the group means.

� DeviationM contains the group medians.

� Deviation3 contains the 75th percentile (third quartile) of each group.

� DeviationH contains the group maximums (high values).

� DeviationS contains the group standard deviations.

� DeviationN contains the group sample sizes (these are all 10 in this case).

Figure 5.4 The Summary Data Set Labels

You can read this data set by specifying it as a SUMMARY= data set in the PROC ANOM statement, as
follows:
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ods graphics on;
title �Analysis of Label Deviations�;
proc anom summary=Labels;

boxchart Deviation * Position / odstitle=title1;
run;

The resulting ANOM boxchart is shown in Figure 5.5.

Note thatDeviation is not the name of a SAS variable in the data set but is, instead, the common pre�x for the
names of the eight summary variables. The suf�x charactersL, 1, X, M, 3, H, S, andN indicate the contents
of the variable. For example, the suf�x characters1 and3 indicate �rst and third quartiles. Thus, you can
specify three group summary variables in a SUMMARY= data set with a single name (Deviation), which is
referred to as theresponse. The namePosition speci�ed after the asterisk is the name of thegroup-variable.

Figure 5.5 ANOM Chart for Means in Data Set Labels
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In general, a SUMMARY= input data set used with the BOXCHART statement must contain the following
variables:

� group variable

� group minimum variable

� group �rst quartile variable

� group mean variable

� group median variable

� group third quartile variable

� group maximum variable

� group standard deviation variable

� group sample size variable

Furthermore, the names of the summary variables must begin with theresponsename speci�ed in the
BOXCHART statement and end with the appropriate suf�x characters. If the names do not follow this
convention, you can use the RENAME option in the PROC ANOM statement to rename the variables for the
duration of the ANOM procedure step. If a label is associated with the group mean variable, it is used to
label the vertical axis.

In summary, the interpretation ofresponsedepends on the input data set.

� If raw data are read using the DATA= option (as in the previous example),responseis the name of the
SAS variable containing the response measurements.

� If summary data are read using the SUMMARY= option (as in this example),responseis the common
pre�x for the names of the variables containing the summary statistics.

For more information, see “SUMMARY= Data Set” on page 72.

Saving Summary Statistics for Groups

NOTE : SeeSaving Summary Statistics for Groupsin the SAS/QC Sample Library.

In this example, the BOXCHART statement is used to create a data set containing group summary statistics
that can be read later by the ANOM procedure (as in the preceding example). The following statements read
measurements from the data setLabelDeviations and create a summary data set namedLabelSummary:

proc anom data=LabelDeviations;
boxchart Deviation * Position / outsummary=LabelSummary

nochart;
run;

The OUTSUMMARY= option names the output data set, and the NOCHART option suppresses the display
of the chart, which would be identical to Figure 5.3.

Figure 5.6 contains a listing ofLabelSummary.
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Figure 5.6 The Summary Data Set LabelSummary

There are nine variables in the data setLabelSummary.

� Position identi�es the group.

� DeviationL contains the group minimums.

� Deviation1 contains the �rst quartile for each group.

� DeviationX contains the group means.

� DeviationM contains the group medians.

� Deviation3 contains the third quartile for each group.

� DeviationH contains the group maximums.

� DeviationS contains the group standard deviations.

� DeviationN contains the group sizes.

Note that the summary statistic variables are named by adding the suf�x charactersL, 1, X, M, 3, H, S, and
N to theresponseDeviation speci�ed in the BOXCHART statement. In other words, the variable naming
convention for OUTSUMMARY= data sets is the same as that for SUMMARY= data sets.

For more information, see “OUTSUMMARY= Data Set” on page 66.

Saving Decision Limits

NOTE : SeeSaving Decision Limits Using ANOM BOXCHARTin the SAS/QC Sample Library.

You can save the decision limits for an ANOM chart, together with the parameters used to compute the limits,
in a SAS data set.

The following statements read measurements from the data setLabelDeviations (see “Creating ANOM
Boxcharts from Response Values” on page 45.) and save the decision limits displayed in Figure 5.3 in a data
set namedLabelLimits:

proc anom data=LabelDeviations;
boxchart Deviation * Position / outlimits=LabelLimits

nochart;
run;
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The OUTLIMITS= option names the data set containing the decision limits, and the NOCHART option
suppresses the display of the chart. The data set LabelLimits is listed in Figure 5.7.

Figure 5.7 The Data Set LabelLimits Containing Decision Limit Information

The data setLabelLimits contains one observation with the limits forresponseDeviation. The values of
_LDLX_ and_UDLX_ are the lower and upper decision limits for the means, and the value of_MEAN_ is the
weighted average of the group means, which is represented by the central line.

The values of_MEAN_, _MSE_, _DFE_, _LIMITK_, _LIMITN_, and_ALPHA_ are the parameters used
to compute the decision limits. The value of_MSE_ is the mean square error, and the value of_DFE_ is
the associated degrees of freedom. The value of_LIMITK_ is the group size (k), the value of_LIMITN_
is the nominal sample size associated with the decision limits, and the value of_ALPHA_ is the value of
the signi�cance level (� ). The variables_VAR_ and_GROUP_ are bookkeeping variables that save the
responseandgroup-variable. The variable_TYPE_ is a bookkeeping variable that indicates whether the
values of_MEAN_ and_MSE_ are estimates computed from the data or standard (known) values speci�ed
with procedure options. In most applications, the value of_TYPE_ will be `ESTIMATE.'

NOTE : SeeSaving Decision Limits and Summary Statisticsin the SAS/QC Sample Library.

You can create an output data set containing both decision limits and group summary statistics with the
OUTTABLE= option, as illustrated by the following statements:

proc anom data=LabelDeviations;
boxchart Deviation * Position / outtable=LabelTab

nochart;
run;

The data setLabelTab is listed in Figure 5.8.

Figure 5.8 The Data Set LabelTab
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This data set contains one observation for each group sample. The variable_SUBMIN_ contains the group
minimums, and the variable_SUBQ1_ contains the �rst quartile for each group. The variables_SUBX_
and_SUBMED_ contain the group means and medians. The variable_SUBQ3_ contains the third quartiles,
_SUBMAX_ contains the group maximums, and_SUBN_ contains the group sample sizes. The variables
_LDLX_ and_UDLX_ contain the lower and upper decision limits, and the variable_MEAN_ contains the
central line. The variables_VAR_ andPosition contain theresponsename and values of thegroup-variable,
respectively. For more information, see “OUTTABLE= Data Set” on page 67.

An OUTTABLE= data set can be read later as a TABLE= data set. For example, the following statements
readLabelTab and display an ANOM boxchart (not shown here) identical to the chart in Figure 5.3:

title �Analysis of Label Deviations�;
proc anom table=LabelTab;

boxchart Deviation * Position / odstitle=title;
label _SUBX_ = �Mean Deviation from Center (mm)�;
run;

Because the ANOM procedure simply displays the information in a TABLE= data set, you can use TABLE=
data sets to create specialized ANOM boxcharts.

For more information, see “TABLE= Data Set” on page 73.

Syntax: BOXCHART Statement

The basic syntax for the BOXCHART statement is as follows:

BOXCHART response � group-variable ;

The general form of this syntax is as follows:

BOXCHART (responses) � group-variable < (block-variables) >
< =symbol-variable > < options > ;

You can use any number of BOXCHART statements in the ANOM procedure. The components of the
BOXCHART statement are described as follows.

responses
identify one or more responses to be analyzed. The speci�cation ofresponsedepends on the input data
set speci�ed in the PROC ANOM statement.

� If response values (raw data) are read from a DATA= data set,responsemust be the name of the
variable containing the values.For an example, see “Creating ANOM Boxcharts from Response
Values” on page 45.

� If summary data are read from a SUMMARY= data set,responsemust be the common pre�x
of the summary variables in the SUMMARY= data set. For an example, see “Creating ANOM
Boxcharts from Group Summary Data” on page 47.

� If summary data and decision limits are read from a TABLE= data set,responsemust be the value
of the variable_VAR_ in the TABLE= data set. For an example, see “Saving Decision Limits” on
page 51.
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A responseis required. If you specify more than one response, enclose the list in parentheses. For
example, the following statements request distinct ANOM charts for the means ofWeight, Length, and
Width:

proc anom data=Measures;
xchart (Weight Length Width) * Day;

run;

group-variable
is the variable that identi�es groups in the data. Thegroup-variableis required. In the preceding
BOXCHART statement,Day is the group variable.

block-variables
are optional variables that group the data into blocks of consecutive groups. The blocks are labeled in
a legend, and eachblock-variableprovides one level of labels in the legend.

symbol-variable
is an optional variable whose levels (unique values) determine the symbol marker used to plot the
means. Distinct symbol markers are displayed for points corresponding to the various levels of the
symbol-variable. You can specify the symbol markers with SYMBOLn statements.

options
enhance the appearance of the chart, request additional analyses, save results in data sets, and so on.
The section “Summary of Options” lists all options by function.

Summary of Options

The following tables list the BOXCHART statement options by function. Options unique to the ANOM
procedure are listed in Table 5.1, and are described in detail in “Dictionary of ANOM Chart Statement
Options” on page 183. Options that are common to both the ANOM and SHEWHART procedures are listed
in Table 5.2, and are described in detail in “Dictionary of Options: SHEWHART Procedure” on page 1993.

Table 5.1 BOXCHART Statement Special Options

Option Description

Options for Specifying Parameters for Decision Limits
ALPHA= Speci�es the probability of a Type I error
DFE= Speci�es the degrees of freedom associated with the root mean

square error
LIMITK= Speci�es number of groups for decision limits
LIMITN= Speci�es either nominal sample size for �xed decision limits

or varying limits
MEAN= Speci�es the mean
MSE= Speci�es the mean square error
NOREADLIMITS Computes decision limits for eachresponsefrom the data

rather than a LIMITS= data set
READINDEXES= Reads multiple sets of decision limits for eachresponsefrom a

LIMITS= data set
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Table 5.1 continued

Option Description

TYPE= Identi�es parameters as estimates or standard values and
speci�es value of_TYPE_ in the OUTLIMITS= data set

Options for Displaying Decision Limits
CINFILL= Speci�es color for area inside decision limits
CLIMITS= Speci�es color of decision limits, central line, and related

labels
LDLLABEL= Speci�es label for lower decision limit
LIMLABSUBCHAR= Speci�es a substitution character for labels provided as quoted

strings; the character is replaced with the value of the decision
limit

LLIMITS= Speci�es line type for decision limits
NDECIMAL= Speci�es number of digits to right of decimal place in default

labels for decision limits and central line
NOCTL Suppresses display of central line
NOLDL Suppresses display of lower decision limit
NOLIMITLABEL Suppresses labels for decision limits and central line
NOLIMITS Suppresses display of decision limits
NOLIMITSFRAME Suppresses default frame around decision limit information

when multiple sets of decision limits are read from a LIMITS=
data set

NOLIMITSLEGEND Suppresses legend for decision limits
NOUDL Suppresses display of upper decision limit
UDLLABEL= Speci�es label for upper decision limit
WLIMITS= Speci�es width for decision limits and central line
XSYMBOL= Speci�es label for central line

Output Data Set Option
OUTSUMMARY= Creates output data set containing group summary statistics

Table 5.2 BOXCHART Statement General Options

Option Description

Options for Controlling Box Appearance
BOXCONNECT= Connects group means, medians, maximum values,

minimum values, or quartiles in box-and-whisker plots
BOXSTYLE= Speci�es style of box-and-whisker plots
BOXWIDTH= Speci�es width of box-and-whisker plots
BOXWIDTHSCALE= Speci�es that widths of box-and-whisker plots vary

proportionately to group sample size
CBOXES= Speci�es color for outlines of box-and-whisker plots
CBOXFILL= Speci�es �ll color for interior of box-and-whisker plots
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Table 5.2 continued

Option Description

IDCOLOR= Speci�es outlier symbol color in schematic
box-and-whisker plots

IDCTEXT= Speci�es text color to label outliers or response variable
values

IDFONT= Speci�es text font to label outliers or response variable
values

IDHEIGHT= Speci�es text height to label outliers or response variable
values

IDSYMBOL= Speci�es outlier symbol in schematic box-and-whisker
plots

LBOXES= Speci�es line types for outlines of box-and-whisker plots
NOTCHES Speci�es that box-and-whisker plots are to be notched
PCTLDEF= Speci�es percentile de�nition used for box-and-whisker

plots
SERIFS Adds serifs to the whiskers of skeletal box-and-whisker

plots

Options for Plotting and Labeling Points
ALLLABEL= Labels every point on ANOM boxchart
CLABEL= Speci�es color for labels
CCONNECT= Speci�es color for line segments that connect points on

chart
CFRAMELAB= Speci�es �ll color for frame around labeled points
COUT= Speci�es color for portions of line segments that connect

points outside decision limits
LABELANGLE= Speci�es angle at which labels are drawn
LABELFONT= Speci�es software font for labels
LABELHEIGHT= Speci�es height of labels
OUTLABEL= Labels points outside decision limits
SYMBOLLEGEND= Speci�es LEGEND statement for levels of

symbol-variable
SYMBOLORDER= Speci�es order in which symbols are assigned for levels

of symbol-variable
TURNALL|TURNOUT Turns point labels so that they are strung out vertically

Axis and Axis Label Options
CAXIS= Speci�es color for axis lines and tick marks
CFRAME= Speci�es �ll colors for frame for plot area
CTEXT= Speci�es color for tick mark values and axis labels
DISCRETE Produces horizontal axis for discrete numeric group

values
HAXIS= Speci�es major tick mark values for horizontal axis
HEIGHT= Speci�es height of axis label and axis legend text
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Table 5.2 continued

Option Description

HMINOR= Speci�es number of minor tick marks between major
tick marks on horizontal axis

HOFFSET= Speci�es length of offset at both ends of horizontal axis
NOHLABEL Suppresses label for horizontal axis
NOTICKREP Speci�es that only the �rst occurrence of repeated,

adjacent group values is to be labeled on horizontal axis
NOVANGLE Requests vertical axis labels that are strung out vertically
NOVLABEL Suppresses label for vertical axis
SKIPHLABELS= Speci�es thinning factor for tick mark labels on

horizontal axis
TURNHLABELS Requests horizontal axis labels that are strung out

vertically
VAXIS= Speci�es major tick mark values for vertical axis of

ANOM boxchart
VFORMAT= Speci�es format for vertical axis tick mark labels
VMINOR= Speci�es number of minor tick marks between major

tick marks on vertical axis
VOFFSET= Speci�es length of offset at both ends of vertical axis
VZERO Forces origin to be included in vertical axis for ANOM

boxchart
WAXIS= Speci�es width of axis lines

Plot Layout Options
ALLN Plots means for all groups
BILEVEL Creates ANOM boxchart using half-screens and

half-pages
EXCHART Creates ANOM boxchart for a response only when a

group mean exceeds the decision limits
INTERVAL= Speci�es natural time interval between consecutive

group positions when time, date, or datetime format is
associated with a numeric group variable

MAXPANELS= Maximum number of pages or screens for chart
NMARKERS Requests special markers for points corresponding to

sample sizes not equal to nominal sample size for �xed
decision limits

NOCHART Suppresses creation of chart
NOFRAME Suppresses frame for plot area
NOLEGEND Suppresses legend for group sample sizes
NPANELPOS= Speci�es number of group positions per panel on each

chart
REPEAT Repeats last group position on panel as �rst group

position of next panel
TOTPANELS= Speci�es number of pages or screens to be used to

display chart



58 F Chapter 5: The ANOM Procedure

Table 5.2 continued

Option Description

ZEROSTD Displays ANOM boxchart regardless of whether root
mean square error is zero

Reference Line Options
CHREF= Speci�es color for lines requested by HREF= option
CVREF= Speci�es color for lines requested by VREF= option
HREF= Speci�es position of reference lines perpendicular to

horizontal axis on ANOM boxchart
HREFDATA= Speci�es position of reference lines perpendicular to

horizontal axis on ANOM boxchart
HREFLABELS= Speci�es labels for HREF= lines
HREFLABPOS= Speci�es position of HREFLABELS= labels
LHREF= Speci�es line type for HREF= lines
LVREF= Speci�es line type for VREF= lines
NOBYREF Speci�es that reference line information in a data set

applies uniformly to charts created for all BY groups
VREF= Speci�es position of reference lines perpendicular to

vertical axis on ANOM boxchart
VREFLABELS= Speci�es labels for VREF= lines
VREFLABPOS= Speci�es position of VREFLABELS= labels

Grid Options
CGRID= Speci�es color for grid requested with GRID or

ENDGRID option
ENDGRID Adds grid after last plotted point
GRID Adds grid to control chart
LENDGRID= Speci�es line type for grid requested with the ENDGRID

option
LGRID= Speci�es line type for grid requested with the GRID

option
WGRID= Speci�es width of grid lines

Clipping Options
CCLIP= Speci�es color for plot symbol for clipped points
CLIPFACTOR= Determines extent to which extreme points are clipped
CLIPLEGEND= Speci�es text for clipping legend
CLIPLEGPOS= Speci�es position of clipping legend
CLIPSUBCHAR= Speci�es substitution character for CLIPLEGEND= text
CLIPSYMBOL= Speci�es plot symbol for clipped points
CLIPSYMBOLHT= Speci�es symbol marker height for clipped points

Graphical Enhancement Options
ANNOTATE= Speci�es annotate data set that adds features to ANOM

boxchart
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Table 5.2 continued

Option Description

DESCRIPTION= Speci�es description of ANOM boxchart's GRSEG
catalog entry

FONT= Speci�es software font for labels and legends on chart
NAME= Speci�es name of ANOM boxchart's GRSEG catalog

entry
PAGENUM= Speci�es the form of the label used in pagination
PAGENUMPOS= Speci�es the position of the page number requested with

the PAGENUM= option

Options for Producing Graphs Using ODS Styles
BLOCKVAR= Speci�es one or more variables whose values de�ne

colors for �lling background ofblock-variablelegend
BOXES= Speci�es variables whose values de�ne colors box

outlines
BOXFILL= Speci�es variables whose values de�ne colors for �lling

boxes
CFRAMELAB Draws a frame around labeled points
CPHASEBOX Requests boxes enclosing all plotted points for a phase
CPHASEBOXCONNECT Requests lines connecting adjacent enclosing boxes
CPHASEBOXFILL Fills boxes enclosing all plotted points for a phase
CPHASEMEANCONNECT Requests lines connecting phase average value points

Options for ODS Graphics
BLOCKREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
BOXTRANSPARENCY= Speci�es the box �ll transparency for box-and-whisker

charts
INFILLTRANSPARENCY= Speci�es the decision limit in�ll transparency
NOBLOCKREF Suppresses block and phase reference lines
NOBLOCKREFFILL Suppresses block and phase wall �lls
NOBOXFILLLEGEND Suppresses legend for levels of a BOXFILL= variable
NOFILLLEGEND Suppresses legend for levels of a BOXFILL= variable
NOPHASEREF Suppresses block and phase reference lines
NOPHASEREFFILL Suppresses block and phase wall �lls
NOREF Suppresses block and phase reference lines
NOREFFILL Suppresses block and phase wall �lls
NOTRANSPARENCY disables transparency in ODS Graphics output
ODSFOOTNOTE= Speci�es a graph footnote
ODSLEGENDEXPAND Speci�es that legend entries contain all levels observed

in the data
ODSTITLE= Speci�es a graph title
OVERLAYURL= Speci�es URLs to associate with overlay points
PHASEBOXLABELS draws phase labels as titles along the top of phase boxes
PHASEPOS= Speci�es vertical position of phase legend
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Table 5.2 continued

Option Description

PHASEREFLEVEL= Associates phase and block reference lines with either
innermost or the outermost level

PHASEREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
REFFILLTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
SIMULATEQCFONT Draws central line labels using a simulated software font
URL= Speci�es a variable whose values are URLs to be

associated with groups
WBOXES= Speci�es width of box outlines for box-and-whisker

charts

Input Data Set Options
MISSBREAK Speci�es that observations with missing values are not to

be processed

Output Data Set Options
OUTBOX= Creates output data set containing group summary

statistics, decision limits, and outlier values
OUTINDEX= Speci�es value of_INDEX_ in the OUTLIMITS= data

set
OUTLIMITS= Creates output data set containing decision limits
OUTTABLE= Creates output data set containing group summary

statistics and decision limits

Tabulation Options
NOTE : specifying (EXCEPTIONS) after a tabulation option creates a table for exceptional points only.
TABLE Creates a basic table of group means, group sample sizes,

and decision limits
TABLEALL Creates all the tables that are produced by the TABLE,

TABLECENTRAL, TABLEID, TABLELEGEND,
TABLEOUTLIM, and TABLETESTS options

TABLECENTRAL Augments basic table with values of central lines
TABLEID Augments basic table with columns for ID variables
TABLEOUTLIM Augments basic table with columns indicating decision

limits exceeded

Block Variable Legend Options
BLOCKLABELPOS= Speci�es position of label forblock-variablelegend
BLOCKLABTYPE= Speci�es text size ofblock-variablelegend
BLOCKPOS= Speci�es vertical position ofblock-variablelegend
BLOCKREP Repeats identical consecutive labels inblock-variable

legend
CBLOCKLAB= Speci�es �ll colors for frames enclosing variable labels

in block-variablelegend



Syntax: BOXCHART Statement F 61

Table 5.2 continued

Option Description

CBLOCKVAR= Speci�es one or more variables whose values are colors
for �lling background ofblock-variablelegend

Phase Options
CPHASELEG= Speci�es text color forphaselegend
NOPHASEFRAME Suppresses default frame forphaselegend
OUTPHASE= Speci�es value of_PHASE_ in the OUTSUMMARY=

data set
PHASEBREAK Disconnects last point in aphasefrom �rst point in next

phase
PHASELABTYPE= Speci�es text size ofphaselegend
PHASELEGEND displaysphaselabels in a legend across top of chart
PHASELIMITS Labels decision limits for each phase, provided they are

constant within that phase
PHASEREF Delineatesphaseswith vertical reference lines
READPHASES= Speci�esphasesto be read from an input data set

Overlay Options
CCOVERLAY= Speci�es colors for overlay line segments
COVERLAY= Speci�es colors for overlay plots
COVERLAYCLIP= Speci�es color for clipped points on overlays
LOVERLAY= Speci�es line types for overlay line segments
NOOVERLAYLEGEND Suppresses legend for overlay plots
OVERLAY= Speci�es variables to overlay on chart
OVERLAYCLIPSYM= Speci�es symbol for clipped points on overlays
OVERLAYCLIPSYMHT= Speci�es symbol height for clipped points on overlays
OVERLAYHTML= Speci�es links to associate with overlay points
OVERLAYID= Speci�es labels for overlay points
OVERLAYLEGLAB= Speci�es label for overlay legend
OVERLAYSYM= Speci�es symbols for overlays
OVERLAYSYMHT= Speci�es symbol heights for overlays
WOVERLAY= Speci�es widths of overlay line segments

Options for Interactive ANOM Charts
HTML= Speci�es a variable whose values create links to be

associated with groups
HTML_LEGEND= Speci�es a variable whose values create links to be

associated with symbols in the symbol legend
WEBOUT= Creates an OUTTABLE= data set with additional

graphics coordinate data
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Details: BOXCHART Statement

Constructing ANOM Boxcharts

The following notation is used in this section:

X ij jth response in theith group
k Number of groups
ni Sample size ofith group
N Total sample sizeD n1 C � � � C nk
� i Expected value of a response in theith group
� Standard deviation of response
NX i Average response inith group

X Weighted average ofk group means
s2
i Sample variance of the responses in theith group

c� 2 Mean square error (MSE)
� Degrees of freedom associated with the mean square error
� Signi�cance level
h.� I k; n; �/ Critical value for analysis of means when the sample sizesni are

equal.n i � n/
h.� I k; n1; : : : ; nk ; �/ Critical value for analysis of means when the sample sizesni are

not equal

Elements of Box-and-Whisker Plots
A box-and-whisker plot is displayed for the measurements in each group on the ANOM boxchart. Figure 5.9
illustrates the elements of each plot.

Figure 5.9 Box-and-Whisker Plot
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The skeletal style of the box-and-whisker plot shown in Figure 5.9 is the default. You can specify alternative
styles with the BOXSTYLE= option; see the entry for the BOXSTYLE= option in “Dictionary of Options:
SHEWHART Procedure” on page 1993.

Central Line
By default, the central line on an ANOM chart for means represents the weighted average of the group means,
which is computed as

X D
n1 NX1 C � � � C nk NXk

n1 C � � � C nk

You can specify a value forX with the MEAN= option in the BOXCHART statement or with the variable
_MEAN_ in a LIMITS= data set.

Decision Limits
In the analysis of means for continuous data, it is assumed that the responses in theith group are at least
approximately normally distributed with a constant variance:

X ij � N.� i ; � 2/; j D 1; : : : ; ni

When the group sizes are constant (ni � n), then� D N � k D k.n � 1/ and the decision limits are
computed as follows:

lower decision limit (LDL) D X � h.� I k; n; �/
p

MSE

r
k � 1

N

upper decision limit (UDL) D X C h.� I k; n; �/
p

MSE

r
k � 1

N

Here the mean square error (MSE) is computed as follows:

MSE D c� 2 D
1
k

kX

j D 1

s2
j

For details concerning the functionh.� I k; n; �/ , see Nelson (1981, 1982a, 1993).

When the group sizesni are not constant (the unbalanced case),� D N � k and the decision limits for the
ith group are computed as follows:

lower decision limit (LDL) D X � h.� I k; n1; : : : ; nk ; �/
p

MSE

s
N � ni

Nni

upper decision limit (UDL) D X C h.� I k; n1; : : : ; nk ; �/
p

MSE

s
N � ni

Nni
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Here the mean square error (MSE) is computed as follows:

MSE D c� 2 D
.n1 � 1/s2

1 C � � � C .nk � 1/s2
k

n1 C � � � C nk � k

This requires that� be positive. A chart is not produced if� > 0 but MSE is equal to zero (unless you
specify the ZEROSTD option). For details concerning the functionh.� I k; n1; : : : ; nk ; �/ , see Fritzsch and
Hsu (1997), Nelson (1982b, 1991), and Soong and Hsu (1997).

You can specify parameters for the limits as follows:

� Specify� with the ALPHA= option or with the variable_ALPHA_ in a LIMITS= data set. By default,
� = 0.05.

� Specify a constant nominal sample sizeni � n for the decision limits in the balanced case with the
LIMITN= option or with the variable_LIMITN_ in a LIMITS= data set. By default,n is the observed
sample size in the balanced case.

� Specifyk with the LIMITK= option or with the variable_LIMITK_ in a LIMITS= data set. By default,
k is the number of groups.

� SpecifyX with the MEAN= option or with the variable_MEAN_ in a LIMITS= data set. By default,
X is the weighted average of the responses.

� Specifyc� 2 with the MSE= option or with the variable_MSE_ in a LIMITS= data set. By default,c� 2

is computed as indicated above.

� Specify� with the DFE= option or with the variable_DFE_ in a LIMITS= data set. By default,� is
determined as indicated above.

Output Data Sets

OUTBOX= Data Set
The OUTBOX= data set saves group summary statistics, decision limits, and outlier values. The following
variables can be saved:

� thegroup-variable

� the variable_VAR_, containing the analysis variable name

� the variable_TYPE_, identifying features of box-and-whisker plots

� the variable_VALUE_, containing values of box-and-whisker plot features

� the variable_ID_, containing labels for outliers

� the variable_HTML_, containing links associated with box-and-whisker plot features
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_ID_ is included in the OUTBOX= data set only if one of the keywords SCHEMATICID or SCHEMATICID-
FAR is speci�ed with the BOXSTYLE= option._HTML_ is present only if the HTML= or HTML2= option
is speci�ed.

Each observation in an OUTBOX= data set records the value of a single feature of one group's box-and-
whisker plot, such as its mean. The_TYPE_ variable identi�es the feature whose value is recorded in
_VALUE_. Table 5.4 lists the valid_TYPE_ variable values:

Table 5.4 Valid _TYPE_ Values in an OUTBOX= Data Set

_TYPE_ Value Description

N Group size
ALPHA Signi�cance level
LIMITN Nominal sample size associated with decision limits
LDLX Lower decision limit for group mean
UDLX Upper decision limit for group mean
RESPMEAN Overall response variable mean
MIN Group minimum value
Q1 Group �rst quartile
MEDIAN Group median
MEAN Group mean
Q3 Group third quartile
MAX Group maximum value
LOW Low outlier value
HIGH High outlier value
LOWHISKR Low whisker value, if different from MIN
HIWHISKR High whisker value, if different from MAX
FARLOW Low far outlier value
FARHIGH High far outlier value

Additionally, the following variables, if speci�ed, are included:

� block-variables

� symbol-variable

� BY variables

� ID variables
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OUTLIMITS= Data Set
The OUTLIMITS= data set saves decision limits and decision limit parameters. The following variables can
be saved:

Table 5.5 OUTLIMITS= Data Set

Variable Description

_ALPHA_ Signi�cance level
_DFE_ Degrees of freedom for mean square error
_GROUP_ Group-variablespeci�ed in the BOXCHART statement
_INDEX_ Optional identi�er for the decision limits speci�ed with the OUTIN-

DEX= option
_LDLX_ Lower decision limit for group means
_LIMITK_ Number of groups
_LIMITN_ Sample size associated with the decision limits

_MEAN_ Weighted average of group means (X )
_MSE_ Mean square error
_TYPE_ Type (estimate or standard value) of_MEAN_ and_MSE_
_UDLX_ Upper decision limit for group means
_VAR_ Responsespeci�ed in the BOXCHART statement

Notes:

1. In the unbalanced case, the special missing valueV is assigned to the variables_LIMITN_, _LDLX_,
and_UDLX_.

2. Optional BY variables are saved in the OUTLIMITS= data set.

The OUTLIMITS= data set contains one observation for eachresponsespeci�ed in the BOXCHART
statement. For an example, see “Saving Decision Limits” on page 51.

OUTSUMMARY= Data Set
The OUTSUMMARY= data set saves group summary statistics. The following variables can be saved:

� thegroup-variable

� a group minimum variable named byresponsesuf�xed with L

� a group �rst-quartile variable named byresponsesuf�xed with 1

� a group mean variable named byresponsesuf�xed with X

� a group median variable named byresponsesuf�xed with M

� a group third-quartile variable named byresponsesuf�xed with 3

� a group maximum variable named byresponsesuf�xed with H

� a group standard deviation variable named byresponsesuf�xed with S

� a group sample size variable named byresponsesuf�xed with N
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Given aresponsename that contains 32 characters, the procedure �rst shortens the name to its �rst 16
characters and its last 15 characters, and then it adds the suf�x.

Group summary variables are created for eachresponsespeci�ed in the BOXCHART statement. For example,
consider the following statements:

proc anom data=Steel;
xchart (Width Diameter) * Lot / outsummary=Summary;

run;

The data setSummary contains variables namedLot, WidthL, Width1, WidthX, WidthM, Width3, WidthH,
WidthS, WidthN, DiameterL, Diameter1, DiameterX, DiameterM, Diameter3, DiameterH, DiameterS, and
DiameterN. Additionally, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the OUTPHASE= option is speci�ed)

For an example of an OUTSUMMARY= data set, see “Saving Summary Statistics for Groups” on page 50.

OUTTABLE= Data Set
The OUTTABLE= data set saves group summary statistics, decision limits, and related information. The
following variables can be saved:

Variable Description

_ALPHA_ Signi�cance level
_EXLIM_ Decision limit exceeded (if any)
Group Values of the group variable
_LDLX_ Lower decision limit for group mean
_LIMITN_ Nominal sample size associated with the decision limits
_MEAN_ Central line
_SUBMAX_ Group maximum
_SUBMED_ Group median
_SUBMIN_ Group minimum
_SUBN_ Group sample size
_SUBQ1_ Group �rst quartile
_SUBQ3_ Group third quartile
_SUBX_ Group mean
_UDLX_ Upper decision limit for group mean
_VAR_ Responsespeci�ed in the BOXCHART statement
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In addition, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed)

NOTE : The variable_EXLIM_ is a character variable of length 8. The variable_PHASE_ is a character
variable of length 48. The variable_VAR_ is a character variable whose length is no greater than 32. All
other variables are numeric.

For an example, see “Saving Decision Limits” on page 51.

ODS Tables

The following table summarizes the ODS tables that you can request with the BOXCHART statement.

Table 5.7 ODS Tables Produced with the BOXCHART Statement

Table Name Description Options

BoxChartSummaryANOM chart summary statis-
tics

TABLE, TABLEALL, TABLEC,
TABLEID, TABLEOUT

ODS Graphics

Before you create ODS Graphics output, ODS Graphics must be enabled (for example, by using the ODS
GRAPHICS ON statement). For more information about enabling and disabling ODS Graphics, see the
section “Enabling and Disabling ODS Graphics” (Chapter 21,SAS/STAT User's Guide).

The appearance of a graph produced with ODS Graphics is determined by the style associated with the
ODS destination where the graph is produced. BOXCHART options used to control the appearance of
traditional graphics are ignored for ODS Graphics output. Options for Producing Graphs Using ODS Styles
lists options that can be used to control the appearance of graphs produced with ODS Graphics or with
traditional graphics using ODS styles. Options for ODS Graphics lists options to be used exclusively with
ODS Graphics. Detailed descriptions of these options are provided in “Dictionary of Options: SHEWHART
Procedure” on page 1993.

When ODS Graphics is in effect, the BOXCHART statement assigns a name to the graph it creates. You can
use this name to reference the graph when using ODS. The name is listed in Table 5.8.

Table 5.8 ODS Graphics Produced by the BOXCHART Statement

ODS Graph Name Plot Description

BoxChart ANOM boxchart
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See Chapter 4, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.

Input Data Sets

BOX= Data Set
You can read summary statistics, decision limits, and outlier values from a BOX= data set speci�ed in the
PROC ANOM statement. This enables you to reuse an OUTBOX= data set created in a previous run of the
ANOM procedure to display a box chart.

A BOX= data set must contain the following variables:

� the group variable

� _VAR_, containing the analysis variable name

� _TYPE_, identifying features of box-and-whisker plots

� _VALUE_, containing values of those features

Each observation in a BOX= data set records the value of a single feature of one group's box-and-whisker plot,
such as its mean. The_TYPE_ variable identi�es the feature whose value is recorded in a given observation.
Table 5.9 lists valid the_TYPE_ variable values:

Table 5.9 Valid _TYPE_ Values in a BOX= Data Set

_TYPE_ Value Description

N Group size
ALPHA Signi�cance level
LIMITN Nominal sample size associated with decision limits
LDLX Lower decision limit for group mean
UDLX Upper decision limit for group mean
RESPMEAN Overall response variable mean
MIN Group minimum value
Q1 Group �rst quartile
MEDIAN Group median
MEAN Group mean
Q3 Group third quartile
MAX Group maximum value
LOW Low outlier value
HIGH High outlier value
LOWHISKR Low whisker value, if different from MIN
HIWHISKR High whisker value, if different from MAX
FARLOW Low far outlier value
FARHIGH High far outlier value

The features identi�ed by_TYPE_ values N, LDLX, UDLX, RESPMEAN, MIN, Q1, MEDIAN, MEAN,
Q3, and MAX are required for each group.
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Other variables that can be read from a BOX= data set include:

� the variable_ID_, containing labels for outliers

� the variable_HTML_, containing links to be associated with features on box plots

� block-variables

� symbol-variable

� BY variables

� ID variables

When you specify one of the keywords SCHEMATICID or SCHEMATICIDFAR with the BOXSTYLE=
option, values of_ID_ are used as outlier labels. If_ID_ does not exist in the BOX= data set, the values of
the �rst variable listed in the ID statement are used.

DATA= Data Set
You can read raw data (response values) from a DATA= data set speci�ed in the PROC ANOM statement.
Eachresponsespeci�ed in the BOXCHART statement must be a SAS variable in the DATA= data set. This
variable provides measurements that must be grouped into group samples indexed by thegroup-variable.
Thegroup-variable, which is speci�ed in the BOXCHART statement, must also be a SAS variable in the
DATA= data set. Each observation in a DATA= data set must contain a value for eachresponseand a value
for thegroup-variable. If the ith group containsni items, there should beni consecutive observations for
which the value of thegroup-variableis the index of theith group. For example, if each group contains �ve
items and there are 10 groups, the DATA= data set should contain 50 observations.

Other variables that can be read from a DATA= data set include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables

By default, the ANOM procedure reads all of the observations in a DATA= data set. However, if the data set
includes the variable_PHASE_, you can read selected groups of observations (referred to asphases) with the
READPHASES= option.

For an example of a DATA= data set, see “Creating ANOM Boxcharts from Response Values” on page 45.

LIMITS= Data Set
You can read preestablished decision limits (or parameters from which the decision limits can be calculated)
from a LIMITS= data set speci�ed in the PROC ANOM statement. For example, the following statements
read decision limit information from the data setConlims:
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proc anom data=Info limits=Conlims;
xchart Weight * Batch;

run;

The LIMITS= data set can be an OUTLIMITS= data set that was created in a previous run of the ANOM
procedure. Such data sets always contain the variables required for a LIMITS= data set; see Table 5.5. The
LIMITS= data set can also be created directly using a DATA step. When you create a LIMITS= data set, you
must provide one of the following:

� the variables_LDLX_, _MEAN_, and_UDLX_, which specify the decision limits directly

� the variables_MEAN_, _MSE_, and_DFE_, which are used to calculate the decision limits according
to the equations in the section “Decision Limits” on page 63.

In addition, note the following:

� The variables_VAR_ and_GROUP_ are required. These must be character variables whose lengths
are no greater than 32.

� _DFE_ is optional. The default is� D N � k, and in the case of equal group sizes,� D k.n � 1/.

� _MSE_ is optional if_LDLX_ and_UDLX_ are speci�ed; otherwise it is required.

� _LDLX_ and_UDLX_ must be speci�ed together; otherwise their values are computed.

� _ALPHA_ is optional but is recommended in order to maintain a complete set of decision limit
information. The default value is0.05.

� _LIMITK_ is optional. The default value isk, the number of groups. A group must have at least one
nonmissing value (ni � 1) and there must be at least one group withni � 2. If speci�ed, _LIMITK_
overrides the value ofk.

� _LIMITN_ is optional. The default value is the common group size (n), in the balanced caseni � n. If
speci�ed,_LIMITN_ overrides the value ofn.

� The variable_TYPE_ is optional, but is recommended to maintain a complete set of decision limit infor-
mation. The variable_TYPE_ must be a character variable of length 8. Valid values are `ESTIMATE,'
`STANDARD,' `STDMEAN,' and `STDRMS.' The default is `ESTIMATE.'

� The variable_INDEX_ is required if you specify the READINDEX= option; this must be a character
variable whose length is no greater than 48.

� BY variables are required if speci�ed with a BY statement.
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SUMMARY= Data Set
You can read group summary statistics from a SUMMARY= data set speci�ed in the PROC ANOM statement.
This enables you to reuse OUTSUMMARY= data sets that have been created in previous runs of the ANOM
procedure or to read output data sets created with SAS summarization procedures, such as PROC MEANS.

