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About this guide

This guide summarizes the procedures to be used during the course (Biometry, ZooL
631). It does not cover every way of doing a particular procedure, nor does it provide
every detail about these procedures; use the extensive on-line help (which includesthe
full programming and statistical manuals) if you want to learn more.

These instructions use only the menu/dialog window interface; there also isarich
command-line programming environment.

This guide was written originally for Release 6.1, and has not yet been fully updated
for Release 7, though most of it should apply to Release 7 (and indeed some of the
examples were generated in Release 7). Much of it also appliesto earlier releases.

The first three chapters describe general features of using S-Plus, managing data, and
working with graphs. After that, methods are presented in the same order asin the
course, except that:

» Power analysis and other methods relevant to designing studies are presented in the
last chapter, along with miscellaneous methods relating to probability distributions;
in the course these are encountered a various points throughout the semester.

» Bar chartsfor displaying categorical variables are presented in the Describing dis-
tributions and Describing relationships chapters but in the course these may be
deferred to the final chapter.
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INTRODUCTION TO S-PLUS

S, S-Plus and R

. “G”
(now “New S’) isastatistical programming language or environment (not a
software package) developed by AT& T's Bell Labs.

* “S-Plus®”
isacommercia implementation of the S’ language, developed and sold by
Insightful Corporation. Its most important addition to the “New S’ foundation is
the MS Windows graphical user interface.

° “R©H
“can be considered adifferent implementation of S” (quoting from “What isR?” at
www.r-project.org/). It is developed and distributed for free by The R Project for
Statistical Computing. Its user interface is not as polished as that of S-Plus, so its
learning curve is steeper at first, but obviously the price can’t be beat.

Since all these flavors of R/S are programming environments, they are extensible:
users can write new procedures (analyses, graphs, or whatever). There are indeed large
collections of procedures available as add-ons (called “libraries’ in S-Plus; see below,
and “packages’ in R). R in particular has attracted ecologists and evolutionary biolo-
gists: among its packages are cutting-edge statistical methods in these areas, pro-
grammed by the researchers who devel oped the procedures (see for instance the
“ouch” package by our own Marguerite Butler).

S-Plus Libraries

Installing and loading libraries

Various libraries of specialized procedures are available from the Insightful Corp.
website, at http://www.insightful.com/downloads/libraries/ . (You can get there from
S-Plususing

Help = Insightful on the Web = Download Libraries)

Toinstall alibrary:
1. under the paragraph describing the library, click on the link for your operating sys-
tem to download the compressed (.zip) file

2. double-click on the .zip file to extract the files (it doesn’t matter where they are put
at this step, but you might as well have them put in the folder in step 3)
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Introduction to S-Plus: S-Plus Libraries

3. put the extracted folder and all its subfolders and filesin the library folder of your
S-Plusingtallation (typically, c:\Program Files\I nsightful\splus7O\library )

Oncealibrary isinstalled on your computer, you then can load it into S-Plus whenever
you need it. Thisis done by

File = Load Library...

In the dialog window that opens, scroll through thelist of available libraries, select the
one you want, check the Attach at top of search list option, and click OK.

IPSdata Library

This guide assumes the StResample Library isloaded. If it is not, everything in this
handout should still be correct, except that the resampling methods will not be avail-
able and some of the menus, dialogs, and output may be slightly different.

You also will find it convenient to load the | PSdata L ibrary, which gives easy access
to all the datasets in the text, and also automatically loads the S+tResample library.
Thislibrary can be downloaded from http://www.insightful .com/Hesterberg/bootstrap/
(reachable from the Resampling Softwar e for | PS link on the textbook website
http://bcs.whfreeman.com/ipsSe/ ). Download, install, and load this just like any other
library (conveniently, it will be at the top of the scroll list in the Load Library window).
It seems that some of the resampling procedures look alittle different if only the
St+Resample Library isloaded, rather than the IPSdata Library, but there shouldn’t be
any meaningful differences for our use of these proceduresin this course.
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DATA ORGANIZATION, MANIPULATION,
AND IMPORT/EXPORT

Projects

S-Plususes alarge variety of data structures, graphs, reports, etc. It supposedly is
possible to organize these into “ chapters’ but | haven’t bothered to figure out how this
works. | find it sufficient instead to have a separate Windows folder for each “ project”
| am working on, and to specify the desired folder when S-Plus asks, while starting up,
“Open the S-Plus project in which folder?” S-Pluswill create .Data and .Prefs sub-
directoriesin the specified project folder. These hold all sorts of folders and files, none
of which isdirectly useful but which together constitute the project.

Warning: It isdifficult to move an existing project to a different folder; apparently
some of the needed files are in other folders and/or the paths pointing to necessary
parts of the project become invalid. It is possible, though, to save S-Plus data sets or
graphs as files, which then can be re-opened in S-Plus even if they have been moved.

The “Object Explorer” window, opened by clicking theicon to the left, can be used to
access, work with, and simply keep track of the various parts of a project, the main
ones being data, graphs, and reports.

Data sets

S-Plus shows the data in one or more worksheets which look much like asheet in a
spreadsheet program such as MS Excel. Unlike Excel, in S-Plus columns have names
and types. Column names, types, etc., can be seen or changed by selecting the column,
right-clicking, and selecting Properties. S-Plusis better than Minitab at keeping rows
intact (as observations) but care still needs to be taken, for instance when sorting.

It is not necessary to save data sets, as thisis done automatically. Data sets which have
been closed can be re-opened using

Data = Select Data...

and then selecting the desired data set from the pull-down list by Name: under Existing
Data. As noted above, data sets can be saved if you want to move them.

You may notice in the Object Explorer that data files can be of various “classes.” Most
will be of class data.frame, but sometimes you may see data.set or other specialized
classes. Asfar as| can tell none of this should matter for the basic uses of this course.
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Data organization, manipulation, and import/export: Data set manipulation

Entering data

Data can be entered directly into the worksheet from the keyboard or by cut-and-paste
from other applications. Data saved from various spreadsheet and database programs
can be imported using the menu sequence

File = Import Data = From File...
Alternatively,

Data = Select Data...
then select Import File from the choices at the left of the Select Data dialog.

The Import From File dialog then will open. Typically al that needsto be doneisto
specify the file to be imported. S-Plus determines the file format from the filename
extension, so if your file doesn’t have the standard extension you will need to tell S-
Pluswhat kind of fileit is, using the pull-down list of formats. You may want to
change the name to be given the S-Plus data set being created. The Options tab can be
used for changing which rows and/or columns are imported, and/or where column or
row names are.

Exporting data

Data sets can be exported in awide variety of formats, including text, Excel, Matlab,
Minitab, and SAS.
File = Export Data = To File...

then select the Data Frame to export, specify the File Name: to export it to, and select
the format from the Files of Type: pull-down list.

Data set manipulation

The Data menu (right) provides many ways of manipu-

lating the data set. The most useful of these are: W Statistics  Graph Optic
« Select Data... Select Data...
This opens apull-down list of available data sets, so Select IPS Data. .
you can re-open a closed data set. You also can use Copy 3
this to import data or create a new empty data set. Move >
Transpose 4
» Select IPS Data... Exchange ,
Thisisonly availableif you have loaded the IPS Remave b
library (File = Load Library...). It givesaccessto all Clear ,
the text data sets.
Restruckure L4
» Copy, Move, Remove, and Clear
all act on columns, rows, or ablock of cells, in the Data menu (top part)

usual ways.
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Data organization, manipulation, and import/export: Data set manipulation

* Restructure
opens the secondary menu to the right, providing more
complicated reorganizations of the data. The most useful of Append. ..
these are! Pack...

Sark...

Sort... ctack..

doesjust that: sorts one or more columns, according to the Unstack.

values of one or more columns. The sorted columns can be

put in the same or new columns. Just asin Minitab or Excel, Restructure

if you sort only some of the columns, associations sub-menu

between variables from the same observation may be

destroyed.

Stack...
stacks two or more columnsinto asingle column. The columns to be stacked are
specified in the From part of the dialog (see below), in the Stack Columns: box.

Stack Columns

From To

Data Set: zdat Data Seat: | -
Stack Columns: FipkukaTrans - Stack Column: | -
Replicate Cols: - Replicate Cols: | -

v Create Group Column Group Coluri: | -
1] | Cancel | Apply | | | current Help
E—— , ’ ’ ’

Stack Columns dialog window

The column to create is specified in the To part of the dialog, in the Stack
Column: box. If the Create Group Column option is checked, another column
will be created, containing integers indicating which of the “From” columns an
observation was from; the column to hold these subscripts is specified in the
Group Column: box. Replicate Cols: will be duplicated in parallel with the
stacked column, so that each row will contain a stacked value and the corre-
sponding values of the replicate column.

Unstack...
separates a column into several new columns, or a set of columnsinto several
new sets, one new column (or set of columns) for each distinct value of the
Group Column:. The new columns are given names combining the value of the
group column with the name of the original column.
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Data organization, manipulation, and import/export:

Data set manipulation

e Transform...

The transformation dialog window (below) creates
new columns as functions (mathematical and/or

logical) of existing columns.

The column to be created is the Target Column:.
The transformation can be typed directly into the
Expression: box and/or built using the Add to
Expression boxes. Unfortunately it does not appear
that functionsin the Function: box can be nested, as

Fill...

Recode...

Transform...

Creakte Categories...
Randarn Nurnbers. ..
Distribution Functions. ..

Data menu (middle)

in the arcsin-square root transformation. | therefore
mostly type the expressions directly, and sometimes use the Function: pull-down
list to see what functions are available and how they are named.

Transform

[rata-
[rata Set;

T arget Colurmn;

Add to Expreszzion
"Wariable:

Function:
Operator;

Add

<Mone: -
+ -

Expreszion: ]

k. | Eancel‘ .-'1'-.|:||:|I_I,IJ

| cument

Help

Transform dialog window

. Split...

separates a data set into several new data sets,
according to the value of a Splitting Variable. If the
splitting variable is quantitative, various ways of

splitting it can be specified.
» Subset...

picks out the observations meeting a specified
condition. The selected observations can become a
new data set, if Result Type: is set to Data Set (the
default; see dialog window below). Alternatively, a
column can be added to the current data set
containing True / False values depending on whether the given observation meets
the condition or not; thisisthe Add Column option for Result Type:, and whenitis
selected the Target Column: box becomes available for naming this new column.
This column can then be specified in the Subset Rows with: box when creating or

Split. .

Subset...
Merge...
Tabulate...
Expand Grid. ..
Random Sample. ..

Change Data Type...

Data menu (bottom
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Data organization, manipulation, and import/export: Data set manipulation

Data Results
[ ata Set: Resulk Tope: f# [ata Set
Columnsz in Subset; " Add Columi
<hlls -
Save ln: I—

Subzet Expression

Subset Baves with: |
Create Subzet

k. | Eanu:el| .-‘-‘-.ppl_l,l| | | current Help

Subset dialog window

modifying graphs (as described below), causing only the True observationsto be
shown in the graph.

