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Release Notes

The following release notes pertain to SAS/IML® Studio 14.1:

� For a complete list of new features in this release of SAS/IML Studio, see the SAS/IML Studio online
Help: Help I Help Topics. The following list highlights a few new features:

– The IMLPlus language supports the experimental PACKAGE statement. A package consists
of SAS/IML source code, documentation, data sets, and sample programs. Packages are a
convenient way for programmers to download and install functions that extend the functionality
of SAS/IML software.

– The IMLPlus and SAS workspaces support keyboard shortcuts (CTRL+/ and CTL+SHIFT+/) for
inserting and removing comments around multiple program statements.

� SAS/IML Studio includes documentation for Base SAS 9.4, SAS/IML 14.1, and SAS/STAT 14.1. See
http://support.sas.com/documentation/ for current versions of SAS documentation.

� If you need to open a data set that contains Chinese, Japanese, or Korean characters, it is important that
you con�gure the “Regional and Language Options” in the Windows Control Panel for the appropriate
country. It is not necessary to change the Windows setting called “Language for non-Unicode programs,”
which is also referred to as thesystem locale.

� The SAS/IML Studio user interface is available in the following languages: English, Japanese, Korean,
and Simpli�ed Chinese. When you run SAS/IML Studio on a Windows system con�gured for a
language other than English, you can still use English fonts by de�ning theIMLStudio_ForceEnglishUI

environment variable. For more information, refer to the “Con�guration” section of the chapter “The
IML Studio Enviroment” in the SAS/IML Studio online Help.

� SAS/IML Studio uses the Microsoft Access Database Engine to import Microsoft Excel worksheets.
The 32-bit edition of SAS/IML Studio requires the 32-bit edition of the Access Database Engine.
Similarly, the 64-bit edition of SAS/IML Studio requires the 64-bit edition of the Access Database
Engine.

Windows does not permit you to install the 32-bit and the 64-bit editions of Access Database Engine
at the same time. If your Windows system does not have the appropriate edition of Access Database
Engine installed, you will be unable to import Microsoft Excel worksheets by using the Open File
dialog box or the IMLPlus method DataObject.CreateFromExcelFile. In this situation, you should use
the IMPORT procedure, which is part of SAS/ACCESS® Interface to PC Files.
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What Is SAS/IML Studio?

SAS/IML Studio is a tool for data exploration and analysis. Figure 1.1 shows a typical SAS/IML Studio
analysis. You can use SAS/IML Studio to do the following:

� explore data through graphs linked across multiple windows

� subset data

� analyze univariate distributions

� �t explanatory models

� investigate multivariate relationships

In addition, SAS/IML Studio provides an integrated development environment that enables you to write,
debug, and execute programs that combine the following:

� the �exibility of the SAS/IML® matrix language

� the analytical power of SAS/STAT® procedures

� the data manipulation capabilities of Base SAS® software

� the dynamically linked graphics of SAS/IML Studio

� the functions and user-contributed packages of the open-source R language
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The programming language in SAS/IML Studio, which is calledIMLPlus, is an enhanced version of the
SAS/IML programming language. The “Plus” part of the name refers to new features that extend the
SAS/IML language, including the ability to create and manipulate statistical graphs, to call SAS procedures,
and to call functions in the R programming language.

SAS/IML Studio requires that you have a license for Base SAS, SAS/STAT, and SAS/IML software. SAS/IML
Studio runs on a PC in the Microsoft Windows operating environment.

Figure 1.1 The SAS/IML Studio Interface

Related Software and Documentation

This book is one of three documents about SAS/IML Studio. In this book you learn how to use the SAS/IML
Studio GUI to conduct exploratory data analysis and standard statistical analyses.

A second book,SAS/IML Studio for SAS/STAT Users, is intended for SAS/STAT programmers. In it, you learn
how to use SAS/IML Studio in conjunction with SAS/STAT software in order to explore data and visualize
statistical models. In particular, you learn to call procedures in other SAS products such as SAS/STAT or
Base SAS software by using the SUBMIT statement.
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The third source of documentation is the SAS/IML Studio online Help. You can display the online Help by
selectingHelp I Help Topics from the main menu. The online Help includes documentation for all IMLPlus
classes and associated methods.

SAS/IML Studio is part of SAS/IML software. The language used to write programs in SAS/IML Studio
is calledIMLPlus. This language contains SAS/IML functions and statements implemented in the IML
procedure and documented in theSAS/IML User's Guide. The IML procedure runs entirely on a SAS
workspace server, whereas IMLPlus switches dynamically between a SAS server (for computations) and the
PC client (for graphics). In short, the IMLPlus language consists of SAS/IML functions and subroutines
“plus” additional syntax to support the creation and manipulation of statistical graphics. The SAS/IML Studio
program windows uses color coding to display keywords in the IMLPlus language.

Most SAS/IML programs run without modi�cation in the IMLPlus environment. The SAS/IML Studio
online Help includes a list of differences between the SAS/IML language and IMLPlus.

For your convenience in referencing related SAS software, theSAS/IML User's Guide, theSAS/STAT User's
Guide, and theBase SAS Procedures Guideare available from the SAS/IML StudioHelp menu.

Exploratory and Con�rmatory Data Analysis

Data analysis often falls into two phases: exploratory and con�rmatory. The exploratory phase “isolates
patterns and features of the data and reveals these forcefully to the analyst” (Hoaglin, Mosteller, and Tukey
1983). If a model is �t to the data, exploratory analysis �nds patterns that represent deviations from the
model. These patterns lead the analyst to revise the model, and the process is repeated.

In contrast, con�rmatory data analysis “quanti�es the extent to which [deviations from a model] could be
expected to occur by chance” (Gelman 2004). Con�rmatory analysis uses the traditional statistical tools of
inference, signi�cance, and con�dence.

Exploratory data analysis is sometimes compared to detective work: it is the process of gathering evidence.
Con�rmatory data analysis is comparable to a court trial: it is the process of evaluating evidence. Exploratory
analysis and con�rmatory analysis “can—and should—proceed side by side” (Tukey 1977).

How Many Observations Can You Analyze?

SAS/IML Studio provides the data analyst with interactive and dynamic statistical graphics. By de�nition,
interactive graphics must respond quickly to the changes and manipulations of the analyst. This quick
response restricts the size of data sets that can be handled while still maintaining interactivity.

Wegman (1995) points out that the number of observations you can analyze depends on the algorithmic
complexity of the statistical algorithms you are using. For example, if you haven observations, computing a
mean and variance isO.n/ , sorting isO.n logn/, and solving a least squares regression onp variables is
O.np 2/: Furthermore, visualization of individual observations is limited by the number of pixels that can be
represented on a display device.
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Wegman's conclusion is that “visualization of data sets say of size106 or more is clearly a wide open
�eld.” More recently, Unwin, Theus, and Hofmann (2006) discuss the challenges of “visualizing a million,”
including a chapter dedicated to interactive graphics.

On a typical PC (for example, a 1.8 GHz CPU with 512 MB of RAM), SAS/IML Studio can help you
analyze dozens of variables and tens of thousands of observations. Visualization of data with graphics such as
histograms and box plots remains feasible for hundreds of thousands of observations, although the interactive
graphics become less responsive. Scatter plots of this many observations suffer from overplotting.

SAS/IML Studio uses the RAM on your PC to facilitate interaction and linking between plots and data tables.
If you routinely analyze large data sets, increasing the RAM on your PC might increase SAS/IML Studio's
interactivity. For example, if you routinely examine hundreds of thousands of observations in dozens of
variables, 1 GB of RAM is preferable to 512 MB.

Summary of Features

SAS/IML Studio provides tools for exploring data, analyzing distributions, �tting parametric and nonpara-
metric regression models, and analyzing multivariate relationships. In addition, you can extend the set of
available analyses by writing programs.

To explore data, you can do the following:

� identify observations in plots

� select observations in linked data tables, bar charts, box plots, contour plots, histograms, line plots,
mosaic plots, and two- and three-dimensional scatter plots

� exclude observations from graphs and analyses

� search, sort, subset, and extract data

� transform variables

� change the color and shape of observation markers based on the value of a variable

To analyze distributions, you can do the following:

� compute descriptive statistics

� create quantile-quantile plots

� create mosaic plots of cross-classi�ed data

� �t parametric and kernel density estimates for distributions

� detect outliers in contaminated Gaussian data
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To �t parametric and nonparametric regression models, you can do the following:

� smooth two-dimensional data by using polynomials, loess curves, and thin-plate splines

� add con�dence bands for mean and predicted values

� create residual and in�uence diagnostic plots

� �t robust regression models and detect outliers and high-leverage observations

� �t logistic models

� �t the general linear model with a wide variety of response and link functions

� include classi�cation effects in logistic and generalized linear models

To analyze multivariate relationships, you can do the following:

� calculate correlation matrices and scatter plot matrices with con�dence ellipses for relationships among
pairs of variables

� reduce dimensionality with principal component analysis

� examine relationships between a nominal variable and a set of interval variables with discriminant
analysis

� examine relationships between two sets of interval variables with canonical correlation analysis

� reduce dimensionality by computing common factors for a set of interval variables with factor analysis

� reduce dimensionality and graphically examine relationships between categorical variables in a contin-
gency table with correspondence analysis

To extend the set of available analyses, you can do the following:

� write, debug, and execute IMLPlus programs in an integrated development environment

� add legends, curves, maps, or other custom features to statistical graphics

� create new static graphics

� animate graphics

� execute SAS procedures or DATA steps from within your IMLPlus programs

� develop interactive data analysis programs that use dialog boxes

� call computational routines written in C, FORTRAN, Java, R, or the SAS/IML language
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Comparison with SAS/INSIGHT Software

SAS/IML Studio and SAS/INSIGHT® Software have the same goal: to be a tool for data exploration and
analysis. Both have dynamically linked statistical graphics. Both come with pre-written statistical analyses
for analyzing distributions, regression models, and multivariate relationships.

Figure 1.2 shows a typical SAS/INSIGHT analysis. Figure 1.3 shows the same analysis performed in
SAS/IML Studio. You can see that the analyses are qualitatively similar.

Figure 1.2 A SAS/INSIGHT Analysis
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Figure 1.3 A Comparable SAS/IML Studio Analysis

However, there are three major differences between the two products. The �rst is that SAS/IML Studio
runs on a PC in the Microsoft Windows operating environment. It isclient software that can connect to
SAS servers. The SAS server might be running on a different computer than SAS/IML Studio. In contrast,
SAS/INSIGHT software runs on the same computer on which the SAS software is installed.

A second major difference is that SAS/IML Studio is programmable, and therefore extensible. SAS/INSIGHT
software contains standard statistical analyses that are commonly used in data analysis, but you cannot create
new analyses. In contrast, you can write programs in SAS/IML Studio that call any licensed SAS procedure,
and you can include the results of that procedure in graphics, tables, and data sets. Because of this, SAS/IML
Studio is sometimes referred to as the “programmable successor to SAS/INSIGHT software.”

A third major difference is that the SAS/IML Studio statistical graphics are programmable. You can add
legends, curves, and other features to the graphics in order to better analyze and visualize your data.
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SAS/IML Studio contains many features that are not available in SAS/INSIGHT software. General features
that are unique to SAS/IML Studio include the following:

� SAS/IML Studio can connect to multiple SAS servers simultaneously.

� SAS/IML Studio can run multiple programs simultaneously in different threads; each program has its
own WORK library.

� SAS/IML Studio sessions can be driven by a program and rerun.

SAS/IML Studio provides the following features of data views (tables and plots) which are not included in
SAS/INSIGHT software:

� modern dialog boxes with a native Windows look and feel

� a line plot in which the lines can be de�ned by specifying a singleX variable and a singleY variable,
and one or more grouping variables

� a polygon plot that can be used to build interactive regions such as maps

� programmatic methods to draw legends, curves, or other decorations on any plot

� programmatic methods to attach a menu to any plot. After the menu is selected, a user-speci�ed
program is run.

� arbitrary unions and intersections of observations selected in different views

SAS/IML Studio also provides the following analyses and options that are not included in SAS/INSIGHT
software:

� a programming language that can call any licensed SAS analytical procedure and any SAS/IML
function or subroutine.

� outlier detection in contaminated Gaussian data

� robust regression models and detection of outliers and high-leverage observations

� the generalized linear model with a multinomial response

� graphical results for the analysis of logistic models with one continuous effect and a small number of
levels for classi�cation effects

� parametric and nonparametric methods of discriminant analysis

� common factor analysis for interval variables

� correspondence analysis for nominal variables

Features of SAS/INSIGHT software that are not included in SAS/IML Studio are presented in Appendix B,
“SAS/INSIGHT Features Not Available in SAS/IML Studio.”
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Overview of SAS/IML Studio

SAS/IML Studio provides a powerful programming environment that enables you to combine SAS/IML
statements with calling SAS procedures, and also enables you to create and manipulate the attributes of
dynamically linked statistical graphics. SAS/IML Studio also provides a GUI that enables you to visualize
the results of statistical analyses. Furthermore, SAS/IML Studio provides several prewritten analyses (all
implemented in IMLPlus, the SAS/IML Studio programming language) that you can access from theAnalysis
menu.

This chapter describes how you can use the SAS/IML Studio GUI for exploratory data analysis. The example
in this chapter uses a sample data set,Hurricanes, that is distributed with SAS/IML Studio. The example
covers the following activities:

1. Opening a data set. When you open a data set, the data are displayed in a data table. Features of the
data table are described in Chapter 4, “Interacting with the Data Table.”

2. Creating graphical views of the data, such as a bar chart, a histogram, a box plot, and a scatter plot.
SAS/IML Studio plots and data tables are collectively known asdata views. All data views are
dynamically linked, which means that observations that you select in one data view are displayed as
selected in all other views of the same data. Several chapters of this book are devoted to describing the
SAS/IML Studio plots and how you can interact with them. Especially relevant to this example are
Chapter 5, “Exploring Data in One Dimension,” and Chapter 6, “Exploring Data in Two Dimensions.”

3. Modeling relationships between variables. The example uses the correlation analysis and the poly-
nomial regression analysis. These analyses are described further in Chapter 20, “Data Smoothing:
Polynomial Regression,” and Chapter 25, “Multivariate Analysis: Correlation Analysis.”
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Overview of the Sample Data

This example shows how you can use SAS/IML Studio to explore data about North Atlantic tropical cyclones.
(A cycloneis a large system of winds that rotate about a center of low atmospheric pressure.) The data were
recorded by the U.S. National Hurricane Center at six-hour intervals during the years 1988 to 2003.

The example analyzes the following variables:

category indicator variable that corresponds to the Saf�r-Simpson wind intensity scale

latitude latitude of observation, in degrees north latitude

min_pressure minimum central sea-level pressure, in hPa

radius_eye radius of eye (if an eye exists), in nautical miles

wind_kts maximum low-level sustained wind speed, in knots

Thecategory variable is a measure of wind intensity, corresponding to the Saf�r-Simpson wind intensity
scale in Table 2.1.

Table 2.1 The Saf�r-Simpson Intensity Scale

Category Description Wind Speed (Knots)

TD Tropical depression 22–33
TS Tropical storm 34–63
Cat1 Category 1 hurricane 64–82
Cat2 Category 2 hurricane 83–95
Cat3 Category 3 hurricane 96–113
Cat4 Category 4 hurricane 114–134
Cat5 Category 5 hurricane 135 or greater

The analysis presented in this chapter is based on Mulekar and Kimball (2004) and Kimball and Mulekar
(2004). A full description of theHurricanes data set is included in Chapter A, “Sample Data Sets.”

Open the Data Set

This chapter analyzes theHurricanes data set, which is distributed with SAS/IML Studio.

To use the GUI to open the data set:

1 SelectFile I Open I File from the main menu. The Open File dialog box appears. (See Figure 2.1.)

2 Click Go to Installation directory near the bottom of the dialog box.
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3 Double-click theData Sets folder.

4 Select theHurricanes.sas7bdat �le.

Figure 2.1 Opening a Sample Data Set

5 Click Open.

The data table in Figure 2.2 appears.
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Figure 2.2 The Hurricanes Data

The row heading of the data table includes two special cells for each observation: one that shows the location
of the observation in the data set, and the other that shows the status of the observation in analyses and
plots. The status of each observation is indicated by the presence or absence of a marker and a� 2 symbol.
The presence of a marker (by default, a �lled square) indicates that the observation is included in plots;
observations that are excluded from plots do not display a marker. Similarly, the� 2 symbol indicates that
the observation is included in analyses. TheHurricanes data initially has all observations included in plots
and analyses. See Chapter 4, “Interacting with the Data Table,” for more information about the data table
symbols.

Create a Bar Chart

To create a bar chart of thecategory variable:

1 SelectGraph I Bar Chart from the main menu.

The Bar Chart dialog box appears. (See Figure 2.3.)

2 Select the variablecategory, and clickSet X.

NOTE : In most dialog boxes, double-clicking a variable name adds the variable to the next appropriate
�eld.
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Figure 2.3 Bar Chart Dialog Box

3 Click OK.

The bar chart in Figure 2.4 appears. The bar chart shows the number of observations for storms in each
Saf�r-Simpson intensity category.

Figure 2.4 A Bar Chart
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Exclude Observations

To exclude observations of less than tropical storm intensity (wind speeds less than 34 knots):

1 In the bar chart, click the bar labeled with the symbol� .

This selects observations for which thecategory variable has a missing value. For these data, “missing” is
equivalent to an intensity of less than tropical depression strength (wind speeds less than 22 knots).

2 Hold down the CTRL key and click the bar labeled “TD.”

When you hold down the CTRL key and click, youextendthe set of selected observations. In this example,
you select observations with tropical depression strength (wind speeds of 22–34 knots) without deselecting
previously selected observations. The bars that contain selected observations are shown as crosshatched in
Figure 2.5.

Figure 2.5 A Bar Chart with Selected Observations

3 In the data table, right-click in the row heading (to the left) of any selected observation, and selectExclude
from Plots from the pop-up menu (shown in Figure 2.6).

Notice that the bar chart redraws itself to re�ect that all observations being displayed in the plots now have
at least 34-knot winds. Notice also that the square symbol in the data table is removed from observations
with wind speeds less than 34 knots.
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Figure 2.6 Data Table Pop-up Menu

4 In the data table, right-click in the row heading of any selected observation, and selectExclude from
Analysesfrom the pop-up menu.

Notice that the� 2 symbol is removed from observations with wind speeds less than 34 knots. Future
analysis (for example, correlation analysis and regression analysis) will not use the excluded observations.

5 Click any data table cell to clear the selected observations.

NOTE : You can also exclude selected observations by using a keyboard shortcut. Select a plot and press the
`e' key to exclude selected observations from plots and from analyses. Additional keyboard shortcuts are
described in Chapter 8, “Interacting with Plots.”

Create a Histogram

In this section you create a histogram of thelatitude variable and examine relationships between thecategory
andlatitude variables. The �gures in this section assume that you have excluded observations with low wind
speeds as described in the section “Exclude Observations” on page 16.

To create a histogram:

1 SelectGraph I Histogram from the main menu.

The Histogram dialog box appears. (See Figure 2.7.)

2 Select the variablelatitude, and clickSet X.
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Figure 2.7 Histogram Dialog Box

3 Click OK.

A histogram (Figure 2.8) appears, which shows the distribution of thelatitude variable for the storms that
are included in the plots. Move the histogram so that it does not cover the bar chart or data table.

Figure 2.8 Histogram of Latitudes of Storms
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You have seen that you can select observations in a plot by clicking bars or observation markers. You can
also select observations by drawing aselection rectangle.To draw a selection rectangle, click in a graph
and hold down the left mouse button while you move the mouse pointer to a new location.

4 Draw a selection rectangle in the bar chart to select all storms of category 3, 4, and 5.

The bar chart looks like the one in Figure 2.9.

Figure 2.9 Selecting the Most Intense Storms

Note that these selected observations are also shown in the histogram in Figure 2.10. The histogram shows
the conditional distribution oflatitude, given that a storm is greater than or equal to category 3 intensity.
The conditional distribution shows that very strong hurricanes tend to occur between 11 and 37 degrees
north latitude, with a median latitude of about 22 degrees. If these data are representative of all Atlantic
hurricanes, you might conjecture that it would be relatively rare for a category 3 hurricane to strike north
of the North Carolina-Virginia border (roughly36:5� north latitude).
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Figure 2.10 Latitudes of Intense Storms

Create a Box Plot

The data set contains several variables that measure the size of a tropical cyclone. One of these is the
radius_eye variable, which contains the radius of a cyclone's eye in nautical miles. (The eye of a cyclone is a
calm, relatively cloudless central region.) Theradius_eye variable has many missing values, because not all
storms have well-de�ned eyes.

The following steps create a box plot that shows how the radius of a cyclone's eye varies with the Saf�r-
Simpson category. The �gures in this section assume that you have excluded observations with low wind
speeds as described in the section “Exclude Observations” on page 16.

1 SelectGraph I Box Plot from the main menu.

The Box Plot dialog box appears. (See Figure 2.11.)
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Figure 2.11 Box Plot Dialog Box

2 Select the variableradius_eye, and clickSet Y.

3 Select the variablecategory, and clickAdd X.

4 Click OK.

A box plot appears as in Figure 2.12. Move the box plot so that it does not cover the data table or other
plots.

The box plot summarizes the distribution of eye radii for each Saf�r-Simpson category. The plot indicates
that the median eye radius tends to increase with storm intensity for tropical storms, category 1, and
category 2 hurricanes. Category 2–4 storms have similar distributions, while the most intense hurricanes
(category 5) in this data set tend to have eyes that are small and compact. The box plot also indicates
considerable spread in the radii of eyes.

Recall that theradius_eye variable contains many missing values. These missing values are not displayed
by the box plot. You might wonder what percentage of all storms of a given Saf�r-Simpson intensity have
well-de�ned eyes. You can determine this percentage by selecting all observations in one of the box plots
and noting the proportion of observations that are selected in the bar chart.
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5 Draw a selection rectangle in the box plot around the category 1 storms.

In the bar chart in Figure 2.12, note that approximately 25% of the bar for category 1 storms is displayed
as selected, which means that approximately one quarter of the category 1 storms in this data set have
nonmissing measurements forradius_eye.

Figure 2.12 Proportion of Category 1 Storms with Well-De�ned Eyes

6 Drag the selection rectangle to select eye radii in other categories.

The selected observations displayed in the bar chart reveal the proportion of storms in each Saf�r-Simpson
category that have nonmissing values forradius_eye. Note in particular that very few tropical storms have
eyes, whereas almost all category 4 and 5 storms have well-de�ned eyes.

7 Click outside the plot area in any plot to deselect all observations.
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Create a Scatter Plot

The following steps examine the relationship between wind speed and atmospheric pressure for tropical
cyclones. The National Hurricane Center routinely reports both of these quantities as indicators of a storm's
intensity. The �gures in this section assume that you have excluded observations with low wind speeds as
described in the section “Exclude Observations” on page 16.

1 SelectGraph I Scatter Plot from the main menu.

The Scatter Plot dialog box appears. (See Figure 2.13.)

Figure 2.13 Scatter Plot Dialog Box

2 Select the variablewind_kts, and clickSet Y.

3 Select the variablemin_pressure, and clickSet X.

4 Click OK.

A scatter plot appears as in Figure 2.14.
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Figure 2.14 Wind Speed versus Minimum Pressure

Model Variable Relationships

In this section you model the relationship between wind speed and atmospheric pressure for tropical cyclones.
The scatter plot in Figure 2.14 shows a strong negative correlation between wind speed and pressure. To
compute the correlation between these variables, you can run SAS/IML Studio's correlation analysis. The
results in this section assume that you have excluded observations with low wind speeds as described in the
section “Exclude Observations” on page 16.

NOTE : You can select from theAnalysisor Graph menu only when theactive windowis a data table or a
graph. Click a window's title bar to make it the active window.

To run an analysis in SAS/IML Studio:

1 SelectAnalysis I Multivariate Analysis I Correlation Analysis from the main menu.

The Correlation Analysis dialog box appears. (See Figure 2.15.)

2 Click thewind_kts variable. Hold down the CTRL key and click themin_pressure variable. ClickAdd Y.

Both variables are added to the list of Y variables.
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Figure 2.15 Correlations Analysis Dialog Box

3 Click thePlots tab.

4 Clear thePairwise correlation plot check box.

5 Click OK.

See Chapter 25, “Multivariate Analysis: Correlation Analysis,” for more information about the correlations
analysis.

An output window appears (Figure 2.16), which shows the results from the CORR procedure. The output
shows that the Pearson correlation betweenwind_kts andmin_pressure is –0.92533.
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Figure 2.16 Output from the CORR Procedure

Suppose you want to compute a linear model that relateswind_kts to min_pressure. Several choices of
parametric and nonparametric models are available from theAnalysis I Model Fitting menu. If you are
interested in a response due to a single explanatory variable, you can also choose from models available
from theAnalysis I Data Smoothingmenu.

NOTE : If the scatter plot ofwind_kts versusmin_pressure is the active window when you select an
analysis from theAnalysis I Data Smoothingmenu, then the data smoother is added to the existing
scatter plot. Otherwise, a new scatter plot is created by the analysis.

6 Activate the scatter plot ofwind_kts versusmin_pressure. Select Analysis I Data Smoothing
I Polynomial Regressionfrom the main menu.

The Polynomial Regression dialog box appears. (See Figure 2.17.)
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Figure 2.17 Polynomial Smoother Dialog Box

7 Select the variablewind_kts, and clickSet Y.

8 Select the variablemin_pressure, and clickSet X.

9 Click OK.

A scatter plot appears (Figure 2.18), and output from the REG procedure is added at the bottom of the
output window.
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Figure 2.18 Least Squares Regression

The output from the REG procedure indicates an R-square value of 0.8562 for the line of least squares
given approximately bywind_ktsD 1222� 1:177� min_pressure. The scatter plot shows this line and
a 95% con�dence band for the predicted mean. The con�dence band is very thin, which indicates high
con�dence in the means of the predicted values.
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Overview of Creating and Entering Data

The SAS/IML Studio data table displays data in a tabular view. You can create small data sets by entering data
into the table. You can edit cells to examine “what-if” scenarios. You can add new variables or observations,
and you can cut and paste between cells of the data table and the Microsoft Windows clipboard.

Entering Data

This section describes how you can use the data table to enter small data sets. You learn how to do the
following:

� enter new variables

� enter or edit observations

� copy, cut, and paste to and from the Windows clipboard
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Example: Create a Small Data Set

The following steps describe how to enter data into a data table. The data in this example are quarterly sales
for two employees, June and Bob.

1 Create a new data set by selectingFile I New I Data Setfrom the main menu.

The New Data Set dialog box appears so that you can create the �rst variable.

The �rst variable will contain the name of the sales staff, so you must specify a valid SAS variable name.
Fill in the dialog box as follows (see Figure 3.1):

a In theName�eld, type Employee .

b In theType �eld, selectCharacter.

c Click OK.

Figure 3.1 Creating a Character Variable

2 Create a new variable by selectingEdit I Variables I New Variable from the main menu.

The second variable will indicate the quarter of the �nancial year for which sales are recorded. Because
the only valid values for this numeric variable are the discrete integers 1–4, you specify the measure level
as nominal.
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Fill in the dialog box as follows (see Figure 3.2):

a TypeQuarter in theName�eld.

b SelectNominal from theMeasure Levelmenu.

c Click OK.

Figure 3.2 Creating a Nominal Numeric Variable

3 Create a third variable by selectingEdit I Variables I New Variable from the main menu.

The third variable will contain the revenue, in thousands of dollars, for each salesperson for each �nancial
quarter.

Fill in the dialog box as follows (see Figure 3.3):

a TypeSales in theName�eld.

b In theLabel �eld, type Sales (Thousands) .

c In theFormat list, selectDOLLAR . Type4 in theW �eld.

d Click OK.
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Figure 3.3 Creating a Numeric Variable with a Format

4 Now you can enter the data shown in Table 3.1 as observations for each variable. Notice that the new data
set was created with one observation that contains a missing value for each variable. (A missing values for
a numerical variable is displayed as a dot.) Type the �rst observation in the �rst row.

When you enter data in the data table row marked with an asterisk (� ), a new row is created. When you are
entering (or editing) data, the ENTER key takes you down to the next observation. The TAB key moves
the active cell to the right, whereas holding down the SHIFT key and pressing TAB moves the active cell
to the left. You can also use the keyboard arrow keys to navigate the cells of the data table.

Table 3.1 Sample Data

Employee Quarter Sales

June 1 34
Bob 1 29
June 2 24
Bob 2 18
June 3 28
Bob 3 25
June 4 45
Bob 4 32

NOTE : When you enter the data for theSales variable,do nottype the dollar sign. The actual data is
f34; 29; : : : ; 32g, but because the variable has a DOLLAR4. format, the data table displays a dollar sign in
each cell.
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The data table looks like the table in Figure 3.4.

Figure 3.4 New Data Set

At this point you can save your data.

5 SelectFile I Save as Filefrom the main menu. Navigate to theData Sets subdirectory of your personal
�les directory and save the �le assales.sas7bdat.

NOTE : The default location of thepersonal �les directoryis given in the “The Personal Files Directory”
section in Chapter 34, “Con�guring the SAS/IML Studio Interface.” When you want to open your data
later, you can selectFile I Open I File from the main menu. The dialog box that appears has a button
near the bottom that saysGo to Personal Files directory. For this reason, it is convenient to save data in
your personal �les directory.