A SUMMARY= data set used with the BOXCHART statement must contain the following:

� thegroup-variable

� a group minimum variable for eachresponse

� a group �rst-quartile variable for eachresponse

� a group mean variable for eachresponse

� a group median variable for eachresponse

� a group third-quartile variable for eachresponse

� a group maximum variable for eachresponse

� a group standard deviation variable for eachresponse

� a group sample size variable for eachresponse

The names of the group summary statistics variables must be theresponsename concatenated with the
following special suf�x characters:

Group Summary Statistic Suf�x Character

Group minimum L
Group �rst-quartile 1
Group median M
Group mean X
Group third-quartile 3
Group maximum H
Group standard deviation S
Group sample size N

For example, consider the following statements:

proc anom summary=Summary;
xchart (Weight Yieldstrength) * Batch;

run;

The data setSummary must include the variablesBatch, WeightL, Weight1, WeightX, WeightM, Weight3,
WeightH, WeightS, WeightN, YieldstrengthL, Yieldstrength1, YieldstrengthX, YieldstrengthM, Yieldstrength3,
YieldstrengthH, YieldstrengthS, andYieldstrengthN. Note that if you specify aresponsename that contains
32 characters, the names of the summary variables must be formed from the �rst 16 characters and the last 15
characters of theresponsename, suf�xed with the appropriate character.
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Other variables that can be read from a SUMMARY= data set include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables

By default, the ANOM procedure reads all of the observations in a SUMMARY= data set. However, if the
data set includes the variable_PHASE_, you can read selected groups of observations (referred to asphases)
by specifying the READPHASES= option.

For an example of a SUMMARY= data set, see “Creating ANOM Boxcharts from Group Summary Data” on
page 47.

TABLE= Data Set
You can read summary statistics and decision limits from a TABLE= data set speci�ed in the PROC ANOM
statement. This enables you to reuse an OUTTABLE= data set created in a previous run of the ANOM
procedure. Because the ANOM procedure simply displays the information in a TABLE= data set, you can
use TABLE= data sets to create specialized ANOM charts.

Table 5.10 lists the variables required in a TABLE= data set used with the BOXCHART statement:

Table 5.10 Variables Required in a TABLE= Data Set

Variable Description

Group-variable Values of thegroup-variable
_LDLX_ Lower decision limit for mean
_LIMITN_ Nominal sample size associated with the decision limits
_MEAN_ Central line
_SUBMAX_ Group maximum
_SUBMED_ Group median
_SUBMIN_ Group minimum
_SUBN_ Group sample size
_SUBQ1_ Group �rst quartile
_SUBQ3_ Group third quartile
_SUBX_ Group mean
_UDLX_ Upper decision limit for mean

Other variables that can be read from a TABLE= data set include

� block-variables

� symbol-variable
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� BY variables

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed). This variable must be a character variable
whose length is no greater than 48.

� _VAR_. This variable is required if more than oneresponseis speci�ed or if the data set contains
information for more than oneresponse. This variable must be a character variable whose length is no
greater than 32.

For an example of a TABLE= data set, see “Saving Decision Limits” on page 51.

Axis Labels

You can specify axis labels by assigning labels to particular variables in the input data set, as summarized in
the following table:

Axis Input Data Set Variable

Horizontal all Group-variable
Vertical DATA= Response
Vertical SUMMARY= Group mean variable
Vertical TABLE= _SUBX_

Missing Values

An observation read from a DATA=, SUMMARY=, or TABLE= data set is not analyzed if the value of
the group variable is missing. For a particular response variable, an observation read from a DATA= data
set is not analyzed if the value of the response variable is missing. Missing values of response variables
generally lead to unequal group sample sizes. For a particular response variable, an observation read from
a SUMMARY= or TABLE= data set is not analyzed if the values of any of the corresponding summary
variables are missing.
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Examples: BOXCHART Statement

This section provides an advanced example of the BOXCHART statement.

Example 5.1: ANOM Boxcharts with Unequal Group Sizes

NOTE : SeeANOM BOXCHARTS With Unequal Group Sizesin the SAS/QC Sample Library.

Consider the example described in “Creating ANOM Boxcharts from Response Values” on page 45. Suppose
that four of the 10 measurements were missing for the third and fourth labeler positions. The following
statements create a SAS data set namedLabelDev2, which contains the resulting deviation measurements:

data LabelDev2;
input Position @;
do i = 1 to 5;

input Deviation @;
output;

end;
drop i;
datalines;

1 -0.0239 -0.0285 -0.0300 -0.0043 -0.0362
1 -0.0422 -0.0014 -0.0647 0.0094 -0.0016
2 -0.0201 -0.0273 0.0227 -0.0332 0.0366
2 0.0438 0.0556 0.0098 0.0564 0.0182
3 -0.0073 0.0285 . . -0.0139
3 . 0.0357 0.0235 . -0.0020
4 0.0669 0.1073 . . 0.0755
4 . 0.0561 0.0899 . 0.0530
5 0.0368 0.0036 0.0374 0.0116 -0.0074
5 0.0250 -0.0080 0.0302 -0.0015 -0.0464
6 0.0049 -0.0384 -0.0204 -0.0049 -0.0120
6 0.0071 -0.0308 0.0017 -0.0285 -0.0070
;

The following statements create the ANOM chart shown in Output 5.1.1:

ods graphics on;
title �Analysis of Label Deviations�;
proc anom data=LabelDev2;

boxchart Deviation * Position / odstitle=title;
label Deviation = �Mean Deviation from Center (mm)�;
label Position = �Labeler Position�;

run;
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Output 5.1.1 ANOM Chart with Unequal Group Sizes

Note that the decision limits are automatically adjusted for the varying group sizes. The legend reports the
minimum and maximum group sizes.
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PCHART Statement: ANOM Procedure

Overview: PCHART Statement

The PCHART statement creates ANOM charts for group (treatment level) proportions, also referred to as
ANOM p charts.

You can use options in the PCHART statement to

� compute decision limits from the data based on speci�ed parameters, such as the signi�cance level (� )

� tabulate group sample sizes, group proportions, decision limits, and other information

� save decision limits in an output data set

� save group sample sizes and group proportions in an output data set

� read decision limits and decision limit parameters from a data set

� display distinct sets of decision limits for different sets of groups on the same chart

� add block legends and symbol markers to identify special groups

� superimpose stars at points to represent related multivariate factors

� clip extreme points to make the chart more readable

� display vertical and horizontal reference lines

� control axis values and labels

� control layout and appearance of the chart

You have two alternatives for producing ANOMp charts with the PCHART statement:

� ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

� Otherwise, traditional graphics are produced if SAS/GRAPH® is licensed.

See Chapter 4, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.
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Getting Started: PCHART Statement

This section introduces the PCHART statement with simple examples that illustrate commonly used options.
Complete syntax for the PCHART statement is presented in the section “Syntax: PCHART Statement” on
page 85.

Creating ANOM Charts for Proportions from Group Counts

NOTE : SeeCreating ANOM p Charts from Group Countsin the SAS/QC Sample Library.

A health care system administrator uses ANOM to compare cesarean section rates for a set of medical groups.
For more background concerning this application, refer to Rodriguez (1996).

The following statements create a SAS data set namedCsection, which contains the number of c-sections
and the total number of deliveries for each medical group over a one-year period.

data Csection;
length ID $ 2;
input ID Csections Total @@;
label ID = �Medical Group Identification Number�;
datalines;

1A 150 923 1K 45 298 1B 34 170 1D 18 132
3I 20 106 3M 12 105 1E 10 77 1N 19 74
1Q 7 69 3H 11 65 1R 11 49 1H 9 48
3J 7 20 1C 8 43 3B 6 43 1M 4 29
3C 5 28 1O 4 27 1J 6 22 1T 3 22
3E 4 18 1G 4 15 3D 4 13 3G 1 11
1L 2 10 1I 1 8 1P 0 3 1F 0 3
1S 1 3
;

A partial listing ofCsection is shown in Figure 5.10.

Figure 5.10 The Data Set Csection
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The variableID identi�es the medical groups and is referred to as thegroup-variable. The variableCsections
provides the number of c-sections, and is referred to as theresponse variable(or responsefor short). The
variableTotal provides the total number of deliveries.

The following statements create thep chart shown in Figure 5.11:

ods graphics off;
title �Analysis of C-Sections�;
proc anom data=Csection;

pchart Csections * ID / groupn = Total
hoffset = 2
nolegend
turnhlabels;

label Csections = �Proportion of Cesarean Sections�;
run;

This example illustrates the basic form of the PCHART statement. After the keyword PCHART, you specify
theresponseto analyze (in this case,Csections, followed by an asterisk and thegroup-variableID.

The input data set is speci�ed with the DATA= option in the PROC ANOM statement. The GROUPN=
option speci�es the sample size in each group and is required with a DATA= input data set. The GROUPN=
option speci�es one of the following:

� a constant group sample size

� a variable in the input data set whose values provide the group sample sizes (in this case,Total)

The TURNHLABELS option turns the horizontal axis labels since the default labeling skips labels if the
characters exceed the space allotted. See Axis and Axis Label Options. To angle the axis labels, see
Example 5.2.

Options such as GROUPN= and TURNHLABELS are speci�ed after the slash (/) in the PCHART statement.
A complete list of options is presented in the section “Syntax: PCHART Statement” on page 85.
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Figure 5.11 ANOM p Chart for Cesarean Sections

Each point on thep chart represents the proportion of c-sections for a particular group. For instance, the
value plotted for group 1A is150=923D 0:163.

Since all the points fall within the decision limits, it can be concluded that the variation in proportions of
c-sections across medical groups is strictly due to chance.

By default, the decision limits shown correspond to a signi�cance level of� D 0:05. This means that,
assuming all groups have the same proportion of c-sections, there is a 0.05 probability that one or more of
the decision limits would be exceeded purely by chance. The formulas for the limits are given in “Decision
Limits” on page 95. Note that the decision limits vary with the number of deliveries in each group, and the
widest limits correspond to the group with the smallest number of deliveries.

For more details on reading group counts, see “DATA= Data Set” on page 99.

Creating ANOM Charts for Proportions from Group Summary Data

NOTE : SeeCreating ANOM p Charts from Group Summary Datain the SAS/QC Sample Library.

The previous example illustrates how you can create ANOM charts for proportions using count data. However,
in many applications, the group data are provided in summarized form as proportions or percentages. This
example illustrates how you can use the PCHART statement with data of this type.
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The following data set provides the data from the preceding example in summarized form:

data CsectProp;
length ID $ 2;
input ID CsectionsP CsectionsN @@;
datalines;

1A 0.163 923 1K 0.151 298 1B 0.200 170 1D 0.136 132
3I 0.189 106 3M 0.114 105 1E 0.130 77 1N 0.257 74
1Q 0.101 69 3H 0.169 65 1R 0.224 49 1H 0.188 48
3J 0.350 20 1C 0.186 43 3B 0.140 43 1M 0.138 29
3C 0.179 28 1O 0.148 27 1J 0.273 22 1T 0.136 22
3E 0.222 18 1G 0.267 15 3D 0.308 13 3G 0.091 11
1L 0.200 10 1I 0.125 8 1P 0.000 3 1F 0.000 3
1S 0.333 3
;

A partial listing ofCsectProp is shown in Figure 5.12. The groups are still indexed byID. The variable
CsectionsP contains the proportions of c-sections, and the variableCsectionsN contains the group sample
sizes.

Figure 5.12 The Data Set CsectProp

You can analyze this data set by specifying it as a SUMMARY= data set in the PROC ANOM statement.

Note thatCsections is not the name of a SAS variable in the data set but is, instead, the common pre�x for
the names of the two SAS variablesCsectionsP andCsectionsN. The suf�x charactersP andN indicate
proportionandsample size, respectively. Thus, you can specify two group variables in a SUMMARY=
data set with a single nameCsections, which is referred to as theresponse. The nameID speci�ed after the
asterisk is the name of thegroup-variable.

A SUMMARY= data set used with the PCHART statement must contain the following variables:

� group variable

� group proportion variable

� group sample size variable
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Furthermore, the names of the group proportion and sample size variables must begin with theresponsename
speci�ed in the PCHART statement and end with the special suf�x charactersP andN, respectively.

For more information, see “SUMMARY= Data Set” on page 101.

The following statements create ap Chart for C-Sections using the SUMMARY= data setCsectProp:

ods graphics on;
title �ANOM for the Proportion of Cesarean Sections�;
proc anom summary=CsectProp;

pchart Csections * ID / odstitle = title1;
run;

The ODS GRAPHICS ON statement speci�ed before the PROC ANOM statement enables ODS Graphics,
so thep chart is created using ODS Graphics instead of traditional graphics. The resulting ANOMp chart is
shown in Figure 5.13.

Figure 5.13 ANOM p Chart from Group Proportions
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Saving Group Proportions

NOTE : SeeSaving Group Proportions Using ANOM PCHARTin the SAS/QC Sample Library.

In this example, the PCHART statement is used to create a summary data set that can later be read by the
ANOM procedure (as in the preceding example). The following statements read the data setCSection (see
“Creating ANOM Charts for Proportions from Group Counts” on page 78) and create a summary data set
namedCSummary:

proc anom data=Csection;
pchart Csections * ID / groupn = Total

outsummary = CSummary
nochart;

run;

The OUTSUMMARY= option names the output data set, and the NOCHART option suppresses the display
of the chart, which would be identical to the chart in Figure 5.11. Figure 5.14 contains a partial listing of
CSummary.

Figure 5.14 The Data Set CSummary

There are three variables in the data setCSummary:

� ID identi�es the groups.

� CSectionsP contains the group proportions.

� CSectionsN contains the group sample sizes.

Note that the variables containing the group proportions and group sample sizes are named by adding the
suf�x charactersP andN to theresponseCSections speci�ed in the PCHART statement. In other words, the
variable naming convention for OUTSUMMARY= data sets is the same as that for SUMMARY= data sets.
For more information, see “OUTSUMMARY= Data Set” on page 97.
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Saving Decision Limits

NOTE : SeeSaving Decision Limits Using ANOM PCHARTin the SAS/QC Sample Library.

You can save the decision limits for an ANOMp chart in a SAS data set.

The following statements read the number of c-sections per group from the data setCSection (see “Creating
ANOM Charts for Proportions from Group Counts” on page 78) and save the decision limits displayed in
Figure 5.11 in a data set namedCSectionLim:

proc anom data=Csection;
pchart Csections * ID / groupn = Total

outlimits = CsectionLim
nochart;

run;

The OUTLIMITS= option names the data set containing the decision limits, and the NOCHART option
suppresses the display of the chart. The data setCSectionLim is listed in Figure 5.15.

Figure 5.15 The Data Set CSectionLim with Decision Limits

The data setCSectionLim contains one observation with the limits for theresponseCSections. The variables
_LDLP_ and_UDLP_ contain the lower and upper decision limits, and the variable_P_ contains the central
line. The value of_LIMITN_ is the nominal sample size associated with the decision limits, the value of
_LIMITK_ is the number of groups, and the value of_ALPHA_ is the signi�cance level associated with the
decision limits. The variables_VAR_ and_GROUP_ are bookkeeping variables that save theresponseand
group-variable. The variable_TYPE_ is a bookkeeping variable that indicates whether the value of_P_ is an
estimate or a known (standard) value. Typically, the value of_TYPE_ is `ESTIMATE.'

For more information, see the section “OUTLIMITS= Data Set” on page 96.

NOTE : SeeSaving ANOM PCHART Summary Statistics and Decision Limitsin the SAS/QC Sample Library.

You can create an output data set containing both decision limits and summary statistics with the OUTTABLE=
option, as illustrated by the following statements:

proc anom data=Csection;
pchart Csections * ID / groupn = Total

outtable = CsectionTab
nochart;

run;

A partial listing of the data setCSectionTab is shown in Figure 5.16.
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Figure 5.16 The Data Set CSectionTab

This data set contains one observation for each group sample. The variables_SUBP_ and_SUBN_ contain
the group proportions and group sample sizes. The variables_LDLP_ and_UDLP_ contain the lower and
upper decision limits, and the variable_P_ contains the central line. The variables_VAR_ andID contain the
responsename and values of thegroup-variable, respectively. For more information, see “OUTTABLE=
Data Set” on page 98.

An OUTTABLE= data set can be read later as a TABLE= data set. For example, the following statements
read the information inCSectionTab and display an ANOMp chart (not shown here) identical to the chart in
Figure 5.11:

title �Analysis of C-Sections�;
proc anom table=CSectionTab;

pchart CSections * id;
label _subp_ = �Proportion of Cesarean Sections�;
run;

Because the ANOM procedure simply displays the information in a TABLE= data set, you can use TABLE=
data sets to create specialized ANOM charts. For more information, see “TABLE= Data Set” on page 101.

Syntax: PCHART Statement

The basic syntax for the PCHART statement is as follows:

PCHART response � group-variable ;

The general form of this syntax is as follows:

PCHART responses � group-variable < (block-variables) >
< =symbol-variable | =`character'> < options > ;

You can use any number of PCHART statements in the ANOM procedure. The components of the PCHART
statement are described as follows.
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response

responses
identify one or more responses to be analyzed. The speci�cation ofresponsedepends on the input data
set speci�ed in the PROC ANOM statement.

� If response counts are read from a DATA= data set,responsemust be the name of the variable
containing the counts. For an example, see “Creating ANOM Charts for Proportions from Group
Summary Data” on page 80.

� If response proportions are read from a SUMMARY= data set,responsemust be the common
pre�x of the summary variables in the SUMMARY= data set. For an example, see “Creating
ANOM Charts for Proportions from Group Summary Data” on page 80.

� If response proportions and decision limits are read from a TABLE= data set,responsemust be
the value of the variable_VAR_ in the TABLE= data set. For an example, see “Saving Decision
Limits” on page 84.

A responseis required. If you specify more than one response, enclose the list in parentheses. For
example, the following statements request distinct ANOMp charts for the responsesRejects and
Reworks:

proc anom data=Measures;
pchart (Rejects Reworks) * Sample / groupn=100;

run;

Note that when data are read from a DATA= data set, the GROUPN= option, which speci�es group
sample sizes, is required.

group-variable
is the variable that identi�es groups in the data. Thegroup-variableis required. In the preceding
PCHART statement,Sample is the group variable.

block-variables
are optional variables that identify sets of consecutive groups on the chart. The blocks are labeled in a
legend, and eachblock-variableprovides one level of labels in the legend.

symbol-variable
is an optional variable whose levels (unique values) determine the symbol marker used to plot pro-
portions. Distinct symbol markers are displayed for points corresponding to the various levels of the
symbol-variable. You can specify the symbol markers with SYMBOLn statements.

options
control the analysis, enhance the appearance of the chart, save results in data sets, and so on. The
section “Summary of Options” lists all options by function.

Summary of Options

The following tables list the PCHART statement options by function. Options unique to the ANOM procedure
are listed in Table 5.11, and are described in detail in “Dictionary of ANOM Chart Statement Options” on
page 183. Options that are common to both the ANOM and SHEWHART procedures are listed in Table 5.12,
and are described in detail in “Dictionary of Options: SHEWHART Procedure” on page 1993.



Syntax: PCHART Statement F 87

Table 5.11 PCHART Statement Special Options

Option Description

Options for Specifying Decision Limits
ALPHA= Speci�es signi�cance level
LIMITK= Speci�es number of groups for decision limits
LIMITN= Speci�es either nominal sample size for �xed decision limits

or varying limits
NOREADLIMITS Computes decision limits for eachresponsefrom the data

rather than a LIMITS= data set
P= Speci�es the weighted average of group proportions
READINDEXES= reads multiple sets of decision limits for eachresponsefrom a

LIMITS= data set
TYPE= Identi�es parameters as estimates or standard values and

speci�es value of_TYPE_ in the OUTLIMITS= data set

Options for Displaying Decision Limits
CINFILL= Speci�es color for area inside decision limits
CLIMITS= Speci�es color of decision limits, central line, and related

labels
LDLLABEL= Speci�es label for lower decision limit
LIMLABSUBCHAR= Speci�es a substitution character for labels provided as quoted

strings; the character is replaced with the value of the decision
limit

LLIMITS= Speci�es line type for decision limits
NDECIMAL= Speci�es number of digits to right of decimal place in default

labels for decision limits and central line
NOCTL Suppresses display of central line
NOLDL Suppresses display of lower decision limit
NOLIMIT0 Suppresses display of lower decision limit if it is 0
NOLIMIT1 Suppresses display of upper decision limit if it is 1 (100%)
NOLIMITLABEL Suppresses labels for decision limits and central line
NOLIMITS Suppresses display of decision limits
NOLIMITSFRAME Suppresses default frame around decision limit information

when multiple sets of decision limits are read from a LIMITS=
data set

NOLIMITSLEGEND Suppresses legend for decision limits
NOUDL Suppresses display of upper decision limit
PSYMBOL= Speci�es label for central line
UDLLABEL= Speci�es label for upper decision limit
WLIMITS= Speci�es width for decision limits and central line

Input Data Set Option
GROUPN= Speci�es group sample sizes as constant numbern or as values

of variable in a DATA= data set
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Table 5.11 continued

Option Description

Output Data Set Option
OUTSUMMARY= Creates output data set containing group summary statistics

Table 5.12 PCHART Statement General Options

Option Description

Options for Plotting and Labeling Points
ALLLABEL= Labels every point on ANOMp chart
CLABEL= Speci�es color for labels
CCONNECT= Speci�es color for line segments that connect points on

chart
CFRAMELAB= Speci�es �ll color for frame around labeled points
CNEEDLES= Speci�es color for needles that connect points to central

line
COUT= Speci�es color for portions of line segments that connect

points outside decision limits
COUTFILL= Speci�es color for shading areas between the connected

points and decision limits outside the limits
LABELANGLE= Speci�es angle at which labels are drawn
LABELFONT= Speci�es software font for labels
LABELHEIGHT= Speci�es height of labels
NONEEDLES Suppresses vertical needles connecting points to central

line
OUTLABEL= Labels points outside decision limits
SYMBOLLEGEND= Speci�es LEGEND statement for levels of

symbol-variable
SYMBOLORDER= Speci�es order in which symbols are assigned for levels

of symbol-variable
TURNALL|TURNOUT Turns point labels so that they are strung out vertically
WNEEDLES= Speci�es width of needles

Axis and Axis Label Options
CAXIS= Speci�es color for axis lines and tick marks
CFRAME= Speci�es �ll colors for frame for plot area
CTEXT= Speci�es color for tick mark values and axis labels
DISCRETE Produces horizontal axis for discrete numeric group

values
HAXIS= Speci�es major tick mark values for horizontal axis
HEIGHT= Speci�es height of axis label and axis legend text
HMINOR= Speci�es number of minor tick marks between major

tick marks on horizontal axis
HOFFSET= Speci�es length of offset at both ends of horizontal axis
INTSTART= Speci�es �rst major tick mark value for numeric

horizontal axis with date, time, or datetime format
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Table 5.12 continued

Option Description

NOHLABEL Suppresses label for horizontal axis
NOTICKREP Speci�es that only the �rst occurrence of repeated,

adjacent group values is to be labeled on horizontal axis
NOTRUNC Suppresses vertical axis truncation at zero applied by

default
NOVANGLE Requests vertical axis labels that are strung out vertically
NOVLABEL Suppresses label for vertical axis
SKIPHLABELS= Speci�es thinning factor for tick mark labels on

horizontal axis
TURNHLABELS Requests horizontal axis labels that are strung out

vertically
VAXIS= Speci�es major tick mark values for vertical axis of

ANOM p chart
VFORMAT= Speci�es format for vertical axis tick mark labels
VMINOR= Speci�es number of minor tick marks between major

tick marks on vertical axis
VOFFSET= Speci�es length of offset at both ends of vertical axis
VZERO Forces origin to be included in vertical axis for ANOMp

chart
WAXIS= Speci�es width of axis lines
YSCALE= Scales vertical axis in percent units (rather than

proportions)

Plot Layout Options
ALLN Plots means for all groups
BILEVEL Creates ANOMp chart using half-screens and half-pages
EXCHART Creates ANOMp chart for a response only when a group

mean exceeds the decision limits
INTERVAL= Natural time interval between consecutive group

positions when time, date, or datetime format is
associated with a numeric group variable

MAXPANELS= Maximum number of pages or screens for chart
NMARKERS Requests special markers for points corresponding to

sample sizes not equal to nominal sample size for �xed
decision limits

NOCHART Suppresses creation of chart
NOFRAME Suppresses frame for plot area
NOLEGEND Suppresses legend for group sample sizes
NPANELPOS= Speci�es number of group positions per panel on each

chart
REPEAT Repeats last group position on panel as �rst group

position of next panel
TOTPANELS= Speci�es number of pages or screens to be used to

display chart
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Table 5.12 continued

Option Description

ZEROSTD Displays ANOMp chart regardless of whether root mean
square error is zero

Reference Line Options
CHREF= Speci�es color for lines requested by HREF= option
CVREF= Speci�es color for lines requested by VREF= option
HREF= Speci�es position of reference lines perpendicular to

horizontal axis on ANOMp chart
HREFDATA= Speci�es position of reference lines perpendicular to

horizontal axis on ANOMp chart
HREFLABELS= Speci�es labels for HREF= lines
HREFLABPOS= Speci�es position of HREFLABELS= labels
LHREF= Speci�es line type for HREF= lines
LVREF= Speci�es line type for VREF= lines
NOBYREF Speci�es that reference line information in a data set

applies uniformly to charts created for all BY groups
VREF= Speci�es position of reference lines perpendicular to

vertical axis on ANOMp chart
VREFLABELS= Speci�es labels for VREF= lines
VREFLABPOS= Speci�es position of VREFLABELS= labels

Grid Options
CGRID= Speci�es color for grid requested with GRID or

ENDGRID option
ENDGRID Adds grid after last plotted point
GRID Adds grid to control chart
LENDGRID= Speci�es line type for grid requested with the ENDGRID

option
LGRID= Speci�es line type for grid requested with the GRID

option
WGRID= Speci�es width of grid lines

Clipping Options
CCLIP= Speci�es color for plot symbol for clipped points
CLIPFACTOR= Determines extent to which extreme points are clipped
CLIPLEGEND= Speci�es text for clipping legend
CLIPLEGPOS= Speci�es position of clipping legend
CLIPSUBCHAR= Speci�es substitution character for CLIPLEGEND= text
CLIPSYMBOL= Speci�es plot symbol for clipped points
CLIPSYMBOLHT= Speci�es symbol marker height for clipped points

Graphical Enhancement Options
ANNOTATE= Speci�es annotate data set that adds features to ANOMp

chart
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Table 5.12 continued

Option Description

DESCRIPTION= Speci�es description of ANOMp chart's GRSEG
catalog entry

FONT= Speci�es software font for labels and legends on chart
NAME= Speci�es name of ANOMp chart's GRSEG catalog

entry
PAGENUM= Speci�es the form of the label used in pagination
PAGENUMPOS= Speci�es the position of the page number requested with

the PAGENUM= option

Options for Producing Graphs Using ODS Styles
BLOCKVAR= Speci�es one or more variables whose values de�ne

colors for �lling background ofblock-variablelegend
CFRAMELAB Draws a frame around labeled points
COUT Draws portions of line segments that connect points

outside decision limits in a contrasting color
CSTAROUT Speci�es that portions of stars exceeding inner or outer

circles are drawn using a different color
OUTFILL Shades areas between decision limits and connected

points lying outside the limits
STARFILL= Speci�es a variable identifying groups of stars �lled with

different colors
STARS= Speci�es a variable identifying groups of stars whose

outlines are drawn with different colors

Options for ODS Graphics
BLOCKREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
INFILLTRANSPARENCY= Speci�es the decision limit in�ll transparency
MARKERDISPLAY= Speci�es a subset of subgroups to be plotted with

markers
MARKERLABEL= Speci�es labels for subgroups that are plotted markers
MARKERMISSINGGROUP= Speci�es whether subgroups that have missing

symbol-variablevalues are plotted with markers
MARKERS Plots group points with markers
NOBLOCKREF Suppresses block and phase reference lines
NOBLOCKREFFILL Suppresses block and phase wall �lls
NOFILLLEGEND Suppresses legend for levels of a STARFILL= variable
NOPHASEREF Suppresses block and phase reference lines
NOPHASEREFFILL Suppresses block and phase wall �lls
NOREF Suppresses block and phase reference lines
NOREFFILL Suppresses block and phase wall �lls
NOSTARFILLLEGEND Suppresses legend for levels of a STARFILL= variable
NOTRANSPARENCY Disables transparency in ODS Graphics output
ODSFOOTNOTE= Speci�es a graph footnote
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Table 5.12 continued

Option Description

ODSLEGENDEXPAND Speci�es that legend entries contain all levels observed
in the data

ODSTITLE= Speci�es a graph title
OUTFILLTRANSPARENCY= Speci�es decision limit out�ll transparency
OVERLAYURL= Speci�es URLs to associate with overlay points
PHASEPOS= Speci�es vertical position of phase legend
PHASEREFLEVEL= Associates phase and block reference lines with either

innermost or the outermost level
PHASEREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
REFFILLTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
SIMULATEQCFONT Draws central line labels using a simulated software font
STARTRANSPARENCY= Speci�es star �ll transparency
URL= Speci�es a variable whose values are URLs to be

associated with groups

Input Data Set Option
DATAUNIT= Speci�es that input values are proportions or percentages

rather than counts

Output Data Set Options
OUTINDEX= Speci�es value of_INDEX_ in the OUTLIMITS= data

set
OUTLIMITS= Creates output data set containing decision limits
OUTTABLE= Creates output data set containing group summary

statistics and decision limits

Tabulation Options
NOTE : specifying (EXCEPTIONS) after a tabulation option creates a table for exceptional points only.
TABLE Creates a basic table of group means, group sample sizes,

and decision limits
TABLEALL Creates all the tables that are produced by the TABLE,

TABLECENTRAL, TABLEID, TABLELEGEND,
TABLEOUTLIM, and TABLETESTS options

TABLECENTRAL Augments basic table with values of central lines
TABLEID Augments basic table with columns for ID variables
TABLEOUTLIM Augments basic table with columns indicating decision

limits exceeded

Block Variable Legend Options
BLOCKLABELPOS= Speci�es position of label forblock-variablelegend
BLOCKLABTYPE= Speci�es text size ofblock-variablelegend
BLOCKPOS= Speci�es vertical position ofblock-variablelegend
BLOCKREP Repeats identical consecutive labels inblock-variable

legend
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Table 5.12 continued

Option Description

CBLOCKLAB= Speci�es �ll colors for frames enclosing variable labels
in block-variablelegend

CBLOCKVAR= Speci�es one or more variables whose values are colors
for �lling background ofblock-variablelegend

Phase Options
CPHASELEG= Speci�es text color forphaselegend
NOPHASEFRAME Suppresses default frame forphaselegend
OUTPHASE= Speci�es value of_PHASE_ in the OUTHISTORY=

data set
PHASEBREAK Disconnects last point in aphasefrom �rst point in next

phase
PHASELABTYPE= Speci�es text size ofphaselegend
PHASELEGEND Displaysphaselabels in a legend across top of chart
PHASELIMITS Labels decision limits for each phase, provided they are

constant within that phase
PHASEREF Delineatesphaseswith vertical reference lines
READPHASES= Speci�esphasesto be read from an input data set

Star Options
CSTARCIRCLES= Speci�es color for STARCIRCLES= circles
CSTARFILL= Speci�es color for �lling stars
CSTAROUT= Speci�es outline color for stars exceeding inner or outer

circles
CSTARS= Speci�es color for outlines of stars
LSTARCIRCLES= Speci�es line types for STARCIRCLES= circles
LSTARS= Speci�es line types for outlines of STARVERTICES=

stars
STARBDRADIUS= Speci�es radius of outer bound circle for vertices of stars
STARCIRCLES= Speci�es reference circles for stars
STARINRADIUS= Speci�es inner radius of stars
STARLABEL= Speci�es vertices to be labeled
STARLEGEND= Speci�es style of legend for star vertices
STARLEGENDLAB= Speci�es label for STARLEGEND= legend
STAROUTRADIUS= Speci�es outer radius of stars
STARSPECS= Speci�es method used to standardize vertex variables
STARSTART= Speci�es angle for �rst vertex
STARTYPE= Speci�es graphical style of star
STARVERTICES= superimposes star at each point on ANOMp chart
WSTARCIRCLES= Speci�es width of STARCIRCLES= circles
WSTARS= Speci�es width of STARVERTICES= stars

Overlay Options
CCOVERLAY= Speci�es colors for overlay line segments
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Table 5.12 continued

Option Description

COVERLAY= Speci�es colors for overlay plots
COVERLAYCLIP= Speci�es color for clipped points on overlays
LOVERLAY= Speci�es line types for overlay line segments
NOOVERLAYLEGEND Suppresses legend for overlay plots
OVERLAY= Speci�es variables to overlay on chart
OVERLAYCLIPSYM= Speci�es symbol for clipped points on overlays
OVERLAYCLIPSYMHT= Speci�es symbol height for clipped points on overlays
OVERLAYHTML= Speci�es links to associate with overlay points
OVERLAYID= Speci�es labels for overlay points
OVERLAYLEGLAB= Speci�es label for overlay legend
OVERLAYSYM= Speci�es symbols for overlays
OVERLAYSYMHT= Speci�es symbol heights for overlays
WOVERLAY= Speci�es widths of overlay line segments

Options for Interactive ANOM Charts
HTML= Speci�es a variable whose values create links to be

associated with groups
HTML_LEGEND= Speci�es a variable whose values create links to be

associated with symbols in the symbol legend
WEBOUT= Creates an OUTTABLE= data set with additional

graphics coordinate data

Details: PCHART Statement

Constructing ANOM Charts for Proportions

The following notation is used in this section:

First Column Second Column

X i Response number (count) in theith group
k Number of groups
ni Sample size of theith group
N Total sample sizeD n1 C � � � C nk
p i Proportion in theith group, wherep i D X i =ni

Np Weighted average of proportions across groups:

Np D
n1p1 C � � � C nk pk

N
D

X1 C � � � C Xk

N

� Signi�cance level
h.� I k; n; 1 / Critical value for ANOM for normal data in the balanced case

.n i � n/
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Table 5.13 continued

First Column Second Column

h.� I k; n1; : : : ; nk ; 1 / Critical value for ANOM for normal data in the unbalanced case

Plotted Points
Each point on an ANOMp chart represents the response proportion (p i D X i =ni ) for a group.

Central Line
By default, the central line on an ANOMp chart is computed asNp, the weighted average of the group
proportions. You can specifyNp with the P= option or with the variable_P_ in a LIMITS= data set.

Decision Limits
For theith group, the response counts are assumed to have the binomial distributionB.n i ; p i / . The ANOM
method for proportions tests the null hypothesis thatp1 D p2 D � � � D pk , that is, that the proportions are
the same, against the alternative that at least one of thep i 's is different from the average of thek proportions.

The decision limits are computed using the normal approximation to the binomial distribution, which is
appropriate when the sample sizes for the groups are large; refer to Ramig (1983). A commonly recommended
check for this assumption is thatni p i > 5 andni .1 � p i / > 5 for all the groups. The critical values in the
ANOM method for normally distributed data are adapted to the binomial case by using in�nite degrees of
freedom for the variance.

When the sample sizes are constant across groups (ni � n), the decision limits are computed as follows:

lower decision limit (LDL) D max

 

Np � h.� I k; n; 1 /
p

Np.1 � Np/

r
k � 1

N
; 0

!

upper decision limit (UDL) D min

 

Np C h.� I k; n; 1 /
p

Np.1 � Np/

r
k � 1

N
; 1

!

For the theoretical derivation of the decision limits, refer to Nelson (1982a).

When the sample sizes (ni ) are different across groups (the unbalanced case), the decision limits are computed
as follows:

lower decision limit (LDL) D max

 

Np � h.� I k; n1; : : : ; nk ; 1 /
p

Np.1 � Np/

s
N � ni

Nni
; 0

!

upper decision limit (UDL) D min

 

Np C h.� I k; n1; : : : ; nk ; 1 /
p

Np.1 � Np/

s
N � ni

Nni
; 1

!
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Note that the decision limits for theith group depend onni . If the sample sizes are constant across groups
(ni � n), the decision limits in the unbalanced case reduce to the formulas given for the balanced case since
ni D n andN D kn so

s
N � ni

Nni
D

r
kn � n

Nn
D

r
k � 1

N

For the derivation of the decision limits for unequal sample sizes, refer to Nelson (1991).

Exact critical valuesh.� I k; n; 1 / were �rst tabulated by L. S. Nelson (1983). Refer to Nelson (1993) for
derivation of critical values.

You can specify parameters for the limits as follows:

� Specify� with the ALPHA= option or with the variable_ALPHA_ in a LIMITS= data set. By default,
� = 0.05.

� Specify a constant nominal sample sizeni � n for the decision limits with the LIMITN= option or
with the variable_LIMITN_ in a LIMITS= data set. By default,n is the observed sample size in the
balanced case.

� Specify Np with the P= option or with the variable_P_ in a LIMITS= data set. By default,Np is the
weighted average of the group proportions.

Output Data Sets

OUTLIMITS= Data Set
The OUTLIMITS= data set saves decision limits and decision limit parameters. The following variables can
be saved:

Table 5.14 OUTLIMITS= Data Set

Variable Description

_ALPHA_ Signi�cance level (� )
_GROUP_ Group-variablespeci�ed in the PCHART statement
_INDEX_ Optional identi�er for the decision limits speci�ed with the OUTIN-

DEX= option
_LDLP_ Lower decision limit for proportions
_LIMITK_ Number of groups
_LIMITN_ Nominal sample size associated with the decision limits
_P_ Average proportion of nonconforming items (Np)
_TYPE_ Type (standard or estimate) of_P_
_UDLP_ Upper decision limit for proportions
_VAR_ Responsespeci�ed in the PCHART statement
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Notes:

1. If the decision limits vary with group sample size, the special missing valueV is assigned to the
variables_LIMITN_, _LDLP_, and_UDLP_.

2. A group must have at least one nonmissing value (ni � 1), and there must be at least one group with
ni � 2.

3. Optional BY variables are saved in the OUTLIMITS= data set.

The OUTLIMITS= data set contains one observation for eachresponsespeci�ed in the PCHART statement.
For an example, see “Saving Decision Limits” on page 84.

OUTSUMMARY= Data Set
The OUTSUMMARY= data set saves group summary statistics. The following variables are saved:

� thegroup-variable

� a group proportion variable named byresponsesuf�xed with P

� a group sample size variable named byresponsesuf�xed with N

Given aresponsename that contains 32 characters, the procedure �rst shortens the name to its �rst 16
characters and its last 15 characters, and then it adds the suf�x.

Group summary variables are created for eachresponsespeci�ed in the PCHART statement. For example,
consider the following statements:

proc anom data=Input;
pchart (Rework Rejected) * Batch / outsummary=Summary

groupn =30;
run;

The data setSummary contains variables namedBatch, ReworkP, ReworkN, RejetedP, andRejetedN.