The condition defining the subset can be typed directly into the Subset Rows
with: box, or clicking the Create Subset button opens a dialog window (next page)
in which you can build the expression. The Transform: box in this dialog provides
mathematical (e.g. square root) and statistical (e.g. median) functions. The Show
Values button will cause al the values of the selected column to be listed in the
Value: box; specific values can be selected from this list and incorporated into the
expression.

» Change data type
allows a column to be converted among the many types recognized by S-Plus. The
most important of these are double (double-precision numeric), character, and
factor (group identifiers, as for example the independent variable(s) in ANOVA).
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Data organization, manipulation, and import/export: Exporting results

T R
—Data — Colurmn Y alues
Colurnn: = - Show Walues |
:zﬂ;me ;I Yalue: .
Tranzfarrm; |<N|:|ne> - I LI
Add sdd |
— Logizal —Math
I T
5= | <= | " | / |
S R | (R
aNp | oR | [ | | |
MOT — Remove
Femove Al | Remove Last |
Expression: I
F, I Cancel | [«f =} cument Help |
Create Subset dialog window

Exporting results

Text output from statistical procedures will be in Reports windows, which will be
listed in the Object Explorer. All or part of areport can be copied and pasted into a
word processing program, or can be printed (use the printer icon or the File menu).

Graphs can exported in various ways, as explained in the next chapter.
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S-PLUS GRAPHING: GENERAL FEATURES

S-Plus has superb graphing capabilities. It combines a huge catalog of types of graphs
with excellent WY SIWY G editing. It can easily make publication or presentation
quality graphs, with direct export to PowerPoint. These capabilities come at the cost of
more complexity than in programs such as Minitab, so in this section | will describein
detail the main ways of using S-Plus for graphing.

Creating graphs

Graphs can be created in S-Plus by two routes: the Graph pull-down menu or a
window showing agrid of buttons for various graph types.

Graph menu
Graph = 2-D Plot...

opens the Insert Graph dialog window shown on the next page. The three input boxes
of thiswindow are:

Insert Graph E|
Aues Type: Plat Type:
# | |Line with lzolated Pointz [« v1, v2. ] Y
Multiple v Line with Scatter [« w1, w2, ...] ,
Fultiple = Line with Text az Surbals [=, v, text] 301 =
Fanel Fareto Plat [, v _
Wary ' Panel Horiz. Pareto Plat [x, 1] =1 i
Wan & Panel Probability-Probability Plat (=, v] oo . L
Wary #7 Panel PP Marmal with Ling [<]
Log™ Guantile-Guantile Plot [x, ] 151 . r
Log = Q0 Maormal with Line [x] ol
Log Laog Fiobust Least Trimmed Sq. [« o1, 02, ..] —
L Robust bR [, 01, 02, 1o 1S 2n BR300 35 4D
Lr Scatter Flot [x, w1, vz, ]
Lnln Scatter Plots of )Y Pairs [x1. 01, 52 02,1 ¥
Graph Sheet:
B =l
k. | Cancel | Help
Insert Graph dialog window

* Plot Type
The middle box iswhere you specify the Plot Type you want; thereisavast variety
of possible types.
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S-Plus graphing: general features: Creating graphs

* Axes Type
The box at the left allows various rescalings of one or both axes, creation of
multiple axes, €etc.

» Graph Sheet
A name for the graph can be entered in the Graph Sheet box; default names are
GSn with sequential numbering.
The box at theright of the dialog window simply shows an example of the type
of plot being selected.

Plot buttons
Alternatively, the toolbar icon to the left opensthe

selection palette to the right. The buttons on this I x| |
pal ette represent the various graph types. What L L L2 L e L |__-._
some of them represent is obvious, and for the . =
others, if the cursor is held over abutton for afew L li s l; li l'—“ =
seconds a little box pops up identifying the graph Pl E -"’f E @ M
type. The ones relevant to this course will be Be B (B [ & B2 L
described below. bl = s B M E= 5"
a [H W= (8 |[= M
Fa P i |d [~ & @
s B 2 (6 (822
Plots2D palette

Specifying the graph

If any columns are currently selected in the active data set, the plot will be created
immediately using these selected columns, once you click OK in the Insert Graph
dialog window or on one of theiconsin the Plots2D selection palette.

If no columns are selected when you request a plot by one of the two routes above, a
dialog such as below opens up for you to specify the plot you want. Some of the parts
of this dialog are specific to the plot type, and will be described in the sections below
for the various plots.

The Data to Plot tab, however, is the same for most if not all plot types, and will be
described here.

» Data set
The pull-down list for Data Set: allows any data set in the “project” (i.e. the
current folder) to be selected.

e Columns
The x Columns: and y Columns: selections are just what they say they are. The z
and w columns have various uses; for instance, the z Columns: can be used to
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S-Plus graphing: general features: Multiple graphs

Histogram/Density [1]
[ ata ba Plat l Options l Hiztogram B arz ] Density Line l
Data Columng Scale to

[Data Set: Arypzdata - W fiz 1

# Columng: - iz 1

y Columns: :|T Subset Bows with; |ALL
z Columns: - ™ Hide

w Colurnng: - ¥ | Crop

Cverride Conditioning

Tupe: Auta -

Draw in Fanels: Al -

oK | Eancel| L current Help

Data to Plot tab of a graph dialog window

specify a categorical variable defining groups to be shown by different symbolsin
a scatterplot.

» Conditioning
Conditioning is discussed below; the options in this box are to override the condi-
tioning specified in the Multipanel dialog, and it is unlikely you will want to do
this.

e Scales
The Scale to boxes alow multiple axesto be created, for instancetwo Y axeswith

different scaling, to overlay scatterplots of two variables, can be created by
changingonetouseY Axis# 2.

» Subsetting
To show only some of the observationsin the graph, create acolumn indicating the
rowsto be used, as described under Subset: in Data set manipulations above, and
specify that column in Subset Rows with:.

Multiple graphs

Two or more graphs can be combined in one graph window, overlaid or in separate
panels. Before explaining how thisis done, the parts of a graph window and how to
select among them need to be described.
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S-Plus graphing: general features: Multiple graphs

Window areas

Four kinds of area are defined in a graph window, in a nested hierarchy. Starting with
the innermost (smallest) component, they are:

e plot area
A “plot area” isthe areawithin the axes of aplot. A plot areais selected by
clicking within it; thiswill be indicated by green re-sizing knobs on the plot
borders (similar to those in the example below, but on the corners of the axes.)

e graph area
The “graph area’ is the portion of the white page containing a plot with its axes,
labels, etc. A graph areais selected by clicking within it but outside the plot area;
thisis shown by the green re-sizing knobs around the margin of the area, asin the
example below.

 graph sheet
A “graph sheet” is everything on one page. To select a sheet, click on the colored
area of the page (but inside the frame of the window) No re-sizing knobs will

appear.
e Window

The graph window includes everything, and may have multiple pages. To select it,
click on the bars across the top and bottom of the window.

to select
window

to select

graph sheet —
Lin]
(|
to select
graph area
ran|

to select
plot area

=10l x|

I:I.I?I:II:I. O.r+0.rs0.7 2020022 . I:IlE 070 OFs 020 025
. h:il.ld . be=wid
[«[>| Page1 |

whereto click on agraph to select its various areas
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S-Plus graphing: general features: Multiple graphs

Overlaid plots

Overlaying graphs can be useful for showing two or more compatible variables or
relationships. For instance, you may want to simultaneously plot two response vari-
ables against the same explanatory variable, or to the relationship between two vari-
ables across different groups.

To overlay plots:

1. Create one of them.
2. Select its“graph area”’ or “plot area’ as described above.
3. either:

« hold down the shift key while creating the second plot, e.g. while clicking a but-
ton on the Plots2D selection matrix

or

* use Insert = Plot... to open an Insert Plot dialog window exactly like the Insert
Graph dialog described above under Creating Graphs.

In some cases, including scatterplots, multiple Y variables can be selected, prior to
requesting the plot, which will cause all of them to be plotted in one plot.

Multiple panels

It can be useful to have two or more graphs in a single window, perhaps with the same
axis scaling, in order to compare them without the confusion overlaid plots can create.
It al'so may be useful ssimply to group related graphs in one window to help keep track
of them. Such multi-part graph windows can be created in two ways:. by simply adding
anew graph to an existing window, or by “conditioning” a graph on some other vari-
able.

Adding graphs

Adding one or more graphsto a graph window puts them in separate “graph areas.” To
do this, select the “ graph sheet” (not graph or plot area). Then either

« hold down the shift key while creating the second plot

or
« use Insert = Graph... to open the Insert Graph dialog.

Conditioning

“Conditioning” agraph will split it into multiple panels based on values of a specified
column (not one of the ones directly plotted). The panels will be within the same
“graph area’ (apart from perhaps spilling onto more than one page). The “condi-
tioning” variable can be categorical, or quantitative; the range of a quantitative vari-
ableisdivided into intervals defining the panels, and you can control how thisis done.

To create a conditioned graph, first create the basic graph, without any conditioning.
Then either

S-Plus Basics 11



S-Plus graphing: general features: Multiple graphs

« select the conditioning variable in the data sheet and drag it onto the upper part of the
graph
or

« right-click on the graph area or plot area and select Multipanel... Thiswill open the
dialog window below. Change Panel Type: to Condition, then select the variable(s)

o

2D Graph [1]

Plat Surnmary ] Position/Size ] Fill/Border ] tultipanel l
Panel Type: More - [v Dirave Strip
Conditiohing Colurmns I_

Celurnn List :|v Continuous Conditioning
Data Set: bracswdn - # of Panels: 4

Type: m Frac. Shared Ptz IU—
Order Type: Im Interval Type: Im
Lavout I—_|
# aof Columns: m I—_|
# af Rows: Auto -

Custornization

# of Pages: Auto - Skip Colurmn: I—L|
Wertical Margin; At - Vet Marg. Col.: I—L|
Hariz. Margin: m Hariz. karg. Cal.: I—Ll
Parel Order: Im Fanel Order Col.: I—L|

ok | Eanu:el| | | current Help

Multipanel tab of the 2D Graph dialog window

to condition onin the Column List: box (and if necessary, change the Data Set:). Var-
ious other parts of this dialog allow you to alter the number and/or layout of the pan-
els. By default quantitative conditioning variables are divided into intervals having
the same number of observations, but this can be changed in the Interval Type: box;
the other options are to use equal ranges or to use another column to define the inter-
vals.

Multipaneling can be modified, or eliminated, by selecting the graph, right-clicking,
going to the Multipanel tab, and altering settings as desired.
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S-Plus graphing: general features: Editing graphs

Editing graphs

Right clicking or double-left-clicking on a graph opens the same dialog window as
used to create the graph, in which any desired changes can be made. (The menu that
pops up lists each of the tabs of the dialog separately, e.g. Data to Plot..., Options...,
Histogram Bars... and Density Line.... Selecting any one of these, however, gives
accessto all of them, viathe tabs on the dialog window.)