Adding Variables

You can add a new variable by selectingEdit I Variables I New Variable from the main menu. Alterna-
tively, you can right-click anywhere in the variable heading row. The New Variable dialog box appears. (See
Figure 3.5.)
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Figure 3.5 The New Variable Dialog Box

The New Variable dialog box enables you to de�ne the variable properties. The following list describes each
�eld in the dialog box.

Name
speci�es the name of the new variable. This must be a valid SAS variable name. This means the name
must satisfy the following conditions:

� must be at most 32 characters

� must begin with an English letter or underscore

� cannot contain blanks

� cannot contain special characters other than an underscore

Label
speci�es the label for the variable.

Type
speci�es the type of variable: numeric or character.

Measure Level
speci�es the variable'smeasure level. The measure level determines the way a variable is used in
graphs and analyses. A character variable is always nominal. For numeric variables, you can choose
from two measure levels:

Interval The variable contains values that vary across a continuous range. For example, a variable
that measures temperature would likely be an interval variable.

Nominal The variable contains a discrete set of values. For example, a variable that indicates gender
would be a nominal variable.
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Format
speci�es the SAS format for the variable. For many formats you also need to specify values for theW
(width) andD (decimal) �elds that are associated with the format. For more information about formats,
see theSAS Language Reference: Dictionary.

Informat
speci�es the SAS informat for the variable. For many informats you also need to specify values for
theW (width) andD (decimal) �elds that are associated with the format. For more information about
informats, see theSAS Language Reference: Dictionary.

NOTE : You can type the name of a format into theFormat or Informat �eld, even if the name does not
appear in the list.

Adding and Editing Observations

To add a new observation, type data into any cell in the last data table row. This row is marked with an
asterisk (� ).

When you are entering (or editing) data, the ENTER key takes you down to the next observation. The TAB
key moves the active cell to the right, whereas holding down the SHIFT key and pressing TAB moves the
active cell to the left. You can also use the keyboard arrow keys to navigate the cells of the data table.

It is possible to perform operations on a range of cells. If you select a range of cells, then you can do the
following:

� Delete the contents of the cells with the DELETE key.

� Cut or copy the contents of the range of cells to the Windows clipboard, in tab-delimited format. This
makes the contents of the cells available to all Windows applications (Excel, Word, and so on).

� Paste from the Windows clipboard into the selected range of cells, provided that the data on the
clipboard is in tab-delimited format. You can paste numeric data into cells in a character variable (the
data are converted to text), but you cannot paste character data into cells in a numeric variable.

Typing in a cell changes the data for that cell. Graphs that use that observation will update to re�ect the new
data.

NOTE : If you change data after an analysis has been run, you need to rerun the analysis; the analysis does
not automatically rerun to re�ect the new data.
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Overview of the Data Table

The SAS/IML Studio data table displays data in a tabular view. You can use the data table to change properties
of a variable, such as a variable's name, label, or format. You can also change properties of observations,
including the shape and color of markers used to represent observations in graphs. You can also control
which observations are visible in graphs and which are used in statistical analyses.

Data Table Menus

The �rst two rows of the data table are column headings (also called variable headings). The �rst row displays
the variable's name or label. The second row indicates the variable's measure level (nominal or interval), the
default role the variable plays, and, if the variable is selected, in what order it was selected. Subsequent rows
contain observations.
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The �rst two columns of the data table are row headings (also called observation headings). The �rst column
displays the observation number (or some other label variable). The second column indicates whether the
observation is included in plots and analyses.

The effect of selecting a cell of the data table depends on the location of the cell. To select a variable, click
the column heading. To select an observation, click the row heading.

You can display a context menu as in Figure 4.1 by right-clicking a column heading or row heading. A context
menu means that you see different menus depending on where the mouse pointer is when you right-click. For
the data table, theVariables menu differs from theObservationsmenu.

Figure 4.1 Data Table with the Variables Menu

The Variables Menu

You can access theVariables menu (shown in Figure 4.2) by clicking a column heading and selectingEdit
I Variables from the main menu. Alternatively, right-clicking a variable heading (see Figure 4.1) selects
that variable and displays the same menu.

You can use theVariables menu to do the following:

� change properties of existing variables

� create a new variable

� change the set of variables that are displayed in the data table

� change the set of selected and unselected variables

� set therole of an existing variable. You can assign three default roles:
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Label The values of the variable are used to label the markers in a plot. Only the markers that you
have clicked are labeled.

Frequency The values of the variable are used as the frequency of occurrence for each observation.
If you assign a variable to a Frequency role, then that variable is automatically added to dialog
boxes for analyses and graphs that support a frequency variable.

Weight The values of the variable are used as weights for each observation. If you assign a variable to
a Weight role, then that variable is automatically added to dialog boxes for analyses and graphs
that support a weight variable.

All roles are optional; you do not need to specify any roles. A variable can play multiple roles, but there can
be at most one variable assigned to each role.

Figure 4.2 The Variables Menu
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The following list describes each item on the Variables menu.

Properties
displays the Variable Properties dialog box, described in the section “Adding Variables” on page 33 in
Chapter 3, “Creating and Editing Data.” The dialog box enables you to change most properties for the
selected variable. However, you cannot change the type (character or numeric) of an existing variable.

Interval/Nominal
changes the measure level of the selected numeric variable. A character variable cannot be interval.

Label
makes the selected variable the label variable for plots. Only one variable can have this role.

Frequency
makes the selected variable the frequency variable for analyses and plots that support a frequency
variable. Only a numeric variable can have a Frequency role.

Weight
makes the selected variable the weight variable for analyses and plots that support a weight variable.
Only a numeric variable can have a Weight role.

Ordering
speci�es how nominal variables are ordered. This affects the way that a variable is sorted and the order
of categories in plots. If a variable has missing values, they are always ordered �rst. See the “Ordering
Categories of a Nominal Variable” section in Chapter 11 for further details. TheOrdering submenu is
shown in Figure 4.3.

Figure 4.3 The Ordering Menu
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You can order a variable in the following ways:

Standard speci�es that categories be arranged in ASCII order by their unformatted values. In ASCII
order, numerals precede uppercase letters, which precede lowercase letters.

by Frequency speci�es that categories be arranged according to the descending frequency count of
formatted values in each category.

by Format speci�es that categories be arranged in ASCII order by their formatted values.

by Data speci�es that categories be arranged according to thedata orderof formatted values. The
data order is determined by traversing the values of a variable, starting from the �rst observation.
The �rst (nonmissing) value you encounter is ordered �rst, the next unique (nonmissing) value of
the variable is ordered second, and so on. Sorting the data table does not affect this ordering; the
ordering is based on the original sequence of observations.

by Frequency (unformatted) speci�es that categories be arranged according to the descending fre-
quency count of unformatted values in each category.

by Data (unformatted) speci�es that categories be arranged according to the data order of unfor-
matted values. Sorting the data table does not affect this ordering; the ordering is based on the
original sequence of observations.

Custom speci�es that this variable be ordered by calling the DataObject.SetVarValueOrder method.
See the SAS/IML Studio online Help for details about this method.

Sort
displays the Sort dialog box. The Sort dialog box is described in the section “Sorting Observations” on
page 43.

New Variable
displays the New Variable dialog box to create a new variable as described in the section “Adding
Variables” on page 33 in Chapter 3, “Creating and Editing Data.” (See Figure 3.5.)

Delete
deletes the selected variables.

Display Name/Display Label
toggles whether the column heading displays the names of variables or displays their labels.

Hide
hides the selected variables. The variables can be displayed at a later time by selectingShow All.
Hidden variables cannot be selected.

Show All
displays all variables, including variables that were hidden.

Invert Selection
changes the set of selected variables. Deselected variables become selected, and selected variables
become deselected.

Generate _OBSTAT_ Variable
creates a new character variable called_OBSTAT_ that encodes the current state of each observation.
The values of the_OBSTAT_ variable are described in the next section.
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The _OBSTAT_ Variable

The_OBSTAT_ variable is a character variable of length 20. It was introduced in SAS/INSIGHT software as a
way to capture the state of observations, including the color and shape of markers and whether an observation
is selected. The �rst few characters encode the state of binary options such as whether an observation is
selected. A character is `1' if the corresponding property is true and `0' if the related property is false. The
properties are described in the following list:

Character 1 stores whether the observation is selected.

Character 2 stores whether the observation is included in plots.

Character 3 stores whether the observation is included in analyses.

Character 4 stores whether the observation has a label.

Character 5 stores the marker shape for an observation. This is a value between 1 and 8 that corre-
sponds to a shape, as given in the following table:

Value Shape
1 �
2 C
3 �
4 Þ
5 �
6 4
7 5
8 ?

Characters 6–20 store the RGB value of the �ll color for an observation marker. The RGB color model
represents colors as combinations of the colors red, green, and blue.

Each component is a �ve-digit decimal number between 0 and 65535. Characters 6–10
store the red component. Characters 11–15 store the green component. Characters 16–20
store the blue component.

If you read a data set for which there is no associated DMM �le and if that data set contains a variable named
_OBSTAT_, then the state of each observation is determined by the corresponding value of the_OBSTAT_
variable.

If an _OBSTAT_ variable already exists when you selectGenerate _OBSTAT_ Variablefrom the variable
menu, then the values of the variable are updated with the current state of the observations.

Using the _OBSTAT_ Variable in SAS Procedures

The_OBSTAT_ variable is often used in conjunction with a SAS procedure to analyze observations that
satisfy certain criteria. For example, you might want to perform a linear regression only on observations
that have the Include in Analysis property. Or you might want to compute a correlation matrix only for
observations that are represented by a square marker shape.
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The_OBSTAT_ variable contains information about the state of observations in SAS/IML Studio. It is often
convenient to use the DATA step to split the single_OBSTAT_ variable into several indicator variables so that
it is easier to use a WHERE clause to choose only observations that have a desired property.

To use the_OBSTAT_ variable to select observations for analysis by a SAS procedure:

1 Create an_OBSTAT_ variable by selectingGenerate _OBSTAT_ Variablefrom the variable menu.

2 Save the augmented data to a SAS data set such asSASUSER.MyData.

3 Use the following DATA step to extract each observation property into its own variable:

/ * Create numerical variables from an _OBSTAT_ variable. * /
data MyData;
set sasuser.MyData;
ObsIsSelected = inputn(substr(_obstat_, 1, 1), 1.);
ObsIsInPlots = inputn(substr(_obstat_, 2, 1), 1.);
ObsIsInAnalysis = inputn(substr(_obstat_, 3, 1), 1.);
ObsIsLabeled = inputn(substr(_obstat_, 4, 1), 1.);
ObsMarkerShape = inputn(substr(_obstat_, 5, 1), 1.);
ObsMarkerRed = inputn(substr(_obstat_, 6, 5), 5.);
ObsMarkerGreen = inputn(substr(_obstat_, 11, 5), 5.);
ObsMarkerBlue = inputn(substr(_obstat_, 16, 5), 5.);
run;

4 Use a WHERE clause to analyze only observations with a given set of properties. For example, the
following statements compute a correlation matrix for observations that are represented in SAS/IML
Studio by a marker shape:

data Subset;
set MyData(where=(ObsMarkerShape=1);
run;

proc corr data=Subset(drop=Obs:);
run;

Sorting Observations

This section describes how to sort a data table by one or more variables.

To open the Sort dialog box, you can selectEdit I Variables I Sort from the main menu. Alternatively, you
can right-click a variable heading to display theVariables menu (shown in Figure 4.2), and then selectSort.
The Sort dialog box is shown in Figure 4.4.

The �rst time the Sort dialog box is created, any variables that are selected are automatically placed in the
Sort by list. Subsequently, the Sort dialog box remembers theSort by list from the last sort.
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Figure 4.4 The Sort Dialog Box

The following list describes each item in the Sort dialog box.

Variables
lists the variables in the data set that are not yet in theSort by list. Select variables in this list to
transfer them to theSort by list.

o
transfers the selected variables from theVariables list to theSort by list.

n
removes selected variables from theSort by list.

Sort by
lists the variables to sort by.

Up
moves a selected variable up one space in theSort by list.

Down
moves a selected variable down one space in theSort by list.

Ascending
marks the selected variables in theSort by list to be sorted in ascending order.

Descending
marks the selected variables in theSort by list to be sorted in descending order.

To carry out the sort operation, clickOK.

As described in the section “The Variables Menu” on page 38, a nominal variable can be ordered in different
ways. If a variable has an ordering different from the standard ordering, then the sort dialog box indicates
that fact by marking the variable name with an asterisk.
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Selecting Observations

You can select observations in a data table by clicking the row heading on the left side of the data table. You
can drag down or up to select contiguous observations. You can click while holding down the CTRL key to
select new observations without losing the ones already selected. Figure 4.5 shows selected observations.

NOTE : Highlighting a range of cells in the data table does not select the observations. The section “Adding
and Editing Observations” on page 35 in Chapter 3, “Creating and Editing Data,” lists operations that you
can perform on a range of cells.

Figure 4.5 Selected Observations

The four cells in the upper left corner of the data table are different from the other row headings, as described
in the following list:

� Right-click in any of the four cells to display theObservationsmenu. TheObservationsmenu is
described in the section “The Observations Menu” on page 46. Consequently, this is a safe place
to right-click when you want to change properties of the selected observations, but no selected
observations are currently visible.

� Click in the upper left or lower right cell to deselect all observations and variables.

� Click in the upper right cell to deselect all observations and select all variables.

� Click in the lower left cell to deselect all variables and select all observations.

If no observations are selected, the lower left cell displays the total number of observations in the data table.
If observations are selected, the lower left cell displays (in brackets) the number of selected observations.

If no variables are selected, the upper right cell displays the total number of variables in the data table. If
variables are selected, the upper right cell displays (in brackets) the number of selected variables.
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Figure 4.6 illustrates two possibilities. The left portion of the �gure indicates a data table that has 2,322
selected observations; none of the 36 variables are selected. The right portion of the �gure indicates that 6
variables are selected, but none of the 6,188 observations are selected.

Figure 4.6 Indicating Selected Observations (Left) and Variables (Right)

The Observations Menu

The row heading on the left side of the data table gives the status of each observation. The heading indicates
whether an observation is selected, which shape and color is used to represent the observation in plots, and
whether the observation is included in analyses.

You can change the properties of selected observations by using theObservationsmenu. You can access the
Observationsmenu by selectingEdit I Observationsfrom the main menu. Alternatively, right-clicking
the row heading of a selected observation displays the sameObservationsmenu, shown in Figure 4.7.

Figure 4.7 The Observations Menu

The following list describes each item on theObservationsmenu.

Include in Plots
includes the selected observations in graphs.

Exclude from Plots
excludes the selected observations from graphs.
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Include in Analyses
includes the selected observations in statistical analyses.

Exclude from Analyses
excludes the selected observations from statistical analyses.

Marker Properties
displays the Marker Properties dialog box. The Marker Properties dialog box is described in section
“Changing Marker Properties” on page 47.

Label by Observation Number
sets the label that is displayed in the left-most column of the data table to be the observation number.
The observation number is also set as the default label that is displayed when you click an observation
marker in a graph.

Label by Variable
displays the Label by Variable dialog box. The Label by Variable dialog box is described in section
“Changing Observation Labels” on page 48.

Invert Selection
changes the set of selected observations. Deselected observations become selected, and selected
observations become deselected.

Delete
deletes the selected observations.

Examine Selected Observations
displays the Examine Selected Observations dialog box. You can use this dialog box to view and
compare the selected observations. The Examine Selected Observations dialog box is described in
section “Examining Selected Observations” on page 54.

Changing Marker Properties

You can change the markers used to represent observations. You can use marker shapes and colors to represent
observations that share common properties.

Marker shapes are often used to discriminate observations with different values of a categorical variable
(for example, male versus female). Marker colors can also be used for this purpose, or they can represent
a continuous variable. Chapter 9, “General Plot Properties,” describes coloring markers by a continuous
variable.

SelectEdit I ObservationsI Marker Properties from the main menu to open the Marker Properties dialog
box. (See Figure 4.8.)
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Figure 4.8 The Marker Properties Dialog Box

The Marker Properties dialog box contains the following UI controls:

Shape
sets the marker shape for the observations.

Outline
sets the marker outline color for the observations.

Fill
sets the marker �ll color for the observations.

Sample
shows what the marker with the speci�ed shape and colors looks like.

Apply to
speci�es the set of observations whose markers will change. By default, changes are applied to only
the selected observations.

Changing Observation Labels

You can change the label displayed in the left-most column of the data table. Observation numbers are shown
by default.

You can selectEdit I ObservationsI Label by Variable from the main menu to open the Label by Variable
dialog box. (See Figure 4.9.) You can use this dialog box to select the variable whose values are displayed in
the left-most column of the data table. The variable is also set as the default label that is displayed when you
click an observation marker in a graph.
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Figure 4.9 The Label by Variable Dialog Box

TheHide Label Variable check box hides the label variable. This is especially useful if the label variable is
one of the �rst variables in the data table.

Including and Excluding Observations

You can choose which observations appear in plots and which are used in analyses.

To include or exclude observations, �rst select the observations. From theEdit I Observationsmenu, you
can then selectInclude in Plots, Exclude from Plots, Include in Analyses, or Exclude from Analyses.

The row heading of the data table shows the status of an observation in analyses and plots. A marker symbol
indicates that the observation is included in plots; observations excluded from plots do not have a marker
symbol shown in the data table. Similarly, the� 2 symbol is present if and only if the observation is included
in analyses. If an observation is excluded from analyses but included in plots, then the marker symbol
changes to the� symbol.

For example, Figure 4.10 shows what the data table would look like if you excluded some observations. In
this example, the second observation is included in plots but excluded from analyses. The third observation
is excluded from plots but included in analyses. The fourth observation is excluded from both plots and
analyses.

Figure 4.10 Excluded Observations
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Examining Data

This section describes how to do the following:

� �nd observations that satisfy certain conditions

� examine selected observations

� copy selected observations into a separate data set

In analyzing data, you might want to �nd observations that satisfy certain conditions. For example, you
might want to select all sales to a particular company. Or you might want to select all patients with high
blood pressure.

After you have found the observations, you can examine the observations or copy them to a new data set.

Finding Observations

You can select observations in the data table by using the Find dialog box. (For a way to graphically and
interactively select observations that satisfy multiple constraints, see Chapter 11, “Techniques for Exploring
Data.”) You can open the Find dialog box (shown in Figure 4.11) by selectingEdit I Find from the main
menu.

Figure 4.11 The Find Dialog Box

The Find dialog box contains the following UI controls:

Variable
chooses the variable whose values are examined. The list includes each variable in the data set.
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Operation
selects the logical operation used to compare each observation with the contents of theValue �eld.

Value
speci�es the value used to select observations.

Apply variable's informat to value
applies the variable's informat to the contents of theValue �eld. If the variable does not have an
informat, then this item is inactive.

Apply format to each value during search
applies the variable's format to the variable and then compares the formatted data to the contents of the
Value �eld. If the variable does not have a format, then this item is inactive.

Match case
speci�es that each observation be compared to the contents of theValue �eld in a case-sensitive
manner. If the variable is numeric, then this item is inactive.

Use tolerance of
speci�es that a tolerance,� , be used in comparing each observation to the contents of theValue �eld.
Table 4.1 speci�es how� is used. If the chosen variable is a character variable, then this item is
inactive.

Clear existing selection
speci�es that all observations be searched, but only the observations that match the search criterion be
selected.

Search within existing selection
speci�es that only the observations that are selected be searched. You can use this option to perform
logical AND operations.

Add to existing selection
speci�es that all observations be searched, but observations that were selected prior to the search
remain selected. You can use this option to perform logical OR operations.

For numeric variables, letv be the value of theValue �eld and let � be the value of theUse tolerance of�eld.
(If you are not using a tolerance, then� D 0.) Table 4.1 speci�es whether an observation with valuex for the
chosen variable matches the query.

Table 4.1 Find Operations for Numeric Variables

Operation Values Found Missing Selected?

Equals x 2 Œv� �; v C �• No
Less than x < v C � Yes
Greater than x > v � � No
Not equals x …Œv� �; v C �• Yes
Less than or equals x � v C � Yes
Greater than or equalsx � v � � No
Is missing x is missing Yes
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To remember whether missing values match the query, recall that SAS missing values are represented as
large negative numbers. Table 4.1 is consistent with the WHERE clause in the SAS DATA step.

For character variables, comparisons are performed according to the ASCII order of characters. In particular,
all uppercase letters [A–Z] precede lowercase characters [a–z]. Letv be the value of theValue �eld and let
v � x indicate thatv precedesx in ASCII order. Table 4.2 speci�es whether an observation with valuex for
the chosen variable matches the query.

Table 4.2 Find Operations for Character Variables

Operation Values Found Missing Selected?

Equals x D v No
Less than x � v Yes
Greater than v � x No
Not equals x ¤ v Yes
Less than or equals x � v Yes
Greater than or equalsv � x No
Is missing x is missing Yes
Contains x containsv No
Does not contain x does not containv Yes
Begins with x begins withv No

To help remember whether character missing values match the query, think of the character missing value as
being a zero-length string that contain no characters. Table 4.2 is consistent with the WHERE clause in the
SAS DATA step.

As a �rst example, Figure 4.11 shows how to �nd observations in theHurricanes data set whoselatitude
variable is contained in the intervalŒ28; 32•. This is a quick way to �nd observations with latitudes between
28 and 32 in a single search.

A second example is shown in Figure 4.12. This search �nds observations for which thedate variable strictly
precedes 07AUG1988. Thedate variable has a DATE9. informat, so you can use that informat to make it
more convenient to input the contents of theValue �eld. (Without the informat, you would need to search
for the value 10445, the SAS date value that corresponds to 06AUG1988.) Recall that thedate variable is a
numeric variable, even though the formatted values appear as text.
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Figure 4.12 Searching for Dates

A related example is shown in Figure 4.13. This search �nds all observations for which thedate variable
contains the text “AUG”. To perform this search you must checkApply format to each value during search.
This forces the Find dialog box to apply the DATE9. format to thedate variable, which means comparing
strings (character data) instead of numbers (numeric data). You can then selectContains from theOperation
list. Each formatted string is searched for the value “AUG”.

Figure 4.13 Matching Text in a Formatted Variable
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Examining Selected Observations

You can examine the values of selected observations. To do this, selectEdit I ObservationsI Examine
Selected Observationsfrom the main menu. Figure 4.14 shows the dialog box that appears. By clicking
observation numbers in the list on the left (or by using the UP and DOWN arrow keys), you can examine
each selected observation in turn.

Figure 4.14 Examining Selected Observations

Copying Selected Data

You can subset your data by copying selected observations or variables to a separate data set. (You can select
variables without losing selected observations by holding down the CTRL key while you click.) You can
then analyze or save this new data set.

If no variables are selected, all variables are copied. If no observations are selected, all observations are
copied. After you have selected observations or variables or both, selectFile I New I Data Set from
Selected Datafrom the main menu. A new data table (Figure 4.15) appears, which contains only the selected
subset of the original data.
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Figure 4.15 Copying Selected Data

Saving Data

If you save data after changing variable or observation properties, then the changes are saved as well. Most
variable properties (for example, formats) are saved with the SAS data set, whereas observation properties
(for example, marker shapes) are saved in a separatemetadata �le. The metadata �le is stored on the client
PC and has the same name as the data set, but with admm extension.

For example, if you save a data set namedMyData to your PC, then a �le namedMyData.dmm is also created
in the same Windows folder as theMyData.sas7bdat �le.

If you have changed the data and try to exit SAS/IML Studio, you are prompted to save the data set if you
have done any of the following actions:

� edited cells in the data table

� changed a variable's properties (name, label, format, informat)

� changed a variable's measure level (nominal, interval)

� sorted a data set

� added or deleted a variable

� included or excluded observations

� changed an observation's marker properties (shape, color)

� added or deleted an observation
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Properties of Data Tables

When a data table is the active window, you can do the following:

� create additional copies of the data table

� change the default properties of data tables in the current workspace

You can selectWindows I New Window from the main menu to create a copy of the current data table.
(The new table might appear on top of the existing data table, so drag it to a new location if necessary.)
This second data table can be scrolled independently from the �rst. This is useful, for example, if you are
interested in examining several variables or observations whose positions in the data table vary widely. You
can examine different subsets of the data simultaneously by using two or more tabular views of the same data.

By default, if you sort one data table, then other data tables that view the same data are also sorted in the
same order. This is because a sort typically changes the order of the underlying data. (As mentioned in the
section “Saving Data” on page 55, when you exit SAS/IML Studio you are prompted to save the data if you
have sorted it.) However, there might be instances when it is useful to view the same data, but sorted in a
different order. To accomplish this, you canlocally sorta data table.

To locally sort a data table, selectEdit I Properties from the main menu, which displays the dialog box
shown in Figure 4.16.

Figure 4.16 Data Table Ordering Properties

TheOrdering tab contains the following UI controls:
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Changes in observation order affect
gives you two choices. If you selectActual data, then sorting the data table results in a global sort
that reorders the observation in all views of the data. If you selectThis view only, then sorting the
data table results in a local sort that does not reorder the observations but only changes the view of the
data in the current data table.

Default sort order
gives you two choices. Your selection ofAscendingor Descendingdetermines the default order in
which variables are sorted.

TheSelectionstab has a single item, as shown in Figure 4.17. If you selectScroll selected observations
into view, then the data table automatically scrolls to a selected observation each time an observation is
selected. To manually scroll a selected item into view, use the F3 key.

Figure 4.17 Data Table Selection Properties

Keyboard Shortcuts in Data Tables

When a data table is active, some keys are associated with certain actions, as shown in Table 4.3.

Table 4.3 Keys and Actions in Data Tables

Key Action

ESC When editing data, aborts the current edit and deselect cells.
ESC Deselects any selected observations and variables.
F1 Displays the online Help system.
F3 Moves the active cell to the row of the next selected observation.
SHIFT+F3 Moves the active cell to the row of the previous selected observation.
F10 If observations are selected, displays theObservationsmenu. If

variables are selected, displays theVariables menu. If observations
and variables are selected, displays theObservationsmenu followed
by theVariables menu.

TAB Moves the active cell to the right.
SHIFT+TAB Moves the active cell to the left.
ENTER Moves the active cell down one row.
ALT+RIGHT ARROW
ALT+LEFT ARROW

Toggles selection of a variable without changing the active cell.

ALT+DOWN ARROW
ALT+UP ARROW

Toggles selection of an observation without changing the active cell.



58 F Chapter 4: Interacting with the Data Table

Table 4.3 continued

Key Action

SHIFT+ALT+RIGHT
ARROW
SHIFT+ALT+LEFT
ARROW

Toggles selection of a variable and moves the active cell to the next
or previous variable.

SHIFT+ALT+DOWN
ARROW
SHIFT+ALT+UP
ARROW

Toggles selection of an observation and moves the active cell to the
next or previous observation.

SHIFT+RIGHT
ARROW
SHIFT+LEFT ARROW

Extends the selection of a range of cell columns.

SHIFT+DOWN
ARROW
SHIFT+UP ARROW

Extends the selection of a range of cell rows.

HOME Edits the active cell and places the cursor at the beginning of the cell.
END Edits the active cell and places the cursor at the end of the cell.
CTRL+SPACEBAR Clears selected observations and variables.
CTRL+HOME Sets the active cell to the �rst row and �rst column.
CTRL+END Sets the active cell to the last row and last column.
CTRL+INSERT Displays the New Variable dialog box.
DELETE If observations or variables are selected, deletes the selected variables

or observations. If cells are selected, deletes the contents of the
selected cells.

In addition, the data table supports the arrow keys for navigating cells, and it supports the standard Microsoft
control sequences shown in Table 4.4.

Table 4.4 Standard Control Sequences in Data Tables

Key Action

CTRL+A Selects all observations.
CTRL+C Copies contents of selected cells to Windows clipboard.
CTRL+F Displays the Find dialog box.
CTRL+P Prints the data table.
CTRL+V Pastes contents of Windows clipboard to cells.
CTRL+X Cuts contents of selected cells and paste to Windows clip-

board.
CTRL+Y Redoes last undo.
CTRL+Z Undoes last operation.
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Overview of Exploring Data in One Dimension

This chapter describes how to use SAS/IML Studio to examine univariate distributions. You can explore the
distributions of nominal variables by using bar charts. You can explore the univariate distributions of interval
variables by using histograms and box plots.

Bar Charts

This section describes how to use a bar chart to visualize the distribution of a nominal variable. A bar chart
shows the relative frequency of unique values of a variable. The height of each bar is proportional to the
number of observations with each given value.
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Example: Create a Bar Chart

In this section you create a bar chart of thecategory variable of theHurricanes data set. Thecategory
variable gives the Saf�r-Simpson wind intensity category for each observation.

Thecategory variable is encoded according to the value ofwind_kts, as shown in Table 5.1.

Table 5.1 The Saf�r-Simpson Intensity Scale

Category Description Wind Speed (Knots)

TD Tropical depression 22–33
TS Tropical storm 34–63
Cat1 Category 1 hurricane 64–82
Cat2 Category 2 hurricane 83 –95
Cat3 Category 3 hurricane 96 –113
Cat4 Category 4 hurricane 114 –134
Cat5 Category 5 hurricane 135 or greater

Thecategory variable also has missing values, which represent weak intensities (wind speed less than 22
knots).

To create a bar chart:

1 Open theHurricanes data set.

2 SelectGraph I Bar Chart from the main menu, as shown in Figure 5.1.

Figure 5.1 Selecting a Bar Chart
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The Bar Chart dialog box appears. (See Figure 5.2.)