Additionally, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the OUTPHASE= option is speci�ed)

For an example of an OUTSUMMARY= data set, see “Saving Group Proportions” on page 83.

Note that an OUTSUMMARY= data set created with the PCHART statement can be reused as a SUMMARY=
data set.
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OUTTABLE= Data Set
The OUTTABLE= data set saves group summary statistics, decision limits, and related information. Ta-
ble 5.15 lists the variables that are saved:

Table 5.15 OUTTABLE= Data Set Variables

Variable Description

_ALPHA_ Signi�cance level (� )
_EXLIM_ Decision limit exceeded onp chart
Group Values of the group variable
_LDLP_ Lower decision limit for proportions
_LIMITN_ Nominal sample size associated with the decision limits
_SUBP_ Group proportion
_SUBN_ Group sample size
_UDLP_ Upper decision limit for proportions
_VAR_ Responsespeci�ed in the PCHART statement

In addition, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed)

NOTE : The variable_EXLIM_ is a character variable of length 8. The variable_PHASE_ is a character
variable of length 48. The variable_VAR_ is a character variable whose length is no greater than 32. All
other variables are numeric.

For an example, see “Saving Decision Limits” on page 84.

ODS Tables

The following table summarizes the ODS tables that you can request with the PCHART statement.

Table 5.16 ODS Tables Produced with the PCHART Statement

Table Name Description Options

PChartSummary p chart summary statistics TABLE, TABLEALL, TABLEC,
TABLEID, TABLEOUT
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ODS Graphics

Before you create ODS Graphics output, ODS Graphics must be enabled (for example, by using the ODS
GRAPHICS ON statement). For more information about enabling and disabling ODS Graphics, see the
section “Enabling and Disabling ODS Graphics” (Chapter 21,SAS/STAT User's Guide).

The appearance of a graph produced with ODS Graphics is determined by the style associated with the ODS
destination where the graph is produced. PCHART options used to control the appearance of traditional
graphics are ignored for ODS Graphics output. Options for Producing Graphs Using ODS Styles lists options
that can be used to control the appearance of graphs produced with ODS Graphics or with traditional graphics
using ODS styles. Options for ODS Graphics lists options to be used exclusively with ODS Graphics.
Detailed descriptions of these options are provided in “Dictionary of Options: SHEWHART Procedure” on
page 1993.

When ODS Graphics is in effect, the PCHART statement assigns a name to the graph it creates. You can use
this name to reference the graph when using ODS. The name is listed in Table 5.17.

Table 5.17 ODS Graphics Produced by the PCHART Statement

ODS Graph Name Plot Description

PChart ANOMp chart

See Chapter 4, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.

Input Data Sets

DATA= Data Set
You can read count data from a DATA= data set speci�ed in the PROC ANOM statement. Eachresponse
speci�ed in the PCHART statement must be a SAS variable in the DATA= data set. This variable provides
counts for group samples indexed by the values of thegroup-variable. Thegroup-variable, which is speci�ed
in the PCHART statement, must also be a SAS variable in the DATA= data set. Each observation in a DATA=
data set must contain a count for eachresponseand a value for thegroup-variable. The data set must contain
one observation for each group. Note that you can specify the DATAUNIT= option in the PCHART statement
to read proportions or percentages instead of counts. Other variables that can be read from a DATA= data set
include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables

When you use a DATA= data set with the PCHART statement, the GROUPN= option (which speci�es the
group sample size) is required.
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For an example of a DATA= data set, see “Creating ANOM Charts for Proportions from Group Counts” on
page 78.

LIMITS= Data Set
You can read preestablished decision limits (or parameters from which the decision limits can be calculated)
from a LIMITS= data set speci�ed in the PROC ANOM statement. For example, the following statements
read decision limit information from the data setConlims:

proc anom data=Info limits=Conlims;
pchart Rejects * Batch / groupn= 100;

run;

The LIMITS= data set can be an OUTLIMITS= data set that was created in a previous run of the ANOM
procedure. Such data sets always contain the variables required for a LIMITS= data set. The LIMITS= data
set can also be created directly using a DATA step. When you create a LIMITS= data set, you must provide
one of the following:

� the variables_LDLP_, _P_, and_UDLP_, which specify the decision limits directly

� the variable_P_, without providing_LDLP_ and_UDLP_. The value of_P_ is used to calculate the
decision limits according to the equations in the section “Decision Limits” on page 95.

In addition, note the following:

� The variables_VAR_ and_GROUP_ are always required. These must be character variables whose
lengths are no greater than 32.

� _LDLP_ and_UDLP_ must be speci�ed together; otherwise their values are computed.

� _ALPHA_ is optional but is recommended in order to maintain a complete set of decision limit
information. The default value is0.05.

� _LIMITK_ is optional. The default value isk, the number of groups. A group must have at least one
nonmissing value (ni � 1) and there must be at least one group withni � 2. If speci�ed, _LIMITK_
overrides the value ofk.

� _LIMITN_ is optional. The default value is the common group size (n), in the balanced caseni � n. If
speci�ed,_LIMITN_ overrides the value ofn.

� The variable_TYPE_ is optional, but is recommended to maintain a complete set of decision limit infor-
mation. The variable_TYPE_ must be a character variable of length 8. Valid values are `ESTIMATE,'
`STANDARD,' `STDMEAN,' and `STDRMS.' The default is `ESTIMATE.'

� The variable_INDEX_ is required if you specify the READINDEX= option; this must be a character
variable whose length is no greater than 48.

� BY variables are required if speci�ed with a BY statement.
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SUMMARY= Data Set
You can read group summary statistics from a SUMMARY= data set speci�ed in the PROC ANOM statement.
This enables you to reuse OUTSUMMARY= data sets that have been created in previous runs of the ANOM
procedure or to create your own SUMMARY= data set.

A SUMMARY= data set used with the PCHART statement must contain the following:

� thegroup-variable

� a group proportion variable for eachresponse

� a group sample size variable for eachresponse

The names of the proportion sample size variables must be theresponsename concatenated with the special
suf�x charactersP andN, respectively.

For example, consider the following statements:

proc anom summary=Summary;
pchart (Rework Rejected) * Batch / groupn=50;

run;

The data setSummary must include the variablesBatch, ReworkP, ReworkN, RejetedP, andRejetedN.

Note that if you specify aresponsename that contains 32 characters, the names of the summary variables
must be formed from the �rst 16 characters and the last 15 characters of theresponsename, suf�xed with the
appropriate character.

Other variables that can be read from a SUMMARY= data set include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables

For an example of a SUMMARY= data set, see “Creating ANOM Charts for Proportions from Group
Summary Data” on page 80.

TABLE= Data Set
You can read summary statistics and decision limits from a TABLE= data set speci�ed in the PROC ANOM
statement. This enables you to reuse an OUTTABLE= data set created in a previous run of the ANOM
procedure. Because the ANOM procedure simply displays the information read from a TABLE= data set,
you can use TABLE= data sets to create specialized ANOM charts.

Table 5.18 lists the variables required in a TABLE= data set used with the PCHART statement.
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Table 5.18 Variables Required in a TABLE= Data Set

Variable Description

Group-variable Values of thegroup-variable
_LDLP_ Lower decision limit for proportions
_LIMITN_ Nominal sample size associated with the decision limits
_P_ Average proportion of nonconforming items
_SUBN_ Group sample size
_SUBP_ Group proportion of nonconforming items
_UDLP_ Upper decision limit for proportions

Other variables that can be read from a TABLE= data set include

� block-variables

� symbol-variable

� BY variables

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed). This variable must be a character variable
whose length is no greater than 48.

� _VAR_. This variable is required if more than oneresponseis speci�ed or if the data set contains
information for more than oneresponse. This variable must be a character variable whose length is no
greater than 32.

For an example of a TABLE= data set, see “Saving Decision Limits” on page 84.

Axis Labels

You can specify axis labels by assigning labels to particular variables in the input data set, as summarized in
the following table:

Axis Input Data Set Variable

Horizontal All Group-variable
Vertical DATA= Response
Vertical SUMMARY= Group proportion variable
Vertical TABLE= _SUBP_

For example, the following sets of statements specify the labelProportion Nonconformingfor the vertical
axis of thep chart:

proc anom data=Circuits;
pchart Fail * Batch / groupn=50;
label Fail = �Proportion Nonconforming�;

run;
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proc anom summary=Cirhist;
pchart Fail * Batch ;
label Failp = �Proportion Nonconforming�;

run;

proc anom table=Cirtable;
pchart Fail * batch ;
label _SUBP_ = �Proportion Nonconforming�;

run;

In this example, the label assignments are in effect only for the duration of the procedure step, and they
temporarily override any permanent labels associated with the variables.

Missing Values

An observation read from a DATA=, SUMMARY=, or TABLE= data set is not analyzed if the value of
the group variable is missing. For a particular response variable, an observation read from a DATA= data
set is not analyzed if the value of the response variable is missing. Missing values of response variables
generally lead to unequal group sample sizes. For a particular response variable, an observation read from
a SUMMARY= or TABLE= data set is not analyzed if the values of any of the corresponding summary
variables are missing.

Examples: PCHART Statement

This section provides advanced examples of the PCHART statement.

Example 5.2: ANOM p Charts with Angled Axis Labels

NOTE : SeeANOM p Charts with Angled Axis Labelsin the SAS/QC Sample Library.

Consider the example described in the section “Creating ANOM Charts for Proportions from Group Counts”
on page 78. In the example, the option TURNHLABELS was used to vertically display the horizontal axis
labels. You can also use an AXIS statement to create an angled display of the horizontal or vertical axis
labels. The following statements create the p CHART shown in Output 5.2.1:

ods graphics off;
title �Analysis of C-Sections�;
proc anom data=Csection;

pchart Csections * ID / groupn = Total
nolegend
haxis = axis1;

axis1 value = (a=-45 h=2.0pct);
label Csections = �Proportion of Cesarean Sections�;

run;

The angle is speci�ed with thea= option in theAXIS1 statement. Valid angle values are between-90 and90.
The height of the labels is speci�ed with theh= option in theAXIS1 statement. See Axis and Axis Label
Options.
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Output 5.2.1 ANOM p Chart for C-Sections with Angled Axis Labels
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UCHART Statement: ANOM Procedure

Overview: UCHART Statement

The UCHART statement creates ANOM charts for group (treatment level) rates, also referred to as ANOM
u charts. The rate plotted on au chart is the number orcountof events occurring in a group divided by a
measure of the opportunity for an event to occur.

You can use options in the UCHART statement to

� compute decision limits from the data based on speci�ed parameters, such as the signi�cance level (� )

� tabulate group summary statistics and decision limits

� save decision limits in an output data set

� save group summary statistics in an output data set

� read decision limits and decision limit parameters from a data set

� display distinct sets of decision limits for different sets of groups on the same chart

� add block legends and symbol markers to identify special groups

� superimpose stars at points to represent related multivariate factors

� clip extreme points to make the chart more readable

� display vertical and horizontal reference lines

� control axis values and labels

� control layout and appearance of the chart

You have two alternatives for producing ANOMu charts with the UCHART statement:

� ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

� Otherwise, traditional graphics are produced if SAS/GRAPH® is licensed.

See Chapter 4, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.
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Getting Started: UCHART Statement

This section introduces the UCHART statement with simple examples that illustrate commonly used options.
Complete syntax for the UCHART statement is presented in the section “Syntax: UCHART Statement” on
page 110.

Creating ANOM Charts for Rates from Group Counts

NOTE : SeeCreating ANOM Charts for Rates from Group Countsin the SAS/QC Sample Library.

A health care system administrator uses ANOM to compare medical/surgical admissions rates for set of
clinics. For more background concerning this application, refer to Rodriguez (1996).

The following statements create a SAS data set namedMSAdmits, which contains the number of admissions
and the number of member-months for each clinic during a one-year period.

data MSAdmits;
length ID $ 2;
input ID Count MemberMonths @@;
KMemberYrs = MemberMonths/12000;
label ID = �Medical Group Id Number�;
datalines;

1A 1882 697204 1K 600 224715 1B 438 154720
1D 318 82254 3M 183 76450 3I 220 73529
1N 121 60169 3H 105 52886 1Q 124 52595
1E 171 51229 3B 88 34775 1C 100 31959
1H 112 28782 3C 84 27478 1R 69 26494
1T 21 25096 1M 130 24723 1O 61 24526
3D 66 22359 1J 54 19101 3J 30 16089
3G 36 13851 3E 26 10587 1G 28 10351
1I 25 6041 1L 20 5138 1S 7 2723
1F 7 2424 1P 2 2030
;
proc sort data=MSAdmits;

by ID;
run;

A partial listing ofMSAdmits is shown in Figure 5.17.

Figure 5.17 The Data Set MSAdmits
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There is a single observation per clinic. The variableID identi�es the clinics and is referred to as the
group-variable. The variableCount provides the number of admissions for each clinic, which is referred to
as theresponse variable(or responsefor short). The variableMemberMonths, which provides the number of
member-months for each clinic, is divided by 1200 to compute the variableKMemberYrs, the number of
1000-member-years, which serves as the measure of opportunity for an admission to occur.

The following example illustrates the basic form of the UCHART statement. After the keyword UCHART,
you specify theresponseto analyze (in this case,Count), followed by an asterisk and thegroup-variable(ID).

The following statements create theu chart shown in Figure 5.18:

ods graphics off;
title �Analysis of Medical/Surgical Admissions�;
proc anom data=MSAdmits;

uchart Count * ID / groupn = KMemberYrs
turnhlabels
nolegend;

label Count = �Admits per 1000 Member Years�;
run;

The TURNHLABELS option is used to vertically display the horizontal axis labels. The GROUPN= option
speci�es the number of “occurrence opportunity” units in each group and is required if the input data set is a
DATA= data set. In this example, 1000 member years represent one unit of opportunity. The number of units
per group can be thought of as the group “sample size.” You can use the GROUPN= option to specify one of
the following:

� a constant number of units, which applies to all the groups

� an input variable name, which provides the number of units for each group (KMemberYrs in this
example)

Options such as GROUPN= are speci�ed after the slash (/) in the UCHART statement. A complete list of
options is presented in the section “Syntax: UCHART Statement” on page 110.
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Figure 5.18 u Chart Example

The input data set is speci�ed with the DATA= option in the PROC ANOM statement.

Each point on theu chart represents the rate of occurrence, computed as the count divided by the number
of opportunity units. The points are displayed in the sort order for thegroup-variableID. The chart shows
that Clinics 1D, 1H, and 1M have signi�cantly higher admissions rates, and Clinics 1N, 1T, and 3H have
signi�cantly lower admissions rates.

By default, the decision limits correspond to a signi�cance level of� D 0:05. This means that, assuming all
clinics have the same rate of admissions, there is a 0.05 probability that one or more of the decision limits
would be exceeded purely by chance. The formulas for the limits are given in the section “Decision Limits”
on page 119. Note that the decision limits vary with the number of 1000-member-years for each clinic.

For more details on reading count data, see “DATA= Data Set” on page 123.

Saving Decision Limits

NOTE : SeeSaving Decision Limits Using ANOM UCHARTin the SAS/QC Sample Library.

You can save the decision limits for an ANOMu chart in a SAS data set.

The following statements read the data setMSAdmits (see “Creating ANOM Charts for Rates from Group
Counts” on page 106) and save the decision limits displayed in Figure 5.18 in a data set namedMSLimits:
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proc anom data=MSAdmits;
uchart Count * ID / groupn = KMemberYrs

outlimits = MSLimits
nochart;

run;

The GROUPN= option speci�es the number of opportunity units for each group. The OUTLIMITS= option
names the data set containing the decision limits, and the NOCHART option suppresses the display of the
chart. The data setMSLimits is listed in Figure 5.19.

Figure 5.19 Data Set MSLimits Containing Decision Limits

The data setMSLimits contains one observation with the limits forresponseCount. The variables_LDLU_
and_UDLU_ contain the lower and upper decision limits, and the variable_U_ contains the central line. The
value of_LIMITN_ is the nominal number of units associated with the decision limits (which are varying
in this case), the value of_LIMITK_ is the number of groups, and the value of_ALPHA_ is the signi�cance
level of the decision limits. The variables_VAR_ and_GROUP_ are bookkeeping variables that save the
responseandgroup-variable. The variable_TYPE_ is a bookkeeping variable that indicates whether the
value of_U_ is an estimate or standard (known) value. Typically, the value of_TYPE_ is `ESTIMATE.' For
more information, see “OUTLIMITS= Data Set” on page 121.

Alternatively, you can use the OUTTABLE= option to create an output data set that saves both the decision
limits and the group statistics, as illustrated by the following statements:

proc anom data=MSAdmits;
uchart Count * ID / groupn = KMemberYrs

outtable = MSTable
nochart;

run;

The a partial listing of the data setMSTable is shown in Figure 5.20.

Figure 5.20 Data Set MSTable
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This data set contains one observation for each group. The variables_SUBU_ and_SUBN_ contain the rate of
occurrence and the number of opportunity units for each group. The variables_LDLU_ and_UDLU_ contain
the lower and upper decision limits, and the variable_U_ contains the central line. The variables_VAR_
andID contain theresponsename and values of thegroup-variable, respectively. For more information, see
“OUTTABLE= Data Set” on page 122.

NOTE : SeeSaving ANOM UCHART Summary Statistics and Decision Limitsin the SAS/QC Sample Library.

An OUTTABLE= data set can be read later as a TABLE= data set by the ANOM procedure. For example, the
following statements readMSTable and display au chart (not shown here) identical to the chart in Figure 5.18:

ods graphics off;
title �Analysis of Medical/Surgical Admissions�;
proc anom table=MSTable;

uchart Count * id ;
label _subu_ = �Admits per 1000 Member Years�;

run;

Because the ANOM procedure simply displays the information in a TABLE= data set, you can use TABLE=
data sets to create specialized ANOM charts. For more information, see the section “TABLE= Data Set” on
page 126.

Syntax: UCHART Statement

The basic syntax for the UCHART statement is as follows:

UCHART response � group-variable ;

The general form of this syntax is as follows:

UCHART responses � group-variable < (block-variables) >
< =symbol-variable | =`character'> < options > ;

You can use any number of UCHART statements in the ANOM procedure. The components of the UCHART
statement are described as follows.

response

responses
identify one or more responses to be analyzed. The speci�cation ofresponsedepends on the input data
set speci�ed in the PROC ANOM statement.

� If counts are read from a DATA= data set,responsemust be the name of the variable containing
the counts. For an example, see “Creating ANOM Charts for Rates from Group Counts” on
page 106.

� If rates and numbers of opportunity units are read from a SUMMARY= data set,responsemust
be the common pre�x of the appropriate variables in the SUMMARY= data set.

� If rates, numbers of opportunity units, and decision limits are read from a TABLE= data set,
responsemust be the value of the variable_VAR_ in the TABLE= data set.

A responseis required. If you specify more than one response, enclose the list in parentheses. For
example, the following statements request distinct ANOMu charts forDefects andFlaws:
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proc anom data=Measures;
uchart (Defects Flaws) * Sample / groupn=30;

run;

Note that when data are read from a DATA= data set with the UCHART statement, the GROUPN=
option (which speci�es the number of opportunity units per group) is required.

group-variable
is the variable that identi�es groups in the data. Thegroup-variableis required. In the preceding
UCHART statement,sample is the group variable.

block-variables
are optional variables that identify sets of consecutive groups on the chart. The blocks are labeled in a
legend, and eachblock-variableprovides one level of labels in the legend.

symbol-variable
is an optional variable whose levels (unique values) determine the symbol marker used to plot the
rates. Distinct symbol markers are displayed for points corresponding to the various levels of the
symbol-variable. You can specify the symbol markers with SYMBOLn statements.

options
enhance the appearance of the chart, request additional analyses, save results in data sets, and so on.
The section “Summary of Options” lists all options by function.

Summary of Options

The following tables list the UCHART statement options by function. Options unique to the ANOM procedure
are listed in Table 5.19, and are described in detail in “Dictionary of ANOM Chart Statement Options” on
page 183. Options that are common to both the ANOM and SHEWHART procedures are listed in Table 5.20,
and are described in detail in “Dictionary of Options: SHEWHART Procedure” on page 1993.

Table 5.19 UCHART Statement Special Options

Option Description

Options for Specifying Decision Limits
ALPHA= Speci�es signi�cance level
LIMITK= Speci�es number of groups for decision limits
LIMITN= Speci�es either nominal sample size for �xed decision limits

or varying limits
NOREADLIMITS Computes decision limits for eachresponsefrom the data

rather than a LIMITS= data set
READINDEXES= Reads multiple sets of decision limits for eachresponsefrom a

LIMITS= data set
TYPE= Identi�es parameters as estimates or standard values and

speci�es value of_TYPE_ in the OUTLIMITS= data set
U= Speci�es the weighted average of group rates



112 F Chapter 5: The ANOM Procedure

Table 5.19 continued

Option Description

Options for Displaying Decision Limits
CINFILL= Speci�es color for area inside decision limits
CLIMITS= Speci�es color of decision limits, central line, and related

labels
LDLLABEL= Speci�es label for lower decision limit
LIMLABSUBCHAR= Speci�es a substitution character for labels provided as quoted

strings; the character is replaced with the value of the decision
limit

LLIMITS= Speci�es line type for decision limits
NDECIMAL= Speci�es number of digits to right of decimal place in default

labels for decision limits and central line
NOCTL Suppresses display of central line
NOLDL Suppresses display of lower decision limit
NOLIMIT0 Suppresses display of lower decision limit if it is 0
NOLIMITLABEL Suppresses labels for decision limits and central line
NOLIMITS Suppresses display of decision limits
NOLIMITSFRAME Suppresses default frame around decision limit information

when multiple sets of decision limits are read from a LIMITS=
data set

NOLIMITSLEGEND Suppresses legend for decision limits
NOUDL Suppresses display of upper decision limit
UDLLABEL= Speci�es label for upper decision limit
USYMBOL= Speci�es label for central line
WLIMITS= Speci�es width for decision limits and central line

Input Data Set Option
GROUPN= Speci�es group sample sizes as constant numbern or as values

of variable in a DATA= data set

Output Data Set Option
OUTSUMMARY= Creates output data set containing group summary statistics

Table 5.20 UCHART Statement General Options

Option Description

Options for Plotting and Labeling Points
ALLLABEL= Labels every point on ANOMu chart
CLABEL= Speci�es color for labels
CCONNECT= Speci�es color for line segments that connect points on

chart
CFRAMELAB= Speci�es �ll color for frame around labeled points
CNEEDLES= Speci�es color for needles that connect points to central

line
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Table 5.20 continued

Option Description

COUT= Speci�es color for portions of line segments that connect
points outside decision limits

COUTFILL= Speci�es color for shading areas between the connected
points and decision limits outside the limits

LABELANGLE= Speci�es angle at which labels are drawn
LABELFONT= Speci�es software font for labels
LABELHEIGHT= Speci�es height of labels
NONEEDLES Suppresses vertical needles connecting points to central

line
OUTLABEL= Labels points outside decision limits
SYMBOLLEGEND= Speci�es LEGEND statement for levels of

symbol-variable
SYMBOLORDER= Speci�es order in which symbols are assigned for levels

of symbol-variable
TURNALL|TURNOUT Turns point labels so that they are strung out vertically
WNEEDLES= Speci�es width of needles

Axis and Axis Label Options
CAXIS= Speci�es color for axis lines and tick marks
CFRAME= Speci�es �ll colors for frame for plot area
CTEXT= Speci�es color for tick mark values and axis labels
DISCRETE Produces horizontal axis for discrete numeric group

values
HAXIS= Speci�es major tick mark values for horizontal axis
HEIGHT= Speci�es height of axis label and axis legend text
HMINOR= Speci�es number of minor tick marks between major

tick marks on horizontal axis
HOFFSET= Speci�es length of offset at both ends of horizontal axis
INTSTART= Speci�es �rst major tick mark value for numeric

horizontal axis with date, time, or datetime format
NOHLABEL Suppresses label for horizontal axis
NOTICKREP Speci�es that only the �rst occurrence of repeated,

adjacent group values is to be labeled on horizontal axis
NOTRUNC Suppresses vertical axis truncation at zero applied by

default
NOVANGLE Requests vertical axis labels that are strung out vertically
NOVLABEL Suppresses label for vertical axis
SKIPHLABELS= Speci�es thinning factor for tick mark labels on

horizontal axis
TURNHLABELS Requests horizontal axis labels that are strung out

vertically
VAXIS= Speci�es major tick mark values for vertical axis of

ANOM u chart
VFORMAT= Speci�es format for vertical axis tick mark labels
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Table 5.20 continued

Option Description

VMINOR= Speci�es number of minor tick marks between major
tick marks on vertical axis

VOFFSET= Speci�es length of offset at both ends of vertical axis
VZERO Forces origin to be included in vertical axis for ANOMu

chart
WAXIS= Speci�es width of axis lines
Plot Layout Options
ALLN Plots means for all groups
BILEVEL Creates ANOMu chart using half-screens and half-pages
EXCHART Creates ANOMu chart for a response only when a group

mean exceeds the decision limits
INTERVAL= Speci�es the natural time interval between consecutive

group positions when time, date, or datetime format is
associated with a numeric group variable

MAXPANELS= Speci�es the maximum number of pages or screens for
chart

NMARKERS Requests special markers for points corresponding to
sample sizes not equal to nominal sample size for �xed
decision limits

NOCHART Suppresses creation of chart
NOFRAME Suppresses frame for plot area
NOLEGEND Suppresses legend for group sample sizes
NPANELPOS= Speci�es number of group positions per panel on each

chart
REPEAT Repeats last group position on panel as �rst group

position of next panel
TOTPANELS= Speci�es number of pages or screens to be used to

display chart
ZEROSTD Displays ANOMu chart regardless of whether root mean

square error is zero

Reference Line Options
CHREF= Speci�es color for lines requested by HREF= option
CVREF= Speci�es color for lines requested by VREF= option
HREF= Speci�es position of reference lines perpendicular to

horizontal axis on ANOMu chart
HREFDATA= Speci�es position of reference lines perpendicular to

horizontal axis on ANOMu chart
HREFLABELS= Speci�es labels for HREF= lines
HREFLABPOS= Speci�es position of HREFLABELS= labels
LHREF= Speci�es line type for HREF= lines
LVREF= Speci�es line type for VREF= lines
NOBYREF Speci�es that reference line information in a data set

applies uniformly to charts created for all BY groups
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Table 5.20 continued

Option Description

VREF= Speci�es position of reference lines perpendicular to
vertical axis on ANOMu chart

VREFLABELS= Speci�es labels for VREF= lines
VREFLABPOS= Speci�es position of VREFLABELS= labels

Grid Options
CGRID= Speci�es color for grid requested with GRID or

ENDGRID option
ENDGRID Adds grid after last plotted point
GRID Adds grid to control chart
LENDGRID= Speci�es line type for grid requested with the ENDGRID

option
LGRID= Speci�es line type for grid requested with the GRID

option
WGRID= Speci�es width of grid lines

Clipping Options
CCLIP= Speci�es color for plot symbol for clipped points
CLIPFACTOR= Determines extent to which extreme points are clipped
CLIPLEGEND= Speci�es text for clipping legend
CLIPLEGPOS= Speci�es position of clipping legend
CLIPSUBCHAR= Speci�es substitution character for CLIPLEGEND= text
CLIPSYMBOL= Speci�es plot symbol for clipped points
CLIPSYMBOLHT= Speci�es symbol marker height for clipped points

Graphical Enhancement Options
ANNOTATE= Speci�es annotate data set that adds features to ANOMu

chart
DESCRIPTION= Speci�es description of ANOMu chart's GRSEG

catalog entry
FONT= Speci�es software font for labels and legends on chart
NAME= Speci�es name of ANOMu chart's GRSEG catalog

entry
PAGENUM= Speci�es the form of the label used in pagination
PAGENUMPOS= Speci�es the position of the page number requested with

the PAGENUM= option

Options for Producing Graphs Using ODS Styles
BLOCKVAR= Speci�es one or more variables whose values de�ne

colors for �lling background ofblock-variablelegend
CFRAMELAB Draws a frame around labeled points
COUT Draws portions of line segments that connect points

outside decision limits in a contrasting color
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Table 5.20 continued

Option Description

CSTAROUT Speci�es that portions of stars exceeding inner or outer
circles are drawn using a different color

OUTFILL Shades areas between decision limits and connected
points lying outside the limits

STARFILL= Speci�es a variable identifying groups of stars �lled with
different colors

STARS= Speci�es a variable identifying groups of stars whose
outlines are drawn with different colors

Options for ODS Graphics
BLOCKREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
INFILLTRANSPARENCY= Speci�es the decision limit in�ll transparency
MARKERDISPLAY= Speci�es a subset of subgroups to be plotted with

markers
MARKERLABEL= Speci�es labels for subgroups that are plotted with

markers
MARKERMISSINGGROUP= Speci�es whether subgroups that have missing

symbol-variablevalues are plotted with markers
MARKERS Plots group points with markers
NOBLOCKREF Suppresses block and phase reference lines
NOBLOCKREFFILL Suppresses block and phase wall �lls
NOFILLLEGEND Suppresses legend for levels of a STARFILL= variable
NOPHASEREF Suppresses block and phase reference lines
NOPHASEREFFILL Suppresses block and phase wall �lls
NOREF Suppresses block and phase reference lines
NOREFFILL Suppresses block and phase wall �lls
NOSTARFILLLEGEND Suppresses legend for levels of a STARFILL= variable
NOTRANSPARENCY Disables transparency in ODS Graphics output
ODSFOOTNOTE= Speci�es a graph footnote
ODSLEGENDEXPAND Speci�es that legend entries contain all levels observed

in the data
ODSTITLE= Speci�es a graph title
OUTFILLTRANSPARENCY= Speci�es decision limit out�ll transparency
OVERLAYURL= Speci�es URLs to associate with overlay points
PHASEPOS= Speci�es vertical position of phase legend
PHASEREFLEVEL= Associates phase and block reference lines with either

innermost or the outermost level
PHASEREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
REFFILLTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
SIMULATEQCFONT Draws central line labels using a simulated software font
STARTRANSPARENCY= Speci�es star �ll transparency
URL= Speci�es a variable whose values are URLs to be

associated with groups
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Table 5.20 continued

Option Description

Output Data Set Options
OUTINDEX= Speci�es value of_INDEX_ in the OUTLIMITS= data

set
OUTLIMITS= Creates output data set containing decision limits
OUTTABLE= Creates output data set containing group summary

statistics and decision limits
Tabulation Options
NOTE : specifying (EXCEPTIONS) after a tabulation option creates a table for exceptional points only.
TABLE Creates a basic table of group means, group sample sizes,

and decision limits
TABLEALL Creates all the tables that are produced by the TABLE,

TABLECENTRAL, TABLEID, TABLELEGEND,
TABLEOUTLIM, and TABLETESTS options

TABLECENTRAL Augments basic table with values of central lines
TABLEID Augments basic table with columns for ID variables
TABLEOUTLIM Augments basic table with columns indicating decision

limits exceeded

Block Variable Legend Options
BLOCKLABELPOS= Speci�es position of label forblock-variablelegend
BLOCKLABTYPE= Speci�es text size ofblock-variablelegend
BLOCKPOS= Speci�es vertical position ofblock-variablelegend
BLOCKREP Repeats identical consecutive labels inblock-variable

legend
CBLOCKLAB= Speci�es �ll colors for frames enclosing variable labels

in block-variablelegend
CBLOCKVAR= Speci�es one or more variables whose values are colors

for �lling background ofblock-variablelegend

Phase Options
CPHASELEG= Speci�es text color forphaselegend
NOPHASEFRAME Suppresses default frame forphaselegend
OUTPHASE= Speci�es value of_PHASE_ in the OUTHISTORY=

data set
PHASEBREAK Disconnects last point in aphasefrom �rst point in next

phase
PHASELABTYPE= Speci�es text size ofphaselegend
PHASELEGEND Displaysphaselabels in a legend across top of chart
PHASELIMITS Labels decision limits for each phase, provided they are

constant within that phase
PHASEREF Delineatesphaseswith vertical reference lines
READPHASES= Speci�esphasesto be read from an input data set
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Table 5.20 continued

Option Description

Star Options
CSTARCIRCLES= Speci�es color for STARCIRCLES= circles
CSTARFILL= Speci�es color for �lling stars
CSTAROUT= Speci�es outline color for stars exceeding inner or outer

circles
CSTARS= Speci�es color for outlines of stars
LSTARCIRCLES= Speci�es line types for STARCIRCLES= circles
LSTARS= Speci�es line types for outlines of STARVERTICES=

stars
STARBDRADIUS= Speci�es radius of outer bound circle for vertices of stars
STARCIRCLES= Speci�es reference circles for stars
STARINRADIUS= Speci�es inner radius of stars
STARLABEL= Speci�es vertices to be labeled
STARLEGEND= Speci�es style of legend for star vertices
STARLEGENDLAB= Speci�es label for STARLEGEND= legend
STAROUTRADIUS= Speci�es outer radius of stars
STARSPECS= Speci�es method used to standardize vertex variables
STARSTART= Speci�es angle for �rst vertex
STARTYPE= Speci�es graphical style of star
STARVERTICES= superimposes star at each point on ANOMu chart
WSTARCIRCLES= Speci�es width of STARCIRCLES= circles
WSTARS= Speci�es width of STARVERTICES= stars

Overlay Options
CCOVERLAY= Speci�es colors for overlay line segments
COVERLAY= Speci�es colors for overlay plots
COVERLAYCLIP= Speci�es color for clipped points on overlays
LOVERLAY= Speci�es line types for overlay line segments
NOOVERLAYLEGEND Suppresses legend for overlay plots
OVERLAY= Speci�es variables to overlay on chart
OVERLAYCLIPSYM= Speci�es symbol for clipped points on overlays
OVERLAYCLIPSYMHT= Speci�es symbol height for clipped points on overlays
OVERLAYHTML= Speci�es links to associate with overlay points
OVERLAYID= Speci�es labels for overlay points
OVERLAYLEGLAB= Speci�es label for overlay legend
OVERLAYSYM= Speci�es symbols for overlays
OVERLAYSYMHT= Speci�es symbol heights for overlays
WOVERLAY= Speci�es widths of overlay line segments

Options for Interactive ANOM Charts
HTML= Speci�es a variable whose values create links to be

associated with groups
HTML_LEGEND= Speci�es a variable whose values create links to be

associated with symbols in the symbol legend
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Table 5.20 continued

Option Description

WEBOUT= Creates an OUTTABLE= data set with additional
graphics coordinate data

Details: UCHART Statement

Constructing ANOM Charts for Rates

The following notation is used in this section:

ci count (number of occurrences) in theith group
k number of groups
ni number of occurrence opportunity units in theith group
N total sample sizeD n1 C � � � C nk
ui occurrence rate in theith group (ui D ci =ni )
Nu average of occurrence rates taken across groups. The quantityNu is

computed as a weighted average:

Nu D
n1u1 C � � � C nk uk

N
D

c1 C � � � C ck

N

� signi�cance level
h.� I k; n; 1 / critical value for ANOM for normal data in the balanced case

.n i � n/
h.� I k; n1; : : : ; nk ; 1 / critical value for ANOM for normal data in the unbalanced case

Plotted Points
Each point on au chart indicates the rate of occurrence (ui ) in a group.

Central Line
In an ANOM chart for rates, the central line represents the weighted average of the group rates, which is
denoted byNu.

Decision Limits
For theith group, the occurrence counts are assumed to have a Poisson distribution with parameter� i . The
ANOM method tests the null hypothesis that� 1 D � � � D � k , that is, that the rates are the same, against the
alternative that at least one of the� i 's is different from the average of thek rates.

The decision limits are computed using the normal approximation to the Poisson distribution, which is
appropriate when the sample sizes for the groups are large; see Ramig (1983). A commonly recommended
check for this assumption is thatci > 5 for all the groups. The critical values in the ANOM method for
normally distributed data are adapted to the Poisson case by using in�nite degrees of freedom for the variance.
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When the number of opportunity units is constant (ni � n) across groups, the decision limits are computed
as follow:

lower decision limit (LDLU) D max

 

Nu � h.� I k; n; 1 /
p

Nu

r
k � 1

N
; 0

!

upper decision limit (UDLU) D Nu C h.� I k; n; 1 /
p

Nu

r
k � 1

N

For the theoretical derivation of the decision limits, refer to Nelson (1982a).

When the number of opportunity units (ni ) is different across groups (the unbalanced case), the decision
limits are computed as follows:

lower decision limit (LDLU) D max

 

Nu � h.� I k; n1; : : : ; nk ; 1 /
p

Nu

s
N � ni

Nni
; 0

!

upper decision limit (UDLU) D Nu C h.� I k; n1; : : : ; nk ; 1 /
p

Nu

s
N � ni

Nni

Note that the decision limits for theith group depend onni . If the sample sizes are constant across groups
(ni � n), the decision limits in the unbalanced case reduce to the formulas given for the balanced case, since
ni � n andN D kn, so

s
N � ni

Nni
D

r
kn � n

Nn
D

r
k � 1

N

For the derivation of the decision limits for unequal sample sizes, refer to Nelson (1991).

Exact critical values were �rst tabulated by Nelson (1982a). Refer to Nelson (1993) for a derivation of the
critical valuesh.� I k; n; 1 / and Nelson (1991) for a derivation of the critical valuesh.� I k; n1; : : : ; nk ; 1 / .
Note that the critical values in the unequal sample size case have not been tabulated.

You can specify parameters for the limits as follows:

� Specify� with the ALPHA= option or with the variable_ALPHA_ in a LIMITS= data set.

� Specify a nominal constant number of opportunity unitsni � n with the LIMITN= option or with the
variable_LIMITN_ in a LIMITS= data set.

� Specify Nu with the U= option or with the variable_U_ in a LIMITS= data set.
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Output Data Sets

OUTLIMITS= Data Set
The OUTLIMITS= data set saves decision limits and decision limit parameters. The following variables can
be saved:

Table 5.22 OUTLIMITS= Data Set

Variable Description

_ALPHA_ Signi�cance level (� )
_GROUP_ Group-variablespeci�ed in the UCHART statement
_INDEX_ Optional identi�er for the decision limits speci�ed with the OUTIN-

DEX= option
_LDLU_ Lower decision limit for occurrence rates
_LIMITK_ Number of groups
_LIMITN_ Number of opportunity units associated with the decision limits
_TYPE_ Type (estimate or standard value) of_U_
_U_ Value of central line ofu chart (Nu)
_UDLU_ Upper decision limit for occurrence rates
_VAR_ Responsespeci�ed in the UCHART statement

Notes:

1. If the decision limits vary with the number of opportunity units, the special missing valueV is assigned
to the variables_LDLU_, _UDLU_, and_LIMITN_.

2. Optional BY variables are saved in the OUTLIMITS= data set.

The OUTLIMITS= data set contains one observation for eachresponsespeci�ed in the UCHART statement.
For an example, see “Saving Decision Limits” on page 108.