Changing axes

An axis can be modified by right clicking (or double clicking) on the axis. This brings
up adialog window with tabs. The range aswell as the positions of the major ticks and
labels are specified on the Range tab. The Display/Scale tab alows a choice between
linear, log, In, or probability scaling, without having to transform the variable. Other
parts of the Display / Scale tab, and the Grids/Ticks tab, allow various changesin the
appearance of the axis.

Changing text

Any of the default text, including the axistick labels, can be modified by right- or
double-clicking on it. The actual text of graph titles and axis|abels, aswell asthe font,
can be modified. The format and font of tick labels can also be modified in this way;
their locations, however, are determined by the axis specifications.

Annotation

S-Plus has extensive tools for adding annotation to graphs, e.g. text, arrows, shapes,
and various symbols. The best way to access these to activate the Graph, Annotation,
and/or Graph Tools toolbars.

To change which tool bars are shown, use

View = Toolbars...

Graph options

S-Plus assigns symbol style and color, line style and color, and other such plot charac-
teristics, in designated sequences. These can be modified from the defaults using

Options = Graph Styles = Color... (or Black and White...)

This opens the Color Style dialog window, with tabs for the various characteristics that
can be changed. When multiple plots are overlaid, or aplot distinguishes different
groups, the styles, line types, colors, etc., are used in the sequences specified on the
pertinent tabs.
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S-Plus graphing: general features: Saving and exporting graphs

Saving and exporting graphs

Saving graphs
Unlike data sets, graphs are not automatically saved, but when you close agraph
window or exit S-Plus, you will be asked whether you want to save the graph(s). To
save the active graph, use
File = Save...

(The filename extension for S-Plus graphsis .sgr.) Graphs can be saved to any direc-
tory, and opened later by

File = Open...

Exporting graphs
Graphs saved as above can only be opened in S-Plus. To export a graph in aformat
usable by some other program, use

File = Export Graph...
and select the desired format.

For some applications, direct cut-and-(special) paste will work:

Edit = Copy Graph Sheet Page
followed by, in the target application
Edit = Paste Special...
and select Embedded SPLUS GraphSheet Object

Or, export graph directly to PowerPoint, using

File = Create PowerPoint Presentation...
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DESCRIBING DISTRIBUTIONS

Plots of distributions

Among the large array of graph typesavailable in S-Plus are many which represent the
distribution of asingle variable. The most useful of these are the basics: histograms,

boxplots, NQQ plots, and bar charts.

Histograms
Select Histogram (X) asthe plot typein the Insert Graph
dialog, or click the |g buttoninthe 2-D Plot selection

palette.

ing the histogram, or specify it in the Data to Plot tab

the Histogram/Density dialog window.

To changethe “binning” go to the Options tab
(shown to the right) of the Histogram / Den-
sity dialog, either when first creating the
graph or by right-clicking on the graph. It
seems to work best to specify all four perti-
nent values: Lower Bound, Upper Bound,
Interval Width, and Number of Bars.

Note that the horizontal axistick marks and
labels by default are put at the cut-points of
the bins. The axistick marks, however, can
be edited independently of the binning of the
histogram, so you can specify major ticks
corresponding to bin mid-points. (Editing
axes was described above in the Editing
graphs section of S-PLUS GRAPHING: GEN-
ERAL FEATURES.)

Output Type lets you choose the scaling of
the vertical axis.

L LA L L Lot L L
L L b b o L

L = et ) | o fus

| bl = e 2 A 5 [

et Nt L (8 | (v

@ e lin )l LR @

[ [ % 2 |60 |8 |52

[ata to Plaot | Optionz |Histu:ugram

i

— Hiztograrm Specs
Contin. A nteger: I Continuous - I h
Output Type: I Countz hl I i
—Data Range
Lower Bound: I.-“-‘-.uh:u - I (
|lpper Bound: I.-i'-.utcu - I
—Bars
Interval 'width: I-'“-"-uh:l - I -
Murber of Bars: I.i'-.utcu - I

Options tab of
Histogram/Density dialog
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Describing distributions: Plots of distributions

Comparing histograms

Histograms for two or more samples can be either overlaid on each other or shown as
panelsin asingle graph window. Thisis done by creating them as separate plots then
overlaying or panelling them as described above (M ultiple graphsin S-PLuUS
GRAPHING: GENERAL FEATURES). To do this, the samples must either be in separate
columns or be identified by separate “subset” columns (and in the latter case the
graphs will have to specify the different columns in the Subset rows with: box).

To make overlaid histograms visible, isusually is necessary to edit the histogram bars
to set the Fill Color to Transparent. Readability can be further enhanced by changing
the Color and Weight of the histogram bars, and perhaps adding different Fill Patterns.

Boxplots

Select Box Plot (x, grouping optional) as the plot type -
in the Insert Graph dialog, or click one of the | & |m- L e L L
buttons in the 2-D Plot selection palette (theleﬂ\ - b L L B
button isfor avertical boxplot, the other for a hori- | m ’” o

zontal boxplot). ’ 'J': E @ M
For asimple boxplot of one distribution, simply spec- || el [= 2= |
ify the variable as the y column (or as the x column if bz (Wt )t
making a horizontal boxplot. i e lim ®
Comparing boxplots [

It is best to have the datain stacked layout (i.e. all
observations of the variable of interest in one column, and group identifiersin
another). As shown in the dialog window below, simply specify the grouping variable
as the x column and the focal variable as they column (or vice versafor a horizontal

Box Plot [1]
Drata ko Plat l Box Specs ] Box [ 297 ——
Data Colurnns |
Data Set: 51 o Tl
# Columns: H abitat - 5 ¢
€10 PR
v Colurnins: Shannon - &
z Colurnms: - 05
w Columns: -
0.0 7 —_—
part of Box Plot dialog window, and ccge e
boxplots with grouping (x) variable Habitat

plot). The result will be as shown here:
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Describing distributions: Plots of distributions

NQQ plots

Select QQ Normal with Line (x) asthe plot typein the
Insert Graph dialog, or click the [#a button in the 2-D e e N
Plot selection palette. L= | ks e L B
£ 2 & B2 e s lus
In S-Plus, QQ (quantile-quantile) plots (see'example AT -
below) put the observed values onthe Y axis and.the < LZ [ % g _M -
standard-normal scores on the X axis, the reverse o ol (£ o [ ||—|' &
most NQQ plots. The variable therefore needs to be WL (B (= (M
specified as the y column, with the x column blank, as @ E i | [ R @
shown in the dialog window below. [ R |2 (S0 (S i

These plots implicitly standardize the variable: the reference line has a slope of one
standard deviation and Y-intercept equal to the sample mean.

Shannon

QQ Plot [1]

2.0

=
o
.

[y
o
.

0.5 1

0.0

Diata to Plat ] Line/Symbal | Disti

[ ata Columnz

[ata Set: drysdata
w Colurnns: - |
u Columnsz: Shannan -

z Colurnns: - |
w Columng: - |

2 1 0 } > example NQQ plot (left), and part of
Normal Distribution QQ Plot dlalog window (rlght), both
showing that the variable being

graphed is considered the Y variable

Bar charts

To make abar chart for a categorical variable, you specify a column containing the
levels of the variable and another column containing their frequencies. You therefore
may need to tabulate the datafirst, as follows:

Data = Tabulate...

and specify anamefor adata set to put theresultsin. Thisdata set iswhat you'll useto
make the bar chart.
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Describing distributions: Descriptive statistics

To make the chart, select either Bar with Base at Zero
(x,y) or Bar, Horiz. (x,y) asthe plot typein the Insert Plots2D

Graph diaog, or click either the |3 button or the [==
button in the 2-D Plot selection palette.

» Bar with Base at Zero |32

creates a chart with vertical bars, based at O asis
appropriate for frequencies. Specify the column
containing the categories as the x column and the
column containing the frequencies as they column.

« Bar, Horiz. (x,y) [==
creates a chart with horizontal bars. In this case, specif

categories as the y column and the column cont
column.

column containing the
g the frequencies as the x

Pie charts
Pie charts are alternativ ar charts, for showing relative frequencies of a categor-
ical variable. Like barcharts, they also require the frequenciesto be tabulated already.
Select the @ button in the 2-D Plot selection palette (interestingly, bar charts are not

on thelist of plot typesin the Insert Graph dialog). Specify the columns asfor a
vertical bar chart.

Descriptive statistics

Statistics = Data Summaries = Summary Statistics...

then specify the variable(s) for which you want
the statistics. To obtain descriptive statistics for P
subsets of the data, enter the variable(s) defining || paa l Statsties |
the groups (subsets) for which you want the Data
statistics calculated as the Group Variables: in
. . Crata Set: Amypzdata -
the Summaries by Group part of the dialog.
"Yariables: <ALL> #
. Kipkuka
The default output will be the mean, standard Transect
deviation, median, upper and lower quartiles; Habitat
minimum, maximum, the number of observa- e >
tions, and the number of observations with miss- Summaries by Group
ing values, for each column specified. The Group Varables:  [Kipkuka ~
selection of statistics can be changed on the Sta- |\ %ﬁmm
tistics tab of the Summary Statistics dialog.
Spp.Richness
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DESCRIBING RELATIONSHIPS

This section focuses on rel ationships between two quantitative variables. Describing
the relationship between one quantitative variable and one or more categorical vari-
ables amounts simply to comparing (between levels of the categorical variable)
descriptions of the distribution of the quantitative variable, using methods presented in
the “Comparing distributions” parts of the preceding section. Describing relationships
between two categorical variablesis covered at the end of this section.

Scatterplots
Select Scatter Plot (x, y1, y2, ...) asthe plot typein the

Plots2D

(%

Insert Graph dialog, or click the |-~ button in the 2-D - e |
Plot selection palette. Specify the X and Y columns, l— A l— l: L~ l:
and optionally use the other tabs in the dialog to make L= |£ e ke |L |'—|' =
changes in the appearance of the plot. L & [ed [} e | s
If two or more columns are already selected inthedata |l |lg [B= Wa == [Mln = |-
set when the plot is requested, the first one selected is o [t (W e B o My
gbsle;asthex variable, and al the othersas'Y vari- llz LE t t E Li l;

' M R 2|60 (A2

Smoothers

S-Plus has four scatterplot smoothers: Friedman’s super-smoother, kernel, Loess
(same as Minitab’'s LOWESS) and spline. | don’t know of any particular advantages of
any of these over any others.

To create a scatterplot with a smoother, either

« select Smoothing - ... (X, y1, y2, ...) asthe plot type (with one of the smoother types
substituted for the ...) in the Insert Graph dialog, shown below,

Or
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Describing relationships: Scatterplots

Ayeg Type: Plat Type:
T east Trmmed Sq. [, p1, vz, ..] -

b ultiple % HnbustMM [+, 1
Multiple #

FPanel "

Wan v Panel : m-:u:uthlng Friedman Super [m, 91,02, ]

Wary ¥ Panel Smoothing - Kemel Plat [x, v1, 2, ]

Wan =7 Panel Smoothing - Loess Plot [#, 01, 02, ]

Log v m-:u:uthlng Spline Plat [x, w1, w2, ]

Log £ & 1o {3 ) |

Log Log Step F'Iu:ut Wert [, 01, 02, . ]

LnY Y Series Lines [v1, 2, ...]