Figure 5.2 The Bar Chart Dialog Box

3 Select thecategory variable, and clickSet X.

4 Click OK.

NOTE : The bar chart also supports an optional frequency variable.

A bar chart appears (Figure 5.3), which shows the unique values of thecategory variable. The chart shows
that most of the observations in the data set are for tropical storms and tropical depressions. There are
relatively few category 5 hurricanes.
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Figure 5.3 A Bar Chart

Thecategory variable has missing values. The set of missing values are grouped together and represented by
a bar that is labeled with the� symbol.

You can click a bar to select the observations contained in that bar. You can click while holding down the
CTRL key to select observations in multiple bars. You can draw a selection rectangle to select observations
in contiguous bars.

You can create bar charts of any nominal variable, numeric or character.

Bar Chart Properties

This section describes theBars tab that is associated with a bar chart. To access the bar chart properties,
right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

TheBars tab controls attributes of the bar chart. TheBars tab is shown in Figure 5.4.
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Figure 5.4 Plot Area Properties for a Bar Chart

TheBars tab contains the following UI controls:

Fill
sets the �ll color for each bar.

Fill: Use blend
sets the �ll color for each bar according to a color gradient.

Outline
sets the outline color for each bar.

Outline: Use blend
sets the outline color for each bar according to a color gradient.

Fill bars
speci�es whether each bar is �lled with a color. When not selected, only the outline of the bar is shown.

Show labels
speci�es whether each bar is labeled with the height of the bar.

Y axis represents
speci�es whether the vertical scale represents frequency counts or percentage.

“Other” threshold (%)
sets a cutoff value for determining which observations are placed into an “Others” category.

For a discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”
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Bar Charts of Selected Variables

If one or more nominal variables are selected in a data table when you selectGraph I Bar Chart , then the
Bar Chart dialog box does not appear. Instead bar charts are created of the selected nominal variables.

You can also select nominalandinterval variables and selectGraph I Bar Chart . A bar chart appears for
each nominal variable; a histogram appears for each interval variable.

If you create a matrix of plots from selected variables, you can close the matrix by pressing the F11 key while
any plot is active and selecting from the pop-up menu. Alternatively, you can use the Workspace Explorer to
quickly close plots. (See the section “Workspace Explorer” on page 190.)

If a variable in the data table has a Frequency role, it is automatically used as the frequency variable for the
plots; the frequency variable should not be one of the selected variables.

Variables with a Weight role are ignored when you are creating bar charts. For more information about the
Frequency and Weight roles, see the section “The Variables Menu” on page 38.

Histograms

This section describes how to use a histogram to visualize the distribution of a continuous (interval) variable.
A histogram is an estimate of the density of data. The range of the variable is divided into a certain number
of subintervals, or bins. The height of the bar in each bin is proportional to the number of data points that
have values in that bin. A histogram is determined not only by the bin width, but also by the choice of an
anchor (or origin).

Example: Create a Histogram

In this section you create a histogram of thelatitude variable of theHurricanes data set. Thelatitude variable
gives the latitude of the center of each tropical cyclone observation.

To create a histogram:

1 Open theHurricanes data set.

2 SelectGraph I Histogram from the main menu, as shown in Figure 5.5.
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Figure 5.5 Selecting a Histogram

The Histogram dialog box appears. (See Figure 5.6.)

Figure 5.6 The Histogram Dialog Box

3 Select thelatitude variable, and clickSet X.

4 Click OK.

NOTE : The histogram also supports an optional frequency variable.
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A histogram appears (Figure 5.7), which shows the distribution of latitudes for the tropical cyclones in this
data set. The histogram shows that most Atlantic tropical cyclones occur between 10 and 40 degrees north
latitude. The data distribution looks bimodal: one mode near 15 degrees and the other near 30 degrees of
latitude.

Figure 5.7 A Histogram

If a variable has missing values, those values are not included in the histogram.

You can click a histogram bar to select the observations contained in that bin. You can click while holding
down the CTRL key to select observations in multiple bins. You can draw a selection rectangle to select
observations in contiguous bins.

Histogram Properties

This section describes theBars tab that is associated with a histogram. To access the histogram properties,
right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

TheBars tab controls attributes of the histogram. TheBars tab is shown in Figure 5.8.
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Figure 5.8 Plot Area Properties for a Histogram

TheBars tab contains the following UI controls:

Fill
sets the �ll color for each bar.

Fill: Use blend
sets the �ll color for each bar according to a color gradient.

Outline
sets the outline color for each bar.

Outline: Use blend
sets the outline color for each bar according to a color gradient.

Fill bars
speci�es whether each bar is �lled with a color. When not selected, only the outline of the bar is shown.

Show labels
speci�es whether each bar is labeled with the height of the bar.

Y axis represents
speci�es whether the vertical scale represents frequency counts, percentage, or density.

For a discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”
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Histograms of Selected Variables

If one or more interval variables are selected in a data table when you selectGraph I Histogram, then the
Histogram dialog box does not appear. Instead histograms are created of the selected interval variables.

You can also select nominalandinterval variables and selectGraph I Histogram. A bar chart appears for
each nominal variable; a histogram appears for each interval variable.

If a variable has a Frequency role, it is automatically used as the frequency variable for the plots; the frequency
variable does not need to be selected.

If you create a matrix of plots from selected variables, you can close the matrix by pressing the F11 key while
any plot is active and selecting from the pop-up menu. Alternatively, you can use the Workspace Explorer to
quickly close plots. (See the section “Workspace Explorer” on page 190.)

Example: Change the Positions of Histograms Bins

By default, SAS/IML Studio produces histograms with an anchor location and bin width chosen according
to an algorithm by Terrell and Scott (1985). This section describes how you can choose a different anchor
location or bin width for a histogram. The example in this section is a continuation of the example in
“Example: Create a Histogram” on page 64, in which you created a histogram of thelatitude variable in the
Hurricanes data set.

For a histogram, the major tick unit is also the width of the histogram bins. For example, the tick marks for
the histogram in Figure 5.7 are anchored at 6.25 and have a tick unit of 2.5. You can change the location of
the histogram ticks so that the bins show the frequency of observations in the intervals 5–10, 10–15, 15–20,
and so on.

To change the location of the histogram ticks:

1 Right-click anywhere on the horizontal axis of the histogram, and selectAxis Properties from the pop-up
menu, as shown in Figure 5.9.

Figure 5.9 The Axis Pop-up Menu
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The Axis Properties dialog box appears as in Figure 5.10. This is a quick way to determine the anchor
location, tick unit, and tick range for an axis.

2 Change theMajor tick unit value to5.

3 Change theAnchor tick value to10.

Figure 5.10 Dialog Box for Specifying Histogram Bins

4 Click OK.

The histogram updates to re�ect the new histogram bin locations. The revised histogram is shown in
Figure 5.11. TheTick Range �eld shown in Figure 5.10 is automatically widened, if necessary, so that all
data are contained in bins.
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Figure 5.11 Histogram with Customized Bins

Interactive Histogram Binning

Sometimes it is useful to explore how the shape of a histogram varies with different combinations of anchor
locations and bin widths. Interactively changing the histogram can help you determine whether apparent
modes in the data are real or are an artifact of a speci�c binning.

To interactively change the anchor location and bin width, right-click in the middle of the histogram and
selectBin Tool from the pop-up menu, as shown in Figure 5.12.

Figure 5.12 The Histogram Pop-up Menu
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The mouse pointer changes its shape, as shown in Figure 5.13. If you drag the pointer around in the plot
area, then the histogram rebins. Dragging the pointer horizontally changes the anchor position. Dragging the
pointer vertically changes the bin width. When the pointer is near the top of the plot area, the bin widths are
relatively small; when the pointer is near the bottom, the bin widths are larger.

Figure 5.13 Interactively Rebinning a Histogram

Box Plots

A box plot summarizes the distribution of data sampled from a continuous numeric variable. The central line
in a box plot indicates the median of the data, while the edges of the box indicate the �rst and third quartiles
(that is, the 25th and 75th percentiles). Extending from the box are whiskers that represent data that are a
certain distance from the median. Beyond the whiskers are outliers: observations that are relatively far from
the median. These features are shown in Figure 5.14.
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Figure 5.14 Schematic Description of a Box Plot

This section describes how to use a box plot to visualize the distribution of a continuous (interval) variable.
You can also use box plots to see how the distribution changes across levels of one or more nominal variables.

Example: Create a Box Plot

In this section you create a box plot of thelatitude variable of theHurricanes data set, grouped by levels of the
category variable. Thelatitude variable gives the latitude of the center of each tropical cyclone observation.
Thecategory variable gives the Saf�r-Simpson wind intensity category for each observation.

Thecategory variable also has missing values, which represent weak intensities (wind speed less than 22
knots).

To create a box plot:

1 Open theHurricanes data set.

2 SelectGraph I Box Plot from the main menu, as shown in Figure 5.15.
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Figure 5.15 Selecting a Box Plot

The Box Plot dialog box appears as in Figure 5.16.

Figure 5.16 The Box Plot Dialog Box

3 Select thelatitude variable, and clickSet Y.

4 Select thecategory variable, and clickAdd X.
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5 Click OK.

NOTE : X variables are optional. If you do not select an X variable, you get a box plot of the Y variable.
Only nominal variables can be selected as an X variable.

NOTE : The box plot also supports an optional frequency variable.

A box plot appears (Figure 5.17), which shows the distribution of the latitude variable for each unique value
of thecategory variable. The plot shows that the most intense hurricanes occur in a relatively narrow band of
southern latitudes. Intense hurricanes have median latitudes that are farther south than weaker hurricanes.
There is also less variance in the latitudes of the intense hurricanes. Tropical storms and tropical depressions
do not follow these general trends, and they have the largest spread in latitude.

Figure 5.17 A Box Plot

Thecategory variable has missing values. The set of missing values are grouped together and represented by
a bar labeled with the� symbol.

You can click any box, whisker, or outlier to select the observations contained in that box. You can click while
holding down the CTRL key to select observations in multiple boxes. You can draw a selection rectangle to
select observations in adjacent boxes.
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Box Plot Properties

This section describes theBoxestab that is associated with a box plot. To access the box plot properties,
right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

TheBoxestab controls attributes of the box plot. TheBoxestab is shown in Figure 5.18.

TheBoxestab contains the following UI controls:

Box: Whisker length
sets the length of the whiskers. A length ofw means that whiskers are drawn from the quartiles to the
farthest observation not more thanw times the interquartile distance (Q3–Q1).

Box: with serifs
speci�es whether each whisker is capped with a horizontal line segment.

Box: with notches
speci�es whether each box is drawn with notches. The medians of two box plots are signi�cantly
different at approximately the 0.05 level if the corresponding notches do not overlap.

Mean: with one standard deviation
speci�es whether each box is drawn with mean markers that extend one standard deviation from the
mean. The central line of the mean marker indicates the mean. The upper and lower extents of the
mean marker indicate the mean plus or minus one standard deviation.

Mean: with two standard deviations
speci�es whether each box is drawn with mean markers that extend two standard deviation from the
mean.

Mean: Shape
speci�es whether the mean markers are drawn as a diamond or an ellipse.

Color: Fill
sets the �ll color for each box.

Color: Outline
sets the outline color for each box.

Color: Mean
sets the color for mean markers.

Fill boxes
speci�es whether each box is �lled with a color. When not selected, only the outline of the box is
shown.
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Figure 5.18 Plot Area Properties for a Box Plot

For a discussion of theObservations tab, see Chapter 6, “Exploring Data in Two Dimensions.” For a
discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”

Box Plots of Selected Variables

If one or more interval variables are selected in a data table when you selectGraph I Box Plot, then the
Box Plot dialog box does not appear. Instead box plots are created for each selected interval variable.

You can also select nominalandinterval variables and selectGraph I Box Plot. A box plot appears for each
interval variable; nominal variables are assigned to the X axis.

If a variable has a Frequency role, it is automatically used as the frequency variable for the plots; the frequency
variable does not need to be selected.

If you create a matrix of plots from selected variables, you can close the matrix by pressing the F11 key while
any plot is active and selecting from the pop-up menu. Alternatively, you can use the Workspace Explorer to
quickly close plots. (See the section “Workspace Explorer” on page 190.)

References

Terrell, G. R., and Scott, D. W. (1985). “Oversmoothed Nonparametric Density Estimates.”Journal of the
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Overview of Exploring Data in Two Dimensions

This chapter describes how to use SAS/IML Studio to examine relationships between pairs of variables.

You can explore the relationship between two (or more) nominal variables by using a mosaic chart. You can
explore the relationship between two variables by using a scatter plot. Usually the variables in a scatter plot
are interval variables.

If you have a time variable, you can observe the behavior of one or more variables over time with a line plot.
You can also use line plots to visualize a response variable (and, optionally, �tted curves and con�dence
bands) versus values of an explanatory variable.

You can create and explore maps with a polygon plot.
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Mosaic Plots

This section describes how to use a mosaic plot to visualize the cells of a contingency table. A mosaic plot
displays the frequency of data with respect to multiple nominal variables.

A mosaic plot is a set of adjacent bar plots formed �rst by dividing the horizontal axis according to the
proportion of observations in each category of the �rst variable and then by dividing the vertical axis according
to the proportion of observations in the second variable. For more than two nominal variables, this process
can be continued by further horizontal or vertical subdivision. The area of each block is proportional to the
number of observations it represents.

Example: Create a Mosaic Plot

In this section you create a mosaic plot of thenation andindustry variables of theBusiness data set. The
nation variable gives the nation of each business listed in the data set, and theindustry variable assigns each
business to a category that describes the business.

To create a mosaic plot:

1 Open theBusiness data set.

2 SelectGraph I Mosaic Plot from the main menu, as shown in Figure 6.1.

Figure 6.1 Selecting a Mosaic Plot

The Mosaic Plot dialog box appears. (See Figure 6.2.)
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3 Select thenation variable, and clickSet Y.

4 Select theindustry variable, and clickAdd X.

5 Click OK.

NOTE : The mosaic also supports an optional frequency variable.

Figure 6.2 The Mosaic Plot Dialog Box

A mosaic plot appears (Figure 6.3), which shows the relative proportions of businesses in this data set as
grouped by nation and industry. The mosaic plot shows that the U.S. food companies make up the largest
subset, because that cell has the largest area. Other large cells include Japanese automobile companies,
Japanese electronics companies, and U.S. oil companies. The plot also shows that there are no German
food companies in the data set.
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Figure 6.3 A Mosaic Plot

You can click a cell to select the observations contained in that cell. Clicking a cell also shows you the
number of observations in that cell. You can click while holding down the CTRL key to select observations
in multiple cells. You can draw a selection rectangle to select observations in contiguous cells.

You can create mosaic plots of any nominal variables, numeric or character. However, the variables should
have a small to moderate number of levels.

The cells in this mosaic plot represent the count (number of observations) of businesses in each nation and
industry. However, you might be more interested in comparing the revenue generated by these businesses.
You can make this comparison by re-creating the mosaic plot and addingsales as a frequency variable.

6 SelectGraph I Mosaic Plot from the main menu.

The Mosaic Plot dialog box appears.

7 Select thenation variable, and clickSet Y.

8 Select theindustry variable, and clickAdd X.

9 Select thesales variable, and clickSet Freq.

10 Click OK.

A mosaic plot appears (Figure 6.4), which shows the relative proportions of sales for each nation and
industry. The mosaic plot shows that the U.S. oil companies generate the most revenue, followed by the
U.S. and Japanese automobile companies. Companies from the U.S. and Japan account for over two thirds
of the sales.
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Figure 6.4 A Mosaic Plot with a Frequency Variable

Similarly, if you were interested in comparing the number of employees in these businesses, you could use
employees as a frequency variable. However, note that you could not compare pro�ts in this way, because
some pro�ts are negative and the mosaic plot ignores any observation whose frequency is negative. You
should also make sure that the frequency variable contains integers; noninteger values are truncated.

Mosaic Plot Properties

This section describes theMosaic tab that is associated with a mosaic plot. To access the mosaic plot
properties, right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

TheMosaic tab controls attributes of the mosaic plot. TheMosaic tab is shown in Figure 6.5.

TheMosaic tab contains the following UI controls:

“Other” threshold (%)
sets a cutoff value for determining which observations are placed into an “Others” category.

Layout
sets the method by which cells are formed from the X and Y variables.

2 way In this layout scheme, the X variables determine groups, and the mosaic plot displays a stacked
bar chart of the Y variable for each group.

N way This layout scheme is available only if there are exactly two X variables. In this layout scheme,
the plot subdivides in the horizontal direction by the �rst X variable, then subdivides in the
vertical direction by the Y variable, and �nally subdivides in the horizontal direction by the
second X variable.
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Show labels for all tiles
speci�es whether each cell is labeled with the proportion it represents.

Show labels as
speci�es whether a cell represents frequency or percentage.

Figure 6.5 Plot Area Properties for a Mosaic Plot

For a discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”

Mosaic Plots of Selected Variables

If one or more nominal variables are selected in a data table when you selectGraph I Mosaic Plot, then
the Mosaic Plot dialog box does not appear. Instead mosaic plots are created for each pair of the selected
nominal variables.

If you create a matrix of plots from selected variables, you can close the matrix by pressing the F11 key while
any plot is active and selecting from the pop-up menu. Alternatively, you can use the Workspace Explorer to
quickly close plots. (See the section “Workspace Explorer” on page 190.)

If a variable in the data table has a Frequency role, it is automatically used as the frequency variable for the
plots; the frequency variable should not be one of the selected variables.

Variables with a Weight role are ignored when you are creating mosaic plots.
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Scatter Plots

This section describes how to use a scatter plot to visualize the relationship between two variables. Usually
each variable is continuous (interval), but that is not a requirement.

Example: Create a Scatter Plot

In this section you create a scatter plot of thewind_kts andmin_pressure variables of theHurricanes data set.
Thewind_kts variable is the wind speed in knots; themin_pressure variable is the minimum central pressure
for each observation.

Themin_pressure variable has a few missing values; those observations are not included in the scatter plot.

To create a scatter plot:

1 Open theHurricanes data set.

2 SelectGraph I Scatter Plot from the main menu, as shown in Figure 6.6.

Figure 6.6 Selecting a Scatter Plot

The Scatter Plot dialog box appears. (See Figure 6.7.)

3 Select the variablewind_kts, and clickSet Y.

4 Select the variablemin_pressure, and clickSet X.

5 Click OK.
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Figure 6.7 The Scatter Plot Dialog Box

A scatter plot appears (Figure 6.8) that shows the bivariate data. The plot shows a strong negative
correlation (� D � 0:93) between wind speed and pressure. The plot also shows that most, although not all,
wind speeds are rounded to the nearest 5 knots.

Figure 6.8 A Scatter Plot



Scatter Plot Properties F 85

You can click any observation marker to select the observation. You can click while holding down the CTRL
key to select multiple observations. You can draw a selection rectangle to select a group of observations.

Scatter Plot Properties

This section describes theObservationstab that is associated with a scatter plot. To access the scatter plot
properties, right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

TheObservationstab controls attributes of the scatter plot. TheObservationstab is shown in Figure 6.9.

TheObservationstab contains the following UI controls:

Marker Attributes: Shape
sets the shape of the marker for each observation.

Marker Attributes: Outline
speci�es the color of the marker boundary. If theBlend list is set toNone, theOutline list enables you
to specify the outline color of observation markers. If theBlend list is not set toNone, theOutline list
enables you to specify the color blend to be used to color the outlines of observation markers.

Marker Attributes: Blend (Outline)
sets the variable whose values should be used to perform color blending for the outline colors of
observation markers. If this value is set toNone, color blending is not performed.

Marker Attributes: Fill
speci�es the color of the marker interior. If theBlend list is set toNone, theFill list enables you to
specify the �ll color of observation markers. If theBlend list is not set toNone, theFill list enables
you to specify the color blend to be used to color the interiors of observation markers.

Marker Attributes: Blend (Fill)
sets the variable whose values should be used to perform color blending for the �ll colors of observation
markers. If this value is set toNone, color blending is not performed.

Marker Attributes: Apply to
speci�es whether marker shape and color changes are applied to all observations, or just to the ones
currently selected.

Marker Attributes: Size
speci�es the size of observation markers. All observation markers in a plot are drawn at the same size.
SelectingAuto causes the size of markers to change according to the size of the plot.

Show only selected observations
speci�es whether observation markers are shown only for selected observations.

Label all observations
speci�es whether labels are displayed next to each observation marker.

Label observations by
speci�es the variable to use to label observations.
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Figure 6.9 Plot Area Properties for a Scatter Plot

For a discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”

Scatter Plots of Selected Variables

If one or more variables are selected in a data table when you selectGraph I Scatter Plot, then the Scatter
Plot dialog box does not appear. Instead, a scatter plot matrix is created that shows each pair of the selected
variables. (See Figure 6.10.)

If you create a matrix of plots from selected variables, you can close the matrix by pressing the F11 key while
any plot is active and selecting from the pop-up menu. Alternatively, you can use the Workspace Explorer to
quickly close plots. (See the section “Workspace Explorer” on page 190.)

Variables with a Frequency or Weight role are ignored when you are creating scatter plots.
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Figure 6.10 A Matrix of Scatter Plots

Line Plots

This section describes how to use a line plot to observe the behavior of one or more variables over time. You
can also use line plots to visualize a response variable (and, optionally, �tted curves and con�dence bands)
versus values of an explanatory variable.

You can create line plots when your data are in one of two con�gurations. The �rst con�guration (Table 6.1)
is when you have an X variable and one or more Y variables. Each Y variable has the same number of
observations as the X variable. (Some of the Y values might be missing.) In this con�guration there are as
many lines in the plot as there are Y variables.
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Table 6.1 A Data Con�guration for a Line Plot

X Y1 Y2

1 1 4
2 3 3
3 2 3
4 4 2
5 5 1

In the second con�guration (Table 6.2), there is a single X and a single Y variable, but there are one or more
groupvariables that specify which line each observation belongs to. In this con�guration there are as many
lines in the plot as there are unique values of the group variables.

Table 6.2 An Alternative Data Con�guration for a Line Plot

X Y Group

1 1 A
1 4 B
2 3 A
2 3 B
3 2 A
3 3 B
4 4 A
4 2 B
5 5 A
5 1 B

The X variable does not need to be sorted in either con�guration. Any data arranged in the �rst con�guration
can be rewritten in the second. For example, Table 6.2 represents the same data as Table 6.1. The second
con�guration is more useful if you have different values of the X variable for each group.

Example: Create a Line Plot from Multiple Y Variables

In this section you create a line plot of theco andwind variables versus thedatetime variable of theAir data
set. Theco variable is a measurement of carbon monoxide. Thewind variable is a measurement of wind
speed. Thedatetime variable is the hour and date of each measurement.

To create a line plot:

1 Open theAir data set.

2 SelectGraph I Line Plot from the main menu, as shown in Figure 6.11.
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Figure 6.11 Selecting a Line Plot

The Line Plot dialog box appears. (See Figure 6.12.)

3 Select theco variable. Hold down the CTRL key and select thewind variable. ClickAdd Y.

4 Select the variabledatetime, and clickSet X.

5 Click OK.

Figure 6.12 The Line Plot Dialog Box
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A line plot appears (Figure 6.13), which shows the carbon monoxide and wind measurements for each
hour of a seven-day period. By default, the two lines are displayed in different colors. You can change the
color and line style of the lines, as shown in the remainder of this example.

Figure 6.13 A Line Plot

6 Right-click near the center of the plot, and selectPlot Area Properties from the pop-up menu.

The Plot Area Properties dialog box appears. (See Figure 6.14.)
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Figure 6.14 Plot Area Properties for a Line Plot

7 Selectwind in theLines list.

8 Change the line style to dashed and the color to blue.

9 Click the large left arrow in the center of the dialog box to apply the changes to thewind line.

10 Click OK.
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Figure 6.15 A Line Plot with Line Colors and Styles

The line plot now looks like the plot in Figure 6.15. The carbon monoxide line shows periodic behavior
for the �rst half of the week, followed by extremely low values for the second half of the week. The wind
values are low for the �rst half of the week, but much stronger for the second half. These data might
indicate that suf�ciently strong winds can blow away carbon monoxide.

You can click any observation marker to select the observation. You can click while holding down the CTRL
key to select multiple observations. You can draw a selection rectangle to select a group of observations. You
can also select the lines themselves by clicking a line segment that is away from any observation. If you open
the dialog box shown in Figure 6.14, selected lines in the line plot are also selected in theLines list in the
dialog box.

NOTE : If you plot multiple Y variables, then an observation in the data table is represented by multiple
markers in the line plot. Clicking any marker in the plot selects the entire corresponding observation.

Example: Create a Line Plot from a Group Variable

The following steps use the same data set as the previous example, but this time plot theco variable over a
24-hour period for each day of the week.
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1 In the data table, right-click theday variable, and selectNominal from the pop-up menu, as shown in
Figure 6.16.

Figure 6.16 Changing the Role of a Variable

Nominal variables can be used asgroupvariables in the construction of a line plot.

2 Press the ESC key to deselect theday variable.

3 SelectGraph I Line Plot from the main menu.

The Line Plot dialog box appears. (See Figure 6.17.)

4 Select the variableco, and clickAdd Y.

5 Select the variablehour, and clickSet X.

6 Select the variableday, and clickAdd Group.

7 Click OK.
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Figure 6.17 Specifying a Group Variable

The line plot that appears (Figure 6.18) has seven lines, one for each day of the week. For several days
early in the week, the daily carbon monoxide peaked during the commuting times in the morning and
evening: roughly 8 a.m. and 6–7 p.m.
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Figure 6.18 A Line Plot with a Group Variable

To better visualize each day's carbon dioxide, you can use a bar chart to select each day individually.

8 SelectGraph I Bar Chart from the main menu.

The Bar Chart dialog box appears.

9 Select theday variable, and clickSet X.

10 Click OK.

The resulting plots are shown in Figure 6.19.

You can now select each day of the week and examine the observations for that day.
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Figure 6.19 Exploring Data for Each Day

Line Plot Properties

This section describes theLine Stylestab that is associated with a line plot. To access the line plot properties,
right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

TheLine Stylestab controls attributes of the lines displayed on a line plot. TheLine Stylestab is shown in
Figure 6.14.

TheLine Stylestab contains the following UI controls:

Lines
displays each line in the plot. You can select one or more items in the list to change their properties.

(H (large left arrow)
applies the current set of properties to the lines selected in theLines list. You must click the large left
arrow to transfer the line attributes to the selected items in theLines list.

Attributes: Style
sets the line style.
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Attributes: Width
sets the line width.

Attributes: Color
sets the line color.

Attributes: Marker
sets the markers for the line. The default marker is the marker shown in the data table for each
observation. Line markers are independent from observation markers.

Attributes: Connect observations
speci�es whether the line connects adjacent observations with a line segment.

Attributes: Show observations
speci�es whether observations are shown along the line.

Attributes: Sort observations
speci�es whether observations along the line are sorted according to the value of the X variable.

For a discussion of theObservations tab, see the section “Scatter Plot Properties” on page 85. For a
discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”

Line Plots of Selected Variables

If one or more variables are selected in a data table when you selectGraph I Line Plot, then the Line Plot
dialog box does not appear. Instead, a line plot is created. The rules for constructing the line plot are as
follows:

1. If one variable is selected, create a line plot ofY versusY.

2. If exactly two variables are selected, the �rst is used as the Y variable and the second as the X variable.

3. If k > 2 variables are selected, then count the number of selected nominal variables.

a) If no nominal variables are selected, create a line plot of.Y1; Y2; : : : ; Yk � 1/ versusYk .

b) If there are nominal variables selected, then count the number of selected interval variables.

i. If no interval variables are selected, then plot the �rst selected variable as Y, plot the second
selected variable as X, and use the remaining selected variables as group variables.

ii. If there is exactly one interval variable, then plot it as Y if it was chosen �rst, and otherwise
plot it as X. The �rst nominal variable is assigned to the X or Y role, and the remaining
selected variables are used as group variables.

iii. If there are exactly two interval variables, then plot the �rst selected interval variable as Y,
plot the second as X, and use the remaining selected variables as group variables.

iv. If there are more than two interval variables, then ignore the nominal variables and plot the
interval variables as in rule 1.

Variables with a Frequency or Weight role are ignored when you are creating line plots.
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Polygon Plots

This section describes how to use a polygon plot to visualize map data. A polygon plot displays polygons
that are linked to levels of one or more categorical variables.

The polygon plot can display arbitrary polylines and polygons. To create a polygon plot, you need to specify
at least three variables. The coordinates of vertices of each polygon (or vertices of a piecewise-linear polyline)
are speci�ed with X and Y variables. The polygon is drawn in the order in which the coordinates are speci�ed.
A third nominal variable speci�es an identi�er to which each coordinate belongs.

In some instances, a polygon is composed of subpolygons. For example, a continent is composed of
countries, a country is composed of individual provinces or states, and some of those states are composed of
disconnected landmasses (such as islands). The polygon plot supports this hierarchical structure by allowing
multiple nominal variables that identify the continent, state, and island to which each coordinate pair belongs.

Example: Create a Polygon Plot

In this section you create a polygon plot of thelat andlon variables of theStates48 data set. Thelat variable
gives the latitude of state boundaries for the lower 48 contiguous United States. Thelon variable gives the
corresponding longitude.

To create a polygon plot:

1 Open theStates48 data set.

2 SelectGraph I Polygon Plotfrom the main menu, as shown in Figure 6.20.

Figure 6.20 Selecting a Polygon Plot

The Polygon Plot dialog box appears. (See Figure 6.21.)