OUTSUMMARY= Data Set
The OUTSUMMARY= data set saves group summary statistics. The following variables are saved:

� thegroup-variable

� a response rate variable, whose name isresponsesuf�xed with U

� a number of opportunity units variable, whose name isresponsesuf�xed with N

Given aresponsename that contains 32 characters, the procedure �rst shortens the name to its �rst 16
characters and its last 15 characters, and then it adds the suf�x.

Group summary variables are created for eachresponsespeci�ed in the UCHART statement. For example,
consider the following statements:
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proc anom data=Fabric;
uchart (Flaws Ndefects) * Treatment / outsummary=Summary

groupn = 30;
run;

The data set summary contains the variablesTreatment, FlawsU, FlawsN, NdefectsU, andNdefectsN.

Additionally, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the OUTPHASE= option is speci�ed)

OUTTABLE= Data Set
The OUTTABLE= data set saves group summary statistics, decision limits, and related information. Ta-
ble 5.23 lists the variables that are saved.

Table 5.23 OUTTABLE= Data Set Variables

Variable Description

_ALPHA_ Signi�cance level (� )
_EXLIM_ Decision limit exceeded onu chart
Group Values of the group variable
_LDLU_ Lower decision limit for group rate
_LIMITN_ Nominal number of opportunity units associated with the decision limits
_SUBU_ Group rate
_SUBN_ Number of opportunity units in group
_UDLU_ Upper decision limit for group rate
_VAR_ Responsespeci�ed in the UCHART statement

In addition, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed)
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NOTE : The variable_EXLIM_ is a character variable of length 8. The variable_PHASE_ is a character
variable of length 48. The variable_VAR_ is a character variable whose length is no greater than 32. All
other variables are numeric.

ODS Tables

The following table summarizes the ODS tables that you can request with the UCHART statement.

Table 5.24 ODS Tables Produced with the UCHART Statement

Table Name Description Options

UChartSummary ANOM u chart summary
statistics

TABLE, TABLEALL, TABLEC,
TABLEID, TABLEOUT

ODS Graphics

Before you create ODS Graphics output, ODS Graphics must be enabled (for example, by using the ODS
GRAPHICS ON statement). For more information about enabling and disabling ODS Graphics, see the
section “Enabling and Disabling ODS Graphics” (Chapter 21,SAS/STAT User's Guide).

The appearance of a graph produced with ODS Graphics is determined by the style associated with the ODS
destination where the graph is produced. UCHART options used to control the appearance of traditional
graphics are ignored for ODS Graphics output. Options for Producing Graphs Using ODS Styles lists options
that can be used to control the appearance of graphs produced with ODS Graphics or with traditional graphics
using ODS styles. Options for ODS Graphics lists options to be used exclusively with ODS Graphics.
Detailed descriptions of these options are provided in “Dictionary of Options: SHEWHART Procedure” on
page 1993.

When ODS Graphics is in effect, the UCHART statement assigns a name to the graph it creates. You can use
this name to reference the graph when using ODS. The name is listed in Table 5.25.

Table 5.25 ODS Graphics Produced by the UCHART Statement

ODS Graph Name Plot Description

UChart ANOMu chart

See Chapter 4, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.

Input Data Sets

DATA= Data Set
You can read response counts for groups from a DATA= data set speci�ed in the PROC ANOM statement.
Eachresponsespeci�ed in the UCHART statement must be a SAS variable in the data set. This variable
provides the count (number of occurrences) for groups indexed by thegroup-variable. Thegroup-variable,
speci�ed in the UCHART statement, must also be a SAS variable in the DATA= data set. Each observation in
a DATA= data set must contain a value for eachresponseand a value for thegroup-variable. The data set
should contain one observation per group. When you use a DATA= data set with the UCHART statement, the
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GROUPN= option (which speci�es the number of inspection units per group) is required. Other variables
that can be read from a DATA= data set include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables

For an example of a DATA= data set, see “Creating ANOM Charts for Rates from Group Counts” on page 106.

LIMITS= Data Set
You can read decision limits (or parameters from which the decision limits can be calculated) from a LIMITS=
data set speci�ed in the PROC ANOM statement. For example, the following statements read decision limit
information from the data setConlims:

proc anom data=Info limits=Conlims;
uchart Defects * Treatment / groupn = 30;

run;

The LIMITS= data set can be an OUTLIMITS= data set that was created in a previous run of the ANOM
procedure. Such data sets always contain the variables required for a LIMITS= data set. The LIMITS= data
set can also be created directly using a DATA step. When you create a LIMITS= data set, you must provide
one of the following:

� the variables_LDLU_, _U_, and_UDLU_, which specify the decision limits

� the variable_U_, without providing the variables_LDLU_ and_UDLU_, which is used to calculate the
decision limits (see “Decision Limits” on page 119)

In addition, note the following:

� The variables_VAR_ and_GROUP_ are always required. These must be character variables whose
lengths are no greater than 32.

� _LDLU_ and_UDLU_ must be speci�ed together; otherwise their values are computed.

� _ALPHA_ is optional but is recommended in order to maintain a complete set of decision limit
information. The default value is 0.05.

� _LIMITK_ is optional. The default value isk, the number of groups. A group must have at least one
nonmissing value (ni � 1) and there must be at least one group withni � 2. If speci�ed, _LIMITK_
overrides the value ofk.

� _LIMITN_ is optional. The default value is the common group size (n), in the balanced caseni � n. If
speci�ed,_LIMITN_ overrides the value ofn.
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� The variable_TYPE_ is optional, but is recommended to maintain a complete set of decision limit infor-
mation. The variable_TYPE_ must be a character variable of length 8. Valid values are `ESTIMATE,'
`STANDARD,' `STDMEAN,' and `STDRMS.' The default is `ESTIMATE.'

� The variable_INDEX_ is required if you specify the READINDEX= option; this must be a character
variable whose length is no greater than 48.

� BY variables are required if speci�ed with a BY statement.

SUMMARY= Data Set
You can read group summary statistics from a SUMMARY= data set speci�ed in the PROC ANOM statement.
This enables you to reuse OUTSUMMARY= data sets that have been created in previous runs of the ANOM
procedure or to read output data sets created with SAS summarization procedures.

A SUMMARY= data set used with the UCHART statement must contain the following variables:

� group-variable

� response rates for eachresponse

� number of occurrence units for eachresponse

The names of the variables containing the rates and number of occurrence units must be theresponsename
concatenated with the special suf�x charactersU andN, respectively. For example, consider the following
statements:

proc anom summary=Summary;
uchart (Flaws Ndefects) * Treatment;

run;

The data setSummary must include the variablesTreatment, FlawsU, FlawsN, NdefectsU, andNdefectsN.

Note that if you specify aresponsename that contains 32 characters, the names of the summary variables
must be formed from the �rst 16 characters and the last 15 characters of theresponsename, suf�xed with the
appropriate character.

Other variables that can be read from a SUMMARY= data set include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables
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TABLE= Data Set
You can read group statistics and decision limits from a TABLE= data set speci�ed in the PROC ANOM
statement. This enables you to reuse an OUTTABLE= data set created in a previous run of the ANOM
procedure or to create your own TABLE= data set. Because the ANOM procedure simply displays the
information read from a TABLE= data set, you can use TABLE= data sets to create specialized ANOM
charts.

Table 5.26 lists the variables required in a TABLE= data set used with the UCHART statement.

Table 5.26 Variables Required in a TABLE= Data Set

Variable Description

Group-variable Values of thegroup-variable
_LDLU_ Lower decision limit for rate
_LIMITN_ Nominal number of opportunity units associated with the decision

limits
_SUBN_ Number of opportunity units in group
_SUBU_ Response rate for group
_U_ Weighted average of group rates
_UDLU_ Upper decision limit for rate

Other variables that can be read from a TABLE= data set include

� block-variables

� symbol-variable

� BY variables

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed). This variable must be a character variable
whose length is no greater than 48.

� _VAR_. This variable is required if more than oneresponseis speci�ed or if the data set contains
information for more than oneresponse. This variable must be a character variable whose length is no
greater than 32.

For an example of a TABLE= data set, see “Saving Decision Limits” on page 108.

Axis Labels

You can specify axis labels by assigning labels to particular variables in the input data set, as summarized in
the following table:
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Axis Input Data Set Variable

Horizontal all Group-variable
Vertical DATA= Response
Vertical SUMMARY= Group defects per unit variable
Vertical TABLE= _SUBU_

Missing Values

An observation read from a DATA=, SUMMARY=, or TABLE= data set is not analyzed if the value of the
group variable is missing. For a particular response variable, an observation read from a DATA= data set is
not analyzed if the value of the response variable is missing. For a particular response variable, an observation
read from a SUMMARY= or TABLE= data set is not analyzed if the values of any of the corresponding
summary variables are missing.

Examples: UCHART Statement

This section provides an advanced example of the UCHART statement.

Example 5.3: ANOM u Charts with Angled Axis Labels

NOTE : SeeCreating ANOM Charts with Angled Axis Labelsin the SAS/QC Sample Library.

Consider the example described in “Creating ANOM Charts for Rates from Group Counts” on page 106.
In the example, the option TURNHLABELS was used to vertically display the horizontal axis labels. You
can also use an AXIS statement to create an angled display of the horizontal or vertical axes labels. The
following statements create the u CHART shown in Output 5.3.1:

ods graphics off;
title �Analysis of Medical/Surgical Admissions�;
proc anom data=MSAdmits;

uchart Count * ID / groupn = KMemberYrs
nolegend
haxis = axis1;

axis1 value = (a=-45 h=2.0pct);
label Count = �Admits per 1000 Member Years�;
run;

The angle is speci�ed with the A= option in the AXIS1 statement. Valid angle values are between-90 and
90. The height of the labels is speci�ed with the H= option in the AXIS1 statement. See Axis and Axis
Label Options in Table 5.20 for a list of UCHART statement axis options andSAS/GRAPH: Referencefor a
complete description of the AXIS statement.
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Output 5.3.1 ANOM u Chart for C-Sections with Angled Axis Labels
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XCHART Statement: ANOM Procedure

Overview: XCHART Statement

The XCHART statement creates an ANOM chart for group (treatment level) means of response values. You
can use options in the XCHART statement to

� compute decision limits from the data based on speci�ed parameters, such as the signi�cance level (� )

� tabulate group sample sizes, group means, decision limits, and other information

� save decision limits in an output data set

� save group sample sizes and group means in an output data set

� read decision limits and decision limit parameters from a data set

� display distinct sets of decision limits for different sets of groups

� add block legends and symbol markers to identify special groups

� superimpose stars at points to represent related multivariate factors

� clip extreme points to make the chart more readable

� display vertical and horizontal reference lines

� control axis values and labels

� control layout and appearance of the chart

You have two alternatives for producing ANOM charts with the XCHART statement:

� ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

� Otherwise, traditional graphics are produced if SAS/GRAPH® is licensed.

See Chapter 4, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.
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Getting Started: XCHART Statement

This section introduces the XCHART statement with simple examples that illustrate the most commonly
used options. Complete syntax for the XCHART statement is presented in the section “Syntax: XCHART
Statement” on page 137, and advanced examples are given in the section “Examples: XCHART Statement”
on page 157.

Creating ANOM Charts for Means from Response Values

NOTE : SeeCreating ANOM Charts for Means from Response Variablesin the SAS/QC Sample Library.

A manufacturing engineer carries out a study to determine the source of excessive variation in the positioning
of labels on shampoo bottles.2 A labeling machine removes bottles from the line, attaches the labels, and
returns the bottles to the line. There are six positions on the machine, and the engineer suspects that one or
more of the position heads might be faulty.

A sample of 60 bottles, 10 per position, is run through the machine. For each bottle, the deviation of the label
is measured in millimeters, and the machine position is recorded. The following statements create a SAS
data set namedLabelDeviations, which contains the deviation measurements for the 60 bottles:

data LabelDeviations;
input Position @;
do i = 1 to 5;

input Deviation @;
output;

end;
drop i;
datalines;

1 -0.02386 -0.02853 -0.03001 -0.00428 -0.03623
1 -0.04222 -0.00144 -0.06466 0.00944 -0.00163
2 -0.02014 -0.02725 0.02268 -0.03323 0.03661
2 0.04378 0.05562 0.00977 0.05641 0.01816
3 -0.00728 0.02849 -0.04404 -0.02214 -0.01394
3 0.04855 0.03566 0.02345 0.01339 -0.00203
4 0.06694 0.10729 0.05974 0.06089 0.07551
4 0.03620 0.05614 0.08985 0.04175 0.05298
5 0.03677 0.00361 0.03736 0.01164 -0.00741
5 0.02495 -0.00803 0.03021 -0.00149 -0.04640
6 0.00493 -0.03839 -0.02037 -0.00487 -0.01202
6 0.00710 -0.03075 0.00167 -0.02845 -0.00697
;

A partial listing ofLabelDeviations is shown in Figure 5.21.

2This example is based on a case study described by Hansen (1990).



Getting Started: XCHART Statement F 131

Figure 5.21 Partial Listing of the Data Set LabelDeviations

The data setLabelDeviations is said to be in “strung-out” form, since each observation contains the position
and the deviation measurement for a single bottle. The �rst 10 observations contain the measurements for
the �rst position, the second 10 observations contain the measurements for the second position, and so on.
Because the variablePosition classi�es the observations into groups (treatment levels), it is referred to as the
group-variable. The input data set must be sorted by the group variable. The variableDeviation contains the
deviation measurements and is referred to as theresponse variable(or responsefor short).

The following statements create an ANOM chart forPosition:

ods graphics on;
title �Analysis of Label Deviations�;
proc anom data=LabelDeviations;

xchart Deviation * Position / alpha = 0.05
odstitle = title;

label Deviation = �Mean Deviation from Center (mm)�;
label Position = �Labeler Position�;

run;

The ODS GRAPHICS ON statement speci�ed before the PROC ANOM statement enables ODS Graphics,
so the ANOM chart is created using ODS Graphics instead of traditional graphics. The resulting chart is
shown in Figure 5.22.

This example illustrates the basic form of the XCHART statement. After the keyword XCHART, you specify
theresponseto analyze (in this case,Deviation) followed by an asterisk and thegroup-variable(Position).
Options are speci�ed after the slash (/) in the XCHART statement. A complete list of options is presented in
the section “Syntax: XCHART Statement” on page 137.
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The input data set is speci�ed with the DATA= option in the PROC ANOM statement when it contains raw
measurements for theresponse.

Each point on the ANOM chart represents the average (mean) of the response measurements for a particular
sample.

Figure 5.22 ANOM Chart for Means of Labeler Position Data

The average for Position 1 is below the lower decision limit (LDL), and the average for Position 6 is slightly
below the lower decision limit. The average for Position 4 exceeds the upper decision limit (UDL). The
conclusion is that Positions 1, 4, and 6 are operating differently.

By default, the decision limits shown correspond to a signi�cance level of� D 0:05; the formulas for the
limits are given in the section “Decision Limits” on page 147. You can also read decision limits from an
input data set.

For computational details, see “Constructing ANOM Charts for Means” on page 146. For details on reading
raw measurements, see “DATA= Data Set” on page 153.



Getting Started: XCHART Statement F 133

Creating ANOM Charts for Means from Group Summary Data

NOTE : SeeCreating ANOM Charts for Means from Group Summary Datain the SAS/QC Sample Library.

The previous example illustrates how you can create ANOM charts for means using measurement data.
However, in many applications, the data are provided as group summary statistics. This example illustrates
how you can use the XCHART statement with data of this type.

The following data set (Labels) provides the data from the preceding example in summarized form:

data Labels;
input Position DeviationX DeviationS;
DeviationN = 10;
datalines;

1 -0.02234 0.02281
2 0.01624 0.03348
3 0.00601 0.02885
4 0.06473 0.02149
5 0.00812 0.02592
6 -0.01281 0.01597
;

A listing of Labels is shown in Figure 5.23. There is exactly one observation for each group (note that
the groups are still indexed byPosition). The variableDeviationX contains the group means, the variable
DeviationS contains the group standard deviations, and the variableDeviationN contains the group sample
sizes (these are all 10).

Figure 5.23 The Summary Data Set Labels

You can read this data set by specifying it as a SUMMARY= data set in the PROC ANOM statement, as
follows:

title �Analysis of Label Deviations�;
proc anom summary=Labels;

xchart Deviation * Position / odstitle=title1;
run;

The resulting chart is shown in Figure 5.24.

Note thatDeviation is not the name of a SAS variable in the data set but is, instead, the common pre�x for
the names of the three SAS variablesDeviationX, DeviationS, andDeviationN. The suf�x charactersX, S,
andN indicatemean, standard deviation, andsample size, respectively. Thus, you can specify three group
summary variables in a SUMMARY= data set with a single name (Deviation), which is referred to as the
response. The namePosition speci�ed after the asterisk is the name of thegroup-variable.
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Figure 5.24 ANOM Chart for Means in Data Set Labels

In general, a SUMMARY= input data set used with the XCHART statement must contain the following
variables:

� group variable

� group mean variable

� group standard deviation variable

� group sample size variable

Furthermore, the names of the group mean, standard deviation, and sample size variables must begin with
the responsename speci�ed in the XCHART statement and end with the special suf�x charactersX, S,
andN, respectively. If the names do not follow this convention, you can use the RENAME option in the
PROC ANOM statement to rename the variables for the duration of the ANOM procedure step. If a label is
associated with the group mean variable, it is used to label the vertical axis.



Getting Started: XCHART Statement F 135

In summary, the interpretation ofresponsedepends on the input data set.

� If raw data are read using the DATA= option (as in the previous example),responseis the name of the
SAS variable containing the response measurements.

� If summary data are read using the SUMMARY= option (as in this example),responseis the common
pre�x for the names of the variables containing the summary statistics.

For more information, see the section “SUMMARY= Data Set” on page 155.

Saving Summary Statistics for Groups

NOTE : SeeSaving Summary Statistics for Groups Using ANOM Chartsin the SAS/QC Sample Library.

In this example, the XCHART statement is used to create a data set containing group summary statistics that
can be read later by the ANOM procedure (as in the preceding example). The following statements read
measurements from the data setLabelDeviations and create a summary data set namedLabelSummary:

proc anom data=LabelDeviations;
xchart Deviation * Position / outsummary=LabelSummary

nochart;
run;

The OUTSUMMARY= option names the output data set, and the NOCHART option suppresses the display
of the chart, which would be identical to the chart in Figure 5.22.

Figure 5.25 contains a listing ofLabelSummary.

Figure 5.25 The Summary Data Set LabelSummary

There are four variables in the data setLabelSummary.

� Position identi�es the group.

� DeviationX contains the group means.

� DeviationS contains the group standard deviations.

� DeviationN contains the group sizes.
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Note that the summary statistic variables are named by adding the suf�x charactersX, S, andN to the
responseDeviation speci�ed in the XCHART statement. In other words, the variable naming convention for
OUTSUMMARY= data sets is the same as that for SUMMARY= data sets.

For more information, see the section “OUTSUMMARY= Data Set” on page 151.

Saving Decision Limits

NOTE : SeeSaving Decision Limits Using ANOM Charts for Meansin the SAS/QC Sample Library.

You can save the decision limits for an ANOM chart, together with the parameters used to compute the limits,
in a SAS data set.

The following statements read measurements from the data setLabelDeviations (see the section “Creating
ANOM Charts for Means from Response Values” on page 130) and save the decision limits displayed in
Figure 5.22 in a data set namedLabelLimits:

proc anom data=LabelDeviations;
xchart Deviation * Position / outlimits=LabelLimits

nochart;
run;

The OUTLIMITS= option names the data set containing the decision limits, and the NOCHART option
suppresses the display of the chart. The data setLabelLimits is listed in Figure 5.26.

Figure 5.26 The Data Set LabelLimits Containing Decision Limit Information

The data setLabelLimits contains one observation with the limits forresponseDeviation. The values of
_LDLX_ and_UDLX_ are the lower and upper decision limits for the means, and the value of_MEAN_ is the
weighted average of the group means, which is represented by the central line.

The values of_MEAN_, _MSE_, _DFE_, _LIMITN_, _LIMITK_, and_ALPHA_ are the parameters used to
compute the decision limits as described in the section “Constructing ANOM Charts for Means” on page 146.
The value of_MSE_ is the mean square error, and the value of_DFE_ is the associated degrees of freedom.
The value of_LIMITN_ is the nominal sample size (n) associated with the decision limits, the value of
_LIMITK_ is the number of groups (k), and the value of_ALPHA_ is the value of the signi�cance level (� ).
The variables_VAR_ and_GROUP_ are bookkeeping variables that save theresponseandgroup-variable.
The variable_TYPE_ is a bookkeeping variable that indicates whether the values of_MEAN_ and_MSE_
are estimates computed from the data or standard (known) values speci�ed with procedure options. In most
applications, the value of_TYPE_ will be `ESTIMATE.'

NOTE : SeeSaving Summary Statistics & Decision Limits Using ANOM Chartsin the SAS/QC Sample
Library.

You can create an output data set containing both decision limits and group summary statistics with the
OUTTABLE= option, as illustrated by the following statements:
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proc anom data=LabelDeviations;
xchart Deviation * Position / outtable=LabelTab

nochart;
run;

The data setLabelTab is listed in Figure 5.27.

Figure 5.27 The Data Set LabelTab

This data set contains one observation for each group sample. The variables_SUBX_ and_SUBN_ contain
the group means and sample sizes. The variables_LDLX_ and_UDLX_ contain the lower and upper decision
limits, and the variable_MEAN_ contains the central line. The variables_VAR_ andPosition contain
theresponsename and values of thegroup-variable, respectively. For more information, see the section
“OUTTABLE= Data Set” on page 152.

An OUTTABLE= data set can be read later as a TABLE= data set. For example, the following statements
readLabelTab and display an ANOM chart (not shown here) identical to the chart in Figure 5.22:

title �Analysis of Label Deviations�;
proc anom table=LabelTab;

xchart Deviation * Position;
label _SUBX_ = �Mean Deviation from Center (mm)�;
run;

Because the ANOM procedure simply displays the information in a TABLE= data set, you can use TABLE=
data sets to create specialized ANOM charts.

For more information, see the section “TABLE= Data Set” on page 156.

Syntax: XCHART Statement

The basic syntax for the XCHART statement is as follows:

XCHART response � group-variable ;

The general form of this syntax is as follows:

XCHART responses � group-variable < (block-variables) >
< =symbol-variable | =`character'> < options > ;

You can use any number of XCHART statements in the ANOM procedure. The components of the XCHART
statement are described as follows.
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response

responses
identify one or more responses to be analyzed. The speci�cation ofresponsedepends on the input data
set speci�ed in the PROC ANOM statement.

� If response values (raw data) are read from a DATA= data set,responsemust be the name of
the variable containing the values. For an example, see the section “Creating ANOM Charts for
Means from Response Values” on page 130.

� If summary data are read from a SUMMARY= data set,responsemust be the common pre�x of
the summary variables in the SUMMARY= data set. For an example, see the section “Creating
ANOM Charts for Means from Group Summary Data” on page 133.

� If summary data and decision limits are read from a TABLE= data set,responsemust be the
value of the variable_VAR_ in the TABLE= data set. For an example, see the section “Saving
Decision Limits” on page 136.

A responseis required. If you specify more than one response, enclose the list in parentheses. For
example, the following statements request distinct ANOM charts for the means ofWeight, Length, and
Width:

proc anom data=Measures;
xchart (Weight Length Width) * Day;

run;

group-variable
is the variable that identi�es groups in the data. Thegroup-variableis required. In the preceding
XCHART statement,Day is the group variable.

block-variables
are optional variables that group the data into blocks of consecutive groups. The blocks are labeled in
a legend, and eachblock-variableprovides one level of labels in the legend.

symbol-variable
is an optional variable whose levels (unique values) determine the symbol marker used to plot the
means. Distinct symbol markers are displayed for points corresponding to the various levels of the
symbol-variable. You can specify the symbol markers with SYMBOLn statements.

options
enhance the appearance of the chart, request additional analyses, save results in data sets, and so on.
The section The section “Summary of Options” lists all options by function.

Summary of Options

The following tables list the XCHART statement options by function. Options unique to the ANOM procedure
are listed in Table 5.27, and are described in detail in “Dictionary of ANOM Chart Statement Options” on
page 183. Options that are common to both the ANOM and SHEWHART procedures are listed in Table 5.28,
and are described in detail in “Dictionary of Options: SHEWHART Procedure” on page 1993.
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Table 5.27 XCHART Statement Special Options

Option Description

Options for Specifying Parameters for Decision Limits
ALPHA= Speci�es the probability of a Type I error
DFE= Speci�es the degrees of freedom associated with the root mean

square error
LIMITK= Speci�es number of groups for decision limits
LIMITN= Speci�es either nominal sample size for �xed decision limits

or varying limits
MEAN= Speci�es the mean
MSE= Speci�es the mean square error
NOREADLIMITS Computes decision limits for eachresponsefrom the data

rather than a LIMITS= data set
READINDEXES= Reads multiple sets of decision limits for eachresponsefrom a

LIMITS= data set
TYPE= Identi�es parameters as estimates or standard values and

speci�es value of_TYPE_ in the OUTLIMITS= data set

Options for Displaying Decision Limits
CINFILL= Speci�es color for area inside decision limits
CLIMITS= Speci�es color of decision limits, central line, and related

labels
LDLLABEL= Speci�es label for lower decision limit
LIMLABSUBCHAR= Speci�es a substitution character for labels provided as quoted

strings; the character is replaced with the value of the decision
limit

LLIMITS= Speci�es line type for decision limits
NDECIMAL= Speci�es number of digits to right of decimal place in default

labels for decision limits and central line
NOCTL Suppresses display of central line
NOLDL Suppresses display of lower decision limit
NOLIMITLABEL Suppresses labels for decision limits and central line
NOLIMITS Suppresses display of decision limits
NOLIMITSFRAME Suppresses default frame around decision limit information

when multiple sets of decision limits are read from a LIMITS=
data set

NOLIMITSLEGEND Suppresses legend for decision limits
NOUDL Suppresses display of upper decision limit
UDLLABEL= Speci�es label for upper decision limit
WLIMITS= Speci�es width for decision limits and central line
XSYMBOL= Speci�es label for central line

Output Data Set Option
OUTSUMMARY= Creates output data set containing group summary statistics



140 F Chapter 5: The ANOM Procedure

Table 5.28 XCHART Statement General Options

Option Description

Options for Plotting and Labeling Points
ALLLABEL= Labels every point on ANOM chart
CLABEL= Speci�es color for labels
CCONNECT= Speci�es color for line segments that connect points on

chart
CFRAMELAB= Speci�es �ll color for frame around labeled points
CNEEDLES= Speci�es color for needles that connect points to central

line
COUT= Speci�es color for portions of line segments that connect

points outside decision limits
COUTFILL= Speci�es color for shading areas between the connected

points and decision limits outside the limits
LABELANGLE= Speci�es angle at which labels are drawn
LABELFONT= Speci�es software font for labels
LABELHEIGHT= Speci�es height of labels
NONEEDLES Suppresses vertical needles connecting points to central

line
OUTLABEL= Labels points outside decision limits
SYMBOLLEGEND= Speci�es LEGEND statement for levels of

symbol-variable
SYMBOLORDER= Speci�es order in which symbols are assigned for levels

of symbol-variable
TURNALL|TURNOUT Turns point labels so that they are strung out vertically
WNEEDLES= Speci�es width of needles

Axis and Axis Label Options
CAXIS= Speci�es color for axis lines and tick marks
CFRAME= Speci�es �ll colors for frame for plot area
CTEXT= Speci�es color for tick mark values and axis labels
DISCRETE Produces horizontal axis for discrete numeric group

values
HAXIS= Speci�es major tick mark values for horizontal axis
HEIGHT= Speci�es height of axis label and axis legend text
HMINOR= Speci�es number of minor tick marks between major

tick marks on horizontal axis
HOFFSET= Speci�es length of offset at both ends of horizontal axis
NOHLABEL Suppresses label for horizontal axis
NOTICKREP Speci�es that only the �rst occurrence of repeated,

adjacent group values is to be labeled on horizontal axis
NOVANGLE requests vertical axis labels that are strung out vertically
NOVLABEL Suppresses label for vertical axis
SKIPHLABELS= Speci�es thinning factor for tick mark labels on

horizontal axis
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Table 5.28 continued

Option Description

TURNHLABELS requests horizontal axis labels that are strung out
vertically

VAXIS= Speci�es major tick mark values for vertical axis of
ANOM chart

VFORMAT= Speci�es format for vertical axis tick mark labels
VMINOR= Speci�es number of minor tick marks between major

tick marks on vertical axis
VOFFSET= Speci�es length of offset at both ends of vertical axis
VZERO Forces origin to be included in vertical axis for ANOM

chart
WAXIS= Speci�es width of axis lines

Plot Layout Options
ALLN Plots means for all groups
BILEVEL Creates ANOM charts using half-screens and half-pages
EXCHART Creates ANOM chart for a response only when a group

mean exceeds the decision limits
INTERVAL= Speci�es the natural time interval between consecutive

group positions when time, date, or datetime format is
associated with a numeric group variable

MAXPANELS= Speci�es the maximum number of pages or screens for
chart

NMARKERS Requests special markers for points corresponding to
sample sizes not equal to nominal sample size for �xed
decision limits

NOCHART Suppresses creation of chart
NOFRAME Suppresses frame for plot area
NOLEGEND Suppresses legend for group sample sizes
NPANELPOS= Speci�es number of group positions per panel on each

chart
REPEAT Repeats last group position on panel as �rst group

position of next panel
TOTPANELS= Speci�es number of pages or screens to be used to

display chart
ZEROSTD Displays ANOM chart regardless of whether root mean

square error is zero

Reference Line Options
CHREF= Speci�es color for lines requested by HREF= option
CVREF= Speci�es color for lines requested by VREF= option
HREF= Speci�es position of reference lines perpendicular to

horizontal axis on ANOM chart
HREFDATA= Speci�es position of reference lines perpendicular to

horizontal axis on ANOM chart
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Table 5.28 continued

Option Description

HREFLABELS= Speci�es labels for HREF= lines
HREFLABPOS= Speci�es position of HREFLABELS= labels
LHREF= Speci�es line type for HREF= lines
LVREF= Speci�es line type for VREF= lines
NOBYREF Speci�es that reference line information in a data set

applies uniformly to charts created for all BY groups
VREF= Speci�es position of reference lines perpendicular to

vertical axis on ANOM chart
VREFLABELS= Speci�es labels for VREF= lines
VREFLABPOS= Speci�es position of VREFLABELS= labels

Grid Options
CGRID= Speci�es color for grid requested with GRID or

ENDGRID option
ENDGRID Adds grid after last plotted point
GRID Adds grid to control chart
LENDGRID= Speci�es line type for grid requested with the ENDGRID

option
LGRID= Speci�es line type for grid requested with the GRID

option
WGRID= Speci�es width of grid lines

Clipping Options
CCLIP= Speci�es color for plot symbol for clipped points
CLIPFACTOR= Determines extent to which extreme points are clipped
CLIPLEGEND= Speci�es text for clipping legend
CLIPLEGPOS= Speci�es position of clipping legend
CLIPSUBCHAR= Speci�es substitution character for CLIPLEGEND= text
CLIPSYMBOL= Speci�es plot symbol for clipped points
CLIPSYMBOLHT= Speci�es symbol marker height for clipped points

Graphical Enhancement Options
ANNOTATE= Speci�es annotate data set that adds features to ANOM

chart
DESCRIPTION= Speci�es description of ANOM chart's GRSEG catalog

entry
FONT= Speci�es software font for labels and legends on chart
NAME= Speci�es name of ANOM chart's GRSEG catalog entry
PAGENUM= Speci�es the form of the label used in pagination
PAGENUMPOS= Speci�es the position of the page number requested with

the PAGENUM= option
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Table 5.28 continued

Option Description

Options for Producing Graphs Using ODS Styles
BLOCKVAR= Speci�es one or more variables whose values de�ne

colors for �lling background ofblock-variablelegend
CFRAMELAB Draws a frame around labeled points
COUT Draws portions of line segments that connect points

outside decision limits in a contrasting color
CSTAROUT Speci�es that portions of stars exceeding inner or outer

circles are drawn using a different color
OUTFILL Shades areas between decision limits and connected

points lying outside the limits
STARFILL= Speci�es a variable identifying groups of stars �lled with

different colors
STARS= Speci�es a variable identifying groups of stars whose

outlines are drawn with different colors

Options for ODS Graphics
BLOCKREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
INFILLTRANSPARENCY= Speci�es the decision limit in�ll transparency
MARKERDISPLAY= Speci�es a subset of subgroups to be plotted with

markers
MARKERLABEL= Speci�es labels for subgroups that are plotted with

markers
MARKERMISSINGGROUP= Speci�es whether subgroups that have missing

symbol-variablevalues are plotted with markers
MARKERS Plots group points with markers
NOBLOCKREF Suppresses block and phase reference lines
NOBLOCKREFFILL Suppresses block and phase wall �lls
NOFILLLEGEND Suppresses legend for levels of a STARFILL= variable
NOPHASEREF Suppresses block and phase reference lines
NOPHASEREFFILL Suppresses block and phase wall �lls
NOREF Suppresses block and phase reference lines
NOREFFILL Suppresses block and phase wall �lls
NOSTARFILLLEGEND Suppresses legend for levels of a STARFILL= variable
NOTRANSPARENCY Disables transparency in ODS Graphics output
ODSFOOTNOTE= Speci�es a graph footnote
ODSLEGENDEXPAND Speci�es that legend entries contain all levels observed

in the data
ODSTITLE= Speci�es a graph title
OUTFILLTRANSPARENCY= Speci�es decision limit out�ll transparency
OVERLAYURL= Speci�es URLs to associate with overlay points
PHASEPOS= Speci�es vertical position of phase legend
PHASEREFLEVEL= Associates phase and block reference lines with either

innermost or the outermost level
PHASEREFTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
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Table 5.28 continued

Option Description

REFFILLTRANSPARENCY= Speci�es the wall �ll transparency for blocks and phases
SIMULATEQCFONT Draws central line labels using a simulated software font
STARTRANSPARENCY= Speci�es star �ll transparency
URL= Speci�es a variable whose values are URLs to be

associated with groups

Input Data Set Options
MISSBREAK Speci�es that observations with missing values are not to

be processed

Output Data Set Options
OUTINDEX= Speci�es value of_INDEX_ in the OUTLIMITS= data

set
OUTLIMITS= Creates output data set containing decision limits
OUTTABLE= Creates output data set containing group summary

statistics and decision limits

Tabulation Options
NOTE : specifying (EXCEPTIONS) after a tabulation option creates a table for exceptional points only.
TABLE Creates a basic table of group means, group sample sizes,

and decision limits
TABLEALL Creates all the tables that are produced by the TABLE,

TABLECENTRAL, TABLEID, TABLELEGEND,
TABLEOUTLIM, and TABLETESTS options

TABLECENTRAL Augments basic table with values of central lines
TABLEID Augments basic table with columns for ID variables
TABLEOUTLIM Augments basic table with columns indicating decision

limits exceeded

Block Variable Legend Options
BLOCKLABELPOS= Speci�es position of label forblock-variablelegend
BLOCKLABTYPE= Speci�es text size ofblock-variablelegend
BLOCKPOS= Speci�es vertical position ofblock-variablelegend
BLOCKREP Repeats identical consecutive labels inblock-variable

legend
CBLOCKLAB= Speci�es �ll colors for frames enclosing variable labels

in block-variablelegend
CBLOCKVAR= Speci�es one or more variables whose values are colors

for �lling background ofblock-variablelegend

Phase Options
CPHASELEG= Speci�es text color forphaselegend
NOPHASEFRAME Suppresses default frame forphaselegend
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Table 5.28 continued

Option Description

OUTPHASE= Speci�es value of_PHASE_ in the OUTHISTORY=
data set

PHASEBREAK Disconnects last point in aphasefrom �rst point in next
phase

PHASELABTYPE= Speci�es text size ofphaselegend
PHASELEGEND Displaysphaselabels in a legend across top of chart
PHASELIMITS Labels decision limits for each phase, provided they are

constant within that phase
PHASEREF Delineatesphaseswith vertical reference lines
READPHASES= Speci�esphasesto be read from an input data set

Star Options
CSTARCIRCLES= Speci�es color for STARCIRCLES= circles
CSTARFILL= Speci�es color for �lling stars
CSTAROUT= Speci�es outline color for stars exceeding inner or outer

circles
CSTARS= Speci�es color for outlines of stars
LSTARCIRCLES= Speci�es line types for STARCIRCLES= circles
LSTARS= Speci�es line types for outlines of STARVERTICES=

stars
STARBDRADIUS= Speci�es radius of outer bound circle for vertices of stars
STARCIRCLES= Speci�es reference circles for stars
STARINRADIUS= Speci�es inner radius of stars
STARLABEL= Speci�es vertices to be labeled
STARLEGEND= Speci�es style of legend for star vertices
STARLEGENDLAB= Speci�es label for STARLEGEND= legend
STAROUTRADIUS= Speci�es outer radius of stars
STARSPECS= Speci�es method used to standardize vertex variables
STARSTART= Speci�es angle for �rst vertex
STARTYPE= Speci�es graphical style of star
STARVERTICES= Superimposes star at each point on ANOM chart
WSTARCIRCLES= Speci�es width of STARCIRCLES= circles
WSTARS= Speci�es width of STARVERTICES= stars

Overlay Options
CCOVERLAY= Speci�es colors for overlay line segments
COVERLAY= Speci�es colors for overlay plots
COVERLAYCLIP= Speci�es color for clipped points on overlays
LOVERLAY= Speci�es line types for overlay line segments
NOOVERLAYLEGEND Suppresses legend for overlay plots
OVERLAY= Speci�es variables to overlay on chart
OVERLAYCLIPSYM= Speci�es symbol for clipped points on overlays
OVERLAYCLIPSYMHT= Speci�es symbol height for clipped points on overlays
OVERLAYHTML= Speci�es links to associate with overlay points
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Table 5.28 continued

Option Description

OVERLAYID= Speci�es labels for overlay points
OVERLAYLEGLAB= Speci�es label for overlay legend
OVERLAYSYM= Speci�es symbols for overlays
OVERLAYSYMHT= Speci�es symbol heights for overlays
WOVERLAY= Speci�es widths of overlay line segments

Options for Interactive ANOM Charts
HTML= Speci�es a variable whose values create links to be

associated with groups
HTML_LEGEND= Speci�es a variable whose values create links to be

associated with symbols in the symbol legend
WEBOUT= Creates an OUTTABLE= data set with additional

graphics coordinate data

Details: XCHART Statement

Constructing ANOM Charts for Means

The following notation is used in this section:

X ij jth response in theith group
k Number of groups
ni Sample size ofith group
N Total sample sizeD n1 C � � � C nk
� i Expected value of a response in theith group
� Standard deviation of a response
NX i Average response in theith group

X Weighted average ofk group means
s2
i Sample variance of the responses in theith group

c� 2 Mean square error (MSE)
� Degrees of freedom associated with the mean square error
� Signi�cance level
h.� I k; n; �/ Critical value for analysis of means when the sample sizesni are

equal.n i � n/
h.� I k; n1; : : : ; nk ; �/ Critical value for analysis of means when the sample sizesni are

not equal

Plotted Points
Each point on an ANOM chart indicates the value of a group mean (NX i ).
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Central Line
By default, the central line on an ANOM chart for means represents the weighted average of the group means,
which is computed as

X D
n1 NX1 C � � � C nk NXk

n1 C � � � C nk

You can specify a value forX with the MEAN= option in the XCHART statement or with the variable
_MEAN_ in a LIMITS= data set.