L= Wector Plot [wstart, vstart, wend, vend ar x, u,
LnLn ¥ ¥

Insert Graph dialog, showing the smoothers

« click one of the buttons below in the 2-D Plot selec-
tion palette (left to right: Loess, spline, Friedman,

Kernel). Kl o Vvl L Kl K
—— L L7 e s e L

[ e 52 [ £ | &) [ | | s

Specify the X and Y columns as for a scatterplot. ol B Wa 2 M 5= [
Parameters for the smoothers, determining how much [ &= [Ht [#t [ 8 |= [M
smoothing they do, can be adjusted on the Smooth/ o e line & [~ & @
Sort... tab. m | e (2|8 |8 |5

A smoother also can be added to an existing scatterplot

by selecting (l€eft clicking in) the plot, right clicking, and going to the Smooth/Sort...
tab, similarly to the method described below for adding afitted regression lineto a
plot. On thistab you select which type of smoother you want, and if desired, alter its
default smoothing parameters. You also must go to the Line tab of the Line/Scatter Plot
dialog and specify aline type other than None; otherwise, the smoother will not be
drawn.

Showing groups

How to create a scatterplot in which different groups are distinguished by different
symbols (and with separate smoothers or regression fits, if these are desired) depends
on how the data are organized.
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Describing relationships: Scatterplots

Unstacked

* One X
If the groups are unstacked with a single column for the X variable and separate
columnsfor the Y variable for the groups, simply creating a scatterplot selecting
all the columns will produce overlaid plots with different symbols.

» XY pairs
If the groups are unstacked with separate X and Y columns for each group, either

« create the plot for one group then overlay the plots for the other groups, as
described above (M ultiple graphsin S-PLUS GRAPHING: GENERAL FEATURES)

or
» select

Scatter Plots of XY Pairs (x1, y1, x2, y2, ...) as PlotsZD 5]
the plot typein the Insert Graph dialog, or click [ Ve P P N
the k== button in the 2-D Plot selection palette. S Sl e Y ENTY S
(If selecting columns before clicking the selec- £ | 2 B |2 | s
tion button, select them in the order X, Y 1, X5, B |4 184 |t B (8 1E
Y,, etc.) ol (&= Wa = (M 5 |
r [t W == (8 = (M

After making the plot by either of these methods, the o Fe |ine (&6 Lo l2 @

symbols for any of the response variables can be modi- wp | R 2|6 (B A

fied by selecting its points, right clicking, and going to

the Symbols tab.

Stacked

If the data are stacked with the explanatory variable in one column, the response vari-
able (all groups) in another column, and one or more columns with group identifiers,
the groups can be identified by different sizes and/or colors of symbols, aswell as by
different types of symbols.

« Bubble Plot (x, y, size) .=~

PlotsZD

varies.the si_z.eof the points according to the value L LA L L L

of athird variable ) T | Ll =

« Color Plot (x, y, color) |.-™ £ | led 24 | o fus
variesthe color of the points according to the v, B B I | B2 (B 1

of athird variable, and oln [ Mo [ (e 5= [
b2 [ W = e L= e

« Bubble Color Plot (x, y1, size, color) .= o Fe i b LA 1R @
varies the size of the points according to the value EEENNER A

of athird variable and the color of the points
according to the value of afourth variable; the
same variable can be specified for both size and color if desired.
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Describing relationships: Scatterplots

These plot types can be selected in the Insert Graph dialog, or by clicking on the
appropriate buttons in the 2-D Plot selection palette as shown above. When selected in

e TR

Drata to Plaot l Line l Sun [ ata o Flat l Line ] Symbal l Wan Sumbols l Smooth/Sort

lzColumn | Wary Symbal Colar

D ata Colurnns Yary Size By:

[ata Set; Colors To Llge:
Wary Colop By w Column -
% Colurmns: ht - Mumber of Calors: |16
MHone -
y Columnz: age - A binimurn Color: [ [ -

z Columns: ZEH - / inimum Height:  |0.03 b awimnum Calar; IDTPE'”LI
w Colurnns: college - d Mawirumn Height: (0,25 e l—_|

Bubble Color Plot example.

Above left: Data to Plot tab of
Line/Scatter Plot dialog win-
dow showing selection of x, y,
z, and w variables. 20 - )

Aboveright: Vary Symbols tab of
Line/Scatter Plot dialog win-
dow showing the use of the z
and w variables to determine .
symbol size and color. 30 . e

Right: Example of plot produced o0

by the dialogs above (except 25 . : . .

with symbol type changed to Lo, .. °

solid circleto enhancevisibility 20

in this document).

45 1

35 . o

age

60 62 64 66 68 70 72 74

this way the variable which determines symbol size or color is considered the z vari-
able (or z and w for bubble-color plots). Thisis shown in the dialog windows below.
(Note that these variables can be quantitative. In this case the plot shows the relation-
ship among the three or four variables, as atwo-dimensional aternative to three-
dimensional scatterplots.)

An example of a bubble-color plot is shown below the dialog examples on the next
page (with the symbol changed to a solid circle to enhance visibility in this document).

Alternatively, grouping variables can be added to an existing scatterplot by selecting
it, right clicking, and going to the Vary Symbols... tab. On this tab variables can be
specified to determine the symbol size, color, and/or style. These can be the z or w col-
umns specified on the Data to Plot tab, or can be specified by selecting Other Column
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Describing relationships: Scatterplots

astheVary ... By: column, and then designating the variable in the Column: box in the
appropriate section of the dialog window, as shown on the next page.

LinefScatter Plot [1]
D ata to Flat l Line l Symbol l Yary Symbolz l Smooth/S ort

Wary Size By: Other Column =] [ ¥ ¥ Symbol Color
Colors To Use; m

War Colar By: Other Calumn -
Mumber af Calars: |16
Wary Style By Other Column

Vary Symbal Size kinirum Colar; G -

Minirmurn Height:  |0.02 M axirnurn Colar: [ JLtCyan -
M axirnum Height:  |0.25 Caluriir; E1=H] -

Calurnn: callege - Data Set; classdata -
[ata Set; clazzdata - |

Yary Sumbol Style

Colurn: (= -
[ ata Set; clazzdata -

] | Eanu:el| .-’-'-.ppl_l,l| | current Help

Vary Symbols tab of Line/Scatter Plot dialog, showing specifica
tion of different variablesto determine symbol size, color, and

Styles

The range of symbol sizes and/or the number and range of colors used to show the
grouping variables can be atered on the Vary Symbols... tab, when creating the plot or
later, as shown as part of the bubble-color-style specification example below.

A tip: When the grouping variable determining the color is considered by S-Plusto be
numeric (rather than a“factor”), it is helpful to set the Number of Colors equal to the
number of groups, and select a color range (Minimum Color and Maximum Color) to
give aclear difference between groups. For better control of the colors, have the
grouping variable be of type “factor.”

The sequences of symbol types and colors can be modified as describe earlier (Graph
optionsin S-PLUS GRAPHING: GENERAL FEATURES).
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Describing relationships: Numerical summaries

Numerical summaries

Correlation coefficient
Statistics = Data Summaries = Correlations...

then specify the two (or more) variables.

Regression

As adescriptive tool, aregression can be obtained as afitted line on a scatterplot or as
afull regression analysis.

Fitted-line plot
Select Fit - Linear Least Squares Plot (x, y1,y2, ...) as
the plot typein the Insert Graph dialog, or click the |- Flotsz2D

()

button in the 2-D Plot selection palette. Specify the X S P Vil P A Kl
and Y columns, and optionally usethe other tabsinthe Jf =" | =" [ = L= L &
dialog to make changes in the appearance of the plot. £ |2 &) |2 | e s

R T ke | B MG TR
A fitted regression line also can be added to an existing Ii % E E ﬁ E n
scatterplot by selecting (left clicking in) the plot, right : - >
clicking, going to the Smooth/Sort... tab, and choosing r [HE WL (8 = [
Least Squares as the Smoothing Type. Youasomust [ Fa Fe |in. [& [~ (& @
go to the Line tab of the Line/Scatter Plot dialog and LN i R

specify aline type other than None; otherwise, the
regression line will not be drawn.

Regression model
Statistics = Regression = Linear...
opens the dialog window below.

For simple linear regression (i.e. only one explanatory variable), all that needs to be
specified in this dialog is the Response and the single Explanatory in the Variables
section of the window; selecting them will automatically produce the Formula.
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Describing relationships:

Categorical variables

Linear Regression E|E|@

b adel l Results l
Drata
[rata Set: braczvdn
Weights: -

Subzet Foves with;

Plat ] Predict ]

Save Model Object

v Ot Bows with Mizzing ¥ alues Save Az
“Wariables
Feszponze; -
E =planatany; <ALl A
eqgs
gurvival
fit
LCLa0 w
Formula:; |eggs ™ gupvival

Create Formula
] 4 | I:an-:e|| Apply | | curent Help

| Model tab of the Linear Regression dialog window |

Residual plots

In the Linear Regression dialog window above, the Plot tab provides avariety of diag-
nostic plots, including a scatterplot of Residuals vs Fit and a Residuals Normal QQ. A
smoother can be put on the residuals vsfits plot, and the most extreme residual s can be
individually identified (the defaults are to include the smoother and to flag the 3 most
extreme residuals).

The Results tab of the Linear Regression dialog window allows you to store the resid-
uals and fits in a data set. These can then be used for additional diagnostic plots or
other analyses.

Categorical variables

Aswith simple bar charts for asingle categorical variable, to display the relationship
between two categorical variables by a stacked or grouped bar charts requires that the
frequenciesfirst be tabulated.

Tabulating

Data = Tabulate...
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Describing relationships:

Categorical variables

Select the two categorical variablesin the pull-down list of Variables:. Also give a
name for the data set to contain the cross-tabul ation.

The tabulation will create a data set

in stacked format, as shown in the

exampleto the right: there will be - - T

columns for the two categorical vari- ! 2 2

ables and a column for the frequen- caLiss site Gels

cies of the combinations of the 1 smother  |above 49

categorical variables. 2 smother  |at 11

3 smother b o 13

Unfortunately, to create stacked or 4 undercut  labove 5

grouped bar charts, the data must be 5 Undercut lat 19

laid out like a_cont| ngency table (i.e. 5 rderet below =

unstacked), with one column con-

.. . . 7 croveded above

taining one of the categorical vari-

ables, and columns of frequenciesfor 5 Crowded i3t

each of the levels of the other vari- 9 crowded  below

able. Thislayout can be produced 10 urknown  |above 19

from the stacked tabulation either by 11 unknown  |at 23
Data = Restructure =  ——J| 1¢ unknown  |below 38

Unstack... —
or in most cases more simply by cut- example of dmn#educed by tabulat

and-paste. The resulting data set

needs to be as below.
tabul ated data
in unstacked
1 2 3 4 “contingency
Calse above at below table” layout
1 smother 49,00 11.00 13.00
2 undercut 5.00 19.00 17.00
3 cromled 2.00 4.00 2.00
4 LNk 19,00 23.00 38.00
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Describing relationships: Categorical variables

Stacked or grouped bar charts
With the data arranged as above, a stacked or grouped

bar chart can be created by selecting one of the Plots2D (%]
following in the Insert Graph dialog or clicking the Rl Vel Vel Vel Ll K
corresponding button on the 2-D Plot selection palette: L™ L [ s e L B
* Bar - Grouped (x, y1...yn) g L | et 2 | o fus
* Bar - Stacked (X, y1...yn) |ils ol B b B M B |
» Bar, Horiz. - Grouped (x1...xn,y) |B= sz [ W = (B = M

| ) Vo e b e L 1R ®
* Bar, Horiz. - Stacked (x1...xn,y) [E= L P 2 (S (|

For vertical bars, the x column will be the one contain-

ing the levels of one of the variables (cause, in the example above), and the two or
more columns containing the counts (above, at and below) will al bey columns. Ina
stacked chart there will be abar for each level of the x variable, each with segmentsfor
each of they columns. In a grouped chart there will be a cluster of bars for each level
of the x variable, each cluster containing bars for each of the y columns.