3 Select thelon variable, and clickSet X.
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4 Select thelat variable, and clickSet Y.

5 Select thestate variable. Hold down the CTRL key and select thesegment variable. ClickAdd ID .

6 Click OK.

NOTE : The order of the ID variables is important. The second variable should be nested in the �rst
variable.

Figure 6.21 The Polygon Plot Dialog Box

A polygon plot appears (similar to Figure 6.24) that shows the contiguous 48 United States. The color of a
region (in this example, a state) is determined by the �rst observation encountered for that region. The
observation's �ll color determines the color of the interior of the polygon; the outline color determines the
color of the region's outline.

For these data, the observations are all black. To make the polygon plot look more like a map, you can
color observations by the value of thestate variable.

7 Right-click near the center of the plot, and selectPlot Area Properties from the pop-up menu.

The Plot Area Properties dialog box appears. (See Figure 6.22.)
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Figure 6.22 Plot Area Properties for a Polygon Plot

8 Click theObservationstab, as shown in Figure 6.23.

Figure 6.23 The Observations Tab
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9 Selectstate from theFill: Blend menu.

10 Select a gradient color map from theFill menu.

11 Click OK.

The polygon plot is now colored according to your choice of color map. (See Figure 6.24.)

Figure 6.24 A Polygon Plot

The polygon plot supports the selection of polygonal regions. For example, you can click a state to select the
observations that de�ne the boundary of that state. You can click while holding down the CTRL key to select
observations that de�ne multiple states. You can also draw a selection rectangle to select observations that
de�ne contiguous states.

If a state is composed of two or more components, you can click each component independently. For example,
you can select just the upper peninsula of Michigan, or select only Long Island, New York. You can also
color each region independently.

Polygon Plot Properties

This section describes thePolygonstab associated with a polygon plot. To access the polygon plot properties,
right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

ThePolygonstab controls attributes of the polygon plot. ThePolygonstab is shown in Figure 6.22.
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ThePolygonstab contains the following UI controls:

Close polygons
speci�es whether a line segment is drawn from the last observation in each region to the �rst observation
in that region.

Show outline
speci�es whether the outline of a region is displayed.

Show �ll
speci�es whether the interior of a region is displayed.

For a discussion of theObservations tab, see the section “Scatter Plot Properties” on page 85. For a
discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”

Polygon Plots of Selected Variables

If variables are selected in a data table when you selectGraph I Polygon Plot, then the polygon plot dialog
box does not appear. The �rst selected interval variable is used for the X variable; the second is used for the
Y variable. Any interval variables after the second variable are ignored. Any nominal variables are assigned
the ID role in the order in which they were selected.

Variables with a Frequency or Weight role are ignored when you are creating polygon plots.



Chapter 7

Exploring Data in Three Dimensions

Contents
Overview of Exploring Data in Three Dimensions . . . . . . . . . . . . . . . . . . . . . . .103

Rotating Plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Example: Create a Rotating Scatter Plot . . . . . . . . . . . . . . . . . . . . . . . . . 103

Example: Create a Rotating Surface Plot . . . . . . . . . . . . . . . . . . . . . . . . 110

Rotating Plot Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Rotating Plots of Selected Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

Contour Plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

Example: Create a Contour Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

Contour Plot Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

Contour Plots of Selected Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

Overview of Exploring Data in Three Dimensions

This chapter describes how to use SAS/IML Studio to examine relationships among three variables.

You can explore the relationships among three variables by using a rotating scatter plot. Often the three
variables are interval variables.

If one of the variables can be modeled as a function of the other two variables, then you can add a response
surface to the rotating plot. Similarly, you can visualize contours of the response variable by using a contour
plot.

Rotating Plots

This section describes how to use a rotating plot to visualize the relationships among three variables. Often
each variable is continuous (interval), but that is not a requirement.

Example: Create a Rotating Scatter Plot

In this section you create a rotating plot to explore the relationships among thewind_kts, latitude, and
longitude variables of theHurricanes data set. Thewind_kts variable gives the wind speed in knots for each
observation.
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None of the variables in this example have missing values. If an observation has a missing value for any of
the three variables in the rotating plot, that observation is not plotted.

To create a rotating plot:

1 Open theHurricanes data set.

2 SelectGraph I Rotating Plot from the main menu, as shown in Figure 7.1.

Figure 7.1 Selecting a Rotating Plot

The Rotating Plot dialog box appears. (See Figure 7.2.)

3 Select thewind_kts variable, and clickSet Z.

4 Select thelatitude variable, and clickSet Y.

5 Select thelongitude variable, and clickSet X.

6 Click OK.



Example: Create a Rotating Scatter Plot F 105

Figure 7.2 The Rotating Plot Dialog Box

A rotating plot appears (Figure 7.3), which shows a cloud of points. You can rotate the plot by clicking
the icons on the left side of the plot. The top two buttons rotate the plot about a horizontal axis. The
next two buttons rotate the plot about a vertical axis. The last two buttons rotate the plot clockwise and
counterclockwise. The slider below the buttons controls the speed of rotation.

Alternatively, you can rotate the plot by moving the mouse pointer into a corner of the plot until the pointer
changes (to	 ). You can interactively rotate the plot by holding down the left mouse button while you
move the mouse.
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Figure 7.3 A Rotating Plot

You can click an observation in a rotating plot to select the observation. You can click while holding down
the CTRL key to select multiple observations. You can also draw a selection rectangle to select multiple
observations.

You can create rotating plots of any variables, numeric or character.

Because there are so many observations in the rotating plot, some observations obscure others—a phe-
nomenon known asoverplotting. It also can be dif�cult to discern the coordinates of observations as they
are positioned in three-dimensional space. That is, which observations are “closer” to the viewer?

A visualization technique that sometimes helps distinguish observations with similar projected coordinates
is to color the observations. For these data, you can color the observations according to thewind_kts
variable.

7 Right-click near the center of the plot, and selectPlot Area Properties from the pop-up menu.

The dialog box shown in Figure 7.4 appears.
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Figure 7.4 Plot Area Properties for a Rotating Plot

8 Click theObservationstab, as shown in Figure 7.5.

Figure 7.5 Observations Tab for a Rotating Plot
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9 Selectwind_kts from theOutline: Blend list.

10 Select a gradient color map from theOutline list.

11 Select the same options for theFill: Blend andFill lists.

12 Selectname from theLabel observations bylist.

This step speci�es that the name of the cyclone should appear when you click an observation. By default
the observation number is used as a label.

13 Click Apply to update the plot with the options you have selected so far.

You can optionally use two additional features to aid in visualizing these data.

14 Click theReference Linestab, shown in Figure 7.6.

15 SelectShow Z reference lines.

16 Click Apply .

When you clickApply , the plot updates to show reference lines at each tick on the axis for the Z variable
(in this case,wind_kts). The reference lines are displayed in Figure 7.8.

Figure 7.6 Reference Lines Tab for a Rotating Plot
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17 Click thePlot Area tab, shown in Figure 7.7.

18 SelectShow plot frame box.

19 Click OK.

The rotating plot updates to re�ect the options you selected. (See Figure 7.8.) You can rotate the plot to
observe how wind speeds in these tropical cyclones vary according to latitude and longitude. You can click
interesting observations and see the name of the storms they represent.

Figure 7.7 Plot Area Tab for a Rotating Plot

You can see that the storms with the strongest winds tend to occur west of 45 degrees west latitude, and
roughly between 12 and 32 degrees north latitude. You can also see that many cyclones begin in southern
latitudes where they move west or northwest, then later they turn north and northeast as they approach
higher latitudes. The wind speed along a track tends to increase over warm water and decrease over land
or cooler water.
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Figure 7.8 A Rotating Plot with Selected Observations

Example: Create a Rotating Surface Plot

In the previous example you created a rotating scatter plot. A rotating scatter plot does not presume any
relationship between the Z variable and the X and Y variables.

In this section you create a rotating plot in which you assume that the Z variable is functionally related to the
X and Y variables. That is, the Z variable can be modeled as a response variable of X and Y.

A typical use of the rotating surface plot is to visualize the response surface for a regression model of two
continuous variables. If you model a response variable by using an analysis chosen from theAnalysis
I Model Fitting menu, you can add the predicted values of the model to the data table. Then you can plot
the predicted values as a function of the two regressor variables.

In this example you examine three variables in theClimate data set. You explore the functional relationship
between theelevationFeet variable and thelatitude andlongitude variables. TheelevationFeet variable gives
the elevation in feet above mean sea level for each of 40 cities in the continental United States.

To create a rotating plot and add a surface:
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1 Open theClimate data set.

2 SelectGraph I Rotating Plot from the main menu.

The Rotating Plot dialog box appears. (See Figure 7.9.)

3 Select theelevationFeet variable, and clickSet Z.

4 Select thelatitude variable, and clickSet Y.

5 Select thelongitude variable, and clickSet X.

6 Click OK.

Figure 7.9 The Rotating Plot Dialog Box

A rotating plot appears (Figure 7.10), which shows a cloud of points. You can rotate the plot as explained
in the previous example.
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Figure 7.10 A Rotating Plot

You can visualize elevation as a function over longitude and latitude by adding a surface to these data.

7 Right-click near the center of the plot, and selectPlot Area Properties from the pop-up menu.

8 SelectSmooth color meshfrom the group of radio buttons labeledSurface drawing modes.

9 Click OK.

The rotating plot updates to show a rough approximation to an elevation map of the continental United
States. (See Figure 7.11.) There are only 40 data points in the plot, so the surface map is understandably
coarse. Having more data points distributed uniformly across the country would result in a surface that is a
better approximation of actual elevations.

Nevertheless, the surface helps you to identify cities near the Rocky Mountains with high elevations
(Cheyenne, WY, and Albuquerque, NM), one city in the Appalachian Mountains (Asheville, NC), and the
coastal cities.
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Figure 7.11 A Rotating Plot

NOTE : You can add a surface to any rotating scatter plot, but you should �rst determine whether it is
appropriate to do so. Surface plots might not be appropriate for data with replicated measurements. Surface
plots of highly correlated data can be degenerate.

Rotating Plot Properties

This section describes the property tabs that are associated with a rotating plot. To access the rotating plot
properties, right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

Tabs not discussed in this chapter are discussed in Chapter 9, “General Plot Properties.”
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Surface Tab

TheSurfacetab controls attributes of the rotating plot. (See Figure 7.4.) You can use theSurfacetab to
control the placement of axes, the type of surface that is drawn, and whether contours of the data are shown
in the (X,Y) plane. TheSurfacetab contains the following UI controls:

Axis Locations
speci�es the location of axes.

At midpoint speci�es that the origin of each axis is placed at the midpoint of the range of the variable
for that axis.

At minima speci�es that the origin of each axis is placed at the minimum value of the variable for
that axis.

3 sectionsspeci�es that each axis is placed on an edge of the bounding cube that surrounds the data
so that the axis interferes as little as possible with viewing the data.

Off speci�es that no axes are displayed.

Surface Drawing Modes
speci�es the attributes of the surface that is added to the rotating plot.

Transparent mesh speci�es that the surface is drawn as a wire mesh without removing hidden lines.

Opaque meshspeci�es that the surface is drawn as a wire mesh and hidden lines are removed.

Block color mesh speci�es that the surface is drawn as a patch of rectangles in which each rectangle
is a single color.

Smooth color meshspeci�es that the surface is drawn as a patch of triangles in which each triangle
is a single color.

Stacked contours speci�es that the surface is not drawn, but that contour levels are drawn.

Stacked contours meshspeci�es that the surface is drawn as for theOpaque meshoption and also
that contour levels are added as for theStacked contoursoption.

Off speci�es that no surface is displayed.

Contour Projections
speci�es whether contours of the data are shown in the (X,Y) plane.

Show contour lines speci�es that contours for the surface are shown projected onto the (X,Y) plane.

Show contour areasspeci�es that region between projected contours are �lled with color.

Show contour valuesspeci�es whether projected contour lines are labeled by the value of the Z axis
variable.

Contours Tab

TheContours tab controls attributes of the projected contours for the surface. TheContours tab is described
in the section “Contour Plot Properties” on page 126.
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Grid Tab

TheGrid tab controls the size and color of the grid used to construct a surface and to compute contours for
the surface. (See Figure 7.12.) TheGrid tab contains the following UI controls:

Show grid
speci�es whether to display a grid on the displayed surface.

Colors
speci�es the color of the grid when seen from the front (positive Z direction) or back (negative Z
direction).

Resolution
speci�es the resolution of the computational grid used to �t a surface to the data. The algorithm
that computes the surface uses a grid superimposed on the (X,Y) plane. This grid consists of evenly
spaced subdivisions along the X and Y axes. Generally, having more subdivisions results in a smoother
surface, whereas having fewer subdivisions results in a rougher surface.

Figure 7.12 The Grid Tab
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Observations Tab

TheObservationstab controls the attributes of markers in the rotating plot. (See Figure 7.5.)

TheObservationstab for the rotating plot contains all the controls documented in the section “Scatter Plot
Properties” on page 85. In addition, theObservationstab for the rotating plot includes the following check
boxes:

Show rays
speci�es whether lines are drawn from the center of the bounding cube to each observation marker.

Show depth perception
speci�es whether observation markers are drawn in varying sizes to indicate their distance from the
viewer.

Reference Lines Tab

TheReference Linestab controls the attributes of reference lines in the rotating plot. (See Figure 7.6.)

TheReference Linestab for the rotating plot contains all the controls documented in the section “Reference
Lines Tab” on page 158. In addition, theReference Linestab for the rotating plot includes the following
check box:

Show Z reference lines
speci�es whether to show reference lines for the Z axis.

Plot Area Tab

ThePlot Area tab controls the attributes of plot area in the rotating plot. (See Figure 7.7.) ThePlot Area tab
contains the following UI controls:

Background
speci�es the color of the background of the plot area.

Show plot frame box
speci�es whether to display a framing box surrounding the plot area.

Rotating Plots of Selected Variables

If one or more variables are selected in a data table when you selectGraph I Rotating Plot, then the
Rotating Plot dialog box does not appear. Instead rotating plots are created of the selected variables.

All threefold combinations of the selected variables are plotted. That is, if you selectn � 3 variables, then
you see a matrix of

� n
3

�
rotating plots.

If you create a matrix of plots from selected variables, you can close the matrix by pressing the F11 key while
any plot is active and selecting from the pop-up menu. Alternatively, you can use the Workspace Explorer to
quickly close plots. (See the section “Workspace Explorer” on page 190.)
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Variables with a Frequency or Weight role are ignored when you are creating rotating plots.

Figure 7.13 shows a matrix of rotating plots for four selected variables:wind_kts, min_pressure, radius_eye,
andlatitude.

Figure 7.13 A Matrix of Rotating Plots

Contour Plots

In this section you create a contour plot. A contour plot assumes that the Z variable is functionally related to
the X and Y variables. That is, the Z variable can be modeled as a response variable of X and Y.

A typical use of a contour plot is to visualize the response for a regression model of two continuous variables.
If you model a response variable by using an analysis chosen from theAnalysis I Model Fitting menu,
you can add the predicted values of the model to the data table. Then you can create a contour plot of the
predicted values as a function of the two regressor variables.

Contour plots are most useful when the X and Y variables are nearly uncorrelated. The contour plot �ts a
piecewise-linear surface to the data, which models Z as a response function of X and Y. The contours are
level curves of the response function. By default, the minimum and maximum values of the Z variable are
used to compute the contour levels.

The three variables in a contour plot must be interval variables.
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Example: Create a Contour Plot

In this example you examine three variables in theClimate data set. You explore the functional relationship
between theelevationFeet variable and thelatitude andlongitude variables. TheelevationFeet variable gives
the elevation in feet above mean sea level for each of 40 cities in the continental United States.

None of the variables in this example have missing values. If an observation has a missing value for any of
the three variables in the contour plot, that observation is not plotted.

To create a contour plot:

1 Open theClimate data set.

2 SelectGraph I Contour Plot from the main menu, as shown in Figure 7.14.

Figure 7.14 Selecting a Contour Plot

The Contour Plot dialog box appears. (See Figure 7.15.)

3 Select theelevationFeet variable, and clickSet Z.

4 Select thelatitude variable, and clickSet Y.

5 Select thelongitude variable, and clickSet X.

6 Click OK.
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Figure 7.15 A Contour Plot Dialog Box

A contour plot appears (Figure 7.16), which shows a scatter plot of thelongitude andlatitude variables.
Contours of theelevationFeet variable are shown overlaid on the scatter plot.

Figure 7.16 A Contour Plot
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You can double-click an observation to display the variable values that are associated with that observation.
(See the section “Observation Inspector” on page 139 for further details.) In this way, you can identify cities
and �nd out their exact elevations.

It is somewhat dif�cult to guess where the state boundaries are in Figure 7.16, so Figure 7.17 overlays
the outline of the continental United States onto the contour plot. The �gure was created by using the
DrawPolygonsByGroups module, which is documented in the SAS/IML Studio online Help chapter titled
“IMLPlus Module Reference.”

Figure 7.17 A Contour Plot

NOTE : You can create a contour plot of any three continuous variables, but you should �rst determine whether
it is appropriate to do so. Contour plots might not be appropriate for data with replicated measurements or
for data with highly correlated X and Y variables.

If you display the contour plot property dialog box, you can examine the values that are associated with each
contour. (To display plot properties, right-click near the center of a plot, and selectPlot Area Properties
from the pop-up menu.) Figure 7.18 shows that there are 10 evenly spaced contours in the range of the
elevationFeet variable. The minimum and maximum values ofelevationFeet are 3 and 6126.
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Figure 7.18 Default Contours

Example: Change Contour Values and Appearance

The default contours are usually adequate for obtaining a qualitative feel for the response surface. However,
sometimes you might want to manually specify the levels of the contours. You might need to conform to
some standard (for example, 50-meter contour intervals) or include a critical level (for example, a control
limit).

Suppose you decide that you want the contour levels ofelevationFeet to be “round numbers,” such as
multiples of 100. You can change the set of contours by removing the old contours, adding new contours,
and coloring the new contours.

To remove the old contours:

1 Select the �rst contour (labeled “3”). Scroll theContour Levels list to the last contour. Hold down the
SHIFT key while clicking the last contour (labeled “5819.85”) to select all contours in the list.

2 Click Remove selected levels, as shown in Figure 7.19.
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Figure 7.19 Removing Contours

To add a new set of uniformly spaced contours, do the following:

3 Click theLevelssubtab. (See Figure 7.20.)

4 Type10 in theNumber �eld.

5 Type0 in theMinimum �eld.

The value for this �eld is typically a “round number” near the minimum value of the Z variable.

6 Type6000 in theMaximum �eld.

The value for this �eld is typically a “round number” near the maximum value of the Z variable.
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7 Click the large left arrow ((H ) to create the contours, as shown in Figure 7.20.

Figure 7.20 Adding Evenly Spaced Contours

TheContour Levels list is �lled with the values300; 900; : : : ; 5700. These values do not include the
minimum and maximum speci�ed values (0 and 6000), because contours at the extreme values are often
degenerate.

By default, the region between the new contours is gray. You can change the colors of contours by doing
the following:

8 Click theContour Stylessubtab. (See Figure 7.21.)

9 Select a gradient color map from theBlend list.

10 Click the large left arrow ((H ) to color the selected contours according to the gradient color map, as
shown in Figure 7.21.
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Figure 7.21 Coloring Contours

11 Click Apply to update the contour plot.

You can also add individual contours for speci�c levels. For example, some investigators might want to
see the “sea level” contour, ZD 0. Adding an individual contour is similar to adding a set of contours:

12 Click theLevelssubtab.

13 Type1 in theNumber �eld.

14 Type0 in theMinimum �eld.

15 Type0 in theMaximum �eld.

If the minimum and maximum values are the same, then a single contour is created at the common value.
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16 Click the large left arrow ((H ) to create the contour, as shown in Figure 7.22.

Figure 7.22 Adding a Single Contour

17 Click OK to apply the changes.

The contour plot looks like the plot in Figure 7.23. Note that the contour plot has not qualitatively changed
from Figure 7.16. The new contour values are within a few hundred feet of their previous values, so
the new contour curves are close to the previous contours. The primary change is that the new contours
correspond to “round numbers” ofelevationFeet. The colors are also slightly different.
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Figure 7.23 A Plot with Custom Contours

NOTE : In this example you added a single contour atZ D 0. While SAS/IML Studio permits you to add
contours at any level of the Z variable, you should usually choose evenly spaced levels. A standard usage of
contour maps is to locate regions in which the contours are densely packed. These regions correspond to
places where the gradient of Z is large; that is, the function is changing rapidly in these regions. If you add
contours that are not evenly spaced in the range of Z, then you risk creating contours that are close together
even though the gradient of Z is not large.

Contour Plot Properties

This section describes the property tabs that are associated with a contour plot. To access the rotating plot
properties, right-click near the center of a plot, and selectPlot Area Properties from the pop-up menu.

For a discussion of theObservations tab, see Chapter 6, “Exploring Data in Two Dimensions.” For a
discussion of the remaining tabs, see Chapter 9, “General Plot Properties.”

Contours Tab

TheContours tab controls attributes of the contours. You can use this tab to remove contours, create contours,
and change the color or line styles of contours. TheContours tab is shown in Figure 7.18.

TheContours tab has two subtabs: theContour Stylessubtab and theLevelssubtab. TheContours tab
contains the following UI controls:

Contour Levels
displays each contour in the plot. The contours are labeled by values of the Z variable. You can select
one or more items in the list to change their properties or to remove them from the list.
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Remove selected levels
removes contours that are selected in theContour Levels list.

(H (large left arrow)
applies the current set of properties to the contours selected in theContour Levels list. You must click
the large left arrow to transfer the contour attributes to the selected items in theContour Levels list,
or to create new contours.

Contour Styles
speci�es the contour colors and line styles. These attributes are not applied until you click the large
left arrow ((H ). TheContour Stylessubtab contains the following UI controls:

Color speci�es a single color for the selected contour levels.

Blend speci�es a gradient color map for a range of contour levels.

Style speci�es a line style for the selected contours.

Width speci�es a line width for the selected contours.

Levels
speci�es the number and range of contour levels. These contours are created when you click the large
left arrow ((H ). TheLevelssubtab contains the following UI controls:

Number speci�es the number of contours to create.

Minimum speci�es a valuezL used in the creation of new contours.

Maximum speci�es a valuezR used in the creation of new contours.

You can create a set of contours by using theLevelssubtab, as shown in Figure 7.20. Letn be the value in the
Number �eld, and let zL andzR be the values in theMinimum andMaximum �elds. These values specify
that the interval between contours is� D .zR � zL /=n.

When you click the large left arrow ((H ), contours are created for the levelszi D zL C �=2 C �i , for
i D 0; : : : ; .n � 1/. This implies that the �rst level iszL C �=2 and the last level iszR � �=2. No contours
appear for thezL andzR levels because levels for extreme values are often degenerate. (For example, if
z D x2 C y2 on the domainŒ� 1; 1•� Œ� 1; 1•, then the minimum value ofz is 0, and the contour for that level
is a single point.)

If, instead, you know that you want the �rst contour to be at the levelz0 and you want the contour interval
to be� , then it is straightforward to compute values ofn, zL , andzR that satisfy those conditions. You can
choosezL D z0 � �=2 andzR D zL C n� , wheren is an integer.

If you want the contours to encompass all of your data, then you can computen D d.zmax� zL /=� e, where
zmax is the largest data value for the Z variable anddxe is the least integer greater thanx. You should
also choosez0 so thatjz0 � zminj � �=2. For example, if the range of your data isŒ3; 97•, and you want
a contour interval of� D 10 with the �rst contour atz0 D 5, then you can choosezL D 5 � 10=2D 0,
n D d.97 � 0/=10e D 10, andzR D 0 C 10� 10 D 100.

Contour Options Tab

TheContour Options tab controls attributes of the contour plot. You can also use this tab to control the size
of the grid used to construct contours. TheContour Options tab is shown in Figure 7.24. TheContour
Options tab contains the following UI controls:
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Grid Sizes
speci�es the resolution of the computational grid used to construct contours from the data. The
algorithm that computes the surface uses a grid superimposed on the (X,Y) plane. This grid consists of
evenly spaced subdivisions along the X and Y axes. Generally, having more subdivisions results in
smoother contours, whereas having fewer subdivisions results in a rougher contours.

Show contour lines
speci�es whether contours are shown.

Show contour values
speci�es whether contour lines are labeled by the value of the Z axis variable.

Show contour areas
speci�es whether the region between contours is �lled with color.

Figure 7.24 The Contour Options Tab
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Contour Plots of Selected Variables

If one or more interval variables are selected in a data table when you selectGraph I Contour Plot, then
the Contour Plot dialog box does not appear. Instead, the �rst selected variable is used as the Z variable.
Contour plots are created for Z as a function of each pair of remaining interval variables.

If you create a matrix of plots from selected variables, you can close the matrix by pressing the F11 key while
any plot is active and selecting from the pop-up menu. Alternatively, you can use the Workspace Explorer to
quickly close plots. (See the section “Workspace Explorer” on page 190.)

Variables with a Frequency or Weight role are ignored when you are creating contour plots.

Figure 7.25 shows a matrix of contour plots for four selected variables. TheTotalAvePrecipIn variable is
plotted as a function oflongitude, latitude, andelevationFeet.

Figure 7.25 A Matrix of Contour Plots
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Overview of Interacting with Plots

In this chapter you learn how you can interact with plots. These interactions include selecting observations,
panning, and zooming. You learn how to display text on a plot and how to adjust the margins in a plot. You
also learn about theobservation inspector, a window that displays values of all variables for an observation.

Interaction Tools

The simplest way to interact with plots is by using the mouse to click or drag in the plot. Each plot supports
tools that control the way that clicking or dragging affects the plot.

You can see the interaction tools for a plot by right-clicking in a plot. For example, Figure 8.1 shows the
tools available for a histogram. Selecting a tool item from the pop-up menu changes the shape of the mouse
pointer and determines how the plot interprets a mouse click.
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Figure 8.1 Some Available Tools

The default tool for all plots is the select tool. The various tools and their effects on the plots are summarized
in the following sections.

Select Tool

When you choose the select tool, the mouse pointer looks like a diagonally pointing arrow. Clicking a
plot marker selects the corresponding observation. Clicking a bar in a histogram or bar chart selects all
observations that are represented by that bar. Clicking a box plot quartile or whisker selects all observations
in that quartile or whisker. By holding down the SHIFT or CTRL key, you can select multiple graphical
elements.

Dragging a rectangle selects all observations within that rectangle. The rectangle is also known as abrush.
After a brush is created, you can move it by placing the mouse pointer inside the rectangle and dragging it
to a new location. As the brush passes over observations, those observations are automatically selected, as
shown in Figure 8.2. If you hold down the CTRL key while moving the brush, observations outside the brush
are not deselected.



Pan Tool F 133

Figure 8.2 Selecting Observations with a Brush

It is also possible tothrow the brush. Release the mouse button while dragging the brush, and the brush
begins moving freely in the direction in which you last dragged it. The brush bounces off the sides of the
graph area. Throwing the brush can be computationally intensive when you are working with large data sets.

NOTE : If you click an observation, it is labeled in the plot. Details are given in the section “Labeling
Observations” on page 156. Observations that are selected by using a brush are not labeled.

Pan Tool

When you choose the pan tool, the mouse pointer looks like four arrows that meet at right angles. By dragging
the pointer, you can translate the contents of the plot. The rotating plot does not support the pan tool.
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Zoom Tool

When you choose the zoom tool, the mouse pointer looks like a magnifying glass. Clicking in a plot �xes the
relative position of the pointer and expands the scale of the plot by a factor of 1.5. Clicking while holding
down the SHIFT key shrinks the scale of the plot by a factor of 1.5.

If you draw a rectangle with the zoom tool, the region inside the rectangle expands to �ll the plot area. If you
draw a rectangle with the zoom tool while holding down the SHIFT key, the plot area is shrunk down into the
rectangle.

The rotating plot does not support the zoom tool.

Spin Tool

When you choose the spin tool, the mouse pointer looks like a circular arrow (	 ). Only the rotating plot
supports the spin tool.

Clicking in the plot causes the plot to rotate toward the pointer by an amount that is proportional to the
distance between the pointer and the center of the plot. Dragging the pointer rotates the plot. If you release
the mouse button while the pointer is in motion, the plot rotates freely. Click anywhere in the plot to stop the
rotation.

Bin Tool

When you choose the bin tool, the mouse pointer looks like a double-headed arrow between a pair of lines.
Only the histogram supports the bin tool.

Clicking or dragging the bin tool shifts the location of the histogram bins. Clicking near the horizontal axis
reduces the number of bins and makes the bars wider. Clicking near the top of the plot increases the number
of bins and makes the bars narrower. Dragging the mouse pointer horizontally does not change the number
of bins but changes the position at which the bins start.

When the pointer is at the left edge of the histogram, the bins start at an integral multiple of the bin width.
When you move the pointer toward the right, the bins are offset by an amount that is proportional to the
distance between the pointer and the left edge of the histogram.

Level Tool

When you choose the level tool, the mouse pointer looks like a pencil. Only the contour plot supports the
level tool.

Clicking and dragging the level tool near a contour changes the value of the Z variable that is associated with
the contour. You can insert a new contour by clicking the level tool away from existing contours.
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Resetting the Plot View

In many cases, you can reset a plot to its original view of the data. Right-click in the plot and selectReset
View from the pop-up menu to reset changes to a plot that were made by the pan tool, zoom tool, or spin tool.
Changes made by the bin tool or level tool are not affected byReset View.