Decision Limits
In the analysis of means for continuous data, it is assumed that the responses in theith group are at least
approximately normally distributed with a constant variance:

X ij � N.� i ; � 2/; j D 1; : : : ; ni

When the group sizes are constant (ni � n), then� D N � k D k.n � 1/ and the decision limits are
computed as follows:

lower decision limit (LDL) D X � h.� I k; n; �/
p

MSE

r
k � 1

N

upper decision limit (UDL) D X C h.� I k; n; �/
p

MSE

r
k � 1

N

Here the mean square error (MSE) is computed as follows:

MSE D c� 2 D
1
k

kX

j D 1

s2
j

For details concerning the functionh.� I k; n; �/ , see Nelson (1982a, 1993).

When the group sizes are not constant (the unbalanced case),� D N � k and the decision limits for theith
group are computed as follows:

lower decision limit (LDL) D X � h.� I k; n1; : : : ; nk ; �/
p

MSE

s
N � ni

Nni

upper decision limit (UDL) D X C h.� I k; n1; : : : ; nk ; �/
p

MSE

s
N � ni

Nni

Here the mean square error (MSE) is computed as follows:

MSE D c� 2 D
.n1 � 1/s2

1 C � � � C .nk � 1/s2
k

n1 C � � � C nk � k

This requires that� be positive. A chart is not produced if� > 0 but MSE is equal to zero (unless you specify
the ZEROSTD option). For details concerning the functionh.� I k; n1; : : : ; nk ; �/ , see Nelson (1991).
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You can specify parameters for the limits as follows:

� Specify� with the ALPHA= option or with the variable_ALPHA_ in a LIMITS= data set. By default,
� = 0.05.

� Specify a constant nominal sample sizeni � n for the decision limits in the balanced case with the
LIMITN= option or with the variable_LIMITN_ in a LIMITS= data set. By default,n is the observed
sample size in the balanced case.

� Specifyk with the LIMITK= option or with the variable_LIMITK_ in a LIMITS= data set. By default,
k is the number of groups.

� SpecifyX with the MEAN= option or with the variable_MEAN_ in a LIMITS= data set. By default,
X is the weighted average of the responses.

� Specifyc� 2 with the MSE= option or with the variable_MSE_ in a LIMITS= data set. By default,c� 2

is computed as indicated above.

� Specify� with the DFE= option or with the variable_DFE_ in a LIMITS= data set. By default,� is
determined as indicated above.

Constructing ANOM Charts for Two-Way Layouts

This section provides the computational details for constructing an ANOM chart for thelth factor in an
experiment involving two factors (l = 1 or 2). It is assumed that there is no interaction effect. See Example 5.5
for an illustration.

The following notation is used in this section:

X ij k kth response at theith level of factor 1 and thejth level of factor 2, wherek D
1; 2; : : : ; nij

f l Number of groups (levels) for thelth factor,l D 1; 2
nij Number of replicates in cell.i; j /
N Total sample sizeD

P f 1
i D 1

P f 2
j D 1 nij

� 2 Variance of a response
X ij � Average response in cell.i; j /

X i �� Average response forith level of factor 1D
� P f 2

j D 1 nij X ij �

�
=

� P f 2
j D 1 nij

�

X �j � Average response forjth level of factor 2D
� P f 1

i D 1 nij X ij �

�
=

� P f 1
i D 1 nij

�

X
P f 1

i D 1

P f 2
j D 1 nij X ij =N

s2
ij Sample variance of the responses for theith level of factor 1 and thejth level of

factor 2
c� 2 Mean square error (MSE) in the two-way analysis of variance
� Degrees of freedom associated with the mean square error in the two-way analysis

of variance
� Signi�cance level
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h.� I f l ; n; �/ Critical value for analysis of means in a one-way layout forf l groups (treatment
levels) when the sample sizes for each level are constant. � n/ and� is the degrees
of freedom associated with the mean square error; see the section “Constructing
ANOM Charts for Means” on page 146.

Plotted Points
The points on the ANOM chart for factor 1 representX i ��, i D 1; : : : ; f 1 and the points on the ANOM chart
for factor 2 representX �j �, j D 1; : : : ; f 2.

Central Line
The central line on the ANOM chart for thelth factor is the overall weighted averageX . Some authors use
the notationX ��� for this average.

Decision Limits
It is assumed that

X ij k D � C � i C � j C � ij k

where the quantities� ij k are independent and at least approximately normally distributed with

� ij k � N.0; � 2/

The correct decision limits for a given factor in a two-way layout are not computed by default when the
lth factor is speci�ed as thegroup-variablein the XCHART statement, since the mean square error and

degrees of freedom are not adjusted for the two-way structure of the data. Consequently,c� 2 and� must be
precomputed and provided to the ANOM procedure, as illustrated in Example 5.5.

In the case of a two-way layout with equal group sizes (nij � n), the appropriate decision limits are:

lower decision limit (LDL) D X � h.� I f l ; n; �/
p

MSE

r
f l � 1

N

upper decision limit (UDL) D X C h.� I f l ; n; �/
p

MSE

r
f l � 1

N

where the mean square error (MSE) is computed as in the ANOVA or GLM procedure:

MSE D c� 2 D
1

f 1f 2

f 1X

i D 1

f 2X

j D 1

s2
ij

and the degrees of freedom for error is� D f 1f 2.n � 1/. For details concerning the functionh.� I f l ; n; �/ ,
see Nelson (1982a, 1993).
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You can provide the appropriate values ofMSE and� by

� specifyingc� 2 with the MSE= option or with the variable_MSE_ in a LIMITS= data set

� specifying� with the DFE= option or with the variable_DFE_ in a LIMITS= data set

In addition you can:

� Specify� with the ALPHA= option or with the variable_ALPHA_ in a LIMITS= data set. By default,
� D 0:05.

� Specify a constant nominal sample sizenij � n for the decision limits in the balanced case with the
LIMITN= option or with the variable_LIMITN_ in a LIMITS= data set.

� Specifyf l with the LIMITK= option or with the variable_LIMITK_ in a LIMITS= data set.

� SpecifyX with the MEAN= option or with the variable_MEAN_ in a LIMITS= data set.

Output Data Sets

OUTLIMITS= Data Set
The OUTLIMITS= data set saves decision limits and decision limit parameters. Table 5.31 lists the variables
can be saved.

Table 5.31 OUTLIMITS= Data Set

Variable Description

_ALPHA_ Signi�cance level (� ).
_DFE_ Degrees of freedom for mean square error (� )
_GROUP_ Group-variablespeci�ed in the XCHART statement
_INDEX_ Optional identi�er for the decision limits speci�ed with the OUTIN-

DEX= option
_LDLX_ Lower decision limit for group means
_LIMITK_ Number of groups
_LIMITN_ Group sample size associated with the decision limits

_MEAN_ Weighted average of group means (X )

_MSE_ Mean square error (c� 2).
_TYPE_ Type (estimate or standard value) of_MEAN_ and_MSE_
_UDLX_ Upper decision limit for group means
_VAR_ Responsespeci�ed in the XCHART statement
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Notes:

1. In the unbalanced case, the special missing valueV is assigned to the variables_LIMITN_, _LDLX_,
and_UDLX_ to indicate that the decision limits vary with the group sample size.

2. Optional BY variables are saved in the OUTLIMITS= data set.

The OUTLIMITS= data set contains one observation for eachresponsespeci�ed in the XCHART statement.
For an example, see the section “Saving Decision Limits” on page 136.

OUTSUMMARY= Data Set
The OUTSUMMARY= data set saves group summary statistics. The following variables can be saved:

� thegroup-variable

� a group mean variable named byresponsesuf�xed with X

� a group sample size variable named byresponsesuf�xed with N

� a group standard deviation variable named byresponsesuf�xed with S

Given aresponsename that contains 32 characters, the procedure �rst shortens the name to its �rst 16
characters and its last 15 characters, and then it adds the suf�x.

Group summary variables are created for eachresponsespeci�ed in the XCHART statement. For example,
consider the following statements:

proc anom data=Steel;
xchart (Width Diameter) * Lot / outsummary=Summary;

run;

The data set Summary contains variables namedLot, WidthX, WidthS, WidthN, DiameterX, DiameterS, and
DiameterN. Additionally, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the OUTPHASE= option is speci�ed)

For an example of an OUTSUMMARY= data set, see the section “Saving Summary Statistics for Groups”
on page 135.
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OUTTABLE= Data Set
The OUTTABLE= data set saves group summary statistics, decision limits, and related information. Ta-
ble 5.32 lists the variables that can be saved.

Table 5.32 OUTTABLE= Data Set

Variable Description

_ALPHA_ Signi�cance level (� )
_EXLIM_ Decision limit exceeded (if any)
Group Values of the group variable
_LDLX_ Lower decision limit for group mean
_LIMITN_ Nominal sample size associated with the decision limits
_MEAN_ Central line
_SUBN_ Group sample size
_SUBX_ Group mean
_UDLX_ Upper decision limit for group mean
_VAR_ Responsespeci�ed in the XCHART statement

In addition, the following variables, if speci�ed, are included:

� BY variables

� block-variables

� symbol-variable

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed)

NOTE : The variable_EXLIM_ is a character variable of length 8. The variable_PHASE_ is a character
variable of length 48. The variable_VAR_ is a character variable whose length is no greater than 32. All
other variables are numeric.

For an example, see the section “Saving Decision Limits” on page 136.

ODS Tables

The following table summarizes the ODS tables that you can request with the XCHART statement.

Table 5.33 ODS Tables Produced with the XCHART Statement

Table Name Description Options

XChartSummaryANOM chart summary statistics TABLE, TABLEALL, TABLEC,
TABLEID, TABLEOUT,
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ODS Graphics

Before you create ODS Graphics output, ODS Graphics must be enabled (for example, by using the ODS
GRAPHICS ON statement). For more information about enabling and disabling ODS Graphics, see the
section “Enabling and Disabling ODS Graphics” (Chapter 21,SAS/STAT User's Guide).

The appearance of a graph produced with ODS Graphics is determined by the style associated with the ODS
destination where the graph is produced. XCHART options used to control the appearance of traditional
graphics are ignored for ODS Graphics output. Options for Producing Graphs Using ODS Styles lists options
that can be used to control the appearance of graphs produced with ODS Graphics or with traditional graphics
using ODS styles. Options for ODS Graphics lists options to be used exclusively with ODS Graphics.
Detailed descriptions of these options are provided in “Dictionary of Options: SHEWHART Procedure” on
page 1993.

When ODS Graphics is in effect, the XCHART statement assigns a name to the graph it creates. You can use
this name to reference the graph when using ODS. The name is listed in Table 5.34.

Table 5.34 ODS Graphics Produced by the XCHART Statement

ODS Graph Name Plot Description

XChart ANOM chart for means

See Chapter 4, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.

Input Data Sets

DATA= Data Set
You can read raw data (response values) from a DATA= data set speci�ed in the PROC ANOM statement.
Eachresponsespeci�ed in the XCHART statement must be a SAS variable in the DATA= data set. This
variable provides measurements that must be grouped into group samples indexed by thegroup-variable. The
group-variable, which is speci�ed in the XCHART statement, must also be a SAS variable in the DATA=
data set. Each observation in a DATA= data set must contain a value for eachresponseand a value for the
group-variable. If the ith group containsni items, there should beni consecutive observations for which the
value of thegroup-variableis the index of theith group. For example, if each group contains �ve items and
there are 10 groups, the DATA= data set should contain 50 observations.

Other variables that can be read from a DATA= data set include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables
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By default, the ANOM procedure reads all of the observations in a DATA= data set. However, if the data set
includes the variable_PHASE_, you can read selected groups of observations (referred to asphases) with the
READPHASES= option.

For an example of a DATA= data set, see the section “Creating ANOM Charts for Means from Response
Values” on page 130.

LIMITS= Data Set
You can read preestablished decision limits (or parameters from which the decision limits can be calculated)
from a LIMITS= data set speci�ed in the PROC ANOM statement. For example, the following statements
read decision limit information from the data setConlims:

proc anom data=Info limits=Conlims;
xchart Weight * Batch;

run;

The LIMITS= data set can be an OUTLIMITS= data set that was created in a previous run of the ANOM
procedure. Such data sets always contain the variables required for a LIMITS= data set; see Table 5.31. The
LIMITS= data set can also be created directly using a DATA step. When you create a LIMITS= data set, you
must provide one of the following minimal combinations of variables:

� the variables_LDLX_, _MEAN_, and_UDLX_, which specify the decision limits directly

� the variables_MEAN_ and_MSE_, with _DFE_ recommended, which are used to calculate the decision
limits according to the equations in the section “Decision Limits” on page 147

In addition, note the following:

� The variables_VAR_ and_GROUP_ are always required. These must be character variables whose
lengths are no greater than 32.

� _DFE_ is optional. The default is� D N � k, and in the case of equal group sizes,� D k.n � 1/.

� _MSE_ is optional if_LDLX_ and_UDLX_ are speci�ed; otherwise it is required.

� _LDLX_ and_UDLX_ must be speci�ed together; otherwise their values are computed.

� _ALPHA_ is optional but is recommended in order to maintain a complete set of decision limit
information. The default value is 0.05.

� _LIMITK_ is optional. The default value isk, the number of groups. A group must have at least one
nonmissing value (ni � 1) and there must be at least one group withni � 2. If speci�ed, _LIMITK_
overrides the value ofk.

� _LIMITN_ is optional. The default value is the common group size (n), in the balanced caseni � n. If
speci�ed,_LIMITN_ overrides the value ofn.

� The variable_TYPE_ is optional, but is recommended to maintain a complete set of decision limit infor-
mation. The variable_TYPE_ must be a character variable of length 8. Valid values are `ESTIMATE,'
`STANDARD,' `STDMEAN,' and `STDRMS.' The default is `ESTIMATE.'
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� The variable_INDEX_ is required if you specify the READINDEX= option; this must be a character
variable whose length is no greater than 48.

� BY variables are required if speci�ed with a BY statement.

SUMMARY= Data Set
You can read group summary statistics from a SUMMARY= data set speci�ed in the PROC ANOM statement.
This enables you to reuse OUTSUMMARY= data sets that have been created in previous runs of the ANOM
procedure or to read output data sets created with SAS summarization procedures, such as PROC MEANS.

A SUMMARY= data set used with the XCHART statement must contain the following:

� thegroup-variable

� a group mean variable for eachresponse

� a group sample size variable for eachresponse

� a group standard deviation variable for eachresponse

The names of the group mean, group range, and group sample size variables must be theresponsename
concatenated with the suf�x charactersX, S, andN, respectively.

For example, consider the following statements:

proc anom summary=Summary;
xchart (Weight Yieldstrength) * Batch;

run;

The data setSummary must include the variablesBatch, WeightX, WeightS, WeightN, YieldstrengthX,
YieldstrengthS, andYieldstrengthN. Note that if you specify aresponsename that contains 32 characters, the
names of the summary variables must be formed from the �rst 16 characters and the last 15 characters of the
responsename, suf�xed with the appropriate character.

Other variables that can be read from a SUMMARY= data set include

� _PHASE_ (if the READPHASES= option is speci�ed)

� block-variables

� symbol-variable

� BY variables

� ID variables

By default, the ANOM procedure reads all of the observations in a SUMMARY= data set. However, if the
data set includes the variable_PHASE_, you can read selected groups of observations (referred to asphases)
by specifying the READPHASES= option.

For an example of a SUMMARY= data set, see the section “Creating ANOM Charts for Means from Group
Summary Data” on page 133.
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TABLE= Data Set
You can read summary statistics and decision limits from a TABLE= data set speci�ed in the PROC ANOM
statement. This enables you to reuse an OUTTABLE= data set created in a previous run of the ANOM
procedure. Because the ANOM procedure simply displays the information in a TABLE= data set, you can
use TABLE= data sets to create specialized ANOM charts.

Table 5.35 lists the variables required in a TABLE= data set used with the XCHART statement:

Table 5.35 Variables Required in a TABLE= Data Set

Variable Description

Group-variable Values of thegroup-variable
_LDLX_ Lower decision limit for mean
_LIMITN_ Nominal sample size associated with the decision limits
_MEAN_ Central line
_SUBN_ Group sample size
_SUBX_ Group mean
_UDLX_ Upper decision limit for mean

Other variables that can be read from a TABLE= data set include

� block-variables

� symbol-variable

� BY variables

� ID variables

� _PHASE_ (if the READPHASES= option is speci�ed). This variable must be a character variable
whose length is no greater than 48.

� _VAR_. This variable is required if more than oneresponseis speci�ed or if the data set contains
information for more than oneresponse. This variable must be a character variable whose length is no
greater than 32.

For an example of a TABLE= data set, see the section “Saving Decision Limits” on page 136.

Axis Labels

You can specify axis labels by assigning labels to particular variables in the input data set, as summarized in
the following table:

Axis Input Data Set Variable

Horizontal All Group-variable
Vertical DATA= Response
Vertical SUMMARY= Group mean variable
Vertical TABLE= _SUBX_
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Missing Values

An observation read from a DATA=, SUMMARY=, or TABLE= data set is not analyzed if the value of
the group variable is missing. For a particular response variable, an observation read from a DATA= data
set is not analyzed if the value of the response variable is missing. Missing values of response variables
generally lead to unequal group sample sizes. For a particular response variable, an observation read from
a SUMMARY= or TABLE= data set is not analyzed if the values of any of the corresponding summary
variables are missing.

Examples: XCHART Statement

This section provides advanced examples of the XCHART statement.

Example 5.4: ANOM Charts with Unequal Group Sizes

NOTE : SeeANOM Charts with Unequal Group Sizesin the SAS/QC Sample Library.

Consider the example described in “Creating ANOM Charts for Means from Response Values” on page 130.
Suppose that four of the 10 measurements were missing for the third and fourth labeler positions. The
following statements create a SAS data set namedLabelDev2, which contains the resulting deviation
measurements:

data LabelDev2;
input Position @;
do i = 1 to 5;

input Deviation @;
output;

end;
drop i;
datalines;

1 -0.0239 -0.0285 -0.0300 -0.0043 -0.0362
1 -0.0422 -0.0014 -0.0647 0.0094 -0.0016
2 -0.0201 -0.0273 0.0227 -0.0332 0.0366
2 0.0438 0.0556 0.0098 0.0564 0.0182
3 -0.0073 0.0285 . . -0.0139
3 . 0.0357 0.0235 . -0.0020
4 0.0669 0.1073 . . 0.0755
4 . 0.0561 0.0899 . 0.0530
5 0.0368 0.0036 0.0374 0.0116 -0.0074
5 0.0250 -0.0080 0.0302 -0.0015 -0.0464
6 0.0049 -0.0384 -0.0204 -0.0049 -0.0120
6 0.0071 -0.0308 0.0017 -0.0285 -0.0070
;
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The following statements create the ANOM chart shown in Output 5.4.1:

ods graphics on;
title �Analysis of Label Deviations�;
proc anom data=LabelDev2;

xchart Deviation * Position / odstitle=title;
label Deviation = �Mean Deviation from Center (mm)�;
label Position = �Labeler Position�;

run;

Output 5.4.1 ANOM Chart with Unequal Group Sizes

Note that the decision limits are automatically adjusted for the varying group sizes. The legend reports the
minimum and maximum group sizes.
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Example 5.5: ANOM for a Two-Way Classi�cation

NOTE : SeeANOM for a Two-Way Classi�cationin the SAS/QC Sample Library.

A chemical engineer is interested in the effects of two factors, position and depth, on the concentration of a
cleaning solution; refer to Ramig (1983) for details concerning the use of ANOM in a two-way classi�cation
such as this. The engineer is interested in the following questions:

1. Are there signi�cant group or interaction effects due to position or depth?

2. Assuming a main effect is signi�cant, which levels are signi�cantly different from the overall mean
and in which direction?

There are �ve positions and three depths. The engineer runs a two-way factorial experiment with two
replications per cell. The following statements create a data set namedCleaning, which provides the
concentration measurements for the5 � 3 � 2 D 30observations.

data Cleaning;
do position = 1 to 5;

do depth = 1 to 3;
do rep = 1 to 2;

input concentration @@;
output;

end;
end;

end;
datalines;
15 16 15 14 19 5
15 16 14 14 0 8
19 15 16 16 11 8
18 16 19 15 8 14
15 12 19 15 8 11
;

In order to test for main effects and an interaction effect, the following statements use the GLM procedure:

ods graphics off;
proc glm data=Cleaning;

class position depth;
model concentration = position depth position * depth;

run;

The results are shown in Output 5.5.1:
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Output 5.5.1 GLM Results

The results in Output 5.5.1 show no signi�cant interaction effect3 and a signi�cant main effect due to depth.
Since no interaction effect is present, you can use analysis of means to evaluate the effect of each factor as if
two separate experiments had been run to determine the effect of each factor. In other words, the analysis of
means is done twice, once for each factor. However, each analysis must be based on the mean square error

(c� 2 D 12:6) and the degrees of freedom for error (� D 15) from the two-way analysis of variance. These
values must be speci�ed since the ANOM procedure assumes a one-way layout by default for computing the
decision limits.

The following statements create the ANOM chart for the effect ofposition shown in Output 5.5.2:

ods graphics on;
title "ANOM for Effect of Position";
proc anom data=Cleaning;

xchart concentration * position /
mse = 12.6
dfe = 15
outtable = posmain
odstitle = title;

label position = �Position�
concentration = �Mean of Concentration�;

run;

The MSE= and DFE= options are used to specifyc� 2 and� respectively. See the section “Constructing
ANOM Charts for Two-Way Layouts” on page 148 for how the speci�ed values are used to compute the
decision limits. The OUTTABLE= option stores the output data setPosMain, which can be used to create a
combined chart for the two factors.

3See Example 5.7 for an example that discusses the use of ANOM for the cell means when an interaction effect is present.
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Output 5.5.2 ANOM for Effect of Position

Each point on the ANOM chart represents the average response for a particular level of position. In this case,
all of the points are between the upper decision limit (UDL) and the lower decision limit (LDL). This is not
surprising considering the fact that the main effect ofPosition was not signi�cant in the ANOVA.

In order to create the ANOM chart for the effect of depth, the response must be sorted bydepth.

proc sort data=Cleaning out=Cleaning2;
by depth;

run;

Note that for the previous chart, the measurements were sorted byPosition in the original data set.
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The following statements create the chart fordepth:

title "ANOM for Effect of Depth";
proc anom data=Cleaning2;

xchart concentration * depth /
mse = 12.6
dfe = 15
outtable = depmain
odstitle = title;

label depth = �Depth�
concentration = �Mean of Concentration�;

run;

This produces the chart shown in Output 5.5.3: The OUTTABLE= option stores the output data setdepmain,
which can be used to create a combined chart for the two factors.

Output 5.5.3 ANOM for Effect of Depth

Since the average concentration for Depth 3 is less than the lower decision limit, you can conclude that the
average response for Depth 3 is signi�cantly less than the overall mean.
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Example 5.6: ANOM Charts Using LIMITS= Data Set

NOTE : SeeANOM Charts Using LIMITS= Data Setin the SAS/QC Sample Library.

In Example 5.5, statistics from a two-way ANOVA were passed to the ANOM procedure using options in
order to compute the decision limits for the factor effects. This example shows how you can pass the statistics
in a LIMITS= data set using the variables _MSE_ and _DFE_.

The GLM output in Output 5.5.1 provides the statistics. The following statements save the results from
PROC GLM in the data setsMyFit, MyMeans, andMyOverAll:

ods select FitStatistics ModelANOVA OverAllANOVA;
ods output FitStatistics = MyFit

ModelANOVA = MyLimits
OverAllANOVA = MyOverAll;

proc glm data=Cleaning;
class position depth;
model concentration = position depth position * depth;

run;

The results of PROC GLM are identical to the results in Output 5.5.1.

The following statements create a LIMITS= data set to be used to create an ANOM chart for the effect of
Position:

data ANOMParms;
keep _var_ _group_ _alpha_ _mean_;

length _var_ _group_ $ 14;
set MyFit (rename=(Dependent=_var_ DepMean =_mean_));

_group_ = �position�;
_alpha_ = 0.05;

run;

data ANOMParms;
merge ANOMParms

MyLimits (where=(source=�position�)
keep = source DF);

_limitk_ = DF+1;
drop source DF;
merge MyOverAll (where=(source=�Error�)

keep = source df ms
rename=( df = _dfe_ ms = _mse_));

drop source;
merge MyOverAll (where=(source=�Corrected Total�)

keep = source DF);
_limitn_ = (DF+1)/_limitk_;
drop source DF;

run;

The data setANOMParms contains a complete set of parameters, as shown in Output 5.6.1. Note these are
the same values speci�ed in the options for Example 5.5.
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Output 5.6.1 Data Set ANOMParms

The following statements read the parameters inANOMParms to create an ANOM chart for the effect of
position:

ods graphics on;
title "ANOM for Effect of Position";
proc anom data=Cleaning limits=ANOMParms;

xchart concentration * position /
outtable = postable
odstitle = title;

label position = �Position�
concentration = �Mean of Concentration�;

run;

The chart produced is identical to the one in Output 5.5.2. Note that the procedure creates a TABLE= input
data setpostable. You can usepostable to create a combined chart for the two factorsposition anddepth.

You can create a LIMITS= data setANOMParmsB for the factordepth by using the above code and
substituting `depth' for the_group_ variable. You can use the OUTTABLE= statement to store the TABLE=
input data set fordepth asdeptable. The resulting data setANOMParmsB is shown in Output 5.6.2:

Output 5.6.2 Data Set ANOMParmsB

Example 5.7: ANOM for Cell Means in Presence of Interaction

NOTE : SeeANOM for Cell Means in the Presence of Interactionin the SAS/QC Sample Library.

This example illustrates the use of analysis of means in an experiment with two factors where an interaction
effect is present. The following data setCleaningInteract is a modi�ed version of the data setCleaning,
which includes an interaction effect forposition anddepth.

Consider the following data setCleaningInteract:

data CleaningInteract;
do position = 1 to 5;

do depth = 1 to 3;
do rep = 1 to 2;

input concentration @@;
output;

end;
end;

end;
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datalines;
15 16 15 14 19 5
15 16 14 14 0 1
19 15 16 16 11 8
18 16 24 23 8 14
15 12 23 24 8 11
;

The following statements use PROC GLM to test for an interaction:

ods graphics off;
proc glm data=CleaningInteract;

class position depth;
model concentration = position depth position * depth;

run;

The analysis of variance results in Output 5.7.1 indicate a signi�cant interaction betweenposition anddepth.

Output 5.7.1 GLM Results

Since an interaction effect is present, an appropriate way to analyze the data is to create an ANOM chart for
the cell means.

In order to create the chart you �rst need to compute the cell means and a newgroupvariable which designates
the cells. The following statements use PROC MEANS for this purpose.

proc means data=CleaningInteract n mean std;
class position depth;
var concentration;
types position * depth;
output out=cellmeans mean=concentrationX std=concentrationS;

run;
data cellmeans; set cellmeans;

rename _FREQ_ = concentrationN;
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pos = put(position, z1.);
dep = put(depth, z1.);
cell = cat(�P�,pos, �D�, dep);
drop _TYPE_ pos dep;

run;

The cell means are stored in the data setcellmeans shown in Output 5.7.2:

Output 5.7.2 Data Set cellmeans
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The data setcellmeans has the structure of a SUMMARY= input data set for the ANOM procedure. For
details concerning a SUMMARY= data set, see the section “Creating ANOM Charts for Means from Group
Summary Data” on page 133.

The following statements usecellmeans to create the ANOM chart for the cell means using SUMMARY=
option:

ods graphics off;
title "ANOM for Cell Means of Position and Depth";
proc ANOM summary = cellmeans;

xchart concentration * cell / turnhlabels;
label concentrationX = �Mean of Concentration�;
label cell = �Cell�;

run;

The chart is shown in Output 5.7.3:

Output 5.7.3 ANOM for Cell Means of Position and Depth

The chart shows that the cell means for P2D3, P4D2, and P5D2 are signi�cantly different from the average
concentration level.
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INSET Statement: ANOM Procedure

Overview: INSET Statement

The INSET statement enables you to enhance an ANOM chart by adding a box or table (referred to as an
inset) of summary statistics directly to the graph. An inset can display statistics calculated by the ANOM
procedure or arbitrary values provided in a SAS data set.

Note that an INSET statement by itself does not produce a display but must be used in conjunction with a
chart statement.

You can use options in the INSET statement to

� specify the position of the inset

� specify a header for the inset table

� specify graphical enhancements, such as background colors, text colors, text height, text font, and drop
shadows

Getting Started: INSET Statement

This section introduces the INSET statement with examples that illustrate commonly used options. Complete
syntax for the INSET statement is presented in the section “Syntax: INSET Statement” on page 173.

Displaying Summary Statistics on an ANOM Chart

NOTE : SeeDisplaying Summary Statistics on an ANOM Chartin the SAS/QC Sample Library.

A manufacturing engineer carries out a study to determine the source of excessive variation in the positioning
of labels on shampoo bottles.4 A labeling machine removes bottles from the line, attaches the labels, and
returns the bottles to the line. There are six positions on the machine, and the engineer suspects that one or
more of the position heads might be faulty.

A sample of 60 bottles, 10 per position, is run through the machine. For each bottle, the deviation of each
label is measured in millimeters, and the machine position is recorded. The following statements create a
SAS data set namedLabelDeviations, which contains the deviation measurements for the 60 bottles:

4This example is based on a case study described by Hansen (1990).
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data LabelDeviations;
input Position @;
do i = 1 to 5;

input Deviation @;
output;

end;
drop i;
datalines;

1 -0.02386 -0.02853 -0.03001 -0.00428 -0.03623
1 -0.04222 -0.00144 -0.06466 0.00944 -0.00163
2 -0.02014 -0.02725 0.02268 -0.03323 0.03661
2 0.04378 0.05562 0.00977 0.05641 0.01816
3 -0.00728 0.02849 -0.04404 -0.02214 -0.01394
3 0.04855 0.03566 0.02345 0.01339 -0.00203
4 0.06694 0.10729 0.05974 0.06089 0.07551
4 0.03620 0.05614 0.08985 0.04175 0.05298
5 0.03677 0.00361 0.03736 0.01164 -0.00741
5 0.02495 -0.00803 0.03021 -0.00149 -0.04640
6 0.00493 -0.03839 -0.02037 -0.00487 -0.01202
6 0.00710 -0.03075 0.00167 -0.02845 -0.00697
;

The following statements generate an ANOM chart from theLabelDeviations data. An INSET statement is
used to display the mean square error (MSE) and the number of groups outside of the decision limits (NOUT)
on the chart:

ods graphics on;
title �ANOM Chart for Label Deviations�;
proc anom data=LabelDeviations;

xchart Deviation * Position / odstitle = title;
inset mse nout / height = 3;

run;

The ODS GRAPHICS ON statement speci�ed before the PROC ANOM statement enables ODS Graphics,
so the chart is created using ODS Graphics instead of traditional graphics. The resulting ANOM chart is
displayed in Figure 5.28.

The INSET statement immediately follows the chart statement that creates the graphical display (in this case,
the XCHART statement). Specify the keywords for inset statistics (such as ALPHA) immediately after the
word INSET. The inset statistics appear in the order in which you specify the keywords. The HEIGHT=
option on the INSET statement speci�es the text height used to display the statistics in the inset.

A complete list of keywords that you can use with the INSET statement is provided in “Summary of INSET
Keywords” on page 174. Note that the set of keywords available for a particular display may depend on both
the chart statement that precedes the INSET statement and the options that you specify in the chart statement.
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Figure 5.28 An ANOM Chart with an Inset

The following examples illustrate options commonly used for enhancing the appearance of an inset.

Formatting Values and Customizing Labels

NOTE : SeeFormatting and Positioning the Inset on an ANOM Chartin the SAS/QC Sample Library.

By default, each inset statistic is identi�ed with an appropriate label, and each numeric value is printed using
an appropriate format. However, you may want to provide your own labels and formats. For example, in
Figure 5.28 the default format used for the MSE prints an excessive number of decimal places. In the inset
produced by the following statements, the unwanted decimal places are eliminated and the default MSE label
is replaced by one speci�ed by the user:

title �ANOM Chart for Label Deviations�;
proc anom data=LabelDeviations;

xchart Deviation * Position / odstitle=title;
inset mse=�Mean Square Error� (7.5) nout;

run;
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The resulting ANOM chart is displayed in Figure 5.29. You can provide your own label by specifying the
keyword for that statistic followed by an equal sign (=) and the label in quotes. The label can have up to 24
characters.

The format 7.5 speci�ed in parentheses after the MSE keyword displays the statistic with a �eld width of
seven and �ve decimal places. In general, you can specify any numeric SAS format in parentheses after an
inset keyword. You can also specify a format to be used for all the statistics in the INSET statement with the
FORMAT= option (see Figure 5.30). For more information about SAS formats, refer toSAS Formats and
Informats: Reference.

Note that if you specify both a label and a format for a statistic, the label must appear before the format.

Figure 5.29 Formatting Values and Customizing Labels in an Inset
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Adding a Header and Positioning the Inset

NOTE : SeeAdding a Header and Positioning the Inset on an ANOM Chartin the SAS/QC Sample Library.

In the previous examples, the insets are displayed in the upper left corners of the plots, the default position for
insets added to ANOM charts. You can control the inset position with the POSITION= option. In addition,
you can display a header at the top of the inset with the HEADER= option. The following statements create a
data set to be used with the INSET DATA= keyword and the chart shown in Figure 5.30:

data Location;
length _LABEL_ $ 10 _VALUE_ $ 12;
input _LABEL_ _VALUE_ &;
datalines;

Plant Lexington
Line 1
Shift 2
;

title �Mean Chart for Diameters�;
proc anom data=LabelDeviations;

xchart Deviation * Position / odstitle=title;
inset data=Location mse nout /

format = 8.5
position = rm
cshadow = black
height = 3
header = �Summary�;

run;

The header (in this case,Summary) can be up to 40 characters. POSITION=RM is speci�ed to position
the inset in the right margin. For more information about positioning, see “Details: INSET Statement” on
page 178. The CSHADOW= option is used to display a drop shadow on this inset. Theoptions, such as
HEADER=, POSITION=, and CSHADOW=, are speci�ed after the slash (/) in the INSET statement. For
more details on INSET statement options, see “Dictionary of Options” on page 176.

Note that the contents of the data setLocation appear before other statistics in the inset. The position of
the DATA= keyword in the keyword list determines the position of the data set's contents in the inset. The
FORMAT= option applies format 8.5 to the statistics listed in the INSET statement. Note that the format does
not apply to the values from theLocation data set. You can associate a format with the_VALUE_ variable in
the data set to format those values.
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Figure 5.30 Adding a Header and Repositioning the Inset

Syntax: INSET Statement

The syntax for the INSET statement is as follows:

INSET keyword-list < / options > ;

You can use any number of INSET statements in the ANOM procedure. However, when ODS Graphics
is enabled, at most two insets are displayed inside the plot area and at most two are displayed in the chart
margins. Each INSET statement produces a separate inset and must follow one of the chart statements. The
inset appears on every panel (page) produced by the last chart statement preceding it. The statistics are
displayed in the order in which they are speci�ed. The following statements produce an ANOM boxchart
with two insets and an ANOM chart for means with one inset.

proc anom data=LabelDeviations;
boxchart Deviation * Position;

inset alpha mse dfe;
inset ldl mean udl;

xchart Deviation * Position;
inset ngroups nmin nmax;

run;



174 F Chapter 5: The ANOM Procedure

The statistics displayed in an inset are computed for a speci�c response variable using observations for the
current BY group. For example, in the following statements, there are two response variables (Weight and
Diameter) and a BY variable (Location). If there are three different locations (levels ofLocation), then a total
of six ANOM charts are produced. The statistics in each inset are computed for a particular variable and
location. The labels in the inset are the same for each ANOM chart.

proc anom data=Axles;
by Location;
xchart (Weight Diameter) * Batch;
inset alpha mse dfe;

run;

The components of the INSET statement are described as follows.

keyword-list
can include any of thekeywordslisted in “Summary of INSET Keywords” on page 174. By default,
inset statistics are identi�ed with appropriate labels, and numeric values are printed using appropriate
formats. However, you can provide customized labels and formats. You provide the customized label
by specifying thekeywordfor that statistic followed by an equal sign (=) and the label in quotes. Labels
can have up to 24 characters. You provide the numeric format in parentheses after thekeyword. Note
that if you specify both a label and a format for a statistic, the label must appear before the format. For
an example, see “Formatting Values and Customizing Labels” on page 170.

options
appear after the slash (/) and control the appearance of the inset. For example, the following INSET
statement uses two appearanceoptions(POSITION= and CTEXT=):

inset n nmin nmax / position=ne ctext=yellow;

The POSITION= option determines the location of the inset, and the CTEXT= option speci�es the
color of the text of the inset.

See “Summary of Options” on page 175 for a list of all availableoptions, and “Dictionary of Options”
on page 176 for detailed descriptions. Note the difference betweenkeywordsandoptions; keywords
specify the information to be displayed in an inset, whereasoptionscontrol the appearance of the inset.

Summary of INSET Keywords

All keywords available with the ANOM procedure's INSET statement request a single statistic in an inset,
except for the DATA= keyword. The DATA= keyword speci�es a SAS data set containing (label, value) pairs
to be displayed in an inset. The data set must contain the variables_LABEL_ and_VALUE_. _LABEL_ is a
character variable whose values provide labels for inset entries._VALUE_ can be character or numeric, and
provides values displayed in the inset. The label and value from each observation in the DATA= data set
occupy one line in the inset. Figure 5.30 shows an inset containing entries from a DATA= data set.
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Table 5.36 Summary Statistics

Keyword Description

ALPHA Signi�cance level
DATA= (Label, Value) pairs fromSAS-data-set
DFE Degrees of freedom
LDL Lower decision limit
MEAN Weighted average of group means
MSE Mean square error
N Nominal group size
NGROUPS Number of groups
NHIGH Number of groups above upper decision limit
NLOW Number of groups below lower decision limit
NMAX Maximum group size
NMIN Minimum group size
NOBS Total number of observations
NOUT Total number of groups outside decision limits
RMSE Root mean square error
UDL Upper decision limit

You can use the keywords in Table 5.37 only when producing ODS Graphics output. The labels for the
statistics use Greek letters.

Table 5.37 Keywords Speci�c to ODS Graphics Output

Keyword Description

UALPHA Probability of Type 1 error
UMU Weighted average of group means

Summary of Options

The following table lists the INSET statement options. For complete descriptions, see “Dictionary of Options”
on page 176.