For horizontal plots, the x and y columns are reversed (i.e. the singley column will
define the bars or groups, and the several x columns give the counts for the segments
or within-group bars)
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ONE-SAMPLE PROCEDURES

t procedures
Statistics = Compare Samples = One Sample = t test...

Dialog

This procedure provides both a hypothesis test and a confidence interval. NOTE: If a
one-sided test is requested, the confidence “interval” will actually be a confidence
“bound,” i.e. it will have only one end.

Specifying the t procedure is straightforward:

One-sample t Test o ]
— Data — Confidence Interval

[ata Set:; IE:-:ampIe?.'I vI Confidence Level: IEI.EIE

ariable: Ivitc - I ~ Results
— Hypotheses Save Az I

kean Under Mull Hypothesiz: ¥ Frint Resulis
|4EI

Alternative Hypothesiz:

Itwn.sided *I
ok | Cancel | apphy | 1] o[ curent Help |

dialog window for One-sample t Test

select the data set and variable

set Y, if not equal to 0

* request aone-sided test if desired

set the confidence level, if not 0.95.

« optionally, name a data set to put the results in and/or turn off printing of the results.
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One-sample procedures: Resampling t procedures

Output

Thefirst part of the output (the only part, if the Resampling Library isnot loaded), also
is straightforward:

Usual Students-t inferences (assunme zero skewness):
One-sanmpl e t-Test

data: vitc in Exanple7.1
t = -6.883, df = 7, (p-value = 0.0002)

alternative hypothesis: true mean is not equal to 40
['95 percent confidence intervan)
\_ 16. 48795 28.51205
sanpl e esti mates:

mean of x

22.5

example output from one-sample t test

If the resampling library isloaded, the output also gives the P-value and CI calculated
by akind of resampling method called “saddlepoint” inferences, as in the example
below. The parametric t procedures are somewhat sensitive to asymmetry, especially
for one-sided tests; these saddlepoint results are robust to asymmetry. Thisisavery
new method which | do not understand and will not teach, so be prudent in using and
reporting it.

Saddl epoi nt i nferences (allow non-zero SKewness):
met hod = saddl epoi nt

p-val ue = 0.0078

5 percent confidence |ntervati>

17. 77263 26. 50299

additional output from one-samplet test if the Resampling

Resampling t procedures

Statistics = Compare Samples = One Sample = t test/Resample...

or
Statistics = Resamples = One-sample t...
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One-sample procedures: Resampling t procedures

Dialogs

Thefirst tab (t Test) of the dialog window is the same as for the parametric t proce-
dures above, with the addition of abox in which you can specify afraction (%) of the
smallest and the largest observations to exclude for the trimmed mean.

The second tab (Bootstrap) is used to request and specify bootstrap estimation of the
population mean (see example below). The only necessary part of thisdialog isto

One-sample t Test

b Test l Bootstrap l

Y~ Bootstrap Flots
a\IF Perform Boatstrap [ Distribution of Feplicates
Rezampling Optiohs [ Mamal Quantile-Quantile
Wity el Rlesie ey ¥ Both Distribution and 00
1000

Summary Fesultz

Sampler: zamp.bootstrap - ¥ Perceniles
Slicta :|v [v BCa Confidence lntervals
FiEmee Seaet [v Tilting Confidence lnterals

Save Bootstrap Object

Save Az zave. boot

[ tlntervals using Bootstrap SE

Percentile Levels: |.025, .05, .95, 5975

Additional Arguments: [e.g. label="*y Label']

Arguments: |

ok | Eann::el| .-’-‘-.ppl_l,l| |<| curent Help

Bootstrap tab of resampling One-sample t Test dialog window

check the Perform Bootstrap checkbox. The two plots available (selected in the Plots
section; the default isto do both) are a histogram and a NQQ plot of the distribution of
means for the replicate re-samples. The Summary Results section allows selection of
various ways of calculating the CI; the “ Tilting” method is supposed to be the most
efficient but is very new and certainly not well known by biologists. You also can
choose what confidence levels you want.

Output

The output (see example below) first gives the details of how the procedure was spec-
ified, and then gives the bootstrap estimate of bias of the mean. This bias estimate
comes from comparing the observed mean to the mean of the resample means.
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One-sample procedures: Resampling t procedures

*** Bootstrap Results ***
Call:
boot strap(data = Exanpl e7.1$vitc, statistic =

Nunber of Replications: 1000

Sunmary Statistics:

Cbserved Mean Bl as SE
mean 22.5 22.5\-0.004625) 2.443
Percentil es:

¢” 2.5% T5% T V% T VAR T W
meany17.50625 18.25 26.625 27.24688

BCa &onfi dence Intervals:
| 2.5% 5% 95% 97.5%
meanl17. 39111 18 26.5 27.125

---’

Tilting Confi dence Intervals:
o 2.5% 5% 95%  97.5%]

mean'{7.33422 18. 16515 26.24398 26. 89661,'

example output of bootstrap estimation
in resampling one-samplet test

Then the several types of Cls (at the several confidence levels) arelisted. In this exam-
ple, the 95% Clswould be:

 (17. 51, 27. 25) by the percentile method

 (17. 39, 27. 125) by the BCa (accelerated bias corrected) method

 (17. 33, 26. 90) by the “tilting” method.

For comparison, the parametric t 95% Cl was (16. 49, 28. 51).

Graphs

The default output includes the two plots of the distribution of re-sampled means
shown below. For this example, the distribution is very close to normal, suggesting
that the parametric t procedures are valid. In addition, the mean of the resample distri-
bution is very close to the observed mean, indicating little bias (as already shown in
the quantitative measure of bias in the output above).
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One-sample procedures: Signed-rank

bootstrap : Example7.1$vitc : mean

Observed
Mean

0 o
®

25
I

Density
mean

20
I

15
L

T T T T T T T
15 20 25 30 -2 0 2

mean Quantiles of Standard Normal

histogram (with smoothed non-parametric “density curve’)
and normal quantile-quantile plot of resampling means, from
bootstrap estimation in resampling one-samplet test

Signed-rank

Statistics = Compare Samples = One Sample =
Wilcoxon Signed Rank Test...
Note that the signed-rank procedure in S-Plus only conducts hypothesis tests. It does
not produce confidence intervals.

Dialog

Specifying the signed-rank test is very similar to specifying at test. One differenceis
that since no Cl is produced, no confidence level is needed.

More substantial differences are that you can request two Options (the default being to
use them both)

» Use Exact Distribution
This requests that the exact distribution of the test statistic (under Hy), rather than
the large-sample normal approximation, be used to determine the P-value. The
exact calculation is not possible if there are ties in the data, and can be computer-
intensive for large data sets.
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One-sample procedures: Signed-rank

One-sample Wilcoxon Test o [m] S

—Data — Options

[ata Set: IE:-:ampIe?.'I vI W Use Exact Distribution
W ariable: I'-.fitn:: TI v Continuity Carrection

— Hypotheses —Resultz

kean Under Mull Hypathesiz: Save b I
Iﬂ'l:I v Frint Results

Alternative Hypothesis:

Itwn.sided 'I
ok | cancel | appy | 1| o curent Help |

dialog window for One-sample Wilcoxon (signed-rank) Test

» Continuity Correction
This option adjusts the z value used to get the P-value by the normal approxi-
mation, to account for using a continuous distribution to approximate a discrete
one.

Output

The output depends on whether the exact test was used. If it was, the test statisticis
reported, along with the P-value.

Exact W/ coxon signed-rank test

data: vitc in Exanple7.1
signed-rank statistic V=12, n {8, p-value = 0.3609
alternative hypothesis: true mu is not equal to 25

output of Wilcoxon signed-rank test when exact null distribution is used

If the exact test was not requested, or was not possible due to ties, the output reports
the Z score (continuity-corrected it this was requested) and P-value. In either case the
output also states H,.

W | coxon signed-rank test

data: vitc in Exanple7.1
signed-rank normal statistic with correction Z = -2. 4565( p-val ue = 0. 014)
alternative hypothesis: true mu is not equal to 40

example output of Wilcoxon signed-rank test when normal approximation is used
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One-sample procedures: Sign test
Sign test
S-Plus does not explicitly provide the sign test, but it nonethe-
less can be done fairly easily. wits
5 11.00
You first need to know the count of observations greater than the 7 14.00
hypothesized median, and the number of observationsto use in . ~L.00
the test (if you are excluding 0s). For small data sets these can :
simply be counted; it helps to sort the data first. For large data 5 22.00
setsit is safer to have the software do this tabulation for you. 3 23.00
1 26.00
One approach isto use 2 30,00
Data = Subset... 8 31.00
to create a variable flagging whether the observation is or is not
. : . example data
greater than the hypothesized median. For example, starting for sian test
with the datasheet to the right, the Subset dialog below will g
produce an additional column in the datasheet, as shown to the
right of the dialog.
yite Subset
Data Results : 11.00 F
D ata Setk: Example? 1 - Fezult Tope: (" Data Set s 14.00 F
Columng in Subset: f¢ Add Colurnn 3 2100 F
m a] 22.00 F
Sawve In; |E:-:amp|e?.'| 3 23,00 F
Subzet Exprezsiaon
Subzet Fows with: [vite » B0 Target Colum Subset . 26.00 F
2 30.00 F
 Creale Subset | g 31.00 F
oK | Cancel | Apply | | current Help example data for sign
. _ . _ test, with Subset column
Subset dialog wi ndow,_ being us_ed to flag observat_l ons greater flagging values greater
than the hypothesized median, to conduct asign test than the hypothesized
median

Then use

Statistics = Data Summaries = Crosstabulations...

to count the observations with the subsetting variable equal to True, asin the dialog
window shown below. (The Options tab of this dialog window can be used to turn off
most of the standard output, such as the chi-sgquare test, which is not needed for the

sign test.)