Inserting Annotations

In this section you learn how to display text on a plot. For example, you might want to draw attention to an
outlier or display statistics that are associated with the plot. To add text to a plot, right-click in the plot and
selectInsert Annotation from the pop-up menu, as shown in Figure 8.3.

Example: Insert an Annotation

The following steps insert text that displays certain statistics that are related to a scatter plot of two variables:

1 Open theHurricanes data set, and create a scatter plot ofwind_kts versusmin_pressure.

The scatter plot shows a strong negative correlation between wind speed and pressure. (See Figure 8.4.) A
correlation analysis reveals the following:

� There are 6,185 observations for which both variables are nonmissing.

� The correlation between these two variables is approximately –0.93.

You can display these statistics on the plot.

2 Right-click in the plot, and selectInsert Annotation from the pop-up menu.

Figure 8.3 Creating an Annotation
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The mouse pointer changes its shape. It looks like a pencil with the letter “A” next to it.

3 Draw a rectangle with the mouse pointer, as shown in Figure 8.4.

Figure 8.4 Inserting an Annotation

4 Type text into the text box, as shown in Figure 8.5. When you are �nished editing the text, click outside
the text box.

You can resize or move the text rectangle after it is created, if necessary. You can also right-click the text
box to change properties of the text or the text box. For example, in Figure 8.5 the text box is displayed
with a border around it. The annotation properties are discussed in the section “Annotation Properties” on
page 138.
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Figure 8.5 An Inset That Contains Statistics

If you decide to delete the annotation, click the text box to select it. Then right-clickoutside the text box,
and selectDelete Annotationfrom the pop-up menu, as shown in Figure 8.6.

NOTE : If you right-click insidethe text box, you get a different menu, as discussed in the following
section.

Figure 8.6 Deleting an Annotation
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Annotation Properties

You can change properties of an annotation. Click the annotation text box to select it. Right-click inside the
text box, and selectProperties from the pop-up menu.

The Text Properties dialog box appears. (See Figure 8.7.) The dialog box has two tabs. You can use theFont
tab to set attributes of the font that is used to display an annotation. TheFont tab is described in “Common
Plot Properties” on page 158.

You can use theText Editor tab to set attributes of the text box. TheText Editor tab has the following UI
controls:

Text Alignment
speci�es the alignment of the text within the text box.

Horizontal
speci�es the horizontal position of the text box within the graph area or plot area.

Vertical
speci�es the vertical position of the text box within the graph area or plot area.

Background
speci�es the color of the text box background.

Show border
speci�es whether to display a border around the text box.

Figure 8.7 Text Editor Tab
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Adjusting Graph Area Margins

You can interactively resize the plot area when the select tool is active. Rest the mouse pointer at the edge
of the plot area until the pointer changes to a double-headed arrow. Then drag the plot area to resize it.
When you resize the plot area, you are actually changing the graph area margins, as described in the section
“Common Graph Area Properties” on page 162.

You cannot adjust the graph area margins if the plot has a �xed aspect ratio.

Observation Inspector

You can interactively query plots to display the values of variables for the observations beneath the mouse
pointer. The discussion in this section applies to plots that show individual markers for each observation.

The observation inspector window displays the values of all the variables for a particular observation. (See
Figure 8.8.) You can display the observation inspector window in one of three ways:

� Hold down the F2 key. The observation inspector window appears for any observations beneath the
mouse pointer.

� Press SHIFT+F2. You are now in observation inspector mode. If you rest the mouse pointer over an
observation, the observation inspector window appears. To exit observation inspector mode, press the
ESC key while the observation inspector is active, or press SHIFT+F2 a second time.

� Double-click an observation.

Figure 8.8 The Observation Inspector Window



140 F Chapter 8: Interacting with Plots

The top portion of the observation inspector window displays the variables that are used by the plot. For
example, the observation inspector window for a scatter plot displays the X- and Y-axis variables �rst. If
observations are labeled by some variable, that label variable also appears. The observation inspector window
next displays a horizontal line, followed by the observation number (in the current sort order), followed by
all variables in the order in which they appear in the data set.

If there are many variables, it is possible that not all of the variables �t into the observation inspector window.
You can scroll the observation inspector window by using the HOME, END, PAGE UP, PAGE DOWN, UP
ARROW, and DOWN ARROW keys.

If there are multiple observation markers near the mouse pointer (as in Figure 8.8), the observation inspector
creates a list of all the nearby observations and displays the text “Value (1 ofN)” in its column heading.
You can display the next observation in the list by pressing the RIGHT ARROW key. You can go back to a
previous observation by pressing the LEFT ARROW key. Pressing RIGHT ARROW or LEFT ARROW while
holding down the SHIFT key causes a jump forward or backward to the observation that is approximately
N/5 entries away in the list.

Copying Plots to the Windows Clipboard

You can copy a plot to the Windows clipboard by selectingEdit I Copy from the main menu when the plot
is active. Alternatively, you can press CTRL+C.

You can paste plots into the SAS/IML Studio output document or into other applications such as Microsoft
Word and PowerPoint.

Keyboard Shortcuts in Plots

All plots support the standard Microsoft Windows control sequences listed in Table 8.1.

Table 8.1 Standard Control Sequences in Plots

Key Action

CTRL+A Selects all observations that are included in the plots.
CTRL+C Copies the plot to Windows clipboard.
CTRL+P Prints the plot.

All plots support the keyboard shortcuts listed in Table 8.2.
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Table 8.2 Keys and Actions in All Plots

Key Action

0, 1–9 Sets the color of selected observations to the color speci�ed in
Table 8.3. If no observations are selected, sets the marker color
of all observations.

A Selects all observations that are included in the plots.
B Applies a color blend according to values of the X variable.

(Plots with multiple X variables ignore this key.) Bar charts and
histograms also color each bin according to the color blend.

C Selects the complement of the selected observations.
E Excludes selected observations from plots and analyses.
G Toggles a reference line grid.
I Includes selected observations in plots and analyses.
L Toggles labels on bars or observations.
X, Y, Z Displays axis property dialog box for the corresponding axis.

Ten prede�ned colors are associated with number keys. Table 8.3 lists the color that is associated with each
digit 0–9.

Table 8.3 Keys and Colors in Plots

Key Color

0 Black
1 Red
2 Green
3 Blue
4 Gold
5 Magenta
6 Olive
7 Steel
8 Brown
9 Violet
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Area plots (histograms, bar charts, and mosaic plots) support the keyboard shortcuts listed in Table 8.4.

Table 8.4 Keys and Actions in Area Plots

Key Action

H Toggles �lling the bars.
P Cycles through displaying frequency, percentages, and (for his-

tograms) density on the Y axis.
CTRL+digit Sets the percentage threshold for the “Others” category. For exam-

ple, CTRL+4 sets the threshold to 4%, whereas CTRL+0 sets the
threshold to 0% and therefore turns off the “Others” category. (The
histogram ignores this key.)

Point plots (any plot that displays individual observations) support the keyboard shortcuts listed in Table 8.5.

Table 8.5 Keys and Actions in Point Plots

Key Action

F2 Displays the observation inspector for any obser-
vations beneath the mouse pointer.

SHIFT+F2 Toggles observation inspector mode, as de-
scribed in the section “Observation Inspector” on
page 139.

H Toggles the “show only selected observations” op-
tion.

[ or ] (square bracket) Toggles �xed aspect ratio. (The box plot ignores
this key.)

CTRL+UP ARROW Increases the size of markers.
CTRL+DOWN ARROW Decreases the size of markers.
ALT+UP ARROW Increases the size difference between selected and

unselected markers.
ALT+DOWN ARROW Decreases the size difference between selected and

unselected markers.

Box plots support the keyboard shortcuts listed in Table 8.6.

Table 8.6 Keys and Actions in Box Plots

Key Action

M Toggles displaying the mean and standard deviation.
N Toggles displaying the notches that measure the signi�cance of

the difference between two medians.
HYPHEN Toggles displaying serifs.
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Line plots support the keyboard shortcuts listed in Table 8.7.

Table 8.7 Keys and Actions in Line Plots

Key Action

0–9 Sets the color of the selected lines. The colors are
listed in Table 8.3.

ESC Deselects all lines.
CTRL+PAGE UP,
CTRL+PAGE DOWN

Selects the previous or next line. (Selects the �rst
line if no line is selected.)

CTRL+UP ARROW Increases the width of selected lines.
CTRL+DOWN ARROW Decreases the width of selected lines.
CTRL+LEFT ARROW,
CTRL+RIGHT ARROW

Cycles through line styles for the selected lines.

Rotating plots support the keyboard shortcuts listed in Table 8.8.

Table 8.8 Keys and Actions in Rotating Plots

Key Action

UP ARROW Rotates up.
DOWN ARROW Rotates down.
LEFT ARROW Rotates left.
RIGHT ARROW Rotates right.
PAGE UP,
PAGE DOWN

Rotates about an axis that is perpendicular to the com-
puter monitor.

CTRL+B Toggles displaying the frame box.
CTRL+D Toggles depth perception.
CTRL+G Toggles displaying the surface graph.
CTRL+R Toggles displaying rays from the origin.

Polygon plots support the keyboard shortcut listed in Table 8.9.

Table 8.9 Keys and Actions in Polygon Plots

Key Action

CTRL+ALT+F Toggles �lling the polygons.
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Overview of Plot Properties

In this chapter you learn about basic properties of plots. Knowing how to change the default plot properties
enables you to better visualize and explore your data.

In this chapter you learn how to do the following:

� display different menus by clicking in different regions of a plot

� change the shape of markers

� change the color of markers

� display only selected observations

� label observations

� change common plot properties such as reference lines, fonts, and plot margins

� change common graph properties such as margins, titles, and footnotes
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Context Areas

Right-clicking inside a plot window pops up acontext menu, whose contents depend on the location of the
mouse pointer when you right-click.

Figure 9.1 shows the six nonoverlapping regions in a two-dimensional plot: the plot area, the graph area, two
axis areas, and two axis label areas. An example of a pop-up context menu is shown in Figure 8.1, which
shows the context menu for the plot area. The context menus for the other areas in Figure 9.1 look similar;
only the �rst menu item differs among the context menus.

Figure 9.1 Context Areas for a Two-Dimensional Plot

If you right-click in the plot area and selectPlot Area Properties, the Plot Area Properties dialog box
appears. The dialog box for the plot area controls the appearance of the plot. The tabs on the dialog box vary
according to the plot type (histogram, scatter plot, box plot, and so on). Properties that are common to all
plots are discussed in this chapter. Plot-speci�c properties are discussed in Chapter 5, “Exploring Data in
One Dimension,” Chapter 6, “Exploring Data in Two Dimensions,” Chapter 7, “Exploring Data in Three
Dimensions,” and Chapter 8, “Interacting with Plots.”

If you right-click in the graph area and selectGraph Area Properties (see Figure 9.2), the Graphs Area
Properties dialog box appears. You can use the dialog box to change general properties that affect the layout
of the plot within the larger graph area. This dialog box is discussed in the section “Common Graph Area
Properties” on page 162.

Figure 9.2 Context Menu for the Graph Area
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If you right-click in the axis area and selectAxis Properties (see Figure 9.3), the Axis Properties dialog
box appears. You can use the dialog box to control the scale, font, and placement of tick marks for that
axis. Similarly, if you right-click in the axis label area and selectAxis Label Properties, the Axis Label
Properties dialog box appears. You can use the dialog box to control the font and text used to label that axis.
These dialog boxes are discussed in Chapter 10, “Axis Properties.”

Figure 9.3 Context Menu for an Axis Area

The context areas for a rotating plot are slightly different than shown in Figure 9.1. A rotating plot lacks the
“axis area” regions. The rotating plot behaves differently because the position of the axes changes as the plot
rotates.

Changing Marker Shapes

Not every plot shows individual observations. Some plots, such as histograms, bar charts, and mosaic plots,
aggregate observations into a group and represent that group with a bar or box. The discussion in this section
applies to plots that show individual markers.

When a graph is printed on a gray-scale printer, it is often easier to discern observations that have different
marker shapes than it is to discern markers that have different colors. Even on a computer screen, marker
shape is sometimes preferred for classifying markers according to a small number of discrete values. For
example, marker shape is an ideal way to encode gender.

You can change the marker shape for all observations, or just for observations that are selected. You can
select observations by using graphical techniques or by using the Find dialog box in a data table, as discussed
in the section “Finding Observations” on page 50.

Example: Change Marker Shapes

In this example, you use a bar chart of a categorical variable to select observations, and you change the
marker shape of the selected observations.

1 Open theGPA data set, and create a scatter plot ofsatm versussatv.

The scatter plot appears. (See Figure 9.4.)
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Figure 9.4 A Scatter Plot

Each observation in this data set represents a student. You can use marker shape to indicate each student's
gender.

2 Create a bar chart of thesex variable.

If necessary, move the bar chart so that it does not overlap the scatter plot.

3 Select all the male students in the bar chart, as shown in Figure 9.5.

Figure 9.5 A Bar Chart with Male Students Selected
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While the bar chart is convenient for selecting all the male students, you need to return to the scatter plot
in order to change the marker shapes of the selected observations.

4 Right-click near the center of the scatter plot, and selectPlot Area Properties from the pop-up menu.

The Plot Area Properties dialog box appears. (See Figure 9.6.) You can use theObservationstab to
change marker shapes, colors, and sizes. The section “Scatter Plot Properties” on page 85 gives a complete
description of the options available on theObservationstab.

Figure 9.6 The Observations Tab

5 Select a triangle (4 ) from theShapelist. When there are selected observations,Apply to defaults
to Selected. This means that theShape, Outline, andFill options are applied only to the selected
observations. (You can, of course, override this default and apply changes to all observations.)

6 Select6 from theSizelist.

Note that theSizelist is not in the same group box asApply to. All markers in a plot have a common
scale; size differences are used to distinguish between selected and unselected observations. When a plot
is active, you can increase the size difference between selected and unselected markers by pressing the UP
ARROW key while holding down the ALT key.

7 Click OK.

The scatter plot updates, as shown in Figure 9.7. The SAT scores of male students are represented by
triangles; SAT scores of female students are represented by squares.
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Figure 9.7 Using Marker Shape to Indicate Gender

Changing Marker Colors

You can use the color of markers to indicate observations of interest (for example, outliers) or to color
observations according to the value of some variable. The discussion in this section applies to plots that show
individual markers.

The simplest use of color is to assign a color to one or more selected observations. For example, you can
repeat the example of the section “Changing Marker Shapes” on page 147, but use color to indicate the male
students.

You can color markers according to values of a nominal or interval variable. In the next example you color
markers according to an interval variable. This technique is sometimes useful for visualizing trivariate data
by using a scatter plot to visualize two variables and using color to visualize the third.

Example: Change Marker Colors

1 Open theGPA data set, and create a scatter plot ofsatm versussatv.

The scatter plot appears. (See Figure 9.4.) You can use color to visualize the grade point average (GPA)
for each student.
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2 Right-click near the center of the plot, and selectPlot Area Properties from the pop-up menu.

The Plot Area Properties dialog box appears. (See Figure 9.8.) You can use theObservationstab to
change marker shapes, colors, and sizes. The section “Scatter Plot Properties” on page 85 gives a complete
description of the options available on theObservationstab.

Figure 9.8 The Observation Tab

3 Selectgpa from theOutline: Blend andFill: Blend lists. Select a gradient color map (the same one)
from theOutline andFill lists.

Make sure thatApply to is set toAll .

4 Select6 from theSizelist.

Note that theSizelist is not in the same group box asApply to. All markers in a plot have a common
scale; size differences are used to distinguish between selected and unselected observations.

5 Click OK.

The scatter plot updates, as shown in Figure 9.9. These data do not seem to indicate a strong relationship
between a student's college grade point average and SAT scores.
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Figure 9.9 Using Color to Indicate Grade Point Average

Displaying Only Selected Observations

The discussion in this section applies to plots that show individual markers.

The default SAS/IML Studio behavior is to show all observations in a plot. Selected observations are
displayed at a larger size than unselected observations. You can choose instead to display only selected
observations. This is useful when there are so many points in a plot that the selected observations are not
distinguishable (a phenomenon known asoverplotting).

You can also examine subsets of the data by displaying only selected observations. This technique is called
slicing. You can slice dynamically to explore multivariate relationships.
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Example: Display Only Selected Observations

In this example, you visualize the distribution of points in a scatter plot, as subset by values of a categorical
variable. This is sometimes called aconditional plot.

1 Open theHurricanes data set, and create a scatter plot oflatitude versuslongitude.

The scatter plot appears. (See Figure 9.10.) The plot shows the position of Atlantic cyclones during a
16-year period. There is considerable overplotting in this scatter plot, particularly along a path between the
Cape Verde Islands (lower right corner of the plot) and the Caribbean Sea (near the coordinates. � 75; 20/).

Figure 9.10 A Scatter Plot

The overplotting prevents the clear examination of rare events such as category 4 and category 5 hurricanes.
You can modify the scatter plot so that it displays only selected observations. This makes it easier to
examine these storms.
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2 Right-click near the center of the plot, and selectPlot Area Properties from the pop-up menu.

The Plot Area Properties dialog box appears. (See Figure 9.11.)

Figure 9.11 The Observations Tab

3 SelectShow only selected observations.

4 Click OK.

The scatter plot updates. All of the observations disappear because none are selected. You can use another
plot or the data table's Find dialog box (see the section “Finding Observations” on page 50) to select data
of interest.

5 Create a bar chart of thecategory variable.

6 Select all category 4 and 5 hurricanes in the bar chart, as shown in Figure 9.12.
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Figure 9.12 A Bar Chart with Category 4 and 5 Hurricanes Selected

The selected observations appear in the scatter plot, as shown in Figure 9.13. Most of the selected storms
appear in the Gulf of Mexico, the Caribbean Sea, and the Atlantic Ocean east of the Greater Antilles.

Figure 9.13 Displaying Only Selected Observations
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Labeling Observations

The discussion in this section applies to plots that show individual markers.

If you click an observation in a plot, a label appears near the selected observation. By default, the label is the
observation number (position in the data table). You can choose instead to label observations by the value of
any variable, called thelabel variable. You can set a default label variable that is used for all plots, or you
can set a label variable for a particular plot that overrides the default label variable.

Example: Label Observations

In this example, you label observations in a scatter plot according to values of a third variable.

1 Open theHurricanes data set and create a scatter plot ofwind_kts versusmin_pressure.

The scatter plot appears. (See Figure 9.14.)

2 Click an observation.

The selected observation is labeled by its position in the data table.

Figure 9.14 A Scatter Plot

3 Right-click near the center of the plot, and selectPlot Area Properties from the pop-up menu.

The Plot Area Properties dialog box appears. (See Figure 9.15.)
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Figure 9.15 The Observations Tab

4 Selectnamefrom theLabel observations bylist.

5 Click OK.

The label for the selected observation updates, as shown in Figure 9.16. If you click subsequent observa-
tions, each label displays a storm name.

Figure 9.16 Labeling Only Selected Observations
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NOTE : When you selectLabel observations byon the Plot Area Properties dialog box, it only affects the
scatter plot to which the dialog box belongs. If you create a second plot, that new plot defaults to using
observation numbers to label observations.

You can also set adefault label variablethat is used for all plots. In the data table, right-click a variable
heading. SelectLabel from the pop-up menu, as shown in Figure 9.17. The values of the selected variable
are displayed when you click observations in a plot (unless that plot overrides the default).

Figure 9.17 The Variables Menu

Common Plot Properties

This section presents plot properties that are common to multiple plots. These properties are found in the
Plot Area Properties dialog box. You can access the properties by right-clicking near the center of the plot
and selectingPlot Area Properties from the pop-up menu.

Reference Lines Tab

You can use theReference Linestab (Figure 9.18) to set attributes of reference lines that are displayed in the
background of a plot.
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Figure 9.18 The Reference Lines Tab

TheReference Linestab contains the following UI controls:

Style
speci�es the style of the line used for reference lines.

Width
speci�es the width of the line used for reference lines.

Color
speci�es the color of the line used for reference lines.

Show X reference lines
speci�es whether to show reference lines for the X axis. These are vertical lines that originate at each
tick mark on the X axis.

Show Y reference lines
speci�es whether to show reference lines for the Y axis. These are horizontal lines that originate at
each tick mark on the Y axis.
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Font Tab

You can use theFont tab (Figure 9.19) to set attributes of the font that is used to display observation labels in
plots. The section “Labeling Observations” on page 156 discusses observation labels.

Figure 9.19 The Font Tab

TheFont tab contains the following UI controls:

Font
speci�es the font used for text in the plot area.

Font style
speci�es the style of the font used for text in the plot area.

Size
speci�es the point size of the text in the plot area.

Color
speci�es the color of the text in the plot area.

Sample
shows what text with the speci�ed properties looks like.

Strikeout
speci�es whether a line is drawn through text in the plot area.
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Underline
speci�es whether a line is drawn below text in the plot area.

Plot Area Tab

You can use thePlot Area tab (Figure 9.20) to set attributes of the plot area.

Figure 9.20 The Plot Area Tab

ThePlot Area tab contains the following UI controls:

Left
speci�es the distance between the left edge of the plot area and the minimum value of the visible axis
range for the X axis. The distance is speci�ed as a fraction of the plot area's width. The value must be
in the range 0 to 0.8.

Right
speci�es the distance between the right edge of the plot area and the maximum value of the visible axis
range for the X axis. The distance is speci�ed as a fraction of the plot area's width. The value must be
in the range 0 to 0.8.

Top
speci�es the distance between the top edge of the plot area and the maximum value of the visible axis
range for the Y axis. The distance is speci�ed as a fraction of the plot area's height. The value must be
in the range 0 to 0.8.
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Bottom
speci�es the distance between the bottom edge of the plot area and the minimum value of the visible
axis range for the Y axis. The distance is speci�ed as a fraction of the plot area's height. The value
must be in the range 0 to 0.8.

Background
speci�es the background color of the plot area.

Show plot frame
speci�es whether the plot area's frame is displayed.

NOTE : Because the plot area has margins, the edges of the plot area do not correspond to the minimum and
maximum values of the axis. LetxL andxR be the minimum and maximum values of the horizontal axis.
Let mL andmR be the left and right margin fractions.

De�ne s D .x R � xL /=.1 � mL � mR / . Then the left edge of the plot area is located atxL � smL , and the
right edge of the plot area is located atxR C smR .

For example, ifxL D 0, xR D 1, mL D 1=20, andmR D 1=10, thens D 20=17. The left edge of the plot
area is located at� 1=17� � 0:0588, while the right edge is located at19=17� 1:118.

Common Graph Area Properties

This section presents graph area properties that are common to multiple plots. These properties are found in
the Graph Area Properties dialog box. You can access the properties by right-clicking near a corner of the
graph area and selectingGraph Area Properties from the pop-up menu.
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Graph Area Tab

You can use theGraph Area tab (Figure 9.21) to set attributes of the graph area.

Figure 9.21 The Graph Area Tab
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TheGraph Area tab contains the following UI controls:

Left
speci�es the distance between the left edge of the graph and the left edge of the plot area. The distance
is speci�ed as a fraction of the graph's width. The value must be in the range 0 to 1.

Right
speci�es the distance between the right edge of the graph and the right edge of the plot area. The
distance is speci�ed as a fraction of the graph's width. The value must be in the range 0 to 1.

Top
speci�es the distance between the top edge of the graph and the top edge of the plot area. The distance
is speci�ed as a fraction of the graph's height. The value must be in the range 0 to 1.

Bottom
speci�es the distance between the bottom edge of the graph and the bottom edge of the plot area. The
distance is speci�ed as a fraction of the graph's height. The value must be in the range 0 to 1.

Fixed aspect ratio
speci�es a �xed ratio between units on the Y axis and units on the X axis. When you select this check
box, you can specify the ratio. If a plot has a �xed aspect ratio, then theGraph Margins are not active.

Background
speci�es the background color of the graph area.

Show title
speci�es whether the graph's title is displayed.

Show footnote
speci�es whether the graph's footnote is displayed.

If you selectShow title, the graph initially displays a default title. Click the title to edit it. You can also
change the title's font or position by right-clicking the title and selectingProperties from the pop-up menu.
The section “Annotation Properties” on page 138 describes the dialog box that appears.

A default footnote appears when you selectShow footnote. To edit the footnote, follow the preceding
instructions.

If you do not want to display a plot's title or footnote, open the Graph Area Properties dialog box, and clear
the appropriate check boxes on theGraph Area tab.
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Overview of Axis Properties

In this chapter you learn about basic properties of axes. You learn how to change view ranges, tick marks,
and labels on axes.

Adjusting Axes and Ticks

In this section you learn how to change the axis range and tick marks for plots.

The section “Example: Change the Positions of Histograms Bins” on page 68 discusses adjusting tick marks
for a histogram. For a histogram, the major tick unit is also the width of each histogram bin. Therefore,
changing the major tick unit is equivalent to rebinning.

Example: Change Positions of Axis Tick Marks

To change the default tick marks for the axis of an interval variable:

1 Open theHurricanes data set, and create a scatter plot ofwind_kts versuslatitude.

The scatter plot appears. (See Figure 10.1.) Note that thelatitude axis has only a few tick marks. You
might decide to add a few additional tick marks.
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Figure 10.1 A Scatter Plot

2 Right-click the horizontal axis of the plot, and selectAxis Properties from the pop-up menu, as shown in
Figure 10.2.

Figure 10.2 The Axis Pop-up Menu
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The Axis Properties dialog box appears, as shown in Figure 10.3. This is a quick way to determine the
anchor location, tick unit, and tick range for an axis.

Figure 10.3 Axis Properties Dialog Box

3 Change theMajor tick unit value to10.

4 Change theAnchor tick value to0.

5 Change theNumber of minor ticks value to1.

6 Click OK.

The latitude axis updates, as shown in Figure 10.4.
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Figure 10.4 A Scatter Plot with Custom Tick Marks

Axis Properties Dialog Box

The Axis Properties dialog box controls the appearance of an axis. For an interval variable, major tick marks
are placed on an axis within the intervalŒL; R•at locationsx0 � i � for integeri. The valuex0 is called the
anchor tick. The positive quantity� is called themajor tick unit. The intervalŒL; R•is called thetick range.

The Axis Properties dialog box has the following tabs:Scales, Font, andLine. TheScalestab (Figure 10.3)
appears only for interval variables. You can use theScalestab to set tick marks. TheScalestab has the
following �elds:

Major tick unit
sets the distance between tick marks.

Anchor tick
sets the value of one tick mark from which the positions of other ticks are computed.

Number of minor ticks
sets the number of unlabeled tick marks to appear between consecutive major ticks.

Visible Axis Range: Minimum
sets the minimum value of the axis range.

Visible Axis Range: Maximum
sets the maximum value of the axis range.

Tick Range: Minimum
sets the minimum value of a tick mark. Ticks with values less than this value are not displayed.
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Tick Range: Maximum
sets the maximum value of a tick mark. Ticks with values greater than this value are not displayed.

NOTE : The minimum and maximum values forVisible Axis Rangedo not necessarily correspond to the
edges of the plot area. The plot area also has plot area margins. The computation to �nd the edges of the plot
area is described in the section “Plot Area Tab” on page 161.

TheFont tab is used to change the font and size of labels on an axis. TheFont tab is described in section
“Common Plot Properties” on page 158.

TheLine tab is used to set the line styles for an axis. TheLine tab is similar to theReference Linestab,
which is also described in “Common Plot Properties” on page 158.

Changing an Axis Label

An axis label is text near an axis that identi�es the axis variable. You can change the axis label. By default,
plots display the name of a variable as the label. However, you might prefer that the plot display a variable's
label instead of its name. Or you might prefer to customize the axis label in some other way.

To change the axis label properties, right-click while the mouse pointer is on the axis label. You can then
selectAxis Label Properties from the pop-up menu. The Axis Label Properties dialog box appears, as
shown in Figure 10.5.

Figure 10.5 Axis Label Properties Dialog Box
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You can display a variable's label instead of the variable's name by selectingVariable label. If the variable
does not have a label de�ned, or if you prefer to display a different label, you can selectCustomand type
your own label. This is shown in Figure 10.6.

Figure 10.6 Specifying a Custom Label

One instance in which you might want to de�ne your own label is for a line plot that has multiple Y variables.
If the Y variables all measure different aspects of a single quantity, you can replace the multiple Y labels
with a single custom label. For example, Figure 10.7 shows a line plot of theco, o3, andso2 variables versus
datetime for theAir data set. Each of the Y variables is a kind of pollutant, so the three Y labels are replaced
with a single custom label.



Suppressing the Display of Axes F 171

Figure 10.7 A Custom Label for the Y Axis

Suppressing the Display of Axes

By default, axes are shown for all plots. However, you can suppress the display of all axes. Right-click in a
plot and selectShow X Axisor Show Y Axis from the pop-up menu to toggle the display of an axis and the
variable label.
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Overview of Techniques for Exploring Data

This chapter describes some useful techniques for analyzing data in SAS/IML Studio. The following
techniques are presented in this chapter:

� copying selected observations or variables to a new data table

� excluding observations from plots or analyses

� ordering categories of a nominal variable

� graphically selecting observations that satisfy complex criteria

� managing graphs and workspaces with the Workspace Explorer

� copying plots to the Window clipboard and pasting them to another application, such as Microsoft
Word or PowerPoint
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Subsetting Data

This section describes how to copy selected observations or variables to a new data table. The new data table
is not dynamically linked to the original data. The original data are not changed.