Table 5.38 INSET Options

Option Description

CFILL= Speci�es color of inset background
CFILLH= Speci�es color of header background
CFRAME= Speci�es color of frame
CHEADER= Speci�es color of header text
CSHADOW= Speci�es color of drop shadow
CTEXT= Speci�es color of inset text
DATA Speci�es data units for POSITION=.x; y/ co-

ordinates
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Table 5.38 continued

Option Description

FONT= Speci�es font of text
FORMAT= Speci�es format of values in inset
HEADER= Speci�es header text
HEIGHT= Speci�es height of inset text
NOFRAME Suppresses frame around inset
POSITION= Speci�es position of inset
REFPOINT= Speci�es reference point of inset positioned

with POSITION=.x; y/ coordinates

The following sections provide detailed descriptions of options for the INSET statement. Terms used in this
section are illustrated in Figure 5.31.

Figure 5.31 The Inset

Dictionary of Options

General Options
You can specify the following options whether you use ODS Graphics or traditional graphics:

DATA
speci�es that data coordinates are to be used in positioning the inset with the POSITION= option.
The DATA option is available only when you specify POSITIOND .x; y/ , and it must be placed
immediately after the coordinates.x; y/ . For details, see the entry for the POSITION= option or
“Positioning the Inset Using Coordinates” on page 180. See Figure 5.33 for an example.
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FONT=font
speci�es the font used for text in the inset. By default, the font associated with the GraphLabelText
style element is used for the inset header and that associated with the GraphValueText style element is
used for text in the body of the inset.

FORMAT=format
speci�es a format for all the values displayed in an inset. If you specify a format for a particular
statistic, then this format overrides the format you speci�ed with the FORMAT= option.

HEADER=`string'
speci�es the header text. Thestring cannot exceed 40 characters. If you do not specify the HEADER=
option, no header line appears in the inset.

HEIGHT=height

HEIGHT=SMALL
speci�es the height of the text in the inset. By default, the GraphLabelText style element determines
the size of inset header text and the GraphValueText style element determines the size of text in the
body of the inset.

When you produce traditional graphics, you can specify theheight in screen percent units to be used
for text in both the header and the body of the inset.

When you produce ODS Graphics output, you can specify HEIGHT=SMALL to reduce the height of
text in the inset. The GraphValueText size is used for the inset header and the GraphDataText size is
used in the inset body.

NOFRAME
suppresses the frame drawn around the text.

POSITION=position

POS=position
determines the position of the inset. Theposition can be a compass point keyword, a margin keyword,
or a pair of coordinates.x; y/ . You can specify coordinates in axis percent units or axis data units. For
more information, see “Details: INSET Statement” on page 178. By default, POSITION=NW, which
positions the inset in the upper left (northwest) corner of the display.

NOTE : You cannot specify coordinates with the POSITION= option when producing ODS Graphics
output.

REFPOINT=BR | BL | TR | TL

RP=BR | BL | TR | TL
speci�es the reference point for an inset that is positioned by a pair of coordinates with the POSITION=
option. Use the REFPOINT= option with POSITION= coordinates. The REFPOINT= option speci�es
which corner of the inset frame you want positioned at coordinates.x; y/ . The keywords BL, BR, TL,
and TR represent bottom left, bottom right, top left, and top right, respectively. See Figure 5.34 for an
example. The default is REFPOINT=BL.

If you specify the position of the inset as a compass point or margin keyword, the REFPOINT= option
is ignored. For more information, see “Positioning the Inset Using Coordinates” on page 180.
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Options for Traditional Graphics
You can specify the following options only when traditional graphics are produced. The ANOM procedure
produces traditional graphics when ODS Graphics is disabled and SAS/GRAPH is licensed.

CFILL=color | BLANK
speci�es the color of the background (including the header background if you do not specify the
CFILLH= option).

If you do not specify the CFILL= option, then by default, the background is empty. This means that
items that overlap the inset (such as needles representing group data or decision limits) show through
the inset. If you specify any value for the CFILL= option, then overlapping items no longer show
through the inset. Specify CFILL=BLANK to leave the background uncolored and also to prevent
items from showing through the inset.

CFILLH=color
speci�es the color of the header background. By default, if you do not specify a CFILLH= color, the
CFILL= color is used.

CFRAME=color
speci�es the color of the frame. By default, the frame is the same color as the axis of the plot.

CHEADER=color
speci�es the color of the header text. By default, if you do not specify a CHEADER= color, the
CTEXT= color is used.

CSHADOW=color

CS=color
speci�es the color of the drop shadow. See Figure 5.30 for an example. By default, if you do not
specify the CSHADOW= option, a drop shadow is not displayed.

CTEXT=color

CT=color
speci�es the color of the text. By default, the inset text color is the same as the other text on the plot.

Details: INSET Statement

This section provides details on three different methods of positioning the inset using the POSITION= option.
With the POSITION= option, you can specify

� compass points

� keywords for margin positions

� coordinates in data units or percent axis units
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Positioning the Inset Using Compass Points

NOTE : SeePositioning the Inset on an ANOM Chart Using Compass Pointsin the SAS/QC Sample Library.

You can specify the eight compass points N, NE, E, SE, S, SW, W, and NW as keywords for the POSITION=
option. The following statements create the display in Figure 5.32, which demonstrates all eight compass
positions. The default is NW.

ods graphics off;
title �Mean Chart for Diameters�;
proc anom data=LabelDeviations;

xchart Deviation * Position;
inset n / height=3 cfill=ywh header=�NW� pos=nw;
inset n / height=3 cfill=ywh header=�N � pos=n ;
inset n / height=3 cfill=ywh header=�NE� pos=ne;
inset n / height=3 cfill=ywh header=�E � pos=e ;
inset n / height=3 cfill=ywh header=�SE� pos=se;
inset n / height=3 cfill=ywh header=�S � pos=s ;
inset n / height=3 cfill=ywh header=�SW� pos=sw;
inset n / height=3 cfill=ywh header=�W � pos=w ;

run;

Figure 5.32 Insets Positioned Using Compass Points
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Positioning the Inset in the Margins

Using the INSET statement you can also position an inset in one of the four margins surrounding the plot
area using the margin keywords LM, RM, TM, or BM, as illustrated in Figure 5.7.4.

Output 5.7.4 Positioning Insets in the Margins

For an example of an inset placed in the right margin, see Figure 5.30. Margin positions are recommended if
a large number of statistics are listed in the INSET statement. If you attempt to display a lengthy inset in the
interior of the plot, it is likely that the inset will collide with the data display.

Positioning the Inset Using Coordinates

NOTE : SeePositioning the Inset Using Coordinates on an ANOM Chartin the SAS/QC Sample Library.

When you produce traditional graphics, you can also specify the position of the inset with coordinates:
POSITIOND .x; y/ . The coordinates can be given in axis percent units (the default) or in axis data units.

Data Unit Coordinates
If you specify the DATA option immediately following the coordinates, the inset is positioned using axis data
units. For example, the following statements place the bottom left corner of the inset at 2 on the horizontal
axis and 0.04 on the vertical axis:



Details: INSET Statement F 181

ods graphics off;
title �Mean Chart for Diameters�;
proc anom data=LabelDeviations;

xchart Deviation * Position;
inset n /

header = �Position=(2,0.04)�
height = 3
position = (2,0.04) data;

run;

The ANOM chart is displayed in Figure 5.33. By default, the speci�ed coordinates determine the position of
the bottom left corner of the inset. You can change this reference point with the REFPOINT= option, as in
the next example.

Figure 5.33 Inset Positioned Using Data Unit Coordinates

Axis Percent Unit Coordinates
If you do not use the DATA option, the inset is positioned using axis percent units. The coordinates of
the bottom left corner of the display are.0; 0/, while the upper right corner is.100; 100/. For example,
the following statements create an ANOM chart with two insets, both positioned using coordinates in axis
percent units:
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title �Mean Chart for Diameters�;
proc anom data=LabelDeviations;

xchart Deviation * Position;
inset mean / position = (5,25)

header = �Position=(5,25)�
height = 3
cfill = ywh
refpoint = tl;

inset mse / position = (95,95)
header = �Position=(95,95)�
height = 3
cfill = ywh
refpoint = tr;

run;

The display is shown in Figure 5.34. Notice that the REFPOINT= option is used to determine which corner
of the inset is to be placed at the coordinates speci�ed with the POSITION= option. The �rst inset has
REFPOINT=TL, so the top left corner of the inset is positioned 5% of the way across the horizontal axis and
25% of the way up the vertical axis. The second inset has REFPOINT=TR, so the top right corner of the
inset is positioned 95% of the way across the horizontal axis and 95% of the way up the vertical axis. Note
also that coordinates in axis percent units must bebetween0 and 100.

Figure 5.34 Inset Positioned Using Axis Percent Unit Coordinates
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Dictionary of ANOM Chart Statement Options

This section provides detailed descriptions of options that you can specify in the following chart statements:

� BOXCHART

� PCHART

� UCHART

� XCHART

Options that are common to the ANOM and SHEWHART procedures are listed in the “Summary of Options”
subsection in the sections for each chart statement. They are described in detail in “Dictionary of Options:
SHEWHART Procedure” on page 1993

Options are speci�ed after the slash (/) in a chart statement. For example, to place the label “Mean” on the
center line of an ANOM chart, you can use the XSYMBOL= option as follows:

proc anom data=Measures;
xchart Length * Sample / xsymbol=�Mean�;

run;

The options described in this section are listed alphabetically. For tables of options organized by function,
see the “Summary of Options” sections in the sections for the various chart statements. Unless indicated
otherwise, the options listed here are available with every chart statement.

ALPHA= value
speci�es the probability of a Type I error.

CINFILL=color | EMPTY | NONE
speci�es the color for the area inside the decision limits. By default, this area �lled with an appropriate
color from the ODS style. You can specify the keyword EMPTY or NONE to leave the area between
the decision limits un�lled. If you specify a color, it is ignored when ODS Graphics is enabled.

CLIMITS=color
speci�es the color for the decision limits, the central line, and related labels in traditional graphics.
This option is ignored when ODS Graphics is enabled.

DFE=n
speci�es the degrees of freedomn associated with the root mean square error.

GROUPN=value

GROUPN=variable
speci�es the group sizes as a constantvalueor as the values of a variable in the DATA= data set. The
GROUPN= option is available only in the PCHART and UCHART statements. You must specify
GROUPN= in a PCHART or UCHART statement when your input data set is a DATA= data set.

If you specify multipleresponsesin a chart statement, the GROUPN= option is used with all of the
responseslisted.
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LDLLABEL=` label '
speci�es a label for the lower decision limit in the ANOM chart. The label can be of length 16 or less.
Enclose the label in quotes. The default label is of the form LDL=value if the decision limit has a �xed
value; otherwise, the default label is LDL. A related option is UDLLABEL=.

LIMITK=k
speci�es the number of groups for computing decision limits.

LIMITN=n
speci�es either a nominal sample size for �xed decision limits or varying limits.

LIMLABSUBCHAR=` c'
speci�es a substitution characterc for labels provided as quoted strings with the LDLLABEL=,
UDLLABEL=, PSYMBOL=, USYMBOL=, and XSYMBOL= options. The substitution character
must appear in the label. When the label is displayed on the chart, the character is replaced with the
value of the corresponding decision limit or center line, provided that this value is constant across
groups. Otherwise, the default label for a varying decision limit or center line is displayed.

LLIMITS=linetype
speci�es the line type for decision limits in traditional graphics. This option is ignored when ODS
Graphics is enabled.

MEAN=value
speci�es the (known) mean of the response. This value is used for each response speci�ed in the chart
statement.

MSE=value
speci�es the mean square error.

NDECIMAL=
speci�es the number of digits to the right of decimal place in default labels for decision limits and
central line

NOCTL
suppresses display of the central line.

NOLDL
suppresses display of the lower decision limit.

NOLIMITLABEL
suppresses labels for the decision limits and central line.

NOLIMIT0
suppresses display of the lower decision limit if it is 0.

NOLIMIT1
suppresses display of the upper decision limit if it is 1 (100%).

NOLIMITS
suppresses display of the decision limits.
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NOLIMITSFRAME
suppresses the default frame around decision limit information when multiple sets of decision limits
are read from a LIMITS= data set.

NOLIMITSLEGEND
suppresses the decision limits legend.

NONEEDLES
suppresses the needles connecting points to the center line.

NOREADLIMITS
speci�es that the decision limits for each response listed in the chart statement arenot to be read
from the LIMITS= data set speci�ed in the PROC ANOM statement. There are two basic methods of
displaying decision limits: calculating decision limits from the data and reading decision limits from a
LIMITS= data set. If you specify a LIMITS= data set but want the decision limits to be calculated
from the data, specify the NOREADLIMITS option.

NOUDL
suppresses display of the upper decision limit.

OUTSUMMARY=SAS-data-set

OUT=SAS-data-set

OUTHISTORY=SAS-data-set
creates an output data set that contains group summary statistics. You can use an OUTSUMMARY=
data set as a SUMMARY= input data set in a subsequent run of the procedure. You cannot request an
OUTSUMMARY= data set if the input data set is a TABLE= data set. See “Output Data Sets” in the
section for the chart statement in which you are interested.

P=
speci�es the weighted average of group proportions.

PSYMBOL=`label '
speci�es the label for the central line on an ANOMp chart.

READINDEXES=
reads multiple sets of decision limits for eachresponsefrom a LIMITS= data set.

TYPE=
identi�es parameters as estimates or standard values and speci�es value of_TYPE_ in the OUTLIM-
ITS= data set.

U=
speci�es the weighted average of group rates.

UDLLABEL=
speci�es the label for the upper decision limit.

USYMBOL=`label '
speci�es the label for the central line on an ANOMu chart.
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WLIMITS=
speci�es the width for the decision limits and central line in traditional graphics. This option is ignored
when ODS Graphics is enabled.

XSYMBOL=`label '
speci�es the label for the central line on an ANOM chart or ANOM boxchart.
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Introduction: CAPABILITY Procedure

A process capability analysis compares the distribution of output from an in-control process to its speci�cation
limits to determine the consistency with which the speci�cations can be met. The CAPABILITY procedure
provides the following:

� process capability indices, such asCp andCpk

� descriptive statistics based on moments, including skewness and kurtosis. Other descriptive information
provided includes quantiles or percentiles (such as the median), frequency tables, and details on extreme
values.

� histograms. Optionally, these can be superimposed with speci�cation limits, �tted probability density
curves for various distributions, and kernel density estimates.

� cumulative distribution function plots (cdf plots). Optionally, these can be superimposed with speci�-
cation limits and probability distribution curves for various distributions.

� quantile-quantile plots (Q-Q plots), probability plots, and probability-probability plots (P-P plots).
These plots facilitate the comparison of a data distribution with various theoretical distributions.
Optionally, Q-Q plots and probability plots can be superimposed with speci�cation limits.

� comparative histograms, cdf plots, Q=Q plots, probability plots, and P-P plots. These are composite
graphs that are composed of plots that correspond to the different levels of speci�ed CLASS variables.

� goodness-of-�t tests for a variety of distributions including the normal. The assumption of normality is
critical to the interpretation of capability indices.

� statistical intervals (prediction, tolerance, and con�dence intervals) for a normal population

� the ability to produce plots either as traditional graphics, ODS Graphics output, or legacy line printer
plots. Traditional graphics can be saved, replayed, and annotated.

� the ability to inset summary statistics and capability indices in graphical output
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� the ability to analyze data sets with a frequency variable

� the ability to read speci�cation limits from a data set

� the ability to create output data sets containing summary statistics, capability indices, histogram
intervals, parameters of �tted curves, and statistical intervals

You can use the PROC CAPABILITY statement, together with the VAR and SPEC statements, to compute
summary statistics and process capability indices. See “Getting Started: CAPABILITY Procedure” on
page 197 for introductory examples. In addition, you can use the statements summarized in Table 6.1 to
request plots and specialized analyses:

Table 6.1 Statements for Plots and Specialized Analyses

Statement Result

CDFPLOT cumulative distribution function plot
COMPHISTOGRAM comparative histogram
HISTOGRAM histogram
INSET inset table on plot
INTERVALS statistical intervals
OUTPUT output data set with summary statistics and capability indices
PPPLOT probability-probability plot
PROBPLOT probability plot
QQPLOT quantile-quantile plot

You have three alternatives for producing plots with the CAPABILITY procedure:

� ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

� Otherwise, traditional graphics are produced by default if SAS/GRAPH® is licensed.

� Legacy line printer charts are produced when you specify the LINEPRINTER option in the PROC
statement.

See Chapter 4, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.

You can use the INSET statement with any of the plot statements to enhance the plot with an inset table of
summary statistics. The INSET statement is not applicable when you produce line printer plots.

Learning about the CAPABILITY Procedure

To learn about the CAPABILITY procedure, �rst select the appropriate statement Table 6.1. Then refer to the
corresponding “Getting Started” section for introductory examples:

� “Getting Started: CDFPLOT Statement” on page 256
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� “Getting Started: COMPHISTOGRAM Statement” on page 275

� “Getting Started: HISTOGRAM Statement” on page 300

� “Getting Started: INSET Statement” on page 386

� “Getting Started: INTERVALS Statement” on page 413

� “Getting Started: OUTPUT Statement” on page 424

� “Getting Started: PPPLOT Statement” on page 440

� “Getting Started: PROBPLOT Statement” on page 462

� “Getting Started: QQPLOT Statement” on page 494

To broaden your knowledge of the procedure, read “PROC CAPABILITY and General Statements” on
page 195 which summarizes the syntax for the entire procedure and describes the PROC CAPABILITY
statement, the VAR statement, the CLASS statement, and the SPEC statement. Subsequent chapters describe
the statements listed in Table 6.1. In addition to introductory examples, each chapter provides syntax
summaries, descriptions of options, computational details, and advanced examples. Although the chapters
are self-contained, much of what you learn about one plot statement, including the syntax, is transferable to
other plot statements.

PROC CAPABILITY and General Statements

Overview: CAPABILITY Procedure

This chapter describes several statements that are generally used with the CAPABILITY procedure:

� The PROC CAPABILITY statement is required to invoke the CAPABILITY procedure. You can use
this statement by itself to compute summary statistics.

� The VAR statement, which is optional, speci�es the variables in the input data set that are to be
analyzed. These are called the analysis orprocessvariables. By default, all of the numeric variables
are analyzed.

� The CLASS statement, which is optional, speci�es one or two variables that group the data into
classi�cation levels. A separate analysis is carried out for each combination of levels, and you can use
the CLASS statement with plot statements (such as HISTOGRAM) to create comparative displays.1

� The SPEC statement, which is optional, provides speci�cation limits for the variables that are to be
analyzed. When you use a SPEC statement, the procedure computes process capability indices in
addition to summary statistics. Furthermore, the speci�cation limits are displayed in plots created with
plot statements that are described in subsequent chapters.

1You can use the COMPHISTOGRAM statement to create comparative histograms without applying classi�cation levels to the
overall analysis.
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You can use the PROC CAPABILITY statement to request a variety of statistics for summarizing the data
distribution of each analysis variable:

� sample moments

� basic measures of location and variability

� con�dence intervals for the mean, standard deviation, and variance

� tests for location

� tests for normality

� trimmed and Winsorized means

� robust estimates of scale

� quantiles and related con�dence intervals

� extreme observations and extreme values

� frequency counts for observations

� missing values

You can use the PROC CAPABILITY and SPEC statements together to request a variety of statistics for
process capability analysis:

� percents of measurements within and outside speci�cation limits

� con�dence intervals for the probabilities of exceeding the speci�cation limits

� standard capability indices and related con�dence intervals

� tests of normality in conjunction with capability indices

� specialized capability indices

In addition, you can use options in the PROC CAPABILITY statement to

� specify the input data set to be analyzed

� specify an input data set containing speci�cation limits

� specify a graphics catalog for saving traditional graphics output

� specify rounding units for variable values

� specify the de�nition used to calculate percentiles

� specify the divisor used to calculate variances and standard deviations

� request legacy line printer plots and de�ne special printing characters used for features



Getting Started: CAPABILITY Procedure F 197

� suppress tables

You can use options in the SPEC statement to

� provide lower and upper speci�cation limits and target values

� control the appearance of speci�cation lines on plots

� control the appearance of the areas under a histogram outside the speci�cation limits

Getting Started: CAPABILITY Procedure

This section introduces the PROC CAPABILITY, VAR, and SPEC statements with examples that illustrate
the most commonly used options.

Computing Descriptive Statistics

NOTE : SeeComputing Summary Stats and Capability Indicesin the SAS/QC Sample Library.

The �uid weights of 100 drink cans are measured in ounces. The �lling process is assumed to be in statistical
control. The measurements are saved in a SAS data set namedCans.

data Cans;
label Weight = "Fluid Weight (ounces)";
input Weight @@;
datalines;

12.07 12.02 12.00 12.01 11.98 11.96 12.04 12.05 12.01 11.97
12.03 12.03 12.00 12.04 11.96 12.02 12.06 12.00 12.02 11.91
12.05 11.98 11.91 12.01 12.06 12.02 12.05 11.90 12.07 11.98
12.02 12.11 12.00 11.99 11.95 11.98 12.05 12.00 12.10 12.04
12.06 12.04 11.99 12.06 11.99 12.07 11.96 11.97 12.00 11.97
12.09 11.99 11.95 11.99 11.99 11.96 11.94 12.03 12.09 12.03
11.99 12.00 12.05 12.04 12.05 12.01 11.97 11.93 12.00 11.97
12.13 12.07 12.00 11.96 11.99 11.97 12.05 11.94 11.99 12.02
11.95 11.99 11.91 12.06 12.03 12.06 12.05 12.04 12.03 11.98
12.05 12.05 12.11 11.96 12.00 11.96 11.96 12.00 12.01 11.98
;

You can use the PROC CAPABILITY and VAR statements to compute summary statistics for the weights.

title �Process Capability Analysis of Fluid Weight�;
proc capability data=Cans normaltest;

var Weight;
run;

The input data set is speci�ed with the DATA= option. The NORMALTEST option requests tests for
normality. The VAR statement speci�es the variables to analyze. If you omit the VAR statement, all numeric
variables in the input data set are analyzed.

The descriptive statistics forWeight are shown in Figure 6.1. For instance, the average weight (labeledMean)
is 12.0093. The Shapiro-Wilk test statistic labeledW is 0.987876, and the probability of a more extreme
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value of W (labeledPr < W) is 0.499. Compared to the usual cutoff value of 0.05, this probability (referred
to as ap-value) indicates that the weights are normally distributed.

Figure 6.1 Descriptive Statistics
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Figure 6.1 continued

Computing Capability Indices

NOTE : SeeComputing Summary Stats and Capability Indicesin the SAS/QC Sample Library.

This example is a continuation of the previous example and shows how you can provide speci�cation limits
with a SPEC statement to request capability indices in addition to descriptive statistics.

proc capability data=Cans normaltest freq;
spec lsl=11.95 target=12 usl=12.05;
var Weight;

run;

The options LSL=, TARGET=, and USL= specify the lower speci�cation limit, target value, and upper
speci�cation limit for the weights. These statements produce the output shown in Figure 6.2 in addition to
the output shown in Figure 6.1.

Figure 6.2 Capability Indices and Frequency Table
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Figure 6.2 continued

In Figure 6.2, the table labeledSpeci�cation Limitslists the speci�cation limits and target value, together with
the percents of observations outside and between the limits. The table labeledProcess Capability Indices
lists estimates for the standard process capability indicesCp , CPL , CP U, Cpk , andCpm , along with 95%
con�dence limits. The indexCpm is not computed unless you specify a TARGET= value. See “Standard
Capability Indices” on page 235 for formulas used to compute the indices.

If you specify more than one variable in the VAR statement, you can provide corresponding speci�cation
limits and target values by specifying lists of values for the LSL=, USL=, and TARGET= options. As an
alternative to the SPEC statement, you can read speci�cation limits and target values from a data set speci�ed
with the SPEC= option in the PROC CAPABILITY statement. This is illustrated in Example 6.1.

The FREQ option in the PROC CAPABILITY statement requests the table labeledFrequency Countsin
Figure 6.2.
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Syntax: CAPABILITY Procedure

The following are the primary statements that control the CAPABILITY procedure:

PROC CAPABILITY < options > ;
BY variables ;
CDFPLOT < variables > < / options > ;
CLASS variable-1 < variable-2 >< / options > ;
COMPHISTOGRAM < variables > / CLASS= (class-variables) < options > ;
FREQ variable ;
HISTOGRAM < variables > < / options > ;
ID variables ;
INSET keyword-list < / options > ;
INTERVALS < variables > < / options > ;
OUTPUT < OUT= SAS-data-set > < keyword1=names . . . keywordk=names > ;
PPPLOT < variables > < / options > ;
PROBPLOT < variables > < / options > ;
QQPLOT < variables > < / options > ;
SPEC < options > ;
VAR variables ;
WEIGHT variable ;

The PROC CAPABILITY statement invokes the procedure. The VAR statement speci�es the numeric
variables to be analyzed, and it is required if the OUTPUT statement is used to save summary statistics and
capability indices in an output data set. If you do not use the VAR statement, all numeric variables in the data
set are analyzed. The SPEC statement provides speci�cation limits.

The plot statements (CDFPLOT, COMPHISTOGRAM, HISTOGRAM, PPPLOT, PROBPLOT, and QQ-
PLOT) create graphical displays, and the INSET statement enhances these displays by adding a table of
summary statistics directly on the graph. The INTERVALS statement computes statistical intervals. You can
specify one or more of each of the plot statements, the INSET statement, the INTERVALS statement, and the
OUTPUT statement. If you use a VAR statement, the variables listed in a plot statement must be a subset of
the variables listed in the VAR statement.

PROC CAPABILITY Statement

The syntax for the PROC CAPABILITY statement is as follows:

PROC CAPABILITY < options > ;

The following section lists alloptions. See the section “Dictionary of Options” on page 204 for detailed
information.
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Summary of Options
Table 6.2 lists all the PROC CAPABILITYoptions by function.

Table 6.2 PROC CAPABILITY Statement Options

Option Description

Input Data Set Options
ANNOTATE= speci�es input data set containing annotation information
DATA= speci�es input data set
EXCLNPWGT speci�es that non-positive weights are to be excluded
NOBYSPECS speci�es that speci�cation limits in SPEC= data set are to be

applied to all BY groups
SPEC= speci�es input data set with speci�cation limits
Plotting and Graphics Options
FORMCHAR(index)= de�nes characters used for features on legacy line printer plots
GOUT= speci�es catalog for saving traditional graphics output
LINEPRINTER requests legacy line printer plots
Computational Options
FORCEQN forces calculation of the robust estimator of scaleQn

FORCESN forces calculation of the robust estimator of scaleSn

PCTLDEF= speci�es de�nition used to calculate percentiles
ROUND= speci�es units used to round variable values
VARDEF= speci�es divisor used to calculate variances and standard devi-

ations
Data Summary Options
ALL requests all tables
FREQ requests frequency table
MODES requests table of modes
NEXTROBS= requests table ofn lowest,n highest observations
NEXTRVAL= requests table ofn lowest,n highest values
Output Options
NOPRINT suppresses printed output
OUTTABLE= creates an output data set containing univariate statistics and

capability indices in tabular form
Hypothesis Testing Options
MU0= speci�es mean for null hypothesis in tests for location
LOCCOUNT requests table of counts used in sign test and signed rank test
NORMALTEST performs tests for normality
Robust Estimation Options
ROBUSTSCALE requests table of robust measures of scale
TRIMMED=(trimmed-
options)

requests table of trimmed means

WINSORIZED=(Winsorized-
options)

requests table of Winsorized means

TRIMMED-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
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Table 6.2 continued

Option Description

WINSORIZED-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
Capability Index Options
CPMA= (obsolete) speci�esa for Cpm(a)
CHECKINDICES requests test of normality in conjunction with standard indices
SPECIALINDICES requests table of specialized indices including Boyles'Cpm ,

Cj kp , Cpmk , Cpm .a/ , and Wright'sCs

CHECKINDICES-Options
ALPHA= speci�es cutoff probability forp-values for test for normality

used in conjunction with process capability indices
TEST= speci�es test for normality (Shapiro-Wilk, Kolmogorov-

Smirnov, Anderson-Darling, Cramér-von Mises, or no test)
Con�dence Limit Options
ALPHA= speci�es level for all con�dence limits
CIBASIC requests con�dence limits for the mean, standard deviation,

variance
CIINDICES speci�es level and type of con�dence limits for capability

indices
CIPCTLDF requests distribution-free con�dence limits for percentiles
CIPCTLNORMAL requests con�dence limits for percentiles assuming normality
CIPROBEX requests con�dence limits for the probability of exceeding

speci�cations
CIBASIC-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
CIINDICES-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
CIPCTLDF-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
CIPCTLNORMAL-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
CIPROBEX-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
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Dictionary of Options
The following entries provide detailed descriptions of theoptions in the PROC CAPABILITY statement.

ALL
requests all of the tables generated by the FREQ, MODES, NEXTRVAL=5, CIBASIC, CIPCTLDF,
and CIPCTLNORMAL options. If a WEIGHT statement is not used, the ALL option also requests
the tables generated by the LOCCOUNT, NORMALTEST, ROBUSTSCALE, TRIMMED=.25, and
WINSORIZED=.25 options. PROC CAPABILITY uses any values that you specify with the ALPHA=,
MUO=, NEXTRVAL=, CIBASIC, CIPCTLDF, CIPCTLNORMAL, TRIMMED=, or WINSORIZED=
options in conjunction with the ALL option.

ALPHA= value
speci�es the default con�dence level for all con�dence limits computed by the CAPABILITY procedure.
The coverage percent for the con�dence limits is.1 � value/100. For example, ALPHA=0.10 results
in 90% con�dence limits. The defaultvalue is 0.05.

Note that specialized ALPHA= options are available for a number of con�dence interval options. For
example, you can specify CIBASIC( ALPHA=0.10 ) to request a table ofBasic Con�dence Limitsat
the 90% level. The default values of these options default to the value of the general ALPHA= option.

ANNOTATE=SAS-data-set

ANNO=SAS-data-set
speci�es an input data set containing annotate variables as described in SAS/GRAPH documentation.
You can use this data set to add features to traditional graphics. Use this data set only when creating
traditional graphics; it is ignored when the LINEPRINTER option is speci�ed and when ODS Graphics
is in effect. Features provided in this data set are added to every plot produced in the current run of the
procedure.

CHECKINDICES< (TEST = SW | KS | AD | CVM | NONE > < ALPHA= value >)
speci�es the test of normality used in conjunction with process capability indices that are displayed in
theProcess Capability Indicestable. If thep-value for the test is less than the cutoff probability value
speci�ed with the ALPHA= option, a warning is added to the table, as illustrated in Figure 6.3. See
“Tests for Normality” on page 227 for details concerning the test.

proc capability data=Process;
var p2;
specs lsl=10

usl=275;
run;
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Figure 6.3 Warning Message Printed with Capability Indices

ALPHA= value
speci�es the cutoff probability forp-values for a test for normality used in conjunction with
process capability indices. Thevalue must be between zero and 0.5. The default value is 0.05.

TEST = SW | KS | AD | CVM | NONE
speci�es the test of normality used in conjunction with process capability indices that are
displayed in theProcess Capability Indicestable. The tests available are Shapiro-Wilk (SW),
Kolmogorov-Smirnov (KS), Anderson-Darling (AD), and Cramér-von Mises (CVM). The default
test is the Shapiro-Wilk test if the sample size is less than or equal to 2000 and the Kolmogorov-
Smirnov test if the sample size is greater than 2000.

CIBASIC< (< TYPE=keyword > < ALPHA= value >) >
requests con�dence limits for the mean, standard deviation, and variance based on the assumption
that the data are normally distributed. With large sample sizes, this assumption is not required for
con�dence limits for the mean.

ALPHA= value
speci�es the con�dence level. The coverage percent for the con�dence limits is.1 � value/100.
For example, ALPHA=0.10 requests 90% con�dence limits. The default value is 0.05.

TYPE=keyword
speci�es the type of con�dence limit, wherekeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

CIINDICES< (TYPE=keyword >< ALPHA= value >)
speci�es the type and level of the con�dence limits for standard capability indices displayed in the
table labeledProcess Capability Indices.

ALPHA= value
speci�es the con�dence level. The coverage percent for the con�dence limits is.1 � value/100.
For example, ALPHA=0.10 requests 90% con�dence limits. The default value is 0.05.

TYPE=keyword
speci�es the type of con�dence limit, wherekeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.
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CIPCTLDF< (TYPE=keyword >< ALPHA= value >)

CIQUANTDF< (TYPE=keyword >< ALPHA= value >)
requests con�dence limits for quantiles computed using a distribution-free method. In other words, no
speci�c parametric distribution (such as the normal) is assumed for the data. Order statistics are used
to compute the con�dence limits as described in Section 5.2 of Hahn and Meeker (1991). This option
is not available if you specify a WEIGHT statement.

ALPHA= value
speci�es the con�dence level. The coverage percent for the con�dence limits is.1 � value/100.
For example, ALPHA=0.10 requests 90% con�dence limits. The default value is 0.05.

TYPE=keyword
speci�es the type of con�dence limit, wherekeywordis LOWER, UPPER, SYMMETRIC, or
ASYMMETRIC. The default value is SYMMETRIC.

CIPCTLNORMAL< (TYPE= keyword >< ALPHA= value >)

CIQUANTNORMAL< (TYPE= keyword > < ALPHA= value >)
requests con�dence limits for quantiles based on the assumption that the data are normally distributed.
The computational method is described in Section 4.4.1 of Hahn and Meeker (1991) and uses the
noncentralt distribution as given by Odeh and Owen (1980). This option is not available if you specify
a WEIGHT statement.

ALPHA= value
speci�es the con�dence level. The coverage percent for the con�dence limits is.1 � value/100.
For example, ALPHA=0.10 requests 90% con�dence limits. The default value is 0.05.

TYPE=keyword
speci�es the type of con�dence limit, wherekeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

CIPROBEX< (TYPE=keyword >< ALPHA= value >)
requests con�dence limits forP rŒX� LSL• andP rŒX� USL•, whereX is the analysis variable,
LSL is the lower speci�cation limit, and USL is the upper speci�cation limit. The computational
method, which assumes thatX is normally distributed, is described in Section 4.5 of Hahn and Meeker
(1991) and uses the noncentralt distribution as given by Odeh and Owen (1980). This option is not
available if you specify a WEIGHT statement.

ALPHA= value
speci�es the con�dence level. The coverage percent for the con�dence limits is.1 � value/100.
For example, ALPHA=0.10 requests 90% con�dence limits. The default value is 0.05.

TYPE=keyword
speci�es the type of con�dence limit, wherekeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

CPMA=value
speci�es thevalue of the parametera for the capability indexCpm .a/ . This option has been superseded
by the SPECIALINDICES(CPMA=) option.



Syntax: CAPABILITY Procedure F 207

DATA=SAS-data-set
speci�es the input data set containing the observations to be analyzed. If the DATA= option is omitted,
the procedure uses the most recently created SAS data set.

DEF=index
is an alias for the PCTLDEF= option. See the entry for the PCTLDEF= option.

EXCLNPWGT
excludes observations with non-positive weight values (zero or nonnegative) for the analysis. By
default, PROC CAPABILITY treats observations with negative weights like those with zero weights
and counts them in the total number of observations. This option is applicable only if you specify a
WEIGHT statement.

FORCEQN
forces calculation of the robust estimate of scaleQn . Because this calculation is very computationally
intensive, by defaultQn is not computed for a variable that has more than 65,526 nonmissing obser-
vations. On some hosts,Qn cannot be computed at all when there are more than 65,526 nonmissing
observations.

FORCESN
forces calculation of the robust estimate of scaleSn . Because this calculation is computationally
intensive, by defaultSn is not computed for a variable that has more than 1 million nonmissing
observations.

FORMCHAR(index)=`string'
de�nes characters used for features on legacy line printer plots, whereindex is a number ranging from
1 to 11, andstring is a character or hexadecimal string. This option is ignored unless you specify the
LINEPRINTER option in the PROC CAPABILITY statement.

The index identi�es which features are controlled with thestring characters, as discussed in the table
that follows. If you specify the FORMCHAR= option omitting theindex , thestring controls all 11
features.

By default, the form character list speci�ed with the SAS system option FORMCHAR= is used;
otherwise, the default is FORMCHAR='|---|+|--' . If you print to a PC screen or your device
supports the ASCII symbol set (1 or 2), the following is recommended:

formchar=�B3,C4,DA,C2,BF,C3,C5,B4,C0,C1,D9�X

As an example, suppose you want to plot the data values of the empirical cumulative distribution
function with asterisks (*). You can change the appropriate character by using the following:

formchar(2)=� * �

Note that the FORMCHAR= option in the PROC CAPABILITY statement enables you to temporarily
override the values of the SAS system option with the same name. The values of the SAS system
option are not altered by using the FORMCHAR= option in PROC CAPABILITY statement.

The features associated with values ofindexare as follows:
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Value of
index Description of Character Chart Feature

1 vertical bar frame, ecdf line, HREF= lines

2 horizontal bar frame, ecdf line, VREF= lines

3 box character (upper left) frame, ecdf line, histogram bars

4 box character (upper middle) histogram bars, tick marks (hori-
zontal axis)

5 box character (upper right) frame, histogram bars

6 box character (middle left) histogram bars

7 box character (middle middle) not used

8 box character (middle right) histogram bars, tick marks (verti-
cal axis)

9 box character (lower left) frame

10 box character (lower middle) histogram bars

11 box character (lower right) frame, ecdf line

FREQ
requests a frequency table in the printed output that contains the variable values, frequencies, percent-
ages, and cumulative percentages. See Figure 6.2 for an example.

GOUT=graphics-catalog
speci�es a graphics catalog in which to save traditional graphics output. This option is ignored unless
you are producing traditional graphics.

LINEPRINTER
requests that legacy line printer plots be produced by the CDFPLOT, HISTOGRAM, PROBPLOT,
PPPLOT, and QQPLOT statements. The CLASS and COMPHISTOGRAM statements cannot be used
when the LINEPRINTER option is speci�ed.

LOCCOUNT
requests a table with the number of observations greater than, not equal to, and less than the value of
MUO=. PROC CAPABILITY uses these values to construct the sign test and signed rank test. This
option is not available if you specify a WEIGHT statement.

MODES

MODE
requests a table of all possible modes. By default, when the data contains multiple modes, PROC
CAPABILITY displays the lowest mode in the table of basic statistical measures. When all values are
unique, PROC CAPABILITY does not produce a table of modes.

MU0=value(s)

LOCATION=value(s)
speci�es the value of the mean or location parameter (� o) in the null hypothesis for the tests summarized
in the table labeledTests for Location: Mu0=value. If you specify a single value, PROC CAPABILITY
tests the same null hypothesis for all analysis variables. If you specify multiple values, a VAR statement
is required, and PROC CAPABILITY tests a different null hypothesis for each analysis variable by
matching the VAR variables with the values in the corresponding order. The default value is 0.
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NEXTROBS=n
speci�es the number of extreme observations in the table labeledExtreme Observations. The table
lists then lowest observations and then highest observations. The default value is 5. The value ofn
must be an integer between 0 and half the number of observations. You can specify NEXTROBS=0 to
suppress the table.