S-Plus Basics




One-sample procedures: Sign test

Crosstabulations
b odel l Optionz l
Data R esults
Drata Set; Example7.1 - Save b |—
Wariables: iﬁéb V' Print Results

Subzet

Counts Wariable: -
Subszet Bowves with;

Method to Handle Miszing Y alues:

Fai =
aK | Eanu:el|| Apply | |<| | curent Help |

Crosstabulations dialog, here used to conduct a sign test

The cross tabulation produces simple results
in the Report window, asin the example to *%*% [rosstabulations *+*
the right. (In most cases the table will also Call:

have arow for TRUE, i.e. the count of obser- | f§°reateba tormla = - Hubaet,

. . = na.fail, drop.wmsed.]
vations with values greater than the hypothe- & cases in tahle

sized median used to definethe Subset ~ JH+------- +
variable.) 1 )
Suhszet |
Once you know the necessary counts, use | |RowTotl |
e - +-———- +-————-- +
Statistics = Compare S_amples = FALSE |5 |8 |
Counts and Proportions = | 11 [
Binomial Test... ~ IHll-——-—- - - +
In the resulting dialog box (next page), enter ColTotl :f :E :
the count of values greater than the hypothe- Jfll_______ e e +

sized median as the No. of Successes, and
the number of observationsto beused inthe || €xample output from Crosstabula-
test asthe No. of Trials. If aone-sided test is
desired, select it in the Alternative Hypothesis box.

The only output (other than the data you gave) is the P-value, as shown on the next
page, below the dialog window.
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One-sample procedures:

Sign test

Exact Binomial Teskt

[lats

Mo, of Succeszses: |8

Mo, of Trialz: a

— Test Hupothezes
Hypothesized Proportion:

e

Alternative Hppothesiz:

I b, zided - I

=101

— Results
Save bs: I
¥ Print RBesuls
ok | Cancel |[ apply | K| o[ curent Help |

dialog window for Exact Binomial Test, usable to conduct asign

Exact bi nom al test

data: 8 out of 8
nunber of successes = 8,
al ternative hypot hesi s:

n =@, p-value = 0.00y8
true p I1s not equal to

example output from Exact Binomial test,
usable to conduct a sign test
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PAIRED-SAMPLE PROCEDURES

Analyzing differences

Any of the paired-sample procedures can be implemented by first calculating within-
pair differences, using the Transform dialog on the Data menu, and then applying the
appropriate one-sample procedure (as described in the previous chapter) to the differ-
ences.

Note: While these tests usually are applied to within-pair differences, there could be
circumstances in which some other within-pair comparison, e.g. aratio, might be more
appropriate. In this case, smply compute the desired within-pair measure and apply
the one-sample procedures as usual .

Paired-sample tests

The paired-sample tests that can be applied without first computing within-pair differ-
ences all are found on the menus as two-sampl e procedures, for which there are
toggles giving a choice between paired- and independent-sample analyses. These two-
sample procedures are described in detail in the next chapter; the descriptionsin this
chapter therefore are sketchy, emphasizing the differences from the two-independent-
sample use of these procedures.

t test

Statistics = Compare Samples = Two Samples = t test...

Dialog

To obtain the paired procedure, select the Paired t radio button for Type of t Test, as
shown in the example dialog window below. Specify the two columns containing the
paired observations, and (optionally) modify the null and alternative hypotheses and
confidence level.
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Paired-sample procedures: Paired-sample tests

Il

—Data —Hypothezez

[rata Set: Table?.2 - b ean nder Mull Hypothezis:
Yariable 1: Iaggmcu:.n - I I':I

Variable 2 aggother - Alternative Hupothesiz:

E
[ “ariable 2 iz a Grouping Yariable

— Confidence [nterval

et Corfidence Level IEI.EIE

Type of t Test {* Pairedt )

— Resulk
 Two-zample t sl
Save b I
¥ | fzzume Equal Wariances ¥ Print Fiesults

0k | cancel| apply | 1| o[ cument Help |

Dialog window for Two-sample t Test,
showing radio-button for selecting a paired-sample test.

Resampling t test
Statistics = Compare Samples = Two Samples = t test/Resample...
or
Statistics = Resample = Two Sample t...

t Test

Thetop tab of the dialog, t Test, isvery similar to that shown above for the standard t
test. The only difference is the presence of a Trimmed Mean section (below the Test
section) in which you can request that the extreme observations be omitted, by speci-
fying a percent of the data set to omit.

Bootstrap

There is atab on which you can request Bootstrap estimates for the popul ation mean
within-pair difference. The dialog and output are like those described above for the
single-sample resampling t test.

Permutation test

There also atab for a Permutation test. This test maintains the paired structure of the
data, randomly varying the sign of each difference. The test statistic calculated for
each permutation is the mean difference; significance is determined from the permuta-
tion distribution of essentially this statistic.
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Paired-sample procedures: Paired-sample tests

The dialog for the permutation test is simple: on the Permutation tab, just click the
checkbox to request the test.

The output gives the observed mean difference, the mean and standard deviation of
this statistic for the permutations, H,, and the P-value. Graphs (histogram and NQQ

plot) of the mean differences for the permuted samples also are produced; these are
similar to those shown in the next chapter for the two-sample case.

*** Permutati on Test Results ***
Call:
per mut at i onTest Means(data = Tabl e7. 2$aggnoon, data2 =

Nunber of Replications: 999

Summary Statistics:
bserved Mean SE alternativefp. val ue
Var 2.433 0.02341 0.7285 two.sided 0. 002

example of output from paired-sample permutation t test

Signed-rank

Statistics = Compare Samples = Two Samples =
Wilcoxon Rank Test...

Dialog

The dialog (see next page) isthe same as for the two-sample Wilcoxon (rank-sum) test
described in the next chapter. To obtain the paired procedure, select the Paired t radio
button for Type of t Test. Asfor the paired-samplet procedures described in the
previous section, you specify the two columns containing the paired variables, and
optionally modify the null and alternative hypotheses. In addition you can choose
whether to have the P-value determined from the exact distribution of the test statistic
(rather than from a normal approximation) and/or to have the continuity correction
applied to the normal approximation.

Output

The signed-rank test output is ssimple. If the exact test is requested, the output is
labeled accordingly, and the actual test statistic is given, along with the exact P-value.

Exact) W coxon si gned-rank test

data: x: aggnoon in Table7.2 , and y: aggother in Table7.2
signed-rank statistic{V = 119,) n = 15,(p—va|ue = 0.000$)
alternative hypothesis: true mu is greater than O

example output from signed-rank test, when exact probabilities are used
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Paired-sample procedures: Paired-sample tests

Two-sample Wilcoxon Teskt - 0] x|

—Data

[ Wariable 2 iz a Grouping Yariable

Data Set; ITabIe?.E vI
Wanable 1: Iaggmu:n:un vI
Wariable 2 Iaggl:nther vI

— Hupotheses
kean Under Mull Hypothesiz:

Alternative Hypothesiz:

e

greater

— Test
Type of Bank Test & Fank Sum

( f* Signed Han@

— Ophions
¥ Use E=act Distribution

¥ Cortinvity Corection

— Results

Save b I

¥ Print Fesults

ok | cancel | app | 1 o[ cument Help |

Two-sample Wilcoxon Test dialog, showing selection of a paired
sample (signed rank) test rather than an independent samples
(rank sum) test.

If the exact test is not requested, the output headline does not call it an exact test, and
rather than the test statistic, its normal approximation Z score is given (after applying
the continuity correction if requested).

al ternative hypot hesi s:

W coxon signed-rank test

data: x: aggnoon in Table7.2 ,
signed-rank normal statistic with correction{Z = 3.322 G)-val ue = 0.000)
true mu is greater thamo

and y:

aggot her_in Table7.2

example output from signed-rank test, when normal approximation is used

To perform the sign test, the within-pair differences must be computed and then
analyzed as described in the previous chapter for the one-sample situation.
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TWO-SAMPLE PROCEDURES

A Warning: Which sample is which?

Be careful when interpreting results of the two-sample analyses or when specifying
one-sided tests: be sure you know which sampleis being subtracted from which.
This of course is particularly important for one-sided tests, since it determines the
direction of the inequality in the alternative hypothesis.

When the data are in the unstacked arrangement this should not be a problem: you
explicitly identify variable 1 and variable 2, and the differenceis 1 — 2. For stacked
data, however, some of the procedures determine which group is 1 and which is 2
based on their order of appearance in the data set, and others do it based on the a pha-
betical order of the values of the grouping variable. In particular, although the dialogs
for the standard t procedure and the resampling t procedure are almost identical, they
define the difference (i.e. which group is subtracted from which) differently.

t procedures

Statistics = Compare Samples = Two Samples = t test...

Dialog

How the variables are specified depends on the data arrangement: whether the samples
are stacked in one column with another column defining groups, or are unstacked,
each sample in a column.

Stacked

As shown in the dialog window below, when the data are “ stacked” the column with
the variable of interest goesin the Variable 1 box, the grouping variable goesin the
Variable 2 box, and the checkbox for Variable 2 is a Grouping Variable is checked.
(The latter turns off the choice between paired and two-sample tests)

In this procedure the two groups defined by the grouping variable are ordered by the
alphabetical order of the group labels. The analysisis of the difference between the
group with the alphabetically prior label (here, I’ll call it group A) and the other group
(B): the hypotheses are in terms of the quantity (1a — Hg)-

Unstacked

When the data are “unstacked” the checkbox for Variable 2 is a Grouping Variable
must be left unchecked; be sure also that the Type of t Test is set to Two-sample t. The
two columns are named in the two Variable n boxes; which matters only for inter-
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Two-sample procedures: t procedures

Two-sample t Test E“E|g|
Drata Hypotheses
D ata Set: Table?. 4 - Mean Under Hull Hypathesis:
" ariable 1: drp - 0

\ariable 2:_>lm &lternative Hypothesis:
less -
%ﬁariable £ iz a Grouping Y ariable )

Confidence Interval

Test Confidence Lewel [0.95
~
-~ Results
Save bz
[ Aszzume Equal Variances v Print Besuls

oK | Cancel || tpply | |<| curent Help

dialog window for Two-sample t test,
showing proper inputs when data are in “ stacked” layout

preting the direction of the difference in means. As noted above, the analysisis of the
difference between sample 1 and sample 2: the hypotheses are in terms of the quantity
(M1 — Hp). Samples 1 and 2 correspond to variables 1 and 2 as you identify them in the

diaog.

Output

The output from this procedure includes both the t test result and a Cl for the differ-
ence. The difference, as stated in the second line of the output, is presented as the “x”
variable minusthe“y” variable, corresponding to Variable 1 minus Variable 2 for
unstacked data, or the alphabetically first group minus the other for stacked data. In
the exampl e below, the difference isthe (perhaps counterintuitive) Cont r ol —Tr eat .
Thiswould result from either two columns with those names being specified in that
order as Variable 1 and Variable 2, or with stacked data with the values of the grouping
variable being Cont r ol and Tr eat .

If the test is one-sided, so isthe CI (so it is a confidence bound, really). Thisisindi-
cated by one of the limits being given as NA. In the example output below, the “Cl” is
interpreted as “we are 95% confident the true difference [control — treatment] is -
2.691293 or less (further negative).”