You can copy selected data by selectingFile I New I Data Set from Selected Datafrom the main menu,
as shown in Figure 11.1.

Figure 11.1 Creating a New Data Table from Selected Data

When you selectFile I NewI Data Set from Selected Data, SAS/IML Studio performs one of the following
actions:
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� If no variables or observations are selected, the Choose Variables dialog box opens and prompts you to
select one or more variables. (See Figure 11.2.) When you clickOK, the selected variables are copied
to a new data table. The variables are copied in the order in which they appear in the original data
table.

Figure 11.2 The Choose Variables Dialog Box

� If no variables are selected, but there are selected observations, the selected observations (for all
variables) are copied to a new data table. You can use this technique to copy data that satisfy certain
conditions.

� If variables are selected, but there are no selected observations, the selected variables are copied to a
new data table. The variables are copied in the order in which they were selected. You can use this
technique to reorder variables.

� If both variables and observations are selected, the selected observations for the selected variables are
copied to a new data table. The variables are copied in the order in which they were selected. For
example, in Figure 11.3 the variables were selected in the orderlongitude, latitude, andcategory. (Note
that the column headings display numbers that indicate the order in which you selected the variables.)
If you copy the data to a new data table, the new data table contains 12 observations for thelongitude,
latitude, andcategory variables, in that order.
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Figure 11.3 Selected Variables and Observations

Excluding Observations

This section describes how to exclude selected observations from plots and from statistical analyses. The
data table must be the active window in order for you to exclude observations. SelectEdit I Observations
I Exclude from Plots from the main menu to exclude selected observations from plots. SelectEdit
I ObservationsI Exclude from Analysesto exclude selected observations from analyses.

Alternatively, you can right-click the row heading of any selected observation in the data table and select
Exclude from Plotsor Exclude from Analysesfrom the pop-up menu, as shown in Figure 11.4.

Figure 11.4 Data Table Pop-up Menu
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The row heading of the data table shows the status of an observation in analyses and plots. A marker symbol
indicates that the observation is included in plots; observations excluded from plots do not have a marker
symbol shown in the data table. Similarly, the� 2 symbol is present if and only if the observation is included
in analyses. For example, the �rst, �fth, and sixth observations in Figure 11.5 are included in plots and
analyses.

Figure 11.5 Excluded Observations

If you exclude observations from plots, all plots linked to the current data table automatically redraw
themselves. (For example, excluding an extreme value might result in a new range for an axis.) The row
headings for the excluded observations no longer show the observation marker. For example, the third and
fourth observations in Figure 11.5 are excluded from plots.

If you exclude observations from analyses, the row headings for the excluded observations no longer show
the� 2 symbol. For example, the second and fourth observations in Figure 11.5 are excluded from analyses.

NOTE : If you change the observations that are included in analyses, previously run analyses and statistics
arenot automatically rerun.

If an observation is excluded from analyses but included in plots, then the marker symbol changes to the�
symbol. This combination is useful if you want to �t a regression model to data but also want to exclude
outliers or high-leverage observations prior to modeling. The regression model does not use the excluded
observations, but the observations show up (as� ) on diagnostic plots for the regression.

An example of including some observations in plots but not in analyses is shown in Figure 11.6. The �gure
shows data from theMining data set—the results of an experiment to determine whether drilling time was
faster for wet drilling or dry drilling. The plot shows the time required to drill the last �ve feet of a hole
plotted against the depth of the hole. A loess �t is plotted only for the wet drilling trials (open circles). This
is accomplished by excluding the observations for dry drilling (markers with the� shape) before running the
loess analysis.
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Figure 11.6 Loess Fit of a Subset of Data

Although SAS/IML Studio analyses do not support BY-group processing, you can restrict an analysis to a
single BY group by excluding all other BY groups. For data with many BY groups, this is tedious to do using
the SAS/IML Studio GUI, but you can write an IMLPlus program to automate the processing of BY groups.

You easily restore all observations into plots and analyses:

1. Activate the data table. Press CTRL+A. This selects all observations in the table.

2. SelectEdit I ObservationsI Include in Plots from the main menu.

3. SelectEdit I ObservationsI Include in Analysesfrom the main menu.

Ordering Categories of a Nominal Variable

This section describes how to specify the order of categories for a nominal variable. You cannot change the
order of values for interval variables.

By default, numeric nominal variables are ordered numerically, whereas character nominal variables are
arranged in ASCII order. In ASCII order, numerals precede uppercase letters, which precede lowercase
letters. Even if a variable has a SAS format, SAS/IML Studio determines the default order of categories by
using the ASCII order of theunformattedvalues.
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When the data table is active, you can selectEdit I Variables I Ordering to change the order of categories
for a nominal variable. You can order nominal variables according to the ASCII order of values, the frequency
count of values, or the data order of values. For each ordering, you can specify whether to base the order on
formatted or unformatted values. Therefore, there are six possible ways to order a nominal variable. Four
of these orderings are the same as provided by the ORDER= option of the FREQ procedure. An ordering
determines the order of categories in a plot (for example, a bar chart) and also the order of sorted observations
when sorting a variable in a data table.

As an example, consider the data presented in Table 11.1.

Table 11.1 Sample Data

Observation Y

1 C
2 B
3 C
4 a
5 a
6 a

TheY variable has three categories:a, B, andC. The ASCII order of this data is {B, C, a} because uppercase
letters precede lowercase letters. The data order is {C, B, a} because as you traverse the data from top to
bottom,C is the �rst value you encounter, followed byB, followed bya. The order by frequency count is
{ a, C, B}, because there are three observations with the valuea, two with the valueC, and one with the value
B.

If you specify an ordering based on formatted values when the variable does not have a SAS format, then
SAS/IML Studio applies either a BEST12. format (for numeric variables) or a $w. format (for character
variables).

When a variable has missing values, the missing values are always ordered �rst.

Example: Order Categories in a Bar Chart

To create a bar chart of thecategory variable in theHurricanes data set:

1 Open theHurricanes data set.

Note that the column heading for thecategory variable displaysNom to indicate that the variable is
nominal.

2 Create a bar chart of thecategory variable.

The bar chart is shown in Figure 11.7. Note that the �rst category consists of missing values, and the other
categories appear in standard ASCII order.
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Figure 11.7 Standard Ordering of the Category Data

When you explore data, it is useful to be able to reorder data categories. The next step arranges the bar
chart categories according to frequency counts.

3 Right-click in the data table on the column heading for thecategory variable. SelectOrdering I by
Frequency, as shown in Figure 11.8.

Figure 11.8 Ordering by Frequency Count
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The bar chart automatically updates, as shown in Figure 11.9. Note that the �rst bar still represents missing
values, but that the remaining bars are ordered by their frequency counts. This presentation of the plot
makes it easier to compare the relative frequencies of categories.

Note that the column heading for thecategory variable now displaysOrd to indicate that this variable has
a nonstandard ordering.

Figure 11.9 The Category Data Ordered by Frequency Count

The next step arranges the bar chart categories according to the data order of the seven nonmissing
categories.

4 Right-click in the data table on the column heading for thecategory variable. SelectOrdering I by Data,
as shown in Figure 11.10.



182 F Chapter 11: Techniques for Exploring Data

Figure 11.10 Ordering by Data Set Position

The bar chart automatically updates, as shown in Figure 11.11. As always, the �rst bar represents missing
values. The TD category is ordered next, because TD is the �rst nonmissing value for thecategory variable.
The next category is TS, because as you traverse the data (starting from the �rst observation) the next
unique value you encounter is TS (the eighth observation). The remaining categories are Cat1 (the 72nd
observation), Cat2 (the 148th observation), Cat3 (the 149th observation), Cat4 (the 155th observation),
and Cat5 (the 157th observation).

Figure 11.11 The Category Data Ordered by Data Set Position
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Arranging values by their data order is sometimes useful when the values are inherently ordered. For example,
suppose you have a variableY with the values Low, Medium, and High. The ASCII order for these categories
is {High, Low, Medium}. A plot that displays the categories in this order might be confusing.

To deal with this problem:

1 Create a numerical indicator variable with the values {1, 2, 3} that corresponds to observations with the
values {Low, Medium, High} forY. The section “Custom Transformations” on page 518 describes how to
create an indicator variable.

2 Sort the data by the indicator variable.

3 Save the sorted data.

4 Close your workspace.

5 Open the sorted data.

6 Right-click the column heading for the variable, and selectOrdering I by Data.

Plots of theY variable display the categories in the order {Low, Medium, High}.

Although you can use the previous steps to order any single variable, you might not be able to order multiple
variables simultaneously using this method. In that case, you should consult the online Help and read about
the DataObject.SetVarValueOrder method.

Local Selection Mode

This section describes how to use graphical methods to visualize observations that satisfy multiple conditions
simultaneously.

Overview of Global and Local Selection Modes

SAS/IML Studio supports two techniques for selecting observations:

� Global selection modeis the traditional selection technique used in SAS/INSIGHT and other products.
This is the default selection mode in SAS/IML Studio. In global selection mode, alldata views(that is,
plots or data tables) share a common selection state for observations. When you select an observation
in one view, that observation is treated as selected in all other views.

Global selection mode enables you to graphically subset data by interacting with a single data view.
For example, if you have three plots called A, B, and C, selecting observations in plot A causes plots B
and C to display those same observations as selected.

� In contrast,local selection modeenables you to subset data by interacting with multiple data views. In
local selection mode, you specify each data view to be either aselectoror anobserver. You con�gure
an observer to display either the union or the intersection of the selected observations in all selector
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views. For example, if you have three plots called A, B, and C, you can con�gure plot C to be the
“observer of the intersection” of the other plots. This means that an observation is selected in plot C
only if it is selected in both plot A and plot B.

You can manually select observations in selector views. You cannot manually select observations in
an observer view. An observer view displays an observation as selected based on the observation's
selection state in the selector views. An “observer of the union” displays an observation as selected if
the observation is selected inanyof the selector views. An “observer of the intersection” displays an
observation as selected if the observation is selected inall of the selector views.

Example: Select Observations That Satisfy Multiple Criteria

In this section, you create several plots of variables in theHurricanes data set. You use local selection mode
to display the wind speed and pressure of tropical cyclones that satisfy certain spatial and temporal criteria.

To use local selection mode:

1 Open theHurricanes data set.

2 Create a histogram of thelatitude variable.

The histogram becomes one of the selector views.

The next plot to create is a bar chart of themonth variable. By default, themonth variable is an interval
(continuous) variable. In order to create a bar chart, you �rst need to change the measure level from
interval to nominal.

3 Scroll the data table horizontally until you see themonth variable.

4 Right-click the heading of themonth column, and selectNominal from the pop-up menu.

5 Create a bar chart of themonth variable. Move the bar chart so that it does not overlap other data views.

The bar chart becomes a second selector view.

6 Create a scatter plot ofwind_kts versusmin_pressure. Move the plot so that it does not overlap other data
views.

The scatter plot becomes an observer view. The workspace now looks like Figure 11.12.
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Figure 11.12 Global Selection Mode

7 Close the data table.

8 Right-click the plot area in the scatter plot. SelectSelection Modefrom the pop-up menu.

The dialog box shown in Figure 11.13 appears.
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Figure 11.13 Selection Mode Dialog Box

9 Click Local Selection Mode, Observer View, andIntersection. Click OK.

The workspace now looks like Figure 11.14. The scatter plot is an observer view. All of the other data
views were set to be selector views when you entered local selection mode. Note that selector views are
indicated by an arrow icon in the upper left corner of the view. Observer views are indicated by an icon
that looks like an eye looking at the mathematical symbol for intersection (or union).
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Figure 11.14 Local Selection Mode

NOTE : If you forget to close the data table, then it, too, is a selector view. A common error is to leave the
data table open. If the data table is left open, then no observations are selected in the observer scatter plot
unless they are selected inall other selector views, including data tables.
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10 In the bar chart, click the bar labeled “10” to select observations that correspond to the tenth month
(October).

The histogram does not display any observations because it is a selector view. The scatter plot does not
display any observations because it is an observer view; it displays observations as selected only if they
are selected in all selector views.

11 Create a selection rectangle in histogram. Move it around the plot.

The workspace now looks like Figure 11.15.

Figure 11.15 Displaying the Intersection of Multiple Selector Views

The observations displayed as selected in the scatter plot are those that are selected in both the bar chart
and the histogram. The selected observations in the scatter plot in Figure 11.15 are those tropical storms
that occurred in October (month = 10) of any year and whose position was between 33.75 and 46.25
degrees north latitude.
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Details

This section describes the Selection Mode dialog box, shown in Figure 11.13. To open the Selection Mode
dialog box, right-click on a plot or data table, and selectSelection Modefrom the pop-up menu. Alternatively,
click a data view's title bar to activate it, and selectEdit I Selection Modefrom the main menu.

The Selection Mode dialog box has the following �elds:

Global selection mode
sets the selection mode to be global selection mode.

Local selection mode
sets the selection mode to be local selection mode. The active window becomes either a selector view
or an observer view. All other data views linked to the active window become selector views.

Selector View
sets the active window to be a selector view.

Observer View
sets the active window to be an observer view.

Union
sets the active window to be an observer of the union of selector views. An observation is displayed as
selected if it is selected in any selector view.

Intersection
sets the active window to be an observer of the intersection of selector views. An observation is
displayed as selected if it is selected in all selector views.

The following list presents a few additional details about using local selection mode:

� There is a limit of 31 selector views that can be linked to an observer view. There is no limit to the
number of observer views.

� It is often useful to have multiple selector views but only one observer view. In this case it is quickest
to activate the plot that is to become the observer view, and then to selectEdit I Selection Modefrom
the main menu. Con�gure that plot as a local observer view, and clickOK. All of the other data views
are automatically changed to selector views. This technique was used in the example.

� If the observer view is a plot that displays individual observation markers (for example, a scatter
plot), it is often useful to con�gure the plot to show only the selected observations. See the section
“Displaying Only Selected Observations” on page 152 for details. This technique is sometimes called
graphical �ltering, because selected observations do not “reach” the observer view until they have
passed through all of the “�lters” (criteria) imposed by the selector views.
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Workspace Explorer

In SAS/IML Studio, it is easy to generate a large number of plots. Keeping track of the plots that are
associated with an analysis can be a challenge. Manually closing or minimizing a large number of plots can
be tedious. Finding a particular plot from among a large number of plots can be cumbersome. The Workspace
Explorer helps solve all of these potential problems.

Example: Manage Multiple Plot Windows

In this section, you create many plots of variables in theHurricanes data set. The following steps use the
Workspace Explorer to manage the display of plots:

1 Open theHurricanes data set.

2 Scroll the data table horizontally until themin_pressure variable appears. Hold down the CTRL key while
you select themin_pressure, wind_kts, longitude, andlatitude variables, in that order.

Figure 11.16 shows the selected variables. Note that the column headings display numbers that indicate
the order in which you selected the variables.

Figure 11.16 Selecting Variables
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3 SelectGraph I Scatter Plot from the main menu.

A matrix of scatter plots appears, as shown in Figure 11.17.

Figure 11.17 A Matrix of Scatter Plots

The scatter plot ofwind_kts versusmin_pressure show a strong negative correlation (� D � 0:93) between
wind speed and pressure. In the following steps, you model the linear relationship between these two
variables and create plots of the �t residuals.

4 SelectAnalysis I Data SmoothingI Polynomial Regressionfrom the main menu.

The dialog box shown in Figure 11.18 appears.
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Figure 11.18 The Polynomial Regression Dialog Box

5 Select the variablewind_kts, and clickSet Y. Select the variablemin_pressure, and clickSet X.

6 Click the Plots tab, as shown Figure 11.19.
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Figure 11.19 The Plots Tab

7 Select all plots. Clear the check boxesCon�dence limits for meansandPrediction limits for individuals .
Click OK.

The analysis creates the �ve requested plots and an output window, as shown in Figure 11.20. Some of the
plots produced by the analysis might be hidden beneath other plots.
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Figure 11.20 Output and Plots from Polynomial Regression

Your workspace now has a data table, a matrix of six scatter plots, �ve plots that are associated with an
analysis, and an output window, for a total of 13 windows. The Workspace Explore enables you to manage
these windows.

8 Press ALT+X to open the Workspace Explorer.

The Workspace Explorer is shown in Figure 11.21.
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Figure 11.21 The Workspace Explorer

You can use the Workspace Explorer to do the following:

� bring a window or group of windows to the front of other windows

� hide a window or group of windows

� close a window or group of windows

For example, if you want to see all of the windows that are associated with the scatter plot matrix, you can
do the following steps.

9 Click the node labeledScatter Plot Matrix , and clickView.

This step is shown in Figure 11.22. The matrix of scatter plots becomes visible.

Figure 11.22 Viewing a Group of Windows
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You also can view a particular plot. For example, the following steps activate the plot that contains the
least squares line.

10 In the Workspace Explorer, expand the node labeledSmoothing Polynomial Analysis of wind_kts, if it
is not already expanded.

11 Click the item labeledObserved vs. min_pressure.

This step is shown in Figure 11.23. The icon to the left of the plot name indicates that the plot is a scatter
plot. The icons in the Workspace Explorer match the icons on theGraph main menu.

Figure 11.23 Activating a Window

Note that theActivate button is now active, whereas it was previously inactive. This is because the selected
item is an individual window instead of a group of windows.Activate behaves similarly toView, but it
also closes the Workspace Explorer and makes the selected window the active window.

12 Click Activate.

13 When you are �nished viewing a group of plots, the Workspace Explorer makes it easy to close them.
Press ALT+X to open the Workspace Explorer. Click the node labeledAnalysis windows. Click Close
Window(s).

This step is shown in Figure 11.24. SAS/IML Studio closes all of the plots created in this example. You
can close workspaces in the same way.
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Figure 11.24 Closing a Group of Windows

In summary, the Workspace Explorer enables you to view (or hide) windows. The following list describes
each button in the Workspace Explorer.

Activate
makes the selected window visible and active. Selecting this button also closes the Workspace Explorer.

View
makes the selected window or group of windows visible.

Hide Window(s)
hides the selected window or group of windows.

Close Window(s)
closes the selected window or group of windows. You can also press the DELETE key to close the
selected window or group of windows.

Close
closes the Workspace Explorer.
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Copying Plots to the Windows Clipboard

It is easy to copy a plot to the Windows clipboard, and to paste the plot from the clipboard to the SAS/IML
Studio output document window or to another application, such as Microsoft Windows or PowerPoint.

To copy a plot to the clipboard, activate the plot and selectEdit I Copy or press CTRL+C. You can paste to
most applications by selectingEdit I Pasteor pressing CTRL+V.

SAS/IML Studio places the plot on the clipboard in one of the following three graphics formats:

Windows Enhanced Meta�le Format (EMF)
stores the image as a series of 32-bit Windows drawing commands. This is the best format for exporting
plots from SAS/IML Studio, because the �le size is small and the image is faithful to the original.
However, not all Windows applications support the EMF format. Speci�cally, the SAS/IML Studio
output document window does not support the EMF format. Microsoft Word and PowerPoint do
support the EMF format.

Windows Meta�le Format (WMF)
stores the image as a series of 16-bit Windows drawing commands. This format is supported by
virtually all Windows applications. However, the WMF format does not supportwide patterned
lines—lines that are not solid and have a width greater than one pixel. The WMF format represents a
wide patterned line as a solid line of the same width.

Windows Device Independent Bitmap Format (BMP)
stores the image as a bitmap. This format is supported by virtually all Windows applications. Plots
stored in the BMP format require much more memory than those stored in either the EMF or WMF
format.

NOTE : When you paste a plot from the clipboard to a SAS/IML Studio output document window, SAS/IML
Studio uses the BMP format to paste the plot. If the plot you are pasting does not make use of wide patterned
lines, you can save memory by selectingEdit I Paste Specialwhich uses the WMF format to paste the plot.
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Overview of Plotting Subsets of Data

When your data contain categorical variables, you might be interested in comparing subsets of data that are
de�ned by values of those variables. For example, if your data contains a gender variable, you might want to
compare the characteristics of males with those of females.

In SAS/IML Studio you can create plots of subsets of data that are de�ned by values of one or more
categorical variables. The variables whose values de�ne the subsets are calledBY variablesin SAS, and the
subsets are known asBY groups. The BY groups are, by de�nition, mutually disjoint. Consequently, these
plots are not dynamically linked to each other. In SAS/IML Studio, these plots are also not linked to the
original data.

When you select any graph from the mainGraph menu, a dialog box appears that has multiple tabs. (See
Figure 12.1.) You can use theVariables tab to de�ne the variable used by the plot. If you clickOK, the plot
is created on the full data and is linked to other plots and views of that data.

Alternatively, you can click theBY Variables tab and de�ne one or more BY variables. (See Figure 12.1.)
When you clickOK, the data are split into BY groups, and a plot is created for each BY group. (The BY
variables are usually nominal variables.)

You can specify options for the BY-group plots on theBY Options tab.
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Figure 12.1 A Plot Dialog Box

Visualizing Data Features across Subsets of Data

Suppose that you are interested in visualizing the location of tropical cyclones for each month (irrespective
of the year). That is, you want to examine a scatter plot that shows the location of all April cyclones, another
that shows the locations of May cyclones, and so on. There are at least two methods to accomplish this:

� One approach is to create a bar chart of months, select a bar (that is, a particular month) in the bar
chart, and look at the selected observations in a scatter plot ofwind_kts versuslatitude. This technique
is illustrated in Figure 12.2.

This works well for many data sets. However, the selected observations might not be visible when the
scatter plot suffers from overplotting (as in Figure 12.2), or when the number of selected observations
is small relative to the total number of observations. A variation of this technique is to show only the
selected observations. See the section “Displaying Only Selected Observations” on page 152 for a
complete example that illustrates this approach.

Overplotting can also make it dif�cult to compare features of the data across months. For example, in
Figure 12.2, do early-summer cyclones originate in the same regions as autumn cyclones? Does the
general shape of cyclone trajectories vary by month?



Example: Create a Scatter Plot for Each Value of a BY Variable F 201

Figure 12.2 Selecting Cyclones in Certain Months

� A second visualization approach, known as BY-group processing, attempts to circumvent these
problems by abandoning the concept of viewing all of the data in one plot. The idea behind BY-group
processing is simple: instead of using a single scatter plot linked to a bar chart, you subset the data into
mutually exclusive BY groups and make a scatter plot for each subset. This enables you to see each
month's data in isolation, rather than superimposed on a single plot.

Example: Create a Scatter Plot for Each Value of a BY Variable

In this example, you create scatter plots of thelatitude andlongitude variables of theHurricanes data set.
The scatter plots are made for subsets of the hurricane data that correspond to the nine values of themonth
variable. (The data set does not contain any cyclones for January, February, or March.)

To create a scatter plot for each value of a BY variable:

1 Open theHurricanes data set.

2 SelectGraph I Scatter Plot from the main menu.

The Scatter Plot dialog box appears. (See Figure 12.3.)

3 Select thelatitude variable, and clickSet Y. Select thelongitude variable, and clickSet X.
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Figure 12.3 Selecting Scatter Plot Variables

4 Click theBY Variables tab.

TheBY Variables tab is shown in Figure 12.4.

Figure 12.4 Selecting BY Variables
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5 Scroll down in the list of variables and select themonth variable. ClickAdd BY.

6 Click theBY Options tab.

TheBY Options tab is shown in Figure 12.5.

Figure 12.5 Subsetting Data and Plotting BY Groups

7 Select3x3 for theLayout option. ClickOK.

Nine scatter plots appear, one for each month 4–12, as shown in Figure 12.6.
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Figure 12.6 Scatter Plots of Location by Month

Note that the X and Y axes are all set to a common range. This makes it easier to compare data
characteristics across BY groups. If you want each plot to scale its axes independently, you can clearSet
uniform axis range for interval variables on theBY Options tab.

A few features of the data are apparent.

� Many tropical cyclones occur in September (month=9).

� There is no apparent relationship between month and the shape of cyclone trajectories.

It is not clear from this display whether the origin of cyclones varies with the month. Perhaps storms in May
(month=6) originate farther west than September storms (month=9), but more investigation is needed. The
next example continues this investigation.
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Example: Set Marker Attributes for Each BY Group

This example illustrates the fact that observation properties (such as the color and shape of markers) are
copied to each BY group during the subsetting of the data. One way to visualize the location in which tropical
cyclones originate is to mark the origin of each storm with a special symbol.

Figure 12.7 shows the �rst few observations of theHurricanes data set. Observations 1–13 correspond to
a time series for Tropical Storm Alberto. Observations 14–25 correspond to Beryl. Observations 26–63
correspond to Chris, and so on. The values of thelatitude andlongitude variables for observations 1, 14,
26, 64, . . . , are the origins of the cyclones. It would be useful to mark these observations so that they are
noticeable in the BY-group plots.

Figure 12.7 Hurricane Data

This example has three parts. The �rst part creates an indicator variable that enumerates the observations for
each cyclone. In particular, an observation for which the indicator variable is `1' represents the origin of the
storm. The second part of the example assigns a special marker property to the origins. The third part creates
plots of BY group, as in the previous example.
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Part 1: Create an Indicator Variable

Using the DATA step is an easy way to create a variable that enumerates the observations for each cyclone.
The following steps use the Variable Transformation Wizard to create the indicator variable. See “Custom
Transformations” on page 518 for details about the Variable Transformation Wizard.

1 If you have not already done so, open theHurricanes data set.

2 SelectAnalysis I Variable Transformation from the main menu.

The Variable Transformation Wizard appears, as shown in Figure 12.8.

Figure 12.8 Selecting a Custom Transformation

3 SelectCustomfrom theFamily list and clickNext.

The second page of the wizard provides a window where you can enter DATA step statements.
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4 Type in the following DATA step statements, prior to the RUN statement, as shown in Figure 12.9.

by name notsorted;
if first.name then Count=0;
Count+1; / * implicitly RETAINS the Count value * /

Figure 12.9 Entering DATA Step Code

5 Click Finish.

A new variable,Count, is added to the data table. The variable enumerates the observations for each cyclone.
In particular,Count=1 indicates the �rst observation for each cyclone. Figure 12.10 shows the new variable.
(Some variables in the table are hidden.)
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Figure 12.10 Hurricane Data With a New Variable

Part 2: Change Marker Properties

To select observations for whichCount=1 and change the shape and color of those observations:

1 SelectEdit I Find from the main menu.

2 Fill out the dialog box to �nd observations for whichCount equals 1, as shown in Figure 12.11. ClickOK.
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Figure 12.11 The Find Dialog Box

3 SelectEdit I ObservationsI Marker Properties from the main menu.

The Marker Properties dialog box appears, as shown in Figure 12.12.

Figure 12.12 The Marker Properties Dialog Box

4 ChangeShapeto a star (� ). Change theOutline andFill to blue. ClickOK.

The observations withCount=1 are now selected and represented by blue star-shaped markers.
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Part 3: Create Plots for Each BY Group

To create a scatter plot for each value of a BY variable:

1 SelectGraph I Scatter Plot from the main menu.

2 Select thelatitude variable, and clickSet Y. Select thelongitude variable, and clickSet X.

3 Click theBY Variables tab.

4 Scroll down in the list of variables and select themonth variable. ClickAdd BY.

TheBY Options tab should be populated with your choices from the previous example.

5 Click OK.

Nine scatter plots appear, one for each month 4–12, as shown in Figure 12.13.

Figure 12.13 Scatter Plots of Location by Month

Note that marker properties such as color, shape, and selected status are copied to each of the BY groups.
In particular, the selected blue stars enable you to see the origin of each cyclone.
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A few new features of the data are apparent.

� The origin of cyclones varies with the month.

� Cyclones early in the season (May–June) and late in the season (October–November) often originate
in the Gulf of Mexico (81–98 degrees west longitude and 18–30 degrees north latitude) or in the
Caribbean Sea.

� In August and September quite a few Cape Verde cyclones are apparent. Cape Verde cyclones originate
between the Cape Verde islands (23 degrees west longitude and 15 degrees north latitude) and the
Lesser Antilles (60 degrees west longitude).

� A large number of cyclones originate in the mid-Atlantic (25–35 degrees north latitude) in September,
although mid-Atlantic origins are also seen in other months.

The next section describes how you can use the Workspace Explorer to view, hide, close, and compare
BY-group plots.

Techniques for Managing BY Group Plots

You can use BY-group plots more effectively if you understand a few details about the way BY-group plots
are implemented in SAS/IML Studio.

When you create BY-group plots, the following steps occur:

1. A new variable,_ObsNum_, is added to the current data table.

2. The observations that correspond to each BY groups are identi�ed.

3. The observations in each BY group are copied to a new DataObject. (SeeSAS/IML Studio for SAS/STAT
Usersfor details about the DataObject class.) The variables that are copied depend on theIndividual
plots can reference all variablesoption on theBY Options tab, shown in Figure 12.5.

4. The plots are created.

If all observations in a BY group are excluded from plots, the BY group is not copied and no plot is created.

The BY-group plots arenot dynamically linked to the original data. Consequently, selections made to the
original data are not re�ected in the BY groups. However, you can use anaction menuto select observations
in the original data that correspond to selected observations in a BY-group plot. See the online Help for a
description of action menus.

Figure 12.14 illustrates the action menu. Press the F11 key to display the action menu in a BY-group plot.
When you select the action menu item, SAS/IML Studio looks at the values of the_ObsNum_ variable for
the selected observations. SAS/IML Studio then selects observations in the original data that contain the
same values of_ObsNum_, as shown in the right-hand portion of Figure 12.14.