NEXTRVAL=n
requests the table labeledExtreme Valuesand speci�es the number of extreme values in the table. The
table lists then lowest unique values and then highest unique values. The value ofn must be an integer
between 0 and half the maximum number of observations. By default,n = 0 and no table is displayed.

NOBYSPECS
speci�es that speci�cation limits in SPEC= data set be applied to all BY groups. If you use a BY
statement and specify a SPEC= data set that does not contain the BY variables, you must specify the
NOBYSPECS option.

NOPRINT
suppresses the tables of descriptive statistics and capability indices which are created by the PROC CA-
PABILITY statement. The NOPRINT option does not suppress the tables created by the INTERVALS
or plot statements. You can use the NOPRINT options in these statements to suppress the creation of
their tables.

NORMALTEST

NORMAL
requests a table ofTests for Normalityfor each of the analysis variables. The table provides test
statistics andp-values for the Shapiro-Wilk test (provided the sample size is less than or equal to 2000),
the Kolmogorov-Smirnov test, the Anderson-Darling test, and the Cramér-von Mises test. See “Tests
for Normality” on page 227 for details. If speci�cation limits are provided, the NORMALTEST option
is assumed.

OUTTABLE= SAS-data-set
speci�es an output data set that contains univariate statistics and capability indices arranged in tabular
form. See “OUTTABLE= Data Set” on page 222 for details.

PCTLDEF=index

DEF=index
speci�es one of �ve de�nitions used to calculate percentiles. The value ofindexcan be 1, 2, 3, 4, or 5.
See “Percentile Computations” on page 230 for details. By default, PCTLDEF=5.

ROBUSTSCALE
requests a table of robust measures of scale. These measures include the interquartile range, Gini's
mean difference, the median absolute deviation about the median (MAD), and two statistics proposed
by Rousseeuw and Croux (1993),Qn , andSn . This option is not available if you specify a WEIGHT
statement.

ROUND=value-list
speci�es units used to round variable values. The ROUND= option reduces the number of unique
values for each variable and hence reduces the memory required for temporary storage.Valuesmust be
greater than 0 for rounding to occur.
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If you use only one value, the procedure uses this unit for all variables. If you use a list of values, you
must also use a VAR statement. The procedure then uses the roundoff values for variables in the order
given in the VAR statement. For example, the following statements specify a roundoff value of 1 for
Yieldstrength and a roundoff value of 0.5 for TENSTREN.

proc capability round=1 0.5;
var Yieldstrength tenstren;

run;

When a variable value is midway between the two nearest rounded points, the value is rounded to the
nearest even multiple of the roundoff value. For example, with a roundoff value of 1, the variable
values of –2.5, –2.2, and –1.5 are rounded to –2; the values of –0.5, 0.2, and 0.5 are rounded to 0; and
the values of 0.6, 1.2, and 1.4 are rounded to 1.

SPECIALINDICES
requests a table of specialized process capability indices. These indices includek, Boyles' modi�ed
Cpm (also denoted asCpm C), Cj kp , Cpm .a/ , Cp .5:15/, Cpk .5:15/, Cpmk , Wright's Cs, Boyles'
Sj kp , Cpp , C

00

pp , Cpg , Cpq , CW
p , CW

pk , CW
pm , Cpc , and Vännmann'sCp .u; v/ andCp .v/ .

You can provide values for the parametersa for Cpm .a/ , u andv for Cp .u; v/ andCp .v/ , and for the

 multiplier for Cs by specifying the following options in parentheses after theSPECIALINDICES
option.

CPMA=value
speci�es thevalue of the parametera for the capability indexCpm .a/ described in Section 3.7
of Kotz and Johnson (1993). Thevalue must be positive. The defaultvalue is 0.5. The existing
CPMA= option in the PROC CAPABILITY statement is considered obsolete but still works.

CPU=value
speci�es thevalue of the parameteru for Vännmann's capability indexCp .u; v/ . Thevalue must
be greater than or equal to zero. The defaultvalue is zero.

CPV=value
speci�es thevalue of the parameterv for Vännmann's capability indicesCp .u; v/ andCp .v/ .
Thevalue must be greater than or equal to zero. The defaultvalue is 4.

CSGAMMA=value
speci�es thevalue of the
 multiplier suggested by Chen and Kotz (1996) for Wright's capability
indexCs. Thevalue must be greater than zero. The defaultvalue is 1.

SPEC=SAS-data-set

SPECS=SAS-data-set
speci�es an input data set containing speci�cation limits for each of the variables in the VAR statement.
This option is an alternative to the SPEC statement, which also provides speci�cation limits. See
“SPEC= Data Set” on page 220 for details on SPEC= data sets, and Example 6.1 for an example. If you
use both the SPEC= option and a SPEC statement, the SPEC= option is ignored.
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TRIMMED=values(s) < (TYPE=keyword >< ALPHA= value >)
requests a table of trimmed means, where eachvalue speci�es the number or the proportion of trimmed
observations. If thevalue is the numbern of trimmed observations,n must be between 0 and half the
number of nonmissing observations. If thevalue is a proportionp between 0 and 0.5, the number of
observations trimmed is the smallest integer greater than or equal tonp, wheren is the number of
observations. To obtain con�dence limits for the mean and the studentt-test, you must use the default
value of VARDEF= which is DF. The TRIMMED= option is not available if you specify a WEIGHT
statement.

ALPHA= value
speci�es the con�dence level. The coverage percent is.1 � value/100. For example, AL-
PHA=0.10 requests a 90% con�dence limit. The default value is 0.05.

TYPE=keyword
speci�es the type of con�dence limit, wherekeyword is LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

VARDEF=DF | N | WDF | WEIGHT | WGT
speci�es the divisor used in calculating variances and standard deviations. The values and associated
divisors are shown in the following table. By default, VARDEF=DF.

Value Divisor Formula

DF degrees of freedom n � 1

N number of observations n

WEIGHT | WGT sum of weight
P

i wi

WDF sum of weights minus one.
P

i wi / � 1

WINSORIZED=values(s) < (< TYPE=keyword > < ALPHA= value >) >

WINSOR=values(s) < (< TYPE=keyword > < ALPHA= value >) >
requests a table of winsorized means, where eachvalue speci�es the number or the proportion of
winsorized observations. If thevalue is the numbern of winsorized observations,n must be between
0 and half the number of nonmissing observations. If thevalue is a proportionp between 0 and 0.5,
the number of observations winsorized is the smallest integer greater than or equal tonp, wheren is
the number of observations. To obtain con�dence limits for the mean and the studentt-test, you must
use the default value of VARDEF= which is DF. The WINSORIZED= option is not available if you
specify a WEIGHT statement.

ALPHA= value
speci�es the con�dence level. The coverage percent is.1 � value/100. For example, AL-
PHA=0.10 results in a 90% con�dence limit. The default value is 0.05.

TYPE=keyword
speci�es the type of con�dence limit, wherekeyword is LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.
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BY Statement

BY variables ;

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

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

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

� Specify the NOTSORTED or DESCENDING option in the BY statement for the CAPABILITY
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 discussion inSAS Language Reference: Concepts.
For more information about the DATASETS procedure, see the discussion in theBase SAS Procedures Guide.

CLASS Statement

CLASS variable-1 < (v-options) > < variable-2 < (v-options) > >
< / KEYLEVEL= value1 | (value1 value2) > ;

The CLASS statement speci�es one or two variables used to group the data into classi�cation levels. Variables
in a CLASS statement are referred to asCLASS variables. CLASS variables can be numeric or character.
Class variables can have �oating point values, but they typically have a few discrete values that de�ne
levels of the variable. You do not have to sort the data by CLASS variables. PROC CAPABILITY uses the
formatted values of the CLASS variables to determine the classi�cation levels.

NOTE : You cannot specify a COMPHISTOGRAM statement together with a CLASS statement.

You can specify the followingv-options enclosed in parentheses after a CLASS variable:

MISSING
speci�es that missing values for the CLASS variable are to be treated as valid classi�cation levels.
Special missing values that represent numeric values (`.A' through `.Z' and `._') are each considered
as a separate value. If you omit MISSING, PROC CAPABILITY excludes the observations with a
missing CLASS variable value from the analysis. Enclose this option in parentheses after the CLASS
variable.

ORDER=DATA | FORMATTED | FREQ | INTERNAL
speci�es the display order for the CLASS variable values. The default value is INTERNAL. You can
specify the following values with the ORDER= option:

DATA orders values according to their order in the input data set. When you use a plot
statement, PROC CAPABILITY displays the rows (columns) of the comparative
plot from top to bottom (left to right) in the order that the CLASS variable values
�rst appear in the input data set.
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FORMATTED orders values by their ascending formatted values. This order might depend on
your operating environment. When you use a plot statement, PROC CAPABILITY
displays the rows (columns) of the comparative plot from top to bottom (left to
right) in increasing order of the formatted CLASS variable values. For example,
suppose a numeric CLASS variable DAY (with values 1, 2, and 3) has a user-de�ned
format that assigns Wednesday to the value 1, Thursday to the value 2, and Friday
to the value 3. The rows of the comparative plot will appear in alphabetical order
(Friday, Thursday, Wednesday) from top to bottom.

If there are two or more distinct internal values with the same formatted value, then
PROC CAPABILITY determines the order by the internal value that occurs �rst in
the input data set. For numeric variables without an explicit format, the levels are
ordered by their internal values.

FREQ orders values by descending frequency count so that levels with the most observa-
tions are listed �rst. If two or more values have the same frequency count, PROC
CAPABILITY uses the formatted values to determine the order.

When you use a plot statement, PROC CAPABILITY displays the rows (columns)
of the comparative plot from top to bottom (left to right) in order of decreasing
frequency count for the CLASS variable values.

INTERNAL orders values by their unformatted values, which yields the same order as PROC
SORT. This order may depend on your operating environment.

When you use a plot statement, PROC CAPABILITY displays the rows (columns)
of the comparative plot from top to bottom (left to right) in increasing order of the
internal (unformatted) values of the CLASS variable. The �rst CLASS variable
is used to label the rows of the comparative plots (top to bottom). The second
CLASS variable is used to label the columns of the comparative plots (left to right).
For example, suppose a numeric CLASS variable DAY (with values 1, 2, and 3)
has a user-de�ned format that assigns Wednesday to the value 1, Thursday to the
value 2, and Friday to the value 3. The rows of the comparative plot will appear in
day-of-the-week order (Wednesday, Thursday, Friday) from top to bottom.

You can specify the following options after the slash (/) in the CLASS statement.

KEYLEVEL= value | ( value1 value2 )
speci�es thekey cellsin comparative plots. For each plot, PROC CAPABILITY �rst determines the
horizontal axis scaling for the key cell, and then extends the axis using the established tick interval to
accommodate the data ranges for the remaining cells, if necessary. Thus, the choice of the key cell
determines the uniform horizontal axis that PROC CAPABILITY uses for all cells.

If you specify only one CLASS variable and use a plot statement, KEYLEVEL=valueidenti�es the
key cell as the level for which the CLASS variable is equal tovalue. By default, PROC CAPABILITY
sorts the levels in the order determined by the ORDER= option, and the key cell is the �rst occurrence
of a level in this order. The cells display in order from top to bottom or left to right. Consequently,
the key cell appears at the top (or left). When you specify a different key cell with the KEYLEVEL=
option, this cell appears at the top (or left).

If you specify two CLASS variables, use KEYLEVEL= (value1 value2)to identify the key cell as the
level for which CLASS variablen is equal tovaluen. By default, PROC CAPABILITY sorts the levels
of the �rst CLASS variable in the order that is determined by its ORDER= option. Then, within each
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of these levels, it sorts the levels of the second CLASS variable in the order that is determined by its
ORDER= option. The default key cell is the �rst occurrence of a combination of levels for the two
variables in this order. The cells display in the order of the �rst CLASS variable from top to bottom
and in the order of the second CLASS variable from left to right. Consequently, the default key cell
appears at the upper left corner. When you specify a different key cell with the KEYLEVEL= option,
this cell appears at the upper left corner.

The length of the KEYLEVEL= value cannot exceed 16 characters and you must specify a formatted
value.

The KEYLEVEL= option has no effect unless you specify a plot statement.

NOKEYMOVE
speci�es that the location of the key cell in a comparative plot be unchanged by the CLASS statement
KEYLEVEL= option. By default, the key cell is positioned as the �rst cell in a comparative plot.

The NOKEYMOVE option has no effect unless you specify a plot statement.

FREQ Statement

FREQ variable ;

The FREQ statement names a variable that provides frequencies for each observation in the input data set. If
n is the value of the FREQ variable for a given observation, then that observation is usedn times. If the value
of the FREQ variable is missing or is less than one, the observation is not used in the analysis. If the value is
not an integer, only the integer portion is used.

ID Statement

ID variables ;

The ID statement speci�es one or more variables to include in the table of extreme observations. The
corresponding values of the ID variables appear beside then largest andn smallest observations, wheren is
the value of the NEXTROBS= option.

SPEC Statement

The syntax for the SPEC statement is as follows:

SPEC < options > ;

You can use at most one SPEC statement in the CAPABILITY procedure. When you provide speci�cation
limits and target values in a SPEC statement, the tabular output produced by the PROC CAPABILITY
statement includes process capability indices as well as summary statistics. You can use the SPEC statement
in conjunction with the CDFPLOT, COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT
statements to add speci�cation limit and target lines to the plots produced with these statements.

options
control features of the speci�cation limits and target values. Table 6.3 lists all options by function.
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Summary of Options

Table 6.3 SPEC Statement Options

Option Description

Lower Speci�cation Limit Options
CLEFT= color used to �ll area left of lower speci�cation limit (histograms

only)
CLSL= color of lower speci�cation limit line
LLSL= line type of lower speci�cation limit line
LSL= lower speci�cation limit values
LSLSYMBOL= character used for lower speci�cation limit line in line printer plots
PLEFT= pattern type used to �ll area left of lower speci�cation limit (his-

tograms only)
WLSL= width of lower speci�cation limit line
Target Options
CTARGET= color of target line
LTARGET= line type of target line
TARGET= target value
TARGETSYMBOL= character used for target in line printer plots
WTARGET= width of target line
Upper Speci�cation Limit Options
CRIGHT= color used to �ll area right of upper speci�cation limit (histograms

only)
CUSL= color of upper speci�cation limit line
LUSL= line type of upper speci�cation limit line
PRIGHT= pattern type used to �ll area right of upper speci�cation limit (his-

tograms only)
USL= upper speci�cation limit values
USLSYMBOL= character used for upper speci�cation limit in line printer plots
WUSL= width of upper speci�cation limit line

General Options
You can specify the following options whether you are producing ODS Graphics output or traditional
graphics:

CLEFT=color

CLEFT
determines thecolor used to �ll the area under a histogram to the left of the lower speci�cation limit.
You can specify the CLEFT option without an argument to �ll this area with an appropriate color from
the ODS style. If you are producing ODS Graphics output, an explicit color speci�cation is ignored.
This option is applicable only when the SPEC statement is used in conjunction with a HISTOGRAM
or COMPHISTOGRAM statement. See Output 6.2.1 for an example. The CLEFT= option also applies
to the area under a �tted curve;for an example, see Output 6.8.1.
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CRIGHT=color

CRIGHT
determines thecolor used to �ll the area under a histogram to the right of the upper speci�cation
limit. You can specify the CRIGHT option without an argument to �ll this area with an appropriate
color from the ODS style. If you are producing ODS Graphics output, an explicit color speci�cation
is ignored. This option is applicable only when the SPEC statement is used in conjunction with a
HISTOGRAM or COMPHISTOGRAM statement. See Output 6.2.1 for an example. The CRIGHT=
option also applies to the area under a �tted curve; for an example, see Output 6.8.1.

LSL=value-list
speci�es the lower speci�cation limits for the variables listed in the VAR statement, or for all numeric
variables in the input data set if no VAR statement is used. If you specify only one lower limit, it is
used for all of the variables; otherwise, the number of limits must match the number of variables. See
the section “Computing Capability Indices” on page 199 for an example.

TARGET=value-list
speci�es target values for the variables listed in the VAR statement, or for all numeric variables in the
input data set if no VAR statement is used. If you specify only one target value, it is used for all of
the variables; otherwise, the number of values must match the number of variables. See the section
“Computing Capability Indices” on page 199 for an example.

USL=value-list
speci�es the upper speci�cation limits for the variables listed in the VAR statement, or for all numeric
variables in the input data set if no VAR statement is used. If you specify only one upper limit, it is
used for all of the variables; otherwise, the number of limits must match the number of variables. See
the section “Computing Capability Indices” on page 199 for an example.

Options for Traditional Graphics
You can specify the following options if you are producing traditional graphics:

CLSL=color
speci�es the color of the lower speci�cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements.

CTARGET=color
speci�es the color of the target line displayed in plots created with the CDFPLOT, COMPHIS-
TOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements.

CUSL=color
speci�es the color of the upper speci�cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements.

LLSL= linetype
speci�es the line type for the lower speci�cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 6.2.1 for an
example. The default is 1, which produces a solid line.
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LTARGET=linetype
speci�es the line type for the target line in plots created with the CDFPLOT, COMPHISTOGRAM,
HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 6.2.1 for an example. The default
is 1, which produces a solid line.

LUSL=linetype
speci�es the line type for the upper speci�cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 6.2.1 for an
example. The default is 1, which produces a solid line.

PLEFT=pattern
speci�es the pattern used to �ll the area under a histogram to the left of the lower speci�cation limit.
This option is applicable only when the SPEC statement is used in conjunction with a HISTOGRAM or
COMPHISTOGRAM statement. For an example, see Output 6.2.1. The PLEFT= option also applies
to the area under a �tted curve; for an example, see Output 6.8.1. The default pattern is a solid �ll.

PRIGHT=pattern
speci�es the pattern used to �ll the area under a histogram to the right of the upper speci�cation limit.
This option is applicable only when the SPEC statement is used in conjunction with a HISTOGRAM or
COMPHISTOGRAM statement. For an example, see Output 6.2.1. The PRIGHT= option also applies
to the area under a �tted curve; for an example, see Output 6.8.1. The default pattern is a solid �ll.

WLSL=n
speci�es the width in pixels of the lower speci�cation line in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 6.2.1 for an
illustration. The default is 1.

WTARGET=n
speci�es the width in pixels of the target line in plots created with the CDFPLOT, COMPHISTOGRAM,
HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 6.2.1 for an illustration. The
default is 1.

WUSL=n
speci�es the width in pixels of the upper speci�cation line in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 6.2.1 for an
illustration. The default is 1.

Options for Legacy Line Printer Plots
You can specify the following options if you are producing legacy line printer plots:

LSLSYMBOL=` character '
speci�es the character used to display the lower speci�cation line in line printer plots created with the
CDFPLOT, HISTOGRAM, PROBPLOT, and QQPLOT statements. The default character is `L'.

TARGETSYMBOL=`character '

TARGETSYM=`character '
speci�es the character used to display the target line in line printer plots created with the CDFPLOT,
HISTOGRAM, PROBPLOT, and QQPLOT statements. The default character is `T'.
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USLSYMBOL=`character '
speci�es the character used to display the upper speci�cation line in line printer plots created with the
CDFPLOT, HISTOGRAM, PROBPLOT, and QQPLOT statements. The default character is `U'.

VAR Statement

VAR variables ;

The VAR statement speci�es the analysis variables and their order in the results. By default, if you omit
the VAR statement, PROC CAPABILITY analyzes all numeric variables that are not listed in the other
statements.

You must provide a VAR statement when you use an OUTPUT statement. To store the same statistic for
several analysis variables in the OUT= data set, you specify a list of names in the OUTPUT statement. PROC
CAPABILITY makes a one-to-one correspondence between the order of the analysis variables in the VAR
statement and the list of names that follow a statistic keyword.

WEIGHT Statement

WEIGHT variable ;

The WEIGHT statement names a variable that provides weights for each observation in the input data set. The
CAPABILITY procedure uses the valueswi of the WEIGHT variable to modify the computation of a number
of summary statistics by assuming that the variance of theith valueX i of the analysis variable is equal to
� 2=wi , where� is an unknown parameter. This assumption is rarely applicable in process capability analysis,
and the purpose of the WEIGHT statement is simply to make the CAPABILITY procedure consistent with
other data summarization procedures, such as the UNIVARIATE procedure.

The values of the WEIGHT variable do not have to be integers and are typically positive. By default,
observations with non-positive or missing values of the WEIGHT variable are handled as follows:

� If the value is zero, the observation is counted in the total number of observations.

� If the value is negative, it is converted to zero, and the observation is counted in the total number of
observations.

� If the value is missing, the observation is excluded from the analysis.

To exclude observations that contain negative and zero weights from the analysis, specify the option
EXCLNPWGT in the PROC statement. Note that most SAS/STAT® procedures, such as PROC GLM,
exclude negative and zero weights by default.

When you specify a WEIGHT variable, the procedure uses its values,wi , to compute weighted versions of
the statistics provided in theMomentstable. For example, the procedure computes a weighted meanX w and
a weighted variances2

w asX w D
P

i w i x iP
i w i

ands2
w D 1

d

P
i wi .x i � X w /2 wherexi is theith variable value.

The divisord is controlled by the VARDEF= option in the PROC CAPABILITY statement.

When you use both the WEIGHT and SPEC statements, capability indices are computed usingX w andsw in
place ofX ands. Again, note that weighted capability indices are seldom needed in practice.
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When you specify a WEIGHT statement, the procedure also computes a weighted standard error and a
weighted version of Student's t test. This test is the only test of location that is provided when weights are
speci�ed.

The WEIGHT statement does not affect the determination of the mode, extreme values, extreme observations,
or the number of missing values of the analysis variables. However, the weightswi are used to compute
weighted percentiles.

The WEIGHT variable has no effect on the calculation of extreme values, and it has no effect on graphical
displays produced with the plot statements.

Graphical Enhancement Statements

You can use TITLE, FOOTNOTE, and NOTE statements to enhance printed output. If you are creating
traditional graphics, you can also use AXIS, LEGEND, PATTERN, and SYMBOL statements to enhance
your plots. For details, see SAS/GRAPH documentation and the chapter for the plot statement that you are
using.

Details: CAPABILITY Procedure

This section provides details on the following topics:

� input data sets speci�ed with the DATA= option, the SPEC= option, and the ANNOTATE= option

� the output data set speci�ed with the OUTTABLE= option

� descriptive statistics

� the tests for normality requested with the NORMALTEST option

� percentile de�nitions controlled using the PCTLDEF= option

� robust estimators

� computing the mode

� assumptions and terminology for capability indices

� standard capability indices

� specialized capability indices

Input Data Sets

DATA= Data Set
The DATA= data set contains a set of variables that represent measurements from a process. The CAPABIL-
ITY procedure must have a DATA= data set. If you do not specify one with the DATA= option in the PROC
CAPABILITY statement, the procedure uses the last data set created.
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SPEC= Data Set
The SPEC= option in the PROC CAPABILITY statement identi�es a SPEC= data set, which contains
speci�cation limits. This option is an alternative to using the SPEC statement. If you use both the SPEC=
option and a SPEC statement, the SPEC= option is ignored. The SPEC= option is especially useful when:

� the number of variables is large

� the same speci�cation limits are referred to in more than one analysis

� a BY statement is used

� batch processing is used

The following variables are read from a SPEC= data set:

Variable Description

_LSL_ lower speci�cation limit
_TARGET_ target value
_USL_ upper speci�cation limit
_VAR_ name of the variable

You may omit either _LSL_ or _USL_ but not both. _TARGET_ is optional. If the SPEC= data set
contains both _LSL_ and _USL_, you can assign missing values to _LSL_ or _USL_ to indicate one-sided
speci�cations. You can assign missing values to _TARGET_ when the variable does not use a target value.
_LSL_, _USL_, and _TARGET_ must be numeric variables. _VAR_ must be a character variable.

You can include the following optional variables in a SPEC= data set to control the appearance of speci�cation
limits on charts:

Variable Description

_CLEFT_ color used to �ll area left of LSL (histograms only)

_CLSL_ color of LSL line

_CRIGHT_ color used to �ll area right of USL (histograms only)

_CTARGET_ color of target line

_CUSL_ color of USL line

_LLSL_ line type of LSL line

_LSLSYM_ character used for LSL line in line printer plots

_LTARGET_ line type of target line

_LUSL_ line type of USL line

_PLEFT_ pattern type used to �ll area left of LSL (histograms only)

_PRIGHT_ pattern type used to �ll area right of USL (histograms only)

_TARGETSYM_ character used for target in line printer plots

_USLSYM_ character used for USL line in line printer plots

_WLSL_ width of LSL line

_WTARGET_ width of target line

_WUSL_ width of USL line
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If you are using the HISTOGRAM statement to create “clickable” histograms in HTML, you can also provide
the following variables in a SPEC= data set:

Variable Description

_LOURL_ URL associated with area to left of lower speci�cation limit
_HIURL_ URL associated with area to right of upper speci�cation limit
_URL_ URL associated with area between speci�cation limits

These are character variables whose values are Uniform Resource Locators (URLs) linked to areas on a
histogram. When you view the ODS HTML output with a browser, you can click on an area, and the browser
will bring up the page speci�ed by the corresponding URL.

If you use a BY statement, the SPEC= data set must also contain the BY variables. The SPEC= data set must
be sorted in the same order as the DATA= data set. Within a BY group, speci�cation limits for each variable
plotted are read from the �rst observation where _VAR_ matches the variable name.

See the section “Examples: CAPABILITY Procedure” on page 248 for an example of reading speci�cation
limits from a SPEC= data set.

ANNOTATE= Data Sets
In the CAPABILITY procedure, you can add features to traditional graphics plots by specifying ANNOTATE=
data sets either in the PROC CAPABILITY statement or in individual plot statements. Depending on where
you specify an ANNOTATE= data set, however, the information is used for all plots or only for plots produced
by a given statement.

Information contained in the ANNOTATE= data set speci�ed in the PROC CAPABILITY statement is used
for all plots produced in a given PROC step; this is a “global” ANNOTATE= data set. By using this global
data set, you can keep information common to all plots in one data set.

Information contained in the ANNOTATE= data set speci�ed in a plot statement is used for plots produced by
that statement; this is a “local” ANNOTATE= data set. By using this data set, you can add statement-speci�c
features to plots. For example, you can add different features to plots produced by the HISTOGRAM and
QQPLOT statements by specifying an ANNOTATE= data set in each plot statement.

In addition, you can specify an ANNOTATE= data set in the PROC CAPABILITY statement and in plot
statements. This enables you to add some features to all plots (those given in the data set speci�ed in the
PROC statement) and also add statement-speci�c features to plots (those given in the data set speci�ed in the
plot statement).

For complete details on the structure and content of Annotate type data sets, see SAS/GRAPH documentation.
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Output Data Set

OUTTABLE= Data Set
The OUTTABLE= data set saves univariate statistics and capability indices. The following variables can be
saved:

Table 6.4 OUTTABLE= Data Set

Variable Description

_CP_ Capability indexCp

_CPLCL_ Lower con�dence limit forCp

_CPUCL_ Upper con�dence limit forCp

_CPK_ Capability indexCpk
_CPKLCL_ Lower con�dence limit forCpk
_CPKUCL_ Upper con�dence limit forCpk
_CPL_ Capability indexCPL
_CPLLCL_ Lower con�dence limit forCPL
_CPLUCL_ Upper con�dence limit forCPL
_CPM_ Capability indexCpm

_CPMLCL_ Lower con�dence limit forCpm

_CPMUCL_ Upper con�dence limit forCpm

_CPU_ Capability indexCP U
_CPULCL_ Lower con�dence limit forCP U
_CPUUCL_ Upper con�dence limit forCP U
_CSS_ Corrected sum of squares
_CV_ Coef�cient of variation
_GEOMEAN_ Geometric mean
_GINI_ Gini's mean difference
_K_ Capability indexK
_KURT_ Kurtosis
_LSL_ Lower speci�cation limit
_MAD_ Median absolute difference about the median
_MAX_ Maximum
_MEAN_ Mean
_MEDIAN_ Median
_MIN_ Minimum
_MODE_ Mode
_MSIGN_ Sign statistic
_NMISS_ Number of missing observations
_NOBS_ Number of nonmissing observations
_P1_ 1st percentile
_P5_ 5th percentile
_P10_ 10th percentile
_P90_ 90th percentile
_P95_ 95th percentile
_P99_ 99th percentile
_PCTGTR_ Percentage of observations greater than upper speci�cation limit
_PCTLSS_ Percentage of observations less than lower speci�cation limit
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Table 6.4 (continued)

Variable Description

_PROBM_ p-value of sign statistic
_PROBN_ p-value of test for normality
_PROBS_ p-value of signed rank test
_PROBT_ p-value of t statistic
_Q1_ 25th percentile (lower quartile)
_Q3_ 75th percentile (upper quartile)
_QN_ Qn (see “Robust Estimates of Scale” on page 233)
_QRANGE_ Interquartile range (upper quartile minus lower quartile)
_RANGE_ Range
_SGNRNK_ Centered sign rank
_SKEW_ Skewness
_SN_ Sn (see “Robust Estimates of Scale” on page 233)
_STD_ Standard deviation
_STDGINI_ Gini's standard deviation
_STDMAD_ MAD standard deviation
_STDMEAN_ Standard error of the mean
_STDQN_ Qn standard deviation
_STDQRANGE_ Interquartile range standard deviation
_STDSN_ Sn standard deviation
_SUMWGT_ Sum of the weights
_SUM_ Sum
_TARGET_ Target value
_USL_ Upper speci�cation limit
_USS_ Uncorrected sum of squares
_VARI_ Variance
_VAR_ Variable name

NOTE : The variables_CP_, _CPLCL_, _CPUCL_, _CPK_, _CPKLCL_, _CPKUCL_, _CPL_, _CPLLCL_,
_CPLUCL_, _CPM_, _CPMLCL_, _CPMUCL_, _CPU_, _CPULCL_, _CPUUCL_, _K_, _LSL_, _PCTGTR_,
_PCTLSS_, _TARGET_, and_USL_ are included if you provide speci�cation limits.

The OUTTABLE= data set and the OUT= data set2 contain essentially the same information. However,
the structure of the OUTTABLE= data set may be more appropriate when you are computing summary
statistics or capability indices for more than one process variable in the same invocation of the CAPABILITY
procedure. Each observation in the OUTTABLE= data set corresponds to a different process variable, and
the variables in the data set correspond to summary statistics and indices.

NOTE : SeeTabulating Results for Multiple Variablesin the SAS/QC Sample Library.

For example, suppose you have ten process variables (P1-P10). The following statements create an OUT-
TABLE= data set namedTable, which contains summary statistics and capability indices for each of these
variables:

2See “OUTPUT Statement: CAPABILITY Procedure” on page 424 for details on the OUT= data set.
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proc capability data=Process outtable=Table noprint;
var P1-P10;
specs lsl=5 10 65 35 35 5 25 25 60 15

usl=175 275 300 450 550 200 275 425 500 525;
run;

The following statements create the table shown in Figure 6.4, which contains the mean, standard deviation,
lower and upper speci�cation limits, and capability indexCpk for each process variable:

proc print data=Table label noobs;
var _VAR_ _MEAN_ _STD_ _LSL_ _USL_ _CPK_;
label _VAR_=�Process�;

run;

Figure 6.4 Tabulating Results for Multiple Process Variables

Descriptive Statistics

This section provides computational details for the descriptive statistics which are computed with the PROC
CAPABILITY statement. These statistics can also be saved in the OUT= data set by specifying the keywords
listed in Table 6.52 in the OUTPUT statement.

Standard algorithms (Fisher 1973) are used to compute the moment statistics. The computational methods
used by the CAPABILITY procedure are consistent with those used by other SAS procedures for calculating
descriptive statistics. For details on statistics also calculated by Base SAS software, seeBase SAS Procedures
Guide.

The following sections give speci�c details on several statistics calculated by the CAPABILITY procedure.

Mean
The sample mean is calculated as

P n
i D 1 wi xiP n

i D 1 wi
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wheren is the number of nonmissing values for a variable,xi is theith value of the variable, andwi is the
weight associated with theith value of the variable. If there is no WEIGHT= variable, the formula reduces to
1
n

P n
i D 1 xi .

Sum
The sum is calculated as

P n
i D 1 wi xi , wheren is the number of nonmissing values for a variable,xi is the

ith value of the variable, andwi is the weight associated with theith value of the variable. If there is no
WEIGHT= variable, the formula reduces to

P n
i D 1 xi .

Sum of the Weights
The sum of the weights is calculated as

P n
i D 1 wi , wheren is the number of nonmissing values for a variable

andwi is the weight associated with theith value of the variable. If there is no WEIGHT= variable, the sum
of the weights isn.

Variance
The variance is calculated as

1
d

nX

i D 1

wi .x i � NXw /2

wheren is the number of nonmissing values for a variable,xi is theith value of the variable,NXw is the
weighted mean,wi is the weight associated with theith value of the variable, andd is the divisor controlled
by the VARDEF= option in the PROC CAPABILITY statement. If there is no WEIGHT= variable, the
formula reduces to

1
d

nX

i D 1

.x i � NXw /2

Standard Deviation
The standard deviation is calculated as

vu
u
t 1

d

nX

i D 1

wi .x i � NXw /2

wheren is the number of nonmissing values for a variable,xi is theith value of the variable,NXw is the
weighted mean,wi is the weight associated with theith value of the variable, andd is the divisor controlled
by the VARDEF= option in the PROC CAPABILITY statement. If there is no WEIGHT= variable, the
formula reduces to

vu
u
t 1

d

nX

i D 1

.x i � NXw /2
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Skewness
The sample skewness is calculated as

n
.n � 1/.n � 2/

nX

i D 1

 
xi � NX

s

! 3

wheren is the number of nonmissing values for a variable and must be greater than 2,xi is theith value of
the variable, NX is the sample average, ands is the sample standard deviation.

The sample skewness can be positive or negative; it measures the asymmetry of the data distribution and

estimates the theoretical skewness
p

� 1 D � 3�
� 3

2
2 , where� 2 and� 3 are the second and third central

moments. Observations that are normally distributed should have a skewness near zero.

Kurtosis
The sample kurtosis is calculated as

n.n C 1/
.n � 1/.n � 2/.n � 3/

nX

i D 1

 
xi � NX

s

! 4

�
3.n � 1/2

.n � 2/.n � 3/

wheren > 3. The sample kurtosis measures the heaviness of the tails of the data distribution. It estimates
the adjusted theoretical kurtosis denoted as� 2 � 3, where� 2 D � 4

� 2
2 , and� 4 is the fourth central moment.

Observations that are normally distributed should have a kurtosis near zero.

Coef�cient of Variation (CV)
The coef�cient of variation is calculated as

C V D
100� s

NX

Geometric Mean
The geometric mean is calculated as

 
nY

i D 1

xw i
i

! 1=
P n

i D 1 w i

wheren is the number of nonmissing values for a variable,xi is theith value of the variable, andwi is the
weight associated with theith value of the variable.

If there is no WEIGHT variable, the formula reduces to

 
nY

i D 1

xi

! 1=n

If any xi is negative, the geometric mean is set to missing.
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Signed Rank Statistic

The signed rank statisticSis computed as

S D
X

i Wx i >� 0

r C
i �

n.n C 1/
4

wherer C
i is the rank ofjxi � � 0 j after discarding values ofxi D � 0, andn is the number ofxi values not

equal to� 0. Average ranks are used for tied values.

If n � 20, the signi�cance ofS is computed from the exact distribution ofS, where the distribution is a
convolution of scaled binomial distributions. Whenn > 20, the signi�cance ofSis computed by treating

S

r
n � 1

nV � S2

as a Studentt variate withn � 1 degrees of freedom. V is computed as

V D
1
24

n.n C 1/.2n C 1/ �
1
48

X
ti .t i C 1/.t i � 1/

where the sum is over groups tied in absolute value and whereti is the number of values in theith group
(Iman 1974, Conover 1980). The null hypothesis tested is that the mean (or median) is� 0, assuming that the
distribution is symmetric. Refer to Lehmann and D'Abrera (1975).

Tests for Normality

You can use the NORMALTEST option in the PROC CAPABILITY statement to request several tests of the
hypothesis that the analysis variable values are a random sample from a normal distribution. These tests,
which are summarized in the table labeledTests for Normality, include the following:

� Shapiro-Wilk test

� Kolmogorov-Smirnov test

� Anderson-Darling test

� Cramér-von Mises test

Tests for normality are particularly important in process capability analysis because the commonly used
capability indices are dif�cult to interpret unless the data are at least approximately normally distributed.
Furthermore, the con�dence limits for capability indices displayed in the table labeledProcess Capability
Indicesrequire the assumption of normality. Consequently, the tests of normality are always computed when
you specify the SPEC statement, and a note is added to the table when the hypothesis of normality is rejected.
You can specify the particular test and the signi�cance level with the CHECKINDICES option.

Shapiro-Wilk Test
If the sample size is 2000 or less, the procedure computes the Shapiro-Wilk statisticW (also denoted as
Wn to emphasize its dependence on the sample sizen). The statisticWn is the ratio of the best estimator
of the variance (based on the square of a linear combination of the order statistics) to the usual corrected
sum of squares estimator of the variance. Whenn is greater than three, the coef�cients to compute the linear
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combination of the order statistics are approximated by the method of Royston (1992). The statisticWn is
always greater than zero and less than or equal to one.0 < W � 1/.

Small values ofW lead to rejection of the null hypothesis. The method for computing thep-value (the
probability of obtaining aW statistic less than or equal to the observed value) depends onn. For n = 3,
the probability distribution ofW is known and is used to determine thep-value. Forn > 4, a normalizing
transformation is computed:

Z n D
�

. � log.
 � log.1 � Wn // � �/=� if 4 � n � 11

. log.1 � Wn / � �/=� if 12 � n � 2000

The values of� , 
 , and� are functions ofn obtained from simulation results. Large values ofZ n indicate
departure from normality, and because the statisticZ n has an approximately standard normal distribution,
this distribution is used to determine thep-values forn > 4.

EDF Tests for Normality
The Kolmogorov-Smirnov, Anderson-Darling and Cramér-von Mises tests for normality are based on the
empirical distribution function (EDF) and are often referred to as EDF tests. EDF tests for a variety of
non-normal distributions are available in the HISTOGRAM statement; see the section “EDF Goodness-of-Fit
Tests” on page 351 for details. For a thorough discussion of these tests, refer to D'Agostino and Stephens
(1986).

The empirical distribution function is de�ned for a set ofn independent observationsX1; : : : ; Xn with a
common distribution functionF .x/ . Under the null hypothesis,F .x/ is the normal distribution. Denote the
observations ordered from smallest to largest asX .1/ ; : : : ; X .n/ . The empirical distribution function,Fn .x/ ,
is de�ned as

Fn .x/ D

8
<

:

0; x < X .1/
i
n ; X .i / � x < X .i C 1/ ; i D 1; : : : ; n � 1
1; X.n/ � x

Note thatFn .x/ is a step function that takes a step of height1
n at each observation. This function estimates

the distribution functionF .x/ . At any valuex, Fn .x/ is the proportion of observations less than or equal tox,
while F .x/ is the probability of an observation less than or equal tox. EDF statistics measure the discrepancy
betweenFn .x/ andF .x/ .