The output heading “Welch Modified Two-Sample t-test” refers to the version of the
two-sample test which does not assume equal variances; thisis the default.
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Two-sample procedures: Resampling t procedures

Wl ch Modi fied Two- Sanpl e t-Test

data: x: drp with group = Control , and y: drp with group = Treat
t = -2.3109, df = 37. 855( p-val ue = 0.0132)
alternative hypothesis: true difference 1n neans is less than 0
95 per i i nterval:
NA -2.691293

sanpl e esti mates:

mean of x nean of y

41.52174 51.47619

example output from two-samplet test

Resampling t procedures

Statistics = Compare Samples = Two Samples = t test/Resample...
or

Statistics = Resample = Two Sample t...

Dialog
Aswith the one- and paired-sample resampling t procedures, this dialog has three tabs.

t Test tab

Thefirst tab, t Test (shown on the next page), is nearly identical to the standard two-
samplet described above. (One unfortunate difference isthat specifying Variable 2 is a
Grouping Variable does not turn of the Paired t option for type of test.)

Trimmed means

The only useful difference from the standard t test dialog is that you can specify afrac-
tion of extreme observations to trim when computing means. Note that if trimmed
means are requested (by entering any value other than 0 in this box), no simplet test
results are produced, and trimmed means are used in the bootstrap estimation and
permutation test.
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Two-sample procedures: Resampling t procedures

Two-sample t Test

b Test l Bootstrap ] Permutations ]
Data Hypotheses
Data Set: Table?. 4 - Mean Under Hull Hypothesis:

Yariable 1: dip -

Yariahle 2 group -

v “Yariable 2 iz o [frouping Y ariable

Confidence Interval

Tost Confidence Level |0.55
Type aof * Test " Paired t

Result
‘o Two-zample b sl
Save b
[ Aszume Equal Varances v Print Besuls

fTrimmed b ean
’ Trim % each zide: |5

t Test tab of the Resampling two-sample t Test dialog window

One-sided H,

In contrast to the standard t test (invoked by = Two Samples = t test), when the data
are stacked so that Variable 2 isagrouping variable, the ordering of the two groups —
i.e. which mean is subtracted from which — appears to be determined by the order of

first occurrencein the data set. Thusfor the dataused in thet test example above, since
aTreat observationisfirst in the data set, the analysisisof Tr eat minusContr ol ,

so the direction of the Alternative Hypothesis isreversed from that used in the previous
section. Be careful.

Bootstrap tab

The second tab (shown on the next page) is for Bootstrap estimation of the difference
in means. The only necessary part of thisdialog is the check box in which you request
it be done. Options include which methods to use, how many resamples to do, and
what plots of the resample distribution to produce.

Since this estimation does not assume the populations are identical, the resampling
maintai ns the independence of the two samples. For each iteration, aresampleistaken
from each original sample and the difference in meansis calculated. The distribution
of these differences is used to obtain the CI.

Permutation test tab

The third tab (shown on the next page below the Bootstrap tab) isfor hypothesis
testing by Permutations. Again the only necessary part of this dialog is the check box
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Two-sample procedures: Resampling t procedures

of Resampling

window

izl e ol Two-sample t Test

t Test l Bootstrap lF'ermutatiu:uns

two-sample t SRR
Test dialog G Perform Bu:u:utst@

Rezampling Optionz
Mumber of Rezamples:

1000
Sampler: zamp.bootstrap - ¥ Percerties
Sl :|v Iv* BCa Confidence [ntervals
Riandam Sizzet [+ Tilting Confidence |ntervals

Save Bootstrap Object

Save bs gave.boot

Additional Arguments: [e.g. label="My Label']

Plotz
[ Digtribution of Replicates

[ Momal Duantle-Quantle

Iv Both Digtribution and Q0

Summary A esults

[ tIntervals using Bootstrap SE

Percentile Lewels: |.025, .05, 95, 975

Arguments: |

(] 4 | Ear‘u:e|| .":".pp|_|,||

| current Help

Two-sample t Test Permutations
: tab of
t Test l Bootstrap l Permutations Re&ampling
Flats Two-sample t
I\ ¥ Perform Permutation Test [ Distribution of Replicates Test dialog

Rezampling Optionz

S ave Permutations O

Mumber of Rezamples:

993

Strata: -
FRandom Seed:

[ Momal Duantle-Quantle

bject

Save fs: FaVE.PEIM

Additional Arguments: [e.g. label="My Label']

Iv Both Digtribution and Q0

Argurnents: |

] | Eancel|

Apply | | current

Help
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Two-sample procedures: Resampling t procedures

in which you request it be done; options include which how many iterations to do and
what plots of the resample distribution to produce.

The randomization for thistest is done assuming the null hypothesisistrue: thereisno
difference between the two population distributions. Thisimplies that any of the
observations could have appeared in either sample. Each iteration therefore randomly
divides the observations into two samples (with the same sample sizes as in the data)
and calculates the difference in their means. The P-value is determined by comparing
the observed difference to the distribution of differences from the permutations.

Output

What output is produced depends on which of the resampling or robust methods are
invoked. Notice that all results arein terms of Tr eat — Cont r ol , which is the oppo-
site of the results for the same data from the standard t test shown above Thisis
because the first observation in the data set isaTr eat observation.

Trimmed means

If the trimmed mean is requested — by specifying, in thet Test tab of the dialog, a
percent of extreme observations to trim — the standard t test results are not given and
instead ssimply the difference in trimmed means is reported.

Difference in 5%trimed neans: 10.94236

example output from Resampling t test when
trimmed means are requested

If the trimmed mean is not requested, the standard t test results are given.

Bootstrap estimates

If bootstrap estimation is requested, it produces output (shown on the next page) asin
the one-sample bootstrap, including plots as shown two pages down. Note that the
bootstrapping used trimmed means.
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Two-sample procedures: Resampling t procedures

*** Bootstrap Results *** example output
Label: bootstrap 5% trimred nean: Tabl e7.4$drp from Bootstrap
Cal I ; snalys?m
boot strap2(data = Tabl e7. 4$drp, statistic = nean, TMK)QZﬁ\ﬂ;?%ESt

trace = F, args.stat = list(trim= 0.05), P

"bootstrap 5% trimed nean: Tabl e7. 4%drp",
save.indices = T)

Nunber of Replications: 1000

Sunmmary Statistics:
oserved Mean Bi as SE
nmean 10.94 10.64 -0.2991 4.075

Percentil es:
2.5% 5% 95% 97.5%
mean 2.760025 3.73396 17.38083 18.67914

BCa Confidence Intervals:
2.5% 5% 95% 97.5%
nmean 3.205514 4.021816 17.89195 19. 04683

Tilting Confidence Intervals:
2.5% 5% 95% 97. 5%
mean 1.710333 3.439095 18. 34711 19.77674

Permutation test

If the permutation test is requested, the output gives the test results (in the final line:
the observed difference in means, the mean and standard deviations of the distribution
of differences from the permutations, a statement of the alternative, and the P-value.

*** Permutation Test Results ***
Label : pernutation 5% trimed nean: Tabl e7. 4$dr p- Tabl e7. 4$gr oup

Cal |l :
per mut ati onTest 2(data = Tabl e7. 4$drp, statistic = nean, treatnment =

Nurmber of Replications: 999

Sunmary Statistics:

Cbser ved Mean SE alternative fp. val ue
Var 9. 954 0.219 4.726 greater 0.018

example output from Permutation Test in Resampling Two-sample t Test
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Two-sample procedures: Resampling t procedures

bootstrap 5% trimmed mean: Table7.4%drp

Observed ——©
Mean st

0.08 0.10
I I

0.06
I

Density
mean

0.04
I

0.02
I

(S

T T T T T T T
0 5 10 15 20 -2 0 2

mean difference mean observed difference Quantiles of Standard Normal
from resamples

Example plots produced by the Bootstrap part of the Resampling Two-sample t Test.

Graphs

Graphs are produced for the bootstrap estimation (above) and the permutation test
(next page), if they are requested. If both methods are performed, the graphs will be on
two pages of a single graph window.

The bootstrap and permutation graphs both show the distributions of the difference
between the group means, obtained in the resamples. Because the randomization is
done separately for each method, these distributions will not be identical, but they will
be very similar in shape. Both histograms indicate the observed difference and the
mean of the resample differences. Since the bootstrap distribution is from resamples
maintaining the distinction between the two samples, it is centered very near the
observed difference in means (about 10 in the example above), while the permutation
distribution is centered very near the difference according to the null hypothesis, i.e. O.
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Two-sample procedures: Rank-sum test

permutation : Table7.4%drp : mean : Treat - Control

Observed

Density
0.06 0.08
| |

0.04
1

0.02
1

< |
[S)

T T T T T T
- / 0 10 < -2 0 2
Var

. -10
]I;poel'i npgllffnfll:l?:t(i:(fns observed difference Quantiles of Standard Normal

Example plots produced by the Permutation Test of Resampling Two-sample t Test

Rank-sum test

Statistics = Compare Samples = Two Samples =
Wilcoxon Rank Test...

Dialog

As with the two-sample t procedures described above, the data for the rank-sum test
can be either stacked or unstacked. If they are stacked, select the Variable 2 is a
Grouping Variable option (which will make the Type of Rank Test choice unavailable,
since paired data cannot be in the stacked arrangement). If the data are unstacked make
sure the Variable 2 is a Grouping Variable option is not checked, and that Rank Sum is
selected as the Type of Rank Test. Specification of the variables, and the options
concerning the hypotheses and the exact or normal-approximation tests, are the same
as for one- and paired-sample procedures described above. As before, the exact test
cannot be performed if there are tiesin the data.
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Rank-sum test

e
—Data —Hypotheszes
Data Set: ITaI:Ie?.4 j bean Under Hull Hypotheszis:
Wariable 1: Idrp j ID
\ariable 7- IEITDUD j Alternative Hypothesis:

v “arishle 2 iz a Grouping Wariable

— Optionz
W Usze Exact Distribution

— Test
Type of Fank Testf* Fank Sum

= . .
€ Sigred Rerk W Continuity Comection

— Fesults

Save b

¥ Print Results

| k. I I:an-:ell .-'1‘-.|:||:|I_I,I| I<| >| et

dialog window for Two-sample Wilcoxon Test

Help |

Output

If the exact test is requested (and possible), the output is labeled accordingly, and the
actual test statistic is given, along with the exact P-value.

Exact) W | coxon rank-sum test

and y: drp.1 with group = Treat
0. 0044))

data: x: drp.1 with group = Control |,

rank- sum statistic n =23, m= 21, @—val ue =

example output from Two-sample Wilcoxon Test when the exact test is performed

If the exact test is not requested or is not possible dueto ties, the output does not call it
an exact test, and rather than the test statistic, its normal approximation Z scoreis
given (after applying the continuity correction if requested).

W | coxon rank-sumt est

data: x: drp.1 with group = Control , and y: drp.1 with group = Treat
rank-sum normal statistic without correction(Z = -2.5965, p-val ue = 0.0047 )
al t ernative hypothesis: true nu is less than O

example output from Two-sample Wilcoxon Test when the exact test is not performed
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Two-sample procedures: (Mood’s) Median test

(Mood’s) Median test
Thistest is not directly available in S-Plus. It can be implemented as follows:

1. determine the pooled median: stack the samples and use
Statistics = Data Summaries = Summary Statistics...