Using the action menu to select observations is a cumulative process: if an observation in the original data
was selected prior to this action, it remains selected after the action. You can clear selections in the data table
the usual way: press the ESC key or click in the upper left cell of the data table.
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Figure 12.14 Selecting Observations from a BY Group Plot

TheLayout �eld shown in Figure 12.5 determines how many BY-group plots are displayed on the screen. If
you create more BY-group plots than can �t on the screen, then the remaining plots are created as hidden
windows.

You can use the Workspace Explorer to manage BY-group plots. The Workspace Explorer is described in
“Workspace Explorer” on page 190.

For example, if you recreate the previous example, but select2x2 for theLayout �eld, then only the �rst four
plots are displayed. You can selectWindows I Workspace Explorer from the main menu to display the
Workspace Explorer, as shown in Figure 12.15. You can select “Panel 2” and clickView to see the next four
plots. You can also hide an entire panel by clickingHide Window(s). Finally, you can compare plots that
belong to different panels by selecting each individual plot and clickingView.
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Figure 12.15 Managing BY Group Plots with Workspace Explorer

NOTE : The number of plots that you can display on the screen at one time is limited by Windows resources.
The number of plots you can create depends on characteristics of your PC; a typical PC can create a few
hundred. SAS/IML Studio prevents you from creating more than 128 BY-group plots on the screen. If you
need to create more plots than this limit, use the options on theBY Options tab to write the plots to the
output document or to send the plots to �les.
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BY Options Properties

This section describes theBY Options tab that is associated with plots.

TheBY Options tab controls how data are divided into subsets and how the plots are displayed. TheBY
Options tab (shown in Figure 12.16) contains the following UI controls:

Individual plot windows
speci�es whether to display plots on the screen.

Layout
speci�es how plots are arranged on the screen.

Output document
speci�es whether to copy plots to the output document.

Graphic type
speci�es the image type for plots copied to the output document.

Files
speci�es whether to write plots to �les on the client (or a networked drive).

Directory
speci�es the directory for writing plots to �les.

Filename root
speci�es the pre�x used for writing plots to �les. The plots are namedRoot001,Root002, and so
on. The suf�x of each �le corresponds to an enumeration of the BY groups. Existing �les with
the same name are overwritten.

File type
speci�es the image type for plots written to �les.

Data order determines BY groups
This option corresponds to the NOTSORTED option in the BY statement in SAS procedures. If this
option is selected, then no sorting is done prior to forming the BY groups. If this option is not selected,
then the BY variables are internally sorted and the BY groups consist of observations that correspond
to the unique values of the BY variables.

Individual plots can reference all variables (slow) If this option is selected, then all variables are copied
when forming BY groups. If this option is not selected, then the BY groups contain only the variables
that are speci�ed on theVariables and BY Variables tabs. This option is available only when
Individual plot windows is selected.

Set uniform axis range for interval variables If this option is selected, then the axes of interval variables
are set to a common range. If this option is not selected, each axis is scaled individually according to
the data in each BY group. This option is ignored for a rotating plot and for nominal axes. This option
does not affect the frequency axis for histograms or bar charts.
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Figure 12.16 BY Group Options
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Overview of the Descriptive Statistics Analysis

You can use the Descriptive Statistics analysis to compute descriptive statistics for a numeric variable. You
can compute basic statistics such as the mean, median, variance, and interquartile range for the selected
variable. You can also compute quantiles and extreme values. Finally, you can produce a histogram and box
plot that are dynamically linked to the data.

You can run a Descriptive Statistics analysis by selectingAnalysis I Distribution Analysis I Descriptive
Statisticsfrom the main menu. When you request descriptive statistics, SAS/IML Studio calls the UNIVARI-
ATE procedure in Base SAS software. See the UNIVARIATE procedure documentation in theBase SAS
Procedures Guidefor additional details.

Example: Compute Descriptive Statistics

In this example, you generate descriptive statistics for thepressure_outer_isobar variable of theHurricanes
data set. TheHurricanes data set contains 6,188 observations of tropical cyclones in the Atlantic basin. The
pressure_outer_isobar variable gives the sea-level atmospheric pressure for the outermost closed isobar of a
cyclone. This is a measure of the atmospheric pressure at the outermost edge of the storm.

To create descriptive statistics:

1 Open theHurricanes data set.

2 SelectAnalysis I Distribution Analysis I Descriptive Statisticsfrom the main menu, as shown in
Figure 13.1.
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Figure 13.1 Selecting the Descriptive Statistics Analysis

The Descriptive Statistics dialog box appears. (See Figure 13.2.) You can select a variable for the univariate
analysis by using theVariables tab.

3 Select the variablepressure_outer_isobar, and clickSet Y.

Figure 13.2 Selecting a Variable

4 Click theTablestab.

TheTablestab becomes active. (See Figure 13.3.)
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5 SelectExtreme Values.

6 SelectMissing Values.

7 Click OK.

Figure 13.3 Selecting Tables

The analysis calls the UNIVARIATE procedure, which uses the options speci�ed in the dialog box. The
procedure displays tables in the output document, as shown in Figure 13.4. In addition to displaying basic
statistics such as the mean, median, and standard deviation, the tables also display a few extreme values
that seem incongruous. The “Extreme Values” table shows that there is one low value (998) and one high
value (1032) that require investigation. The “Missing Values” table reveals that almost 25% of the values
for this variable are missing.

Two plots are created. One plot shows a histogram of the selected variable; the other shows a box plot.
One plot might be hidden beneath the other.
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Figure 13.4 Output from a Descriptive Statistics Analysis

For thepressure_outer_isobar variable, the box plot and the “Extreme Values” table reveal many outliers.
It is often useful to investigate outliers to determine whether they are spurious or miscoded data, or to
better understand the extreme limits of the data.

8 In the box plot, click the outlier with the highest value ofpressure_outer_isobar.

This selects the observation in all views of the data, including the data table. You can use the F3 key to
scroll through the data table to the next selected observations.

9 Activate the data table by clicking the title bar. Use the F3 key to scroll the selected observation into view.

The selected observation corresponds to Hurricane Isadore, September 28, 1996. Scrolling through the
data table reveals that the observations before and after the selected observation had a value of 1012 hPa
for pressure_outer_isobar. This might indicate that the outlier value of 1032 hPa is a misrecorded value.

You can examine other outliers similarly.

10 In the box plot, click the outlier with the lowest value ofpressure_outer_isobar.



Specifying the Descriptive Statistics Analysis F 221

11 Activate the data table by clicking its title bar. Use the F3 key to scroll the selected observation into view.

This selected observation corresponds to a pressure of 988 hPa for the outermost closed isobar of Hurricane
Hugo, September 23, 1989. The data table shows that the observations before the selected observation
had considerably larger values ofpressure_outer_isobar. Furthermore, the value ofmin_pressure for
the selected observation is 990 hPa, which is larger than the value being investigated. This violates the
fact that for a low pressure system, the minimum central pressure should be less than the pressure of the
outermost closed isobar. Therefore, the 988 hPa value is most likely misrecorded.

You can exclude misrecorded observations by using theExclude from PlotsandExclude from Analysis
features of the data table. For details, see Chapter 4, “Interacting with the Data Table.” Excluding an
observation affectsall variables. You can also exclude a single misrecorded value by doing the following:
replace the erroneous value with a missing value by typing “.” (or “ ” for a character variable) into the data
table cell. Save the data if you want to make the change permanent.

Specifying the Descriptive Statistics Analysis

This section describes the dialog box options that are associated with the Descriptive Statistics analysis. The
Descriptive Statistics analysis calls the UNIVARIATE procedure in Base SAS software.

Variables Tab

You can use theVariables tab to specify the variable for the analysis. Only a single variable can be analyzed
at a time. TheVariables tab is shown in Figure 13.2.

Plots Tab

You can use thePlots tab to create a histogram and a box plot of the chosen variable. (See Figure 13.5.)

The histogram can include a kernel density estimate. You can determine the bandwidth for the kernel density
method by selecting an option from theSelection methodlist. The options are as follows:

MISE
speci�es that the kernel bandwidth is chosen to minimize an approximate mean integrated square error.

Sheather-Jones
speci�es that the kernel bandwidth is chosen by a plug-in formula of Sheather and Jones (Jones,
Marron, and Sheather 1996).

Manual
sets the kernel bandwidth to the value of theBandwidth �eld.
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Figure 13.5 Selecting Plots

NOTE : SAS/IML Studio adds a kernel density estimate to anexistinghistogram when both of the following
conditions are satis�ed:

� The histogram is the active window when you select the analysis.

� The histogram variable and the analysis variable are the same.

Tables Tab

You can use theTablestab to display tables that summarize the results of the univariate analysis. TheTables
tab is shown in Figure 13.3. You can choose from the following tables:

Sample moments
displays sample moments and related statistics, including the mean, variance, skewness, and kurtosis.

Basic measures
displays statistics that are related to the central location and the spread of the data.
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Quantiles
displays quantile information.

Con�dence limits for normal data
adds con�dence limits to the “Quantiles” table, based on the assumption that the data are normally
distributed.

Distribution-free con�dence limits
adds con�dence limits to the “Quantiles” table, based on order statistics.

Extreme observations
displays the observations with the highest and lowest values for the selected variable.

Extreme values
displays the extreme values (highest and lowest) for the selected variable.

Missing values
displays the frequency and percentage of missing values for the selected variable.

NOTE : The observation numbers in the “Extreme Observations” table re�ect the observations that are
included in the analysis. If you exclude observations from the analysis, the observation numbers reported in
the “Extreme Observations” table might not correspond to the same observations in the data table.

Roles Tab

You can use theRolestab to specify a frequency variable for the analysis. A frequency variable is a numeric
variable whose value represents the frequency of the observation. If you use a frequency variable, each
observation representsn observations, wheren is the value of the frequency variable.

Analysis of Selected Variables

If an interval variable is selected in a data table when you run the analysis, then that variable is automatically
entered in theY Variable �eld of the Variables tab.

If any variable in the data table has a Frequency role, it is automatically entered in theFrequency Variable
�eld of the Rolestab.

References
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Overview of the Location and Scale Statistics Analysis

Univariate data are often summarized by computing statistics that estimate location and scale. The mean,
median, mode, trimmed mean, and Winsorized mean are all statistics that describe thelocation(or central
tendency) of data. Statistics that describe thescale(or variability) include the standard deviation, interquartile
range, Gini's mean difference, and median absolute deviation from the median (MAD). You can use the
Location and Scale Statistics analysis to compute location and scale estimates for a single numeric variable.
You can also test the hypothesis that the population mean equals a particular value.

You can run a Location and Scale Statistics analysis by selectingAnalysis I Distribution Analysis
I Location and Scale Statisticsfrom the main menu. When you request location and scale estimates,
SAS/IML Studio calls the UNIVARIATE procedure in Base SAS software. See the UNIVARIATE procedure
documentation in theBase SAS Procedures Guidefor additional details.

Example: Compute Location and Scale Statistics

In this example, you compute statistics that estimate the location and scale for thepressure_outer_isobar
variable of theHurricanes data set. TheHurricanes data set contains 6,188 observations of tropical cyclones
in the Atlantic basin. Thepressure_outer_isobar variable gives the sea-level atmospheric pressure for the
outermost closed isobar of a cyclone. This is a measure of the atmospheric pressure at the outermost edge of
the storm. Thepressure_outer_isobar variable contains 4,669 nonmissing values.
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To compute estimates for the location and scale parameters:

1 Open theHurricanes data set.

2 Create a histogram of thepressure_outer_isobar variable.

A histogram appears, as shown in Figure 14.1.

Figure 14.1 A Histogram

The histogram indicates that there are outliers in these data. Consequently, you might decide to compute
robust estimates of location and scale for this variable, in addition to traditional estimates.

3 SelectAnalysis I Distribution Analysis I Location and Scale Statisticsfrom the main menu, as shown
in Figure 14.2.

Figure 14.2 Selecting the Location and Scale Statistics Analysis
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The Location and Scale Statistics dialog box appears. (See Figure 14.3.) You can select a variable for the
univariate analysis on theVariables tab.

4 Select the variablepressure_outer_isobar, and clickSet Y.

Figure 14.3 Selecting a Variable

5 Click theTablestab.

TheTablestab becomes active. (See Figure 14.4.)

6 SelectModes.

The following steps compute robust estimates for the location and scale of these data:

7 SelectRobust location (trimmed/Winsorized mean).

8 SelectRobust scale.

9 Click OK.
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Figure 14.4 Selecting Tables

The analysis calls the UNIVARIATE procedure, which uses the options speci�ed in the dialog box. The
procedure displays tables in the output document, as shown in Figure 14.5.
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Figure 14.5 Output from a Location and Scale Statistics Analysis

For thepressure_outer_isobar variable, the location statistics are in the range of 1011–1012 hPa. Most of
the scale statistics are in the range of 2–3 hPa.
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The mean is a nonrobust statistic, whereas the median, trimmed mean, and Winsorized mean are robust.
Note that there is not much difference between the nonrobust and robust statistics of location for these data.
Thepressure_outer_isobar variable has outliers with extreme highandextreme low values. Therefore, the
outliers did not appreciably change the mean. In general, the meanis affected by outliers.

Robust statistics of scale are listed in the “Robust Measures of Scale” table (not shown in Figure 14.5). The
table has two columns. The �rst column lists the value of each robust statistic, and the second column scales
the statistics to estimate the normal standard deviationunder the assumption that the data are from a normal
sample.The “Details” section of the UNIVARIATE procedure documentation presents details about the
statistics in this table.

The values of the interquartile range and the MAD statistics should be interpreted with caution for these
data because the values of thepressure_outer_isobar variable are discrete integers. More important,
meteorologists traditionally display on weather maps only the isobars that correspond to even values. For
these data, more than 81% of the nonmissing data are even integers.

Specifying the Location and Scale Statistics Analysis

This section describes the dialog box tabs that are associated with the Location and Scale analysis. The
Location and Scale Statistics analysis calls the UNIVARIATE procedure in Base SAS software.

Variables Tab

You can use theVariables tab to specify the variable for the analysis. Only a single variable can be analyzed
at a time. TheVariables tab is shown in Figure 14.3.

Tables Tab

You can use theTablestab to display tables that summarize the location and scale estimates. TheTablestab
is shown in Figure 14.4.

The following list describes the tables that can be displayed by the analysis:

Basic measures
displays statistics that are related to the central location and the spread of the data.

Modes
displays the most frequently occurring value or values.

Basic con�dence intervals
displays con�dence limits for the mean, standard deviation, and variance, under the assumption that
the data are normally distributed.

Robust location (trimmed/Winsorized mean)
displays information and statistics for a two-sided trimmed mean and a two-sided Winsorized mean.
You can use theCutoff �eld to enter the percentage or number of observations to trim or Winsorize.
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Robust scale
displays various robust scale statistics.

Tests for location
displays various tests for the hypothesis that the mean or median is equal to a given value. You can
use theLocation �eld to specify the value. The value is also used in the tables for the trimmed and
Winsorized means.

Roles Tab

You can use theRolestab to specify a frequency variable for the analysis. A frequency variable is a numeric
variable whose value represents the frequency of the observation. If you use a frequency variable, the
underlying procedure assumes that each observation representsn observations, wheren is the value of the
frequency variable.

Analysis of Selected Variables

If an interval variable is selected in a data table when you run the analysis, then that variable is automatically
entered in theY Variable �eld of the Variables tab.

If any variable in the data table has a Frequency role, it is automatically entered in theFrequency Variable
�eld of the Rolestab.
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Overview of the Distributional Modeling Analysis

You can use the Distributional Modeling analysis to �t parametric distributions to univariate data. You can
estimate parameters for the �tted distributions, compute goodness-of-�t statistics, and display quantiles of
the �tted distributions.

You can use this analysis to create a histogram that is overlaid with up to �ve density curves. You can create
a quantile-quantile (Q-Q) plot to help you determine how well a given distribution �ts the data. You can also
create a plot of the empirical cumulative distribution function.

You can run a Distributional Modeling analysis by selectingAnalysis I Distribution Analysis
I Distributional Modeling from the main menu. When you request distributional modeling, SAS/IML
Studio calls the UNIVARIATE procedure in Base SAS software. See the UNIVARIATE procedure
documentation in theBase SAS Procedures Guidefor additional details.
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Example: Fit a Normal Distribution to Data

In this example, you �t a normal distribution to thepressure_outer_isobar variable of theHurricanes data
set. TheHurricanes data set contains 6,188 observations of tropical cyclones in the Atlantic basin. The
pressure_outer_isobar variable gives the sea-level atmospheric pressure for the outermost closed isobar of a
cyclone. This is a measure of the atmospheric pressure at the outermost edge of the storm.

The plots and statistics in the Distributional Modeling analysis can help you answer questions such as the
following:

� Can these data be modeled by a parametric distribution? For example, are the data normally distributed?

� If not, which characteristics of the data depart from the �tted distribution? For example, is the data
distribution long-tailed? Is it skewed?

� What proportion of the data is within a given range of values?

Answers to these questions for thepressure_outer_isobar variable appear at the end of this example.

1 Open theHurricanes data set.

2 Create a histogram of thepressure_outer_isobar variable.

A histogram appears, as shown in Figure 15.1.

Figure 15.1 A Histogram



Example: Fit a Normal Distribution to Data F 235

From the shape of the histogram you might wonder if the data distribution can be modeled by a normal
distribution. If not, how do these data deviate from normality? The following steps add a normal curve to
the histogram and create other plots and statistics.

3 SelectAnalysis I Distribution Analysis I Distributional Modeling from the main menu, as shown in
Figure 15.2.

Figure 15.2 Selecting the Distributional Modeling Analysis

The Distrbutional Modeling dialog box appears. (See Figure 15.3.) You can select a variable for the
univariate analysis by using theVariables tab.

Figure 15.3 Selecting a Variable
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4 Select the variablepressure_outer_isobar, and clickSet Y.

5 Click theEstimators tab.

TheEstimators tab is shown in Figure 15.4.

Figure 15.4 Selecting a Distribution Family

TheEstimators tab enables you to select distributions to �t to the data. For each distribution, you can
enter known parameters or indicate that the parameters should be estimated by maximum likelihood.

The section “Example: Specify Multiple Density Curves” on page 239 describes how to create a histogram
overlaid with more than one density curve. For this example, you select a single distribution to �t to the
data.

The normal distribution appears in theEstimators list by default. Also by default, theAutomatic radio
button is selected. This speci�es that the location and scale parameters for the normal distribution be
determined by using maximum likelihood estimation.

Accept these defaults and proceed to the next tab.

6 Click thePlots tab.

7 Select all plots, as shown in Figure 15.5.
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8 Click OK.

Figure 15.5 Selecting Plots

The analysis calls the UNIVARIATE procedure, which uses the options speci�ed in the dialog box. The
procedure displays tables in the output document, as shown in Figure 15.6.

Figure 15.6 Output from a Distributional Modeling Analysis

Several plots are created. These plots can help answer the questions posed earlier.
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Are the Data Normal?

The histogram (the upper right plot in Figure 15.6) is overlaid with a normal density curve. The curve does
not �t the data in several locations. The curve predicts more observations in the [1006, 1008] bin than actually
occur, and underestimates the count in the [1012, 1014] bin.

How Do the Data Deviate from Normality?

A normal Q-Q plot appears as the upper left plot in Figure 15.6. A Q-Q plot graphically indicates whether
there is agreement between quantiles of the data and quantiles of a theoretical distribution. The Q-Q plot for
the normal distribution shows several points to the left that are below the diagonal line. These points indicate
that the data distribution has a longer left tail than would be expected from normally distributed data. The
point to the right that is above the line might indicate an outlier in the data. Table 15.1 describes how to
interpret common features of a Q-Q plot.

The goodness-of-�t table in the output document shows that thep-values for the goodness-of-�t tests are
very small. The null hypothesis for the goodness-of-�t tests is that the data are from a speci�ed theoretical
distribution. The smaller thep-value, the stronger the evidence against the null hypothesis. The small
p-values in this example indicate that the normal distribution is not an adequate model to describe these data.

NOTE : Thepressure_outer_isobar variable contains 4,669 nonmissing values. For a sample of this size, the
goodness-of-�t tests can detect small departures from normality, so it is not surprising that these tests reject
the null hypothesis.

What Proportion of the Data Satis�es Certain Conditions?

A CDF plot appears as the lower right plot in Figure 15.6. The CDF plot shows a graph of the empirical
cumulative distribution function. You can use the CDF plot to examine relationships between data values and
data proportions.

For example, Figure 15.7 graphically answers the question, “What observations are contained in the upper
quintile (20%) of the data?” The selected observations show that the answer to the question is, “Data values
greater than or equal to 1013 hPa.” Similarly, you can ask a converse question, “What percentage of the data
has values less than or equal to 1000 hPa?” The answer (0.4%) can also be obtained by interacting with the
CDF plot.
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Figure 15.7 A CDF Plot

The CDF plot also shows how data are distributed. For example, the long vertical jumps in the CDF that
occur at even values (1008, 1010, and 1012 hPa) indicate that there are many observations with these values.
In contrast, the short vertical jumps at odd values (for example, 1009, 1011, and 1013 hPa) indicate that
there are not many observations with these values. This fact is not apparent from the histogram, because the
default bin width is 2 hPa.

Example: Specify Multiple Density Curves

You can overlay two (or more) density curves on a single histogram. The curves can be different distributions
from the same family or distributions from different families.

In this section, you �t a lognormal distribution and a Weibull distribution to data in theradius_eye variable.
Theradius_eye variable gives the radius of a cyclone's eye (if an eye exists), in nautical miles. (The eye of a
cyclone is a calm, relatively cloudless central region.)

NOTE : There are often scienti�c or engineering considerations that lead to the choice of either a lognormal
or a Weibull model. This example does not have a scienti�c basis; it merely illustrates how you can add
multiple curves to a histogram.
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To �t parametric distributions to the data:

1 SelectAnalysis I Distribution Analysis I Distributional Modeling from the main menu.

2 Select the variableradius_eye, and clickSet Y.

3 Click theEstimators tab.

The normal distribution appears in theEstimators list. The next step changes this item to a lognormal
distribution.

4 Select the �rst item (“Normal”) in theEstimators list. SelectLognormal from theFamily list, as shown
in Figure 15.8.

Figure 15.8 Selecting a Lognormal Distribution

The lognormal distribution has three parameters. By default, thethresholdparameteris set to zero, and the
scaleandshapeparameters are estimated by maximum likelihood.
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The next two steps add a Weibull distribution to theEstimators list.

5 Select the second item (a dashed line) in theEstimators list.

6 SelectWeibull from theFamily list.

Figure 15.9 Selecting Multiple Distributions

The Weibull distribution also has three parameters. Again, the threshold parameter defaults to zero,
whereas the other parameters are estimated by maximum likelihood. Accept these defaults, as shown in
Figure 15.9.

7 Click OK.

Two density curves are added to the histogram, as shown in Figure 15.10. If these were competing scienti�c
models, you could analyze and compare the merits of the models.



242 F Chapter 15: Distribution Analysis: Distributional Modeling

Figure 15.10 Multiple Density Curves

Specifying the Distributional Modeling Analysis

This section describes the dialog box options that are associated with the Distributional Modeling analysis.
The Distributional Modeling analysis calls the UNIVARIATE procedure in Base SAS software.

Variables Tab

You can use theVariables tab to specify the variable for the analysis. Only a single variable can be analyzed
at a time. TheVariables tab is shown in Figure 15.3.

Estimators Tab

You can use theEstimators tab to specify parametric distributions to �t to the data. (See Figure 15.4.) The
options for theEstimators tab correspond to options for the HISTOGRAM statement in the UNIVARIATE
procedure. See the documentation in theBase SAS Procedures Guidefor details.

For each distribution, you can enter values for one or more parameters, and estimate the remaining parameters
with maximum likelihood estimation (MLE). The analysis typically creates a histogram overlaid with density
curves, one for each speci�ed distribution.

To add a new distribution to theEstimators list, click a blank item and select a distribution from theFamily
list.
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To delete a distribution from theEstimators list, click an existing distribution and selectNone from the
Family list.

To change a distribution in theEstimators list, click the distribution and select a new distribution from the
Family list.

Threshold parameters are set to zero unless you clear theUse threshold of 0check box, in which case the
threshold parameter is estimated by MLE. Other parameters in a distribution are estimated from the data by
using MLE, unless you selectManual parameter selection.

TheEstimator tab contains the following UI controls:

Estimators
displays a list of distributions that are �tted to the data. Clicking an item in this list enables you
to change the distribution or to specify parameters for the distribution. You can specify up to �ve
distributions.

Family
speci�es the distribution for the selected item in theEstimators list.

Parameter Selection
speci�es how to determine parameters of the selected distribution in theEstimators list. If Automatic
is selected, then parameters are estimated by using MLE. IfManual is selected, then you can enter
one or more known parameters. Unspeci�ed parameters are estimated by using MLE.

Use threshold of 0
speci�es whether the threshold parameter is set to zero for the current distribution. If you clear this
check box, then the threshold parameter is estimated by using MLE.

NOTE : Maximum likelihood estimation of two parameters does not always converge. Three-parameter
estimationoftendoes not converge. Three-parameter estimation is attempted if you clear theUse threshold
of 0 check box whileAutomatic is selected.

Plots Tab

You can use thePlots tab to create the following plots:

Histogram with density estimators
creates a histogram overlaid with density curves for the parametric distributions that are speci�ed on
theEstimators tab.

Quantile-quantile plots
creates one Q-Q plot for each parametric distribution that is speci�ed on theEstimators tab.

Empirical cumulative distribution function (CDF)
creates a plot of the empirical cumulative distribution function.
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NOTE : SAS/IML Studio adds a density curve to anexistinghistogram when both of the following conditions
are satis�ed:

� The histogram is the active window when you select the analysis.

� The histogram variable and the analysis variable are the same.

Q-Q Plots

A Q-Q plot graphically indicates whether there is agreement between quantiles of the data and quantiles of a
theoretical distribution. If the quantiles of the theoretical and data distributions agree, the plotted points fall
along a straight line. For most distributions, the slope of the line is the value of the scale parameter, and the
intercept of the line is the value of the threshold or location parameter. (For the lognormal distribution, the
slope ise� , where� is the value of the scale parameter.) The parameter estimates for the distribution that best
�ts the data appear in an inset in the Q-Q plot.

Table 15.1 presents reasons why the points in a Q-Q plot might not be linear.

Table 15.1 Interpretation of Q-Q Plots

Description of Point Pattern Possible Interpretation

All but a few points fall on a line. There are outliers in the data.

Left end of pattern is below the line;
right end of pattern is above the line.

There are long tails at both ends of the
data distribution.

Left end of pattern is above the line;
right end of pattern is below the line.

There are Short tails at both ends of the
data distribution.

Curved pattern with slope that in-
crease from left to right

Data distribution is skewed to the right.

Curved pattern with slope that de-
creases from left to right

Data distribution is skewed to the left.

Most points are not near lineax C b
with scale parametera and location
parameterb.

Data do not �t the theoretical distribution.

NOTE : When the variable being graphed has repeated values, the Q-Q plot produced by SAS/IML Studio
is different from the Q-Q plot produced by the UNIVARIATE procedure. The UNIVARIATE procedure
arbitrarily ranks the repeated values and assigns a quantile for the theoretical distribution based on the ranks.
Two observations with the same value are assigned different quantiles. If a variable has many repeated
values, the Q-Q plot produced by the UNIVARIATE procedure looks like a staircase. However, SAS/IML
Studio (and SAS/INSIGHT) averages the ranks of repeated values. Two observations with the same value are
assigned the same quantiles for the theoretical distribution.
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CDF Plots

A CDF plot shows the empirical cumulative distribution function. You can use the CDF plot to examine
relationships between data values and data proportions. For example, you can determine whether a given
percentage of your data is below some upper control limit. You can also determine what percentage of the
data has values within a given range of values.

The inset for the CDF plot displays two statistics. The �rst is the number of nonmissing observations for
the plotted variable. The second is labeledD � . If D is the 95% quantile for Kolmogorov'sD distribution
(D � 1:36) andN is the number of nonmissing observations, then (D'Agostino and Stephens 1986)

D � D D=
� p

N C 0:12C 0:11=
p

N
�

The 95% con�dence limits in the CDF plot are obtained by adding and subtractingD � from the empirical
CDF. They form a con�dence band around the estimate for the cumulative distribution function.

Tables Tab

You can use theTablestab to display the following tables that summarize the results of the univariate analysis:

Parameter estimates
displays parameter estimates for the speci�ed theoretical distribution.

Goodness-of-�t tests
displays goodness-of-�t statistics that test whether the data come from the speci�ed theoretical
distribution.

Quantiles of �tted distribution
displays quantile information for the data and theoretical distributions.

Roles Tab

You can use theRolestab to specify a frequency variable for the analysis. A frequency variable is a numeric
variable whose value represents the frequency of the observation. If you use a frequency variable, the
underlying procedure assumes that each observation representsn observations, wheren is the value of the
frequency variable.

Analysis of Selected Variables

If an interval variable is selected in a data table when you run the analysis, then that variable is automatically
entered in theY Variable �eld of the Variables tab.

If any variable in the data table has a Frequency role, it is automatically entered in theFrequency Variable
�eld of the Rolestab.
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Overview of the Frequency Counts Analysis

You can use the Frequency Counts analysis to produce one-way frequency tables and compute chi-square
statistics to test for equal proportions.