The EDF tests make use of the probability integral transformationU D F.X/ . If F .X/ is the distribution
function of X, the random variableU is uniformly distributed between 0 and 1. Givenn observations
X .1/ ; : : : ; X .n/ , the valuesU.i / D F.X .i / / are computed. These values are used to compute the EDF test
statistics, as described in the next three sections. The CAPABILITY procedures computes the associated
p-values by interpolating internal tables of probability levels similar to those given by D'Agostino and
Stephens (1986).

Kolmogorov-Smirnov Test
The Kolmogorov-Smirnov statistic (D) is de�ned as

D D supx jFn .x/ � F .x/ j
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The Kolmogorov-Smirnov statistic belongs to the supremum class of EDF statistics. This class of statistics is
based on the largest vertical difference betweenF .x/ andFn .x/ .

The Kolmogorov-Smirnov statistic is computed as the maximum ofD C andD � , whereD C is the largest
vertical distance between the EDF and the distribution function when the EDF is greater than the distribution
function, andD � is the largest vertical distance when the EDF is less than the distribution function.

D C D maxi

�
i
n � U.i /

�

D � D maxi

�
U.i / � i � 1

n

�

D D max
�
D C ; D �

�

PROC CAPABILITY uses a modi�ed KolmogorovD statistic to test the data against a normal distribution
with mean and variance equal to the sample mean and variance.

Anderson-Darling Test
The Anderson-Darling statistic and the Cramér-von Mises statistic belong to the quadratic class of EDF
statistics. This class of statistics is based on the squared difference.Fn .x/ � F .x/ /2. Quadratic statistics
have the following general form:

Q D n
Z C1

�1
.Fn .x/ � F .x/ /2  .x/dF .x/

The function .x/ weights the squared difference.Fn .x/ � F .x/ /2.

The Anderson-Darling statistic (A2) is de�ned as

A2 D n
Z C1

�1
.Fn .x/ � F .x/ /2 ŒF.x/ .1 � F .x/ /•� 1 dF .x/

Here the weight function is .x/ D ŒF.x/ .1 � F .x/ /•� 1.

The Anderson-Darling statistic is computed as

A2 D � n �
1
n

nX

i D 1

�
.2i � 1/ logU.i / C .2n C 1 � 2i / log

�
f1 � U.i /

��

Cramér-von Mises Test
The Cramér-von Mises statistic (W2) is de�ned as

W2 D n
Z C1

�1
.Fn .x/ � F .x/ /2 dF .x/

Here the weight function is .x/ D 1.

The Cramér-von Mises statistic is computed as

W2 D
nX

i D 1

�
U.i / �

2i � 1
2n

� 2

C
1

12n
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Percentile Computations

The CAPABILITY procedure automatically computes the 1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and
99th percentiles (quantiles), as well as the minimum and maximum of each analysis variable. To compute
percentiles other than these default percentiles, use the PCTLPTS= and PCTLPRE= options in the OUTPUT
statement.

You can specify one of �ve de�nitions for computing the percentiles with the PCTLDEF= option. Letn be
the number of nonmissing values for a variable, and letx1; x2; : : : ; xn represent the ordered values of the
variable. Let thetth percentile bey, setp D t

100 , and let

np D j C g when PCTLDEF=1, 2, 3, or 5
.n C 1/p D j C g when PCTLDEF=4

wherej is the integer part ofnp, andg is the fractional part ofnp. Then the PCTLDEF= option de�nes the
tth percentile,y, as described in the following table:

PCTLDEF= Description Formula

1 weighted average atxnp y D .1 � g/x j C gx j C 1

wherex0 is taken to bex1

2 observation numbered
closest tonp

y D xi if g ¤ 1
2

y D xj if g D 1
2 andj is even

y D xj C 1 if g D 1
2 andj is odd

wherei is the integer part ofnp C 1
2

3 empirical distribution function
y D xj if g D 0
y D xj C 1 if g > 0

4 weighted average aimed y D .1 � g/x j C gx j C 1

at x.n C 1/p wherexnC 1 is taken to bexn

5 empirical distribution function
with averaging

y D 1
2 .x j C xj C 1/ if g D 0

y D xj C 1 if g > 0

Weighted Percentiles
When you use a WEIGHT statement, the percentiles are computed differently. The 100pth weighted percentile
y is computed from the empirical distribution function with averaging

y D

8
<̂

:̂

x1 if w1 > pW
1
2 .x i C xi C 1/ if

P i
j D 1 wj D pW

xi C 1 if
P i

j D 1 wj < pW <
P i C 1

j D 1 wj

wherewi is the weight associated withxi , and whereW D
P n

i D 1 wi is the sum of the weights.

Note that the PCTLDEF= option is not applicable when a WEIGHT statement is used. However, in this
case, if all the weights are identical, the weighted percentiles are the same as the percentiles that would be
computed without a WEIGHT statement and with PCTLDEF=5.
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Con�dence Limits for Percentiles
You can use the CIPCTLNORMAL option to request con�dence limits for percentiles which assume the
data are normally distributed. These limits are described in Section 4.4.1 of Hahn and Meeker (1991). When
0:0 < p < 0:5 , the two-sided100.1� �/ % con�dence limits for the100p-th percentile are

lower limit D NX � g0.�=2 I 1 � p; n/s

upper limit D NX � g0.1 � �=2 I p; n/s

wheren is the sample size. When0:5 � p < 1:0 , the two-sided100.1 � �/ % con�dence limits for the
100p-th percentile are

lower limit D NX C g0.�=2 I 1 � p; n/s

upper limit D NX C g0.1 � �=2 I p; n/s

One-sided100.1� �/ % con�dence bounds are computed by replacing�=2 by � in the appropriate preceding
equation. The factorg0.
; p; n/ is related to the noncentralt distribution and is described in Owen and Hua
(1977) and Odeh and Owen (1980).

You can use the CIPCTLDF option to request con�dence limits for percentiles which are distribution free (in
particular, it is not necessary to assume that the data are normally distributed). These limits are described
in Section 5.2 of Hahn and Meeker (1991). The two-sided100.1� �/ % con�dence limits for the100p-th
percentile are

lower limit D X .l /

upper limit D X .u/

whereX .j / is thejth order statistic when the data values are arranged in increasing order:

X .1/ � X .2/ � : : : � X .n/

The lower rankl and upper ranku are integers that are symmetric (or nearly symmetric) aroundbnpc C 1
wherebnpc is the integer part ofnp, and wheren is the sample size. Furthermore,l andu are chosen so that
X .l / andX .u/ are as close toXbnp cC 1 as possible while satisfying the coverage probability requirement

Q.u � 1I n; p/ � Q.l � 1I n; p/ � 1 � �

whereQ.k I n; p/ is the cumulative binomial probability

Q.k I n; p/ D
kX

i D 0

�
n
i

�
p i .1 � p/ n� i

In some cases, the coverage requirement cannot be met, particularly whenn is small andp is near 0 or 1. To
relax the requirement of symmetry, you can specify CIPCTLDF( TYPE = ASYMMETRIC ). This option
requests symmetric limits when the coverage requirement can be met, and asymmetric limits otherwise.

If you specify CIPCTLDF( TYPE = LOWER ), a one-sided100.1� �/ % lower con�dence bound is computed
asX l , wherel is the largest integer that satis�es the inequality

1 � Q.l � 1I n; p/ � 1 � �
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with 0 < l � n. Likewise, if you specify CIPCTLDF( TYPE = UPPER ), a one-sided100.1� �/ % lower
con�dence bound is computed asX l , wherel is the largest integer that satis�es the inequality

Q.u � 1I n; p/ � 1 � �

where0 < u � n.

Note that con�dence limits for percentiles are not computed when a WEIGHT statement is speci�ed.

Robust Estimators

The CAPABILITY procedure provides several methods for computing robust estimates of location and scale,
which are insensitive to outliers in the data.

Winsorized Means
Thek-times Winsorized mean is a robust estimator of location which is computed as

Nxwk D
1
n

0

@.k C 1/x .k C 1/ C
n� k � 1X

i D k C 2

x.i / C .k C 1/x .n � k/

1

A

wheren is the number of observations, andx.i / is theith order statistic when the observations are arranged in
increasing order:

x.1/ � x.2/ � : : : � x.n/

The Winsorized mean is the mean computed after replacing thek smallest observations with the (k + 1)st
smallest observation, and thek largest observations with the (k + 1)st largest observation.

For data from a symmetric distribution, the Winsorized mean is an unbiased estimate of the population mean.
However, the Winsorized mean does not have a normal distribution even if the data are normally distributed.

The Winsorized sum of squared deviations is de�ned as

s2
wk D .k C 1/.x .k C 1/ � Nxwk /2 C

n� k � 1X

i D k C 2

.x .i / � Nxwk /2 C .k C 1/.x .n � k/ � Nxwk /2

A Winsorizedt test is given by

twk D
Nxwk � � 0

STDERR. Nxwk /

where the standard error of the Winsorized mean is

STDERR. Nxwk / D
n � 1

n � 2k � 1
swkp

n.n � 1/

When the data are from a symmetric distribution, the distribution oftwk is approximated by a Student'st
distribution withn � 2k � 1 degrees of freedom. Refer to Tukey and McLaughlin (1963) and Dixon and
Tukey (1968).

A 100.1� �/ % Winsorized con�dence interval for the mean has upper and lower limits

Nxwk � t1� �=2 STDERR. Nxwk /

wheret1� �=2 is the.1 � �=2/100th percentile of the Student'st distribution withn � 2k � 1 degrees of
freedom.
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Trimmed Means
Thek-times trimmed mean is a robust estimator of location which is computed as

Nxtk D
1

n � 2k

n� kX

i D k C 1

x.i /

wheren is the number of observations, andx.i / is theith order statistic when the observations are arranged in
increasing order:

x.1/ � x.2/ � : : : � x.n/

The trimmed mean is the mean computed after thek smallest observations and thek largest observations in
the sample are deleted.

For data from a symmetric distribution, the trimmed mean is an unbiased estimate of the population mean.
However, the trimmed mean does not have a normal distribution even if the data are normally distributed.

A robust estimate of the variance of the trimmed meanttk can be obtained from the Winsorized sum of
squared deviations; refer to Tukey and McLaughlin (1963). the corresponding trimmedt test is given by

ttk D
Nxtk � � 0

STDERR. Nxtk /

where the standard error of the trimmed mean is

STDERR. Nxtk / D
stkp

.n � 2k/.n � 2k � 1/

andswk is the square root of the Winsorized sum of squared deviations.

When the data are from a symmetric distribution, the distribution ofttk is approximated by a Student'st
distribution withn � 2k � 1 degrees of freedom. Refer to Tukey and McLaughlin (1963) and Dixon and
Tukey (1968).

A 100.1� �/ % trimmed con�dence interval for the mean has upper and lower limits

Nxtk � t1� �=2 STDERR. Nxtk /

wheret1� �=2 is the.1 � �=2/100th percentile of the Student'st distribution withn � 2k � 1 degrees of
freedom.

Robust Estimates of Scale
The sample standard deviation, which is the most commonly used estimator of scale, is sensitive to outliers.
Robust scale estimators, on the other hand, remain bounded when a single data value is replaced by an
arbitrarily large or small value. The CAPABILITY procedure computes several robust measures of scale,
including the interquartile range Gini's mean differenceG, the median absolute deviation about the median
(MAD), Qn , andSn . In addition, the procedure computes estimates of the normal standard deviation�
derived from each of these measures.

The interquartile range (IQR) is simply the difference between the upper and lower quartiles. For a normal
population,� can be estimated as IQR/1.34898.
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Gini's mean difference is computed as

G D
1

�
n
2

�
X

i<j

jxi � xj j

For a normal population, the expected value ofG is 2�=
p

� . ThusG
p

�=2 is a robust estimator of� when
the data are from a normal sample. For the normal distribution, this estimator has high ef�ciency relative to
the usual sample standard deviation, and it is also less sensitive to the presence of outliers.

A very robust scale estimator is the MAD, the median absolute deviation from the median (Hampel 1974),
which is computed as

MAD D medi . jxi � medj .x j / j/

where the inner median,medj .x j / , is the median of then observations, and the outer median (taken overi)
is the median of then absolute values of the deviations about the inner median. For a normal population,
1.4826MAD is an estimator of� .

The MAD has low ef�ciency for normal distributions, and it may not always be appropriate for symmetric
distributions. Rousseeuw and Croux (1993) proposed two statistics as alternatives to the MAD. The �rst is

Sn D 1:1926medi .medj . jxi � xj j//

where the outer median (taken overi) is the median of then medians ofjxi � xj j, j D 1; 2; : : : ; n. To
reduce small-sample bias,csnSn is used to estimate� , wherecsn is a correction factor; refer to Croux and
Rousseeuw (1992).

The second statistic is

Qn D 2:2219fj xi � xj jI i < j g.k/

where

k D
�

h
2

�

andh D Œn=2•C 1. In other words,Qn is 2.2219 times thekth order statistic of the
�

n
2

�
distances between

the data points. The bias-corrected statisticcqnQn is used to estimate� , wherecqn is a correction factor;
refer to Croux and Rousseeuw (1992).

Computing the Mode

The mode is the value that occurs most often in a set of observations. The CAPABILITY procedure counts
repetitions of the actual values (or the rounded values, if you specify the ROUND= option). If a tie occurs for
the most frequent value, the procedure reports the lowest mode in the table labeledBasic Statistical Measures.
To list all possible modes, specify the MODES option in the PROC CAPABILITY statement. When no
repetitions occur in the data, the procedure does not report the mode. The WEIGHT statement has no effect
on the mode.
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Assumptions and Terminology for Capability Indices

One of the fundamental assumptions in process capability analysis is that the process must be in statistical
control. Without statistical control, the process is not predictable, the concept of a process distribution does
not apply, and quantities related to the distribution, such as probabilities, percentiles, and capability indices,
cannot be meaningfully estimated. Additionally, all of the standard process capability indices described in
the next section require that the process distribution be normal, or at least approximately normal.

In many industries, statistical control is routinely checked with a Shewhart chart (such as anNX andRchart)
before capability indices such as

Cpk D min
�

USL � �
3�

;
LSL � �

3�

�

are computed. The control chart analysis yields estimates for the process mean� and standard deviation� ,
which are based on subgrouped data and can be used to estimateCpk . In particular,� can be estimated by

sR D NR=d2

rather than the ungrouped sample standard deviation

s D
1

n � 1

s X

i D 1

n.x i � Nx/ 2

You can use the SHEWHART procedure to carry out the control chart analysis and to compute capability
indices based onsR . On the other hand, the CAPABILITY procedure computes indices based ons.

Some industry manuals distinguish these two approaches. For instance, the ASQC/AIAG manualFundamen-
tal Process Controluses the notationCpk for the estimate based onsR , and it uses the notationPpk for the
estimate based ons. However, assuming that the process is in control and only common cause variation is
present, bothsR ands are estimates of the same parameter� , and so there is fundamentally no difference in
the two approaches2.

Once control has been established, attention should focus on the distribution of the process measurements,
and at this point there is no practical or statistical advantage to working with subgrouped measurements.
In fact, the use ofs is closely associated with a wide variety of methods that are highly useful for process
capability analysis, including tests for normality, graphical displays such as histograms and probability plots,
and con�dence intervals for parameters and capability indices.

Standard Capability Indices

This section provides computational details for the standard process capability indices computed by the
CAPABILITY procedure:Cp , CPL, CPU, Cpk , andCpm .

The Index Cp
The process capability indexCp , sometimes called the “process potential index,” the “process capability
ratio,” or the “inherent capability index,” is estimated as

bCp D
USL � LSL

6s

2Statistically,s is a more ef�cient estimator of� thansR .
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whereUSLis the upper speci�cation limit,LSLis the lower speci�cation limit, ands is the sample standard
deviation. If you do not specify both the upper and the lower speci�cation limits in the SPEC statement or
the SPEC= data set, thenCp is assigned a missing value.

The interpretation ofCp can depend on the application, on past experience, and on local practice. However,
broad guidelines for interpretation have been proposed by several authors. Ekvall and Juran (1974) classify
Cp values as

� “not adequate” ifCp < 1

� “adequate” if1 � Cp � 1:33, but requiring close control asCp approaches 1

� “more than adequate” ifCp > 1:33

Montgomery (1996) recommends minimum values ofCp as

� 1.33 for existing processes

� 1.50 for new processes or for existing processes when the variable is critical (for example, related to
safety or strength)

� 1.67 for new processes when the variable is critical

Exact100.1 � �/ % lower and upper con�dence limits forCp (denoted by LCL and UCL) are computed
using percentiles of the chi-square distribution, as indicated by the following equations:

lower limit D OCp

q
� 2

�=2;n � 1=.n � 1/

upper limit D OCp

q
� 2

1� �=2;n � 1=.n � 1/

Here,� 2
�;� denotes the lower100� th percentile of the chi-square distribution with� degrees of freedom.

Refer to Chou, Owen, and Borrego (1990) and Kushler and Hurley (1992).

You can specify� with the ALPHA= option in the PROC CAPABILITY statement or with the CIINDICES(
ALPHA=value) in the PROC CAPABILITY statement. The default value is 0.05. You can save these limits
in the OUT= data set by specifying the keywords CPLCL and CPUCL in the OUTPUT statement. In addition,
you can display these limits on plots produced by the CAPABILITY procedure by specifying the keywords
in the INSET statement.

The Index CPL
The process capability indexCPL is estimated as

bCPL D
NX � LSL

3s

where NX is the sample mean,LSLis the lower speci�cation limit, ands is the sample standard deviation. If
you do not specify the lower speci�cation limit in the SPEC statement or the SPEC= data set, thenCPL is
assigned a missing value.
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Montgomery (1996) refers toCPL as the “process capability ratio” in the case of one-sided lower speci�ca-
tions and recommends minimum values as follows:

� 1.25 for existing processes

� 1.45 for new processes or for existing processes when the variable is critical

� 1.60 for new processes when the variable is critical

Exact100.1� �/ % lower and upper con�dence limits forCPL are computed using a generalization of the
method of Chou, Owen, and Borrego (1990), who point out that the100.1� �/ lower con�dence limit for
CPL (denoted by CPLLCL )satis�es the equation

PrfTn� 1.� D 3
p

n/ CPLLCL � 3CPL
p

ng D 1 � �

whereTn� 1.�/ has a non-centralt distribution withn – 1 degrees of freedom and noncentrality parameter� .
You can specify� with the ALPHA= option in the PROC CAPABILITY statement. The default value is 0.05.
The con�dence limits can be saved in an output data set by specifying the keywords CPLLCL and CPLUCL
in the OUTPUT statement. In addition, you can display these limits on plots produced by the CAPABILITY
procedure by specifying these keywords in the INSET statement.

The Index CPU
The process capability indexCPU is estimated as

1CPU D
USL � NX

3s

whereUSLis the upper speci�cation limit,NX is the sample mean, ands is the sample standard deviation. If
you do not specify the upper speci�cation limit in the SPEC statement or the SPEC= data set, thenCPU is
assigned a missing value.

Montgomery (1996) refers toCPU as the “process capability ratio” in the case of one-sided upper speci�ca-
tions and recommends minimum values that are the same as those speci�ed previously forCPL.

Exact100.1� �/ % lower and upper con�dence limits forCPU are computed using a generalization of the
method of Chou, Owen, and Borrego (1990), who point out that the100.1� �/ lower con�dence limit for
CPU (denoted by CPULCL )satis�es the equation

PrfTn� 1.� D 3
p

n CPULCL � 3CPU
p

ng D 1 � �

whereTn� 1.�/ has a non-centralt distribution withn – 1 degrees of freedom and noncentrality parameter� .
You can specify� with the ALPHA= option in the PROC CAPABILITY statement. The default value is 0.05.
The con�dence limits can be saved in an output data set by specifying the keywords CPULCL and CPUUCL
in the OUTPUT statement. In addition, you can display these limits on plots produced by the CAPABILITY
procedure by specifying these keywords in the INSET statement.

The Index Cpk
The process capability indexCpk is de�ned as

Cpk D
1

3�
min.USL � �; � � LSL/ D min.CPU ; CPL/
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Note that the indicesCpk , Cp , andk are related asCpk D Cp .1 � k/ . The CAPABILITY procedure
estimatesCpk as

bCpk D
1
3s

� min.USL � NX; NX � LSL/ D min.CPU ; CPL/

whereUSLis the upper speci�cation limit,LSLis the lower speci�cation limit, NX is the sample mean, ands
is the sample standard deviation.

If you specify only the upper limit in the SPEC statement or the SPEC= data set, thenCpk is computed
asCPU, and if you specify only the lower limit in the SPEC statement or the SPEC= data set, thenCpk is
computed asCPL.

Bissell (1990) derived approximate two-sided 95% con�dence limits forCpk by assuming that the distribution
of bCpk is normal. Using Bissell's approach, 100.1 � �/ % lower and upper con�dence limits can be computed
as

lower limit D bCpk

"

1 � ˆ � 1.1 � �=2/

s
1

9nbC2
pk

C
1

2.n � 1/

#

upper limit D bCpk

"

1 C ˆ � 1.1 � �=2/

s
1

9nbC2
pk

C
1

2.n � 1/

#

whereˆ denotes the cumulative standard normal distribution function. Kushler and Hurley (1992) concluded
that Bissell's method gives reasonably accurate results.

You can specify� with the ALPHA= option in the PROC CAPABILITY statement. The default value is
0.05. These limits can be saved in an output data set by specifying the keywords CPKLCL and CPKUCL in
the OUTPUT statement. In addition, you can display these limits on plots produced by the CAPABILITY
procedure by specifying these same keywords in the INSET statement.

The Index Cpm
The process capability indexCpm is intended to account for deviation from the targetT in addition to
variability from the mean. This index is often de�ned as

Cpm D
USL � LSL

6
p

� 2 C .� � T /2

A closely related version ofCpm is the index

C �
pm D

min .USL � T; T � LSL/

3
p

� 2 C .� � T /2
D

d � j T � mj

3
p

� 2 C .� � T /2

whered D .USL � LSL/=2 andm D .USL C LSL/=2. If T D m, thenCpm D C �
pm . However, ifT ¤ m,

then both indices suffer from problems of interpretation, as pointed out by Kotz and Johnson (1993), and
their use should be avoided in this case.
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The CAPABILITY procedure computes an estimator ofCpm as

bCpm D
min.USL � T; T � LSL/

3
p

s2 C . NX � T /2

wheres is the sample standard deviation.

If you specify only a single speci�cation limitSLin the SPEC statement or the SPEC= data set, thenCpm is
estimated as

bCpm D
jT � SLj

3
p

s2 C . NX � T /2

Boyles (1991) proposed a slightly modi�ed point estimate forCpm computed as

eCpm D
.USL � LSL/=2

3
q

. n� 1
n /s2 C . NX � T /2

Boyles also suggested approximate two-sided 100.1 � �/ % con�dence limits forCpm , which are computed
as

lower limit D eCpm

q
� 2

�=2;� =�

upper limit D eCpm

q
� 2

1� �=2;� =�

Here� 2
�;� denotes the lower100� th percentile of the chi-square distribution with� degrees of freedom,

where� equals

n.1 C . NX � T
s /2/

1 C 2. NX � T
s /2

You can specify� with the ALPHA= option in the PROC CAPABILITY statement. The default value is
0.05. These con�dence limits can be saved in an output data set by specifying the keywords CPMLCL and
CPMUCL in the OUTPUT statement. In addition, you can display these limits on plots produced by the
CAPABILITY procedure by specifying these keywords in the INSET statement.

Specialized Capability Indices

This section describes a number of specialized capability indices which you can request with the SPE-
CIALINDICES option in the PROC CAPABILITY statement.
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The Index k
The process capability indexk (also denoted byK) is computed as

k D
2jm � NX j

USL � LSL

wherem D 1
2 .USL C LSL/ is the midpoint of the speci�cation limits,NX is the sample mean,USLis the

upper speci�cation limit, andLSLis the lower speci�cation limit.

The formula fork used here is given by Kane (1986). Note thatk is sometimes computed without taking the
absolute value ofm � NX in the numerator. See Wadsworth, Stephens, and Godfrey (1986).

If you do not specify the upper and lower limits in the SPEC statement or the SPEC= data set, thenk is
assigned a missing value.

Boyles' Index CC
pm

Boyles (1992) proposed the process capability indexCC
pm which is de�ned as

CC
pm D

1
3

"
EX<T

�
.X � T /2

�

.T � LSL/2 C
EX>T

�
.X � T /2

�

.USL � T /2

# � 1=2

He proposed this index as a modi�cation ofCpm for use when� ¤ T . The quantities

EX<T
�
.X � T /2�

D E
�
.X � T /2 jX < T

�
P r ŒX < T •

and

EX>T
�
.X � T /2�

D E
�
.X � T /2 jX > T

�
P r ŒX > T •

are referred to as semivariances. Kotz and Johnson (1993) point out that ifT D .LSL C USL/=2, then
CC

pm D Cpm .

Kotz and Johnson (1993) suggest that a natural estimator forCC
pm is

bCC
pm D

1
3

2

4 1
n

( P
X i <T .X i � T /2

.T � LSL/2 C

P
X i >T .X i � T /2

.USL � T /2

) � 1=2
3

5

Note that this index is not de�ned when either of the speci�cation limits is equal to the targetT. Refer to
Section 3.5 of Kotz and Johnson (1993) for further details.

The Index Cj kp

Johnson, Kotz, and Pearn (1994) introduced a so-called “�exible” process capability index which takes into
account possible differences in variability above and below the targetT. They de�ned this index as

Cj kp D
1

3
p

2
min

 
USL � T

p
EX>T Œ.X� T /2•

;
T � LSL

p
EX<T Œ.X� T /2•

!

whered D .USL � LSL/=2.
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A natural estimator of this index is

bC j kp D
1

3
p

2
min

0

B
@

USL � T
q P

X i >T .X i � T /2=n
;

T � LSL
q P

X i <T .X i � T /2=n

1

C
A

For further details, refer to Section 4.4 of Kotz and Johnson (1993).

The Indices Cpm .a/
The class of capability indicesCpm .a/ , indexed by the parametera (a > 0) allows �exibility in choosing
between the relative importance of variability and deviation of the mean from the target valueT.

The class de�ned as

Cpm .a/ D .1 � a� 2/Cp

where� D .� � T /=� . The motivation for this de�nition is that ifj� j is small, then

Cpm � .1 �
1
2

� 2/Cp

A natural estimator ofCpm .a/ is

d
3s

bCpm .a/ D

8
<

:
1 � a

 
NX � T

s

! 2
9
=

;

whered D .USL � LSL/=2. You can specify the value ofa with the SPECIALINDICES(CPMA=) option in
the PROC CAPABILITY statement. By default,a = 0.5.

This index is not recommended for situation in which the targetT is not equal to the midpoint of the
speci�cation limits.

For additional details, refer to Section 3.7 of Kotz and Johnson (1993).

The Index Cp.5:15/

Johnsonet al. (1992) suggest the class of process capability indices de�ned as

Cp.� / D
USL � LSL

� �

where� is chosen so that the proportion of conforming items is robust with respect to the shape of the process
distribution. In particular, Kotz and Johnson (1993) recommend use of

Cp.5:15/ D
USL � LSL

5:15�

which is estimated as

bCp.5:15/ D
USL � LSL

5:15s

For details, refer to Section 4.3.2 of Kotz and Johnson (1993).
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The Index Cpk.5:15/

Similarly, Kotz and Johnson (1993) recommend use of the robust capability index

Cpk.5:15/ D
d � j � � .USL C LSL/=2j

2:575�

whered D .USL � LSL/=2. This index is estimated as

bCpk.5:15/ D
d � j NX � .USL C LSL/=2j

2:575s

For details, refer to Section 4.3.2 of Kotz and Johnson (1993).

The Index Cpmk

Pearn, Kotz, and Johnson (1992) proposed the indexCpmk

Cpmk D
.USL � LSL/=2 � j � � mj

3
p

� 2 C .� � T /2

wherem D .LCL C UCL/=2. A natural estimator forCpmk is

bCpmk D
.USL � LSL/=2 � j NX � mj

3
q

. n� 1
n /s2 C . NX � T /2

wherem D .USL C LSL/=2.

For further details, refer to Section 3.6 of Kotz and Johnson (1993).

Wright's Index Cs

Wright (1995) de�nes the capability index

Cs D
min .USL � �; � � LSL/

3
p

� 2 C .� � T /2 C � 3=�

where� 3 D E.X � �/ 3.

A natural estimator ofCs is

bCs D
.USL � LSL/=2 � j NX � mj

3
q � n� 1

n

�
s2 C . NX � T /2 C j c4s2b3 j

wherec4 is an unbiasing constant for the sample standard deviation, andb3 is a measure of skewness. Wright
(1995) shows thatCs compares favorably withCpmk even when skewness is not present, and he advocates
the use ofCs for monitoring near-normal processes when loss of capability typically leads to asymmetry.

Chen and Kotz (1996) proposed a modi�cation to Wright'sCs index which introduces a multiplier,
 > 0 ,
and is estimated as

bCs D
.USL � LSL/=2 � j NX � mj

3
q � n� 1

n

�
s2 C . NX � T /2 C 
 jc4s2b3 j

If you specify a value for
 with theSPECIALINDICES(CSGAMMA=)option, the indexCs is computed
with this modi�cation. Otherwise it is computed using Wright's original de�nition.
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The Index Sj kp

Boyles (1994) proposed a smooth version ofCj kp de�ned as

Sj kp D S

 
USL � T

p
2EX>T Œ.X� T /2•

;
T � LSL

p
2EX<T Œ.X� T /2•

!

The CAPABILITY procedure estimatesSj kp as

bSj kp D S

0

B
@

USL � T
q

2
P

X i >T .X i � T /2=n
;

T � LSL
q

2
P

X i <T .X i � T /2=n

1

C
A

whereS.x; y/ D ˆ � 1Œfˆ.x/ C ˆ.y/ g=2•=3.

The Index Cpp

Chen (1998) devised a process incapability index based on theC �
pm index. The �rst term measuresinaccuracy

and the second measuresimprecision. TheCpp index is estimated as

bCpp D

 
NX � T
d � =3

! 2

C
�

s
d � =3

� 2

whered � D min.USL � T; T � LSL/.

The Index C
00

pp
The indexCpp does not handle asymmetric tolerances well, as discussed by Kotz and Lovelace (1998). To
address that shortcoming, Chen (1998) de�ned the indexC

00

pp , which is estimated by

bC
00

pp D

 
bA

d � =3

! 2

C
�

s
d � =3

�

where

bA D max

(
. NX � T /d
T � LSL

;
.T � NX/d
USL � T

)

andd D .USL � LSL/=2.
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The Index Cpg

Marcucci and Beazley (1988) de�ned the index

Cpg D
1

C2
pm

which is estimated as

bCpg D
1

bC2
pm

The Index Cpq

Gupta and Kotz (1997) introduced the indexCpq , which is estimated by

bCpq D bCp

2

4 1 �
1
2

 
NX � T

s

! 2
3

5

The Index CW
p

Bai and Choi (1997) de�ned the index

CW
p D

Cpp
1 C j 1 � 2Px j

wherePx D Pr.X � �/ . It is estimated by

bCW
p D

bCpq
1 C j 1 � 2bP x j

wherebP x is the fraction of observations less than or equal toNX . For more information aboutCW
p , see Kotz

and Lovelace (1998).

The Index CW
pk

Bai and Choi (1997) also proposed the index

CW
pk D min

(
USL � �

3�
p

2Px
;

� � LSL

3�
p

2.1 � Px /

)
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It is estimated by

bCW
pk D min

8
<̂

:̂

USL � NX

3s
q

2bP x

;
NX � LSL

3s
q

2.1 � bP x /

9
>=

>;

wherebP x is the fraction of observations less than or equal toNX . For more information aboutCW
pk , see Kotz

and Lovelace (1998).

The Index CW
pm

The indexCW
pm , also introduced by Bai and Choi (1997), is de�ned as

CW
pm D

Cpmp
1 C j 1 � 2PT j

wherePT D Pr.X � T /. It is estimated by

bCW
pm D

bCpmq
1 C j 1 � 2bP T j

wherebP T is the fraction of observations less than or equal toT. For more information aboutCW
pm , see Kotz

and Lovelace (1998).

The Index Cpc

Luceño (1996) proposed the index

Cpc D
USL � LSL

6
q

�
2 E jX � M j

whereM D .USL C LSL/=2. It is estimated by

bCpc D
USL � LSL

6
q

�
2 c

where

c D
1
n

nX

i D 1

jX i � M j
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Vännmann's Index Cp .u; v/
Vännmann (1995) introduced the generalized indexCp .u; v/ , which reduces to the following capability
indices given appropriate choices ofu andv:

� Cp .0; 0/ D Cp

� Cp .0; 1/ D Cpk

� Cp .1; 0/ D Cpm

� Cp .1; 1/ D Cpmk

Cp .u; v/ is de�ned as

Cp .u; v/ D
d � uj � � M j

3
p

� 2 C v. � � T /2

and estimated by

bCp .u; v/ D
d � uj NX � M j

3
q

. n� 1
n /s2 C v. NX � T /2

You can specifyu with theSPECIALINDICES(CPU=)option andv with theSPECIALINDICES(CPV=)
option. By default,u = 0 andv = 4.

Vännmann's Index Cp .v/
Vännmann (1997) also proposed the indexCp .v/ , which is equivalent toCp .u; v/ with u = 1. It is estimated
as

bCp .v/ D
d � j NX � M j

3
q

. n� 1
n /s2 C v. NX � T /2

You can specifyv with the SPECIALINDICES(CPV=) option. By default,v = 4.

Missing Values

If a variable for which statistics are calculated has a missing value, that value is ignored in the calculation of
statistics, and the missing values are tabulated separately. A missing value for one such variable does not
affect the treatment of other variables in the same observation.

If the WEIGHT variable has a missing value, the observation is excluded from the analysis. If the FREQ
variable has a missing value, the observation is excluded from the analysis. If a variable in a BY or ID
statement has a missing value, the procedure treats it as it would treat any other value of a BY or ID variable.
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ODS Tables

This section describes the ODS tables produced by the CAPABILITY procedure.

Table 6.5 summarizes the ODS tables that you can request with options in the PROC CAPABILITY statement.

Table 6.5 ODS Tables Produced with the PROC CAPABILITY Statement

Table Name Description Option

BasicIntervals con�dence intervals for mean, standard
deviation, variance

CIBASIC

BasicMeasures measures of location and variability default

ExtremeObs extreme observations default

ExtremeValues extreme values NEXTRVAL=

Frequencies frequencies FREQ

LocationCounts counts used for sign test and signed rank
test

LOCCOUNTS

MissingValues missing values default

Modes modes MODES

Moments sample moments default

Quantiles quantiles default

RobustScale robust measures of scale ROBUSTSCALE

TestsForLocation tests for location default

TestsForNormality tests for normality NORMALTEST

TrimmedMeans trimmed means TRIMMED=

WinsorizedMeans Winsorized means WINSORIZED=

Table 6.6 summarizes the ODS tables related to capability indices that you can request with options in the
PROC CAPABILITY statement when you provide speci�cation limits with a SPEC statement or with a
SPEC= data set.

Table 6.6 ODS Tables Related to Speci�cation Limits

Table Name Description Option

CIProbExSpecs con�dence limits for probabilities of
exceeding speci�cations

CIPROBEX

Indices standard capability indices default
SpecialIndices specialized capability indices SPECIALINDICES
Speci�cations percents outside speci�cation limits based

on empirical
default

Table 6.7 summarizes the ODS tables related to �tted distributions that you can request with options in the
HISTOGRAM statement.
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Table 6.7 ODS Tables Produced with the HISTOGRAM Statement

Table Name Description Option

Bins histogram bins MIDPERCENTS suboption with any
distribution option, such as
NORMAL(MIDPERCENTS)

FitIndices capability indices
computed from �tted
distribution

INDICES suboption with any
distribution option, such as
LOGNORMAL(INDICES)

FitQuantiles quantiles of �tted
distribution

any distribution option such as
NORMAL

GoodnessOfFit goodness-of-�t tests for
�tted distribution

any distribution option such as
NORMAL

ParameterEstimates parameter estimates for
�tted distribution

any distribution option such as
NORMAL

Speci�cations percents outside
speci�cation limits based
on empirical and �tted
distributions

any distribution option such as
NORMAL

The following table summarizes the ODS tables that you can request with options in the INTERVALS
statement.

Table 6.8 ODS Tables Produced with the INTERVALS Statement

Table Name Description Option

Intervals1 prediction interval for future observations METHODS=1
Intervals2 prediction interval for mean METHODS=2
Intervals3 tolerance interval for proportion of population METHODS=3
Intervals4 con�dence limits for mean METHODS=4
Intervals5 prediction interval for standard deviation METHODS=5
Intervals6 con�dence limits for standard deviation METHODS=6

Examples: CAPABILITY Procedure

This section provides a more advanced example of the PROC CAPABILITY statement.

Example 6.1: Reading Speci�cation Limits

NOTE : SeeReading Spec Limits from an Input Data Setin the SAS/QC Sample Library.

You can specify speci�cation limits either in the SPEC statement or in a SPEC= data set. In “Computing
Capability Indices” on page 199, limits were speci�ed in a SPEC statement. This example illustrates how
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to create a SPEC= data set to read speci�cation limits with the SPEC= option in the PROC CAPABILITY
statement.

Consider the drink can data presented in “Computing Descriptive Statistics” on page 197. Suppose, in
addition to the �uid weight of each drink can, the weight of the can itself is stored in a variable named
Cweight, and both variables are saved in a data set calledCan2. A partial listing ofCan2 follows:

proc print data=Can2(obs=5);
run;

Output 6.1.1 The Data Set Can2

The following DATA step creates a data set namedLimits containing speci�cation limits for the �uid weight
and the can weight.Limits has 4 variables (_VAR_, _LSL_, _USL_, and_TARGET_) and 2 observations. The
�rst observation contains the speci�cation limit information for the variableWeight, and the second contains
the speci�cation limit information for the variableCweight.

data Limits;
length _var_ $8;
_var_ = �Weight�;
_lsl_ = 11.95;
_target_ = 12;
_usl_ = 12.05;
output;
_var_ = �Cweight�;
_lsl_ = 0.90;
_target_ = 1;
_usl_ = 1.10;
output;

run;

The following statements read the speci�cation information from theLimits data set into the CAPABILITY
procedure by using the SPEC= option. These statements print summary statistics, capability indices, and
speci�cation limit information forWeight andCweight. Figure 6.1 and Figure 6.2 display the output for
Weight. Output 6.1.2 displays the output forCweight.

title �Process Capability Analysis of Drink Can Data�;
proc capability data=Can2 specs=Limits;

var Cweight;
run;
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Output 6.1.2 Printed Output for Variable Cweight
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