You can use the analysis to tabulate the number of observations in each category of a variable. For nominal
variables, you can also create a bar chart of the variable.

You can run a Frequency Counts analysis by selectingAnalysis I Distribution Analysis I Frequency
Counts from the main menu. When you request a one-way frequency table and associated statistics,
SAS/IML Studio calls the FREQ procedure in Base SAS software.

Example: Display Frequency Counts

In this example, you create a one-way frequency table for thecategory variable of theHurricanes data set.
TheHurricanes data set contains 6,188 observations of tropical cyclones in the Atlantic basin. Thecategory
variable gives the Saf�r-Simpson category of the tropical cyclone for each observation. A missing value of
thecategory variable means that the storm had an intensity of less than tropical depression strength (wind
speeds less than 22 knots) at the time of observation.

To create a one-way frequency table:

1 Open theHurricanes data set.

2 SelectAnalysis I Distribution Analysis I Frequency Countsfrom the main menu, as shown in Fig-
ure 16.1.
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Figure 16.1 Selecting the Frequency Counts Analysis

The Frequency Counts dialog box appears. (See Figure 16.2.) You can select a variable for the analysis on
theVariables tab.

3 Select the variablecategory, and clickSet Y.

Figure 16.2 Specifying a Variable

For nominal variables, you can produce a bar chart of the categories of the chosen variable.

4 Click thePlots tab.

ThePlots tab becomes active. (See Figure 16.3.)
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5 SelectBar chart .

6 Click OK.

Figure 16.3 Selecting Plots

Figure 16.4 shows the results of this analysis. The analysis calls the FREQ procedure, which uses the
options speci�ed in the dialog box. The procedure displays a frequency table in the output document.
The table shows the frequency and percent of each Saf�r-Simpson category for these data. Hurricanes of
category 3 or higher account for only 7% of the nonmissing data, whereas almost half of the observations
are classi�ed as tropical storms.

Figure 16.4 Output from a Frequency Counts Analysis
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The bar chart shows a graphical view of thecategory variable. You can create a graphical version of the
output table by labeling the bars in the bar chart with their frequencies or percentages. To add labels to the
bar chart, do the following:

7 Right-click near the center of the plot area. SelectPlot Area Properties from the pop-up menu.

The Plot Area Properties dialog box appears. (See Figure 16.5.) TheBars tab controls attributes of the bar
chart.

8 Click Show labels.

9 Click Y axis represents: Percentage.

10 Click OK.

NOTE : You can also label the bar chart by using keyboard shortcuts. Activate the bar chart. Press the “l” key
(lowercase “L”) to toggle labels. Press the “p” key to alternate between displaying frequency and percentage.

Figure 16.5 Bar Chart Properties

The percentages displayed on the bar chart do not match the percentages in the one-way frequency table. That
is because the bar chart includes the 366 missing observations in the total number of observations, whereas
the analysis does not include those observations by default. (The counts for each bardo match the counts in
the table; only the percentages differ.)
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To exclude missing values from the bar chart:

1 Select the missing observations by clicking the �rst bar in the bar chart.

2 Select the data table to make it the active window.

3 SelectEdit I ObservationsI Exclude from Plots.

The bar chart now omits the missing values as shown in Figure 16.6.

Figure 16.6 The Bar Chart without Missing Values

Alternatively, if you want to include missing values as a valid category, then you can specify that the one-way
table should include a category of missing values.

To specify options for the Frequency Counts analysis:

1 Click theTablestab, as shown in Figure 16.7.

2 In theMissing valueslist, select the optionInclude in tables and statistics.

This option speci�es that missing values should be regarded as a valid category. If you run (or rerun) the
analysis with this option, the one-way table includes missing values as a valid category. The frequency table
produced with this option agrees with the default bar chart.
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Figure 16.7 The Tables Tab

Specifying the Frequency Counts Analysis

This section describes the dialog box tabs that are associated with the Frequency Counts analysis. The Fre-
quency Counts analysis calls the FREQ procedure in Base SAS software to compute counts and percentages
of each unique value of a variable.

Variables Tab

You can use theVariables tab to specify the variable for the TABLES statement of the FREQ procedure.
Only a single variable can be analyzed at a time. TheVariables tab is shown in Figure 16.2.

Plots Tab

You can use thePlots tab to create a bar chart if the chosen variable is nominal. (See Figure 16.3.) If the
chosen variable is not nominal, the analysis prints a warning message to the log. (You can convert an interval
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variable to nominal. In the data table, right-click the variable's column heading and selectNominal from the
pop-up menu.)

Tables Tab

You can use theTables tab, shown in Figure 16.7, to specify the options used to produce the one-way
frequency table. Each of these options corresponds to an option in the FREQ procedure, as indicated in the
following list.

Include percents
speci�es that a column of percentages be included in the one-way frequency table.

Include cumulatives
speci�es that a column of cumulative percentages be included in the one-way frequency table.

Order by
speci�es the order in which the values of the variable appear in the frequency table. This corresponds
to the ORDER= option in the PROC FREQ statement.

Chi-square test for equal proportions
requests a chi-square goodness-of-�t test for equal proportions. This corresponds to the CHISQ option
in the TABLES statement.

Missing values
speci�es the treatment of missing values. The following options are supported:

Exclude from tables and statisticsspeci�es that missing values be excluded from the analysis.

Include in tables; Exclude from statistics speci�es that missing value frequencies be displayed,
even though the frequencies are not used in the calculation of statistics. This corresponds to the
MISSPRINT option in the TABLES statement.

Include in tables and statistics speci�es that missing values be treated the same as nonmissing
values: they are included in calculations of percentages and other statistics. This corresponds to
the MISSING option in the TABLES statement.

Roles Tab

You can use theRolestab to specify a weight variable for the analysis. The weight variable in the FREQ
procedure is a numeric variable whose value represents the frequency of the observation. If you use a weight
variable, the FREQ procedure assumes that each observation representsn observations, wheren is the value of
the weight variable. For further information, see the documentation for the FREQ procedure in theSAS/STAT
User's Guide.
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Analysis of Selected Variables

If a variable is selected in a data table when you run the analysis, then that variable is automatically entered
in theY Variable �eld of the Variables tab.

If any variable in the data table has a Weight role, it is entered in theWeight Variable �eld of the Rolestab.
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Overview of the Outlier Detection Analysis

The Outlier Detection analysis computes outliers in contaminated normally distributed data. This analysis
de�nes outliers as values that are suf�ciently far from an estimate of the central tendency of the data.

More formally, suppose the data are normally distributed with location parameter� and scale parameter� .
Let O� be an estimate of the location parameter. LetO� be an estimate of the scale parameter. Then a valuex is
considered an outlier if

jx � O� j > c O�

wherec is a constant that you can specify. The constantc is called thescale multiplier.

The basic idea is that if the data are normally distributed, then about 99% of the data are within three standard
deviations of the mean. Therefore, if you can accurately estimate the mean (location parameter) and standard
deviation (scale parameter), you can identify values in the tails of the distribution. However, if the data
contain outliers, then you need to use robust estimators of the location and scale parameters. Robust estimates
are described in the “Details” section of the documentation for the UNIVARIATE procedure in theBase SAS
Procedures Guide.

You can use the analysis to specify traditional or robust estimates of location and scale parameters for a
numerical variable. You can create a histogram with a normal curve overlaid. You can create an indicator
variable that has the value 1 for observations that are suf�ciently far from the location estimate.

You can run an Outlier Detection analysis by selectingAnalysis I Distribution Analysis I Outlier Detec-
tion from the main menu. When you request outlier detection, SAS/IML Studio calls the UNIVARIATE
procedure in Base SAS software to compute location and scale estimates. SAS/IML statements are then used
to compute the outliers.
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Example: Detect Univariate Outliers

In this example, you detect outliers for thepressure_outer_isobar variable of theHurricanes data set.
TheHurricanes data set contains 6,188 observations of tropical cyclones in the Atlantic basin. Thepres-
sure_outer_isobar variable gives the sea-level atmospheric pressure for the outermost closed isobar of a
cyclone. This is a measure of the atmospheric pressure at the outermost edge of the storm. There are 4,662
nonmissing values ofpressure_outer_isobar.

To �nd outliers in univariate data:

1 Open theHurricanes data set.

2 SelectAnalysis I Distribution Analysis I Outlier Detection from the main menu, as shown in Fig-
ure 17.1.

Figure 17.1 Selecting the Outlier Detection Analysis

The Outlier Detection dialog box appears. (See Figure 17.2.) You can select a variable for the analysis by
using theVariables tab.

3 Select the variablepressure_outer_isobar, and clickSet Y.
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Figure 17.2 Specifying a Variable

You can specify how the location and scale parameters are estimated by using theMethod tab.

4 Click theMethod tab.

TheMethod tab becomes active. (See Figure 17.3.) The default is to estimate the location with the median
of the data, and to estimate the scale with the median absolute deviation from the median (MAD). Each
estimate is described in the documentation for the UNIVARIATE procedure in theBase SAS Procedures
Guide. The default scale multiplier is 3.

You can accept the default method parameters for this example.
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Figure 17.3 Specifying the Method

5 Click thePlots tab.

ThePlots tab becomes active. (See Figure 17.4.)

6 SelectNormal quantile-quantile plot .

7 Click OK.

Figure 17.4 Selecting Plots

Figure 17.5 shows the results of this analysis. The analysis calls the UNIVARIATE procedure, which uses
the options speci�ed in the dialog box. The procedure displays tables in the output document. The tables
show several estimates of the location and scale parameters. For this example, the median is 1012 hPa
with a scale estimate of 2.965. SAS/IML statements are then used to read in the speci�ed estimates and to
compute values ofpressure_outer_isobar that are more than3 � 2:965D 8:895units away from 1012.

Two plots are created. One shows a histogram of the selected variable. The histogram is overlaid with a
normal curve with� D 1012and� D 2:965. A vertical line at 1012 indicates the location estimate, and
shading indicates regions that are more than 8.965 units from 1012. The other plot is a normal Q-Q plot of
the data.
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Figure 17.5 Output from an Outlier Detection Analysis

By default, the analysis adds an indicator variable to the data table. The indicator variable is named
Outlier_Y , whereY is the name of the chosen variable. You can select all observations that are marked as
outliers by doing the following:

8 Select the data table window to make it active.

9 SelectEdit I Find from the main menu.

The Find dialog box appears as in Figure 17.6.

10 SelectOutlier_pressure_outer_isobar from theVariable list.

11 SelectEquals from theOperation list.

12 Type1 in theValue �eld.
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13 Click OK.

There are 36 observations marked as outliers. If the data table is active, you can use the F3 key to advance
to the next selected observation. (Alternatively, you can useEdit I ObservationsI Examine Selected
Observationsto examine each selected observation in turn.) The normal Q-Q plot shows that the quantiles
of the unselected observations fall along a straight line, which indicates that those observations appear to
be normally distributed. (See Figure 17.5.) The selected observations (the outliers) deviate from the line.

Figure 17.6 Finding Outliers

Specifying the Outlier Detection Analysis

This section describes the dialog box tabs that are associated with the Outlier Detection analysis. The Outlier
Detection analysis calls the UNIVARIATE procedure in Base SAS software to compute estimates of the
location and scale. SAS/IML statements are then used to determine which values are suf�ciently far from the
location estimate.

Variables Tab

You can use theVariables tab to specify the variable for the analysis. Only a single variable can be analyzed
at a time. TheVariables tab is shown in Figure 17.2.

Method Tab

You can use theMethod tab to specify the following options for estimating the location and scale parameters
for the data, and for specifying the scale multiple. TheMethod tab is shown in Figure 17.3.
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TheMethod tab contains the following UI controls:

Location estimate
lists statistics that are used to estimate the location parameter for the data. Each statistic is described
in the “Details” section of the UNIVARIATE procedure documentation in theBase SAS Procedures
Guide. The statistics are as follows:

Mean estimates the location parameter by using the mean of the data. (NOTE : The mean is not a
robust statistic; it is in�uenced by outliers.)

Median estimates the location parameter by using the median of the data.

Trimmed mean estimates the location parameter by using the trimmed mean of the data.

Winsorized mean estimates the location parameter by using the Winsorized mean of the data.

Trimmed/Winsorized cutoff
speci�es the number of observations or proportion of observations used to estimate a trimmed or
Winsorized mean.

Scale estimatelists the statistics for estimating the scale parameter for the (uncontaminated) data. The
statistics are as follows:

Standard deviation estimates the scale parameter by using the standard deviation of the data.
(NOTE : The standard deviation is not a robust statistic; it is in�uenced by outliers.)

MAD estimates the scale parameter by using 1.4826 times the median absolute deviation from the
median of the data.

Sn estimates the scale parameter by using a speci�ed constant times the robust statisticSn of the data.

Qn estimates the scale parameter by using a speci�ed constant times the robust statisticQn of the
data.

Interquartile range estimates the scale parameter by using the interquartile range of the data divided
by 1.34898.

Gini's mean difference estimates the scale parameter by using
p

�=2 times Gini's mean difference.

Scale multiplier
speci�es the constant used to multiply the scale estimate. The resulting product,d, determines outliers:
all values whose distance to the location estimate is greater thand are labeled as outliers.

Plots Tab

You can use thePlots tab (Figure 17.4) to create a histogram and a normal Q-Q plot of the chosen variable.

If you selectOverlay normal curve and outlier cutoff , then the histogram includes an overlaid normal
curve. (See Figure 17.5.) The parameters for the normal curve are the location and scale estimates of the
data. A vertical reference line in the histogram indicates the location estimate, and shading indicates regions
more thancO� units from the location estimate, wherec is the scale multiplier andO� is the scale estimate.
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Output Variables Tab

You can use theOutput Variables tab to add an indicator variable to the data table. The indicator variable is
namedOutlier_Y , whereY is the name of the chosen variable. The indicator variable is 1 for observations
that are classi�ed as outliers.

Roles Tab

You can use theRolestab to specify a frequency variable for the analysis. A frequency variable is a numeric
variable whose value represents the frequency of the observation. If you use a frequency variable, the
underlying procedure assumes that each observation representsn observations, wheren is the value of the
frequency variable.

Analysis of Selected Variables

If an interval variable is selected in a data table when you run the analysis, then that variable is automatically
entered in theY Variable �eld of the Variables tab.

If any variable in the data table has a Frequency role, it is automatically entered in theFrequency Variable
�eld of the Rolestab.
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Overview of the Loess Analysis

The Loess analysis is intended for scatter plot smoothing. Given bivariate data.x i ; y i /; i D 1; : : : ; n, the
Loess analysis �ts a regression functionf whose value at a pointx is obtained by evaluating alocal regression
functionat that point. This function is constructed based on data within a neighborhood ofx. Although the �t
in each local neighborhood is parametric, the construction of the functionf depends on many neighborhoods.
Consequently, the resulting function is nonparametric.

You can run a Loess analysis by selectingAnalysis I Data SmoothingI Loessfrom the main menu. The
computation of the loess regression function, con�dence limits, and related statistics is implemented by
calling the LOESS procedure in SAS/STAT software. See the LOESS procedure documentation in the
SAS/STAT User's Guidefor additional details.

NOTE : Fitting a loess curve to data sets with more than several thousand observations might require you to
wait a while for the computation to �nish, especially if you are computing con�dence limits or performing
an exhaustive search to �nd the optimal value of the smoothing parameter. Because of this, the Loess
analysis presents a warning message (shown in Figure 18.1) when your data contain more than 5,000
observations. A similar warning appears if you are performing an exhaustive search and there are more than
1,000 observations.
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Figure 18.1 A Warning Message

Example: Fit a Loess Curve to Data

In this example, you �t a loess curve to data in theminingx data set. Theminingx data set contains 80
observations that correspond to a single test hole in themining data set. Thedriltime variable is the time that
is required to drill the last �ve feet of the current depth, in minutes; the current depth is recorded in thedepth
variable.

To �t a loess curve:

1 Open theminingx data set.

2 SelectAnalysis I Data SmoothingI Loessfrom the main menu, as shown in Figure 18.2.

Figure 18.2 Selecting the Loess Analysis

The Loess dialog box appears. You can select variables for the analysis by using theVariables tab, shown
in Figure 18.3.

3 Select the variabledriltime, and clickSet Y.

4 Select the variabledepth and clickSet X.
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Figure 18.3 Selecting Variables

5 Click thePlots tab.

ThePlots tab becomes active. (See Figure 18.4.) You can use this tab to request additional plots.

6 SelectRaw residuals vs. Explanatory.

For this example it is useful to request a plot of the smoothing criterion versus the smoothing parameter.
The loess smoothing parameter determines the percentage of observations used to �t a weighted regression
in each local neighborhood. Small values of the smoothing parameter often correspond to undersmoothed
curves with many undulations; large values correspond to oversmoothed curves with few undulations. The
parameter value that minimizes the smoothing criterion represents a compromise between model �t and
model complexity.

7 SelectSmoothing criterion vs. Smoothing parameter.

8 Click OK.



266 F Chapter 18: Data Smoothing: Loess

Figure 18.4 Selecting Plots

The Loess analysis calls the LOESS procedure with the options speci�ed in the dialog box. The procedure
displays two tables in the output document, as shown in Figure 18.5. The �rst table shows that the minimum
value of the bias-corrected Akaike's information criterion (AICC) was achieved for a smoothing parameter of
0.13125. The second table summarizes the options used by the LOESS procedure and also summarizes the
loess �t.

Three plots are created. Some plots might be hidden beneath others. If so, move the plots so that the
workspace looks like Figure 18.5.
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Figure 18.5 Output from a Loess Analysis

One plot (upper left in Figure 18.5) shows the AICC for each value of the smoothing parameter evaluated by
the LOESS procedure. Note that the selected smoothing parameter is the one that minimizes the AICC.

A second plot (upper right in Figure 18.5) shows a scatter plot ofdriltime versusdepth, with a loess smoother
overlaid. The undulations in the smoother might correspond to depths at which variations in rock hardness
affect the drilling time. In particular, it is known that the decrease in drilling time at 250 feet is due to
encountering a layer of soft copper-nickel ore (Penner and Watts 1991).

The third plot (lower right in Figure 18.5) shows the residuals versusdepth. The spread of the residuals
suggests that the variance of the drilling time is a function of the depth of the hole being drilled.

The next example creates a second curve that smooths out some of the undulations. This is accomplished by
restricting the smoothing parameter to relatively large values. Speci�cally, the next example speci�es that at
least 50% of the points in the data set should be used for each local weighted regression.
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Example: Compare Smoothers

The “Details” section of the LOESS procedure documentation describes how the LOESS procedure computes
predicted values. The predicted value at a pointx is determined by a weighted average of observations nearx.
The number of observations used to form the predicted value depends on the smoothing parameter.

Recall that the response variable in the previous example is the length of time required to drill the last �ve
feet of a hole that isdepth feet deep. For these data, the optimal smoothing parameter was approximately
0.131. This value results in a smoother that varies with the hardness of the underlying rock strata.

However, you might want to average out the variations in rock hardness to get a better indication of how the
drilling time varies with depth. While 0.131 is aglobal minimumof the AICC function, there might be a
local minimumat a larger value of the smoothing parameter. Using a larger value results in a smoother that is
less sensitive to local variation in rock hardness.

This example computes another possible loess �t and compares it to the smoother with the parameter 0.131.
The example assumes you have completed the previous example and your workspace looks like Figure 18.5.

Recall that SAS/IML Studio adds a smoother to anexistingscatter plot when both of the following conditions
are satis�ed:

� The scatter plot is the active window when you select the analysis.

� The scatter plot variables match the analysis variables.

To compute a second loess �t and compare the two models:

1 Click the scatter plot ofdriltime versusdepth to activate that window.

2 SelectAnalysis I Data SmoothingI Loessfrom the main menu.

The loess dialog box appears. The dialog box remembers the variables you used in the last analysis.

3 Make sure thatdriltime is selected as the Y variable anddepth is selected as the X variable.

By examining the AICC plot from the previous example (upper left in Figure 18.5), you might guess that
the AICC is an increasing function of the smoothing parameter on the intervalŒ0:131; 0:5•. Thus, if there
is a local minimum for AICC at a larger value of the smoothing parameter, it must occur in the interval
Œ0:5; 1•. In the following steps you search for a local minimum of AICC restricted to this interval.

4 Click theMethod tab.

TheMethod tab is activated, as shown in Figure 18.6.
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Figure 18.6 The Method Tab

5 Click Exhaustive search for minimum.

6 Click Restrict search rangeand type0.5 for theLower bound.

NOTE : TheExhaustive search for minimumoption is computationally expensive. It corresponds to the
GLOBAL modi�er of the SELECT= option in the LOESS MODEL statement. For the current example,
which has 80 observations, the option results in evaluating loess models with at least 40 (0:5� 80) points
in the local neighborhoods. Thus, this option causes the LOESS procedure to evaluate many separate
models: one with 40 points in the local neighborhoods, one with 41 points, and so on, up to 80 points. For
a data set with 10,000 observations, the same options would result in evaluating up to 5,000 models.

7 Click thePlots tab.

ThePlots tab is activated, as shown in Figure 18.7.
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Figure 18.7 Selecting Plots

8 ClearRaw residuals vs. Explanatory.

9 Click OK.

As shown in Figure 18.8, the scatter plot ofdriltime versusdepth updates to display the new loess smoother.
The AICC plot now shows that the chosen smoothing parameter is approximately 0.631, which corresponds
to using 50 (� 0:631� 80) points in the local neighborhoods.
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Figure 18.8 Example: Rerun a Loess Analysis

NOTE : This second Loess analysis creates a predicted value variable namedLoessP_driltime. This variable
overwrites the variable of the same name that was created by the �rst Loess analysis. If you want to compare
the predicted values for these two models, you need to rename the �rst variable prior to running the second
analysis.
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Removing a Smoother

If you are trying to determine the relationship between drilling time and depth while averaging out variations
in the rock strata, you might prefer the second smoother to the �rst. If so, you might want to remove the �rst
smoother.

When SAS/IML Studio adds a smoother, it also adds anaction menuto remove that smoother. The following
steps access this menu by pressing the F11 key while the plot is active.

1 Activate the scatter plot ofdriltime versusdepth and press the F11 key.

An action menu appears, as shown in Figure 18.9.

Figure 18.9 Removing a Smoother
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2 Select the �rst menu item:Remove Loess Fit (Smooth=0.131).

The �rst smoother vanishes. The plot now looks like the one in Figure 18.10.

Figure 18.10 A Single Smoother

The new loess smoother indicates that the drilling time varies roughly linearly at depths between 0 and 200
feet, and linearly (with a different slope) at depths greater than 300 feet. Between 200 and 300 feet, the
response varies nonlinearly. Penner and Watts (1991) suggest that air forced through the drill shaft is able to
expel debris from the hole at depths less than 200 feet, but at greater depths more and more debris falls back
into the hole, thus reducing the drill's ef�ciency.

You can use the techniques presented in this example to compare the loess model to other smoothers. For
example, you might decide to compare the loess curve to a quadratic polynomial. If the predictions are nearly
the same, you might favor the simpler model.
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Specifying the Loess Analysis

This section describes the Loess analysis dialog box options. The Loess analysis calls the LOESS procedure
in SAS/STAT software. See the LOESS procedure documentation in theSAS/STAT User's Guidefor details.

Variables Tab

You can use theVariables tab to specify the response and explanatory variables for the LOESS MODEL
statement. The Y variable speci�es the dependent (response) variable, and the X variable speci�es the
independent (explanatory) variable. The SAS/IML Studio Loess analysis supports only a single dependent
variable and a single smoothing variable.

Method Tab

You can use theMethod tab to specify options for the loess algorithm. TheMethod tab contains the
following UI controls:

Selection method
speci�es how to choose the loess smoothing parameter. This option corresponds to the SELECT=
option in the MODEL statement.

AICC
selects the smoothing parameter that minimizes the corrected Akaike information criterion.

GCV
selects the smoothing parameter that minimizes the generalized cross validation criterion.

Approx. model DF
selects the smoothing parameter for which the trace of the prediction matrix is closest to the
Target model DF. This corresponds to the SELECT=DF1 option in the MODEL statement.

Manual
enables you to specify the value in theSmoothing parameter�eld.

Exhaustive search for minimum
speci�es that a global minimum be found within the range of smoothing parameter values examined.
This corresponds to the GLOBAL modi�er to the SELECT= option in the MODEL statement. This
option is computationally expensive.

Restrict search range
speci�es that only smoothing parameters greater than or equal toLower bound and less than or equal
to Upper bound be examined.

Robust reweighting iterations
speci�es the number of iterative reweighting steps. SAS/IML Studio counts the initial �t as reweighting
iteration 0. This differs from the LOESS procedure, which counts the initial �t as the �rst iteration.
Thus if you typen in this �eld, the option corresponds to ITERATIONS=n C 1 in the MODEL
statement.
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Interpolating polynomial
speci�es whether the interpolating polynomial is linear or cubic. This corresponds to the INTERP=
option in the MODEL statement.

Calculation of lookup DF
speci�es the method to use for calculating the “lookup” degrees of freedom used in performing
statistical inference. This corresponds to the DFMETHOD= option in the MODEL statement.

Local regression polynomial
speci�es the degree of the local polynomial to use for each local regression. The choice is linear or
quadratic. This corresponds to the DEGREE= option in the MODEL statement.

Plots Tab

You can use thePlots tab to create plots that graphically display results of the Loess analysis. (See
Figure 18.4.) The raw residuals are computed asY � OY, where OY indicates the variable that contains the
predicted values of the response.

Creating a plot often adds one or more variables to the data table. The following plots are available:

Observed vs. Explanatory with smoother
creates a scatter plot of the X and Y variables, overlaid with a smoother.

Con�dence limits for means
speci�es whether to add 95% upper and lower con�dence limits to the Observed vs. Explanatory
plot.

Observed vs. Predicted
creates a scatter plot of the Y variable versus the predicted values.

Raw residuals vs. Predicted
creates a scatter plot of the residuals versus the predicted values.

Raw residuals vs. Explanatory
creates a scatter plot of the residuals versus the X variable.

Residual normal QQ
creates a normal Q-Q plot of the residuals.

Smoothing criterion vs. Smoothing parameter
creates a scatter plot of the smoothing criterion (for example, AICC) versus the smoothing parameter
value for all smoothing parameter values examined in the selection process. The value that minimizes
the criterion is indicated by a star-shaped marker.

NOTE : SAS/IML Studio adds a smoother to anexistingscatter plot when both of the following conditions
are satis�ed:

� The scatter plot is the active window when you select the analysis.

� The scatter plot variables match the analysis variables.
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Tables Tab

You can use theTablestab to display tables that summarize the results of the analysis.

TheTablestab is shown in Figure 18.11. The following tables are available:

Fit summary
summarizes the �t and the �t parameters.

Smoothing criterion
displays the selected smoothing parameter and the corresponding criterion value.

Figure 18.11 The Tables Tab

Output Variables Tab

You can use theOutput Variables tab to add analysis variables to the data table. (See Figure 18.12.) If you
request a plot that uses one of the output variables, then that variable is automatically created even if you did
not explicitly select the variable on theOutput Variables tab.

The following list describes each output variable and indicates how it is named.Y represents the name of the
response variable.

Predicted values
adds predicted values. The variable is namedLoessP_Y.

Con�dence limits for means
adds 95% con�dence limits for the expected value (mean). The variables are namedLoessLclm_Y and
LoessUclm_Y.

Raw residuals
adds residuals, which are calculated as observed values minus predicted values. The variable is named
LoessR_Y.
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Figure 18.12 The Output Variables Tab

Analysis of Selected Variables

If one or more interval variables are selected in a data table when you run the analysis, then the following
occur:

� The �rst selected interval variable is automatically entered in theY Variable �eld of the Variables tab.

� The second selected interval variable is automatically entered in theX Variable �eld.

No role variables are used for this analysis.

References

Penner, R., and Watts, D. G. (1991). “Mining Information.”American Statistician45:4–9.
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Data Smoothing: Thin-Plate Spline
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Overview of the Thin-Plate Spline Analysis

The Thin-Plate Spline analysis is intended for scatter plot smoothing. The Thin-Plate Spline analysis uses a
penalized least squares method to �t a nonparametric regression model. You can use the generalized cross
validation (GCV) function to select the amount of smoothing.

You can run the Thin-Plate Spline analysis by selectingAnalysis I Data SmoothingI Thin-Plate Spline
from the main menu. The computation of the �tted spline function, con�dence limits, and related statistics is
implemented by calling the TPSPLINE procedure in SAS/STAT software. See the TPSPLINE procedure
documentation in theSAS/STAT User's Guidefor additional details.

Example: Fit a Thin-Plate Spline Curve to Data

In this example, you �t a thin-plate spline curve to data in theminingx data set. These data are discussed in
Chapter 18, “Data Smoothing: Loess.” Theminingx data set contains 80 observations that correspond to a
single test hole in themining data set. Thedriltime variable is the time that is required to drill the last �ve feet
of the current depth, in minutes; the hole depth is recorded in thedepth variable.
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To �t a thin-plate spline curve:

1 Open theminingx data set.

2 SelectAnalysis I Data SmoothingI Thin-Plate Spline from the main menu, as shown in Figure 19.1.

Figure 19.1 Selecting the Thin-Plate Spline Analysis

The Thin-Plate Spline dialog box appears. You can select variables for the analysis by using theVariables
tab, shown in Figure 19.2.

3 Select the variabledriltime, and clickSet Y.

4 Select the variabledepth, and clickSet X.

Figure 19.2 Selecting Variables
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