2. create a column describing whether an observation is above the pooled median or
not: use Data = Subset..., as described above for the one-sample sign test

3. Do aFisher’s exact or chi-square test on the two variables: the grouping variable
and the True/ False variable created in step 2. (These tests are described in the sec-
tion on inference for contingency tables, near the end of this guide.)
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SEVERAL—SAMPLE PROCEDURES

ANOVA

The data must be in the stacked arrangement: the response variable in one column and
agrouping variable in another column. The grouping variable must be of type “factor”
rather than numeric (even if the level labels are numbers); this can be determined
using the column properties (right-click on the column).

A basic one-way ANOVA is accessed by

Statistics = Compare Samples = k Samples = One-way ANOVA...

This procedure produces only the ANOVA table; graphs, contrasts, multiple compari-
sons, storage of residuals, etc., are not available. It therefore generally will be prefer-
able to use the procedure describe in the following.

Dialog
Statistics = ANOVA = Fixed Effects...
Model
Thefirst tab is the Model tab shown to the right, Model l Options | Results
on which the data set and the Response and Data
Explanatory variables are specified. D ata St i —
Aswith most S-Plus procedures, the ANOVA Weights: - |
can use a subset of the dgta, by spQC|fy| ng a Subset Rowswitte | ;
subset column or subsetting criterion in the K
Subset Rows with: box. v Omit Rows with Miszing Values Ca
Wariablez
For one-way ANOVA the Formula parts of the Response: heakwid -
dialog can be ignored. SR ey
!:ueakwu:l
This tab also gives you the option (on the right islrirn
side, not shown here) of saving the analysis —
the calculations, not just the output — asan S —
Plus data object; this can be useful if you want | | Fomula: |beakuid™sland
to extract more detailed output, e.g. for con- Create Formula
trasts.
Options

The second tab, labelled Options, allows contrasts among the groups to be selected.
Given the importance and complexity of contrasts, they are discussed in detail below.
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Results

The third tab (see below) lets you choose what Results are produced. The default
choices of Short Output and Type | Sums of Squares usually are appropriate for one-
way ANOVA. You may also want to have the group Means listed, and/or have the
Fitted Values and Residuals stored.

M odel l Options l Rezultz l Flat l Compare l
Frinted Results Saved Results
v Short Output Save In: |afiarod -
v Type | Surms of Squares [v Fitted Values
[ Type lll Sums of Squares v Fesziduals

[ Estimated Coefficients
[ Estirnated K Coef. for K-level Factar

v Means

Plot

The fourth tab lets you choose from along list of plots. These include the familiar
Residuals vs Fit and Residuals Normal QQ. Two other plots — Partial Residuals and

[ - x|

todel ] Optionz ] Resultz ] Flat l Compare I
Plats Options
Iv Residuals vz Fit ¥ Include Smoath
v Sort bz Besiduals v Fit v [Include Rugplat
v Response vs Fit Mumber of Extreme Paoints Ta [dentify:
R

Iv Residuals Mormal QG |
Fartial Rezidual Flat Optionz
-

-
-

v Fesidual-Fit Spread
Cook's Diztance

-
[ Partial Besiduals

Cook’s Distance— are more advanced methods for assessing influence of individual
observations, and are covered in Advanced Biometry. The other choices are not
covered in either Biometry course but seem like they could be useful.

The Options to the right of the Plot tab apply to the various plots selected. Include
Smooth adds a L oess smoother to the plots, and the chosen Number of Extreme Points
are identified on plots by observation number; both these are generally useful. A Rug-
plot, however, seems more appropriate for regression situations.

S-Plus Basics 26



Several-sample procedures: ANOVA

Compare

The final tab provides for (unplanned) multiple comparisons. These are discussed
below.

Output

The default output produces avery basic ANOVA table with rows for the factor and
“error” (= Resi dual s) terms (but not the total SS) and the Resi dual st andard
error (thesquare-root of MSE).

*** Anal ysis of Variance Mdel ***

Short Qutput:
Cal Il :
aov(formula = beakwid ~ island, data = lafi87fe, qr = T,

Terns:
i sland Residuals
Sum of Squares 0.01507044 0.05512248
Deg. of Freedom 2 89

(Resi dual standard error: 0.0248868}
Estinmated effects may be unbal anced

Df  Sum of Sq Mean Sq F Val ue Pr(F)
island 2 0.01507044 0.007535218 12.16626 0.00002133428

Mesi dual s 89 0.05512248 0. 000619354

If means are requested on the Results tab, the out- [Tap1es of neans
put includes the total mean, and the group means | Grand nean
and sample sizes. 0. 76811

i sl and
Laysan North Sout hEast
0.760 0.800 0.777
rep 62.000 10.000 20.000

Contrasts

As noted above, contrasts among group means can be requested on the Options tab of
the ANOVA dialog. There are several pre-defined contrasts or you can define your
own. Standard output will be only the estimates of the contrasts; to get tests of their
significance requires a bit of command-line programming.

Order of groups

A contrast is defined by a sequence of coefficients for the groups (levels of the factor).
To make sense of this you need to understand the ordering of the groups. To find out
the ordering of levels of afactor column you can sort the data set according to that
column, or you can enter the command levels(factor) inthe Commands Window
(enter the name of the factor variable in place of factor).
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Asbest as| can figure out, the ordering is based on the numerical/al phabetical order-
ing at the time the factor column is created. To control the ordering yourself, you could
use numeric coding, in the desired order, when importing or creating the variable, then
after changing its type to “factor” you could re-code the values to meaningful labels.

Predefined contrasts

There are four predefined sets of contrasts: _

* Helmert

contrasts compare each level to the combi- Mocel | Options | Resuls
nation of all the preceding levels. For Contrasts
example, with four groups the sets of coeffi- Assign Contrast: m
cientswould be to Wariables: izlan

Cl: t-r o 0 Contrasts; Im

Crx 1 1-2 0

Cy 1 1 1 -3
(Note that rather than use fractional constants to average two or more levels, these
contrasts sum the levels to be combined, and multiply the other level accordingly.)
Helmert contrasts are the default for unordered factors. If the levels are
properly ordered these contrasts often will be sufficient. For instance, in Data Set
#1, the contrasts compared Laysan to (North + Southeast), and then compared
North to Southeast. If Laysan isthe |ast level, these are the Helmert contrasts.

» Orthogonal Polynomial

contrasts can be used when the levels of the factor are ordered, and are best when
the levels are evenly spaced. In that case they represent linear, quadratic, cubic,
etc., trends with respect to the levels. With four levels, the sets of coefficients are
(with some rounding):

C.: -0.6708 -0.2236 0.2236 0.6708

CQ: 0.5 -0.5 -0.5 0.5

Cc: -0.2236 0.6708 -0.6708 0.2236

(The non-integer constants are used to make the contrasts independent of each
other, i.e. “orthogonal” in statistical jargon.)

* Sum
contrasts compare each level to the last level. There are the allowable k-1
contrasts, but they are not independent. With four groups the coefficients are:

Cp 100 -1
C2: 010 -1
Cy 001 -1

(These contrasts are similar to Dunnett’s multiple comparisons, if the last level is
the “control” level, except that no adjustment is made for multiple testing.)

* Treatment
“contrasts’ are actually just dummy variables for al the groups but the first one,
and so are not true contrasts.
Cyi 0100
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Cy 0010
Cy 0001

Custom contrasts

To define your own contrasts, you must do so in the Commands window. In the
following | use the contrasts described in the text (Ch. 12, Sect. 2). These are

'~|—'1 (usk + uun) - 2”su
lIJ2 = Hsk —Huyn
where the subscript sk is for skilled workers, un isfor unskilled workers, and su is for

supervisors. The first contrast compares supervisors to workers, and the second
compares skilled to unskilled workers.

To define these contrasts, and have them used when performing the ANOVA, do the
following:

1. Open the Commands Window by
Window = Commands Window
2. Make alocal copy of the ANOVA independent variable, e.g.
> jc <- jobcat
wherej obcat isthe name of the independent variable, in adata set that is already
open (the > isthe prompt given by S-Plus).
3. Check the ordering of the levels of the independent variable, e.g.
> | evel s(jc)
[1] "skilled" "superv" ™"unskill"
4. Create amatrix of your contrasts. For example,
> contrast.mat <- matrix(c(1,-2,1, 1, 0, -1),ncol =2)
Herecont r ast. mat isthe name of the matrix being created, all the coefficients
aregiveninonestring, and thencol value shapesthe matrix to have that many col-
umns. Note that because the levels of the factor j ¢ are in alphabetical order, the

order of the coefficients for the two contrasts is different than in the equations
defining the contrasts.

5. Set the contrasts for your factor equal to the matrix just created:
> contrasts(jc) <- contrast. nat

6. Check that the contrasts are as you wanted:
> contrasts(jc)

which should give the output:
[,1] [,2]
skilled 1 1
superv -2 0
unski | | 1 -1
7. Runthe ANOVA:

> sciaov <-aov(SCl ~ jc)
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Here sci aov isthe name under which the “Model Object” (i.e. the results of the
ANOVA) will be stored. aov isthe procedure name. SCI ~ j ¢ specifiesthe
model, in the format response ~ explanatory).

The preceding will not produce any output. To get the output, see the following section
(“Testing contrasts”).

Testing contrasts

To get the results of testing contrasts, you must save the “Model Object” and then
enter acommand in the Commands window.

1. On the Model tab of the ANOVA dialog window, enter some name in the Save
Model Object; Save As: box.

b odel l Optiaons A ezults ] Plat l Compare

Drata

Data Set; Example121l =

Wheights: -

Subzet Rows with: 5 ave Modsl Objsct

¥ Omit Fows with Missing Values Save fs 5Clanovd

Wariables
2. Open the Commands Window by
Window = Commands Window
3. If you need to check what contrasts were used, enter
contrasts(factor)

where the name of the independent variable (the ANOVA factor) isentered in place
of f act or. Thiswill produce output like:
> contrasts(jobcat)
[.1] [,2]
skilled -1 -1
superv 1 -1
unski I | 0 2

These, the default Helmert contrasts for an unordered factor, are

Py = (—Hg) + Hgy
Wy = — (M * Hy) + 2Hyn
4. Enter
> sunmary. aov(nyanova, split = list(factor =

+ list(cl=1l, c2=2 .)))
In this command:
« do not enter the > and + prompts; they are given by the program.
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« in place of nyanova give the name of the “Model Object” saved when the
ANOVA wasrun.

 inplace of f act or give the name of the explanatory variable in the ANOVA.

e inplaceof c1, c2, etc., give names for the successive contrasts (see “ Order of
Groups’ and “Predefined Contrasts’ above to determine what the contrasts are, if
you did not define them yourself).

The output will be put in the Commands Window, for example:

> sunmary. aov(sciaov2, split = list(jobcat =1list (f =1, s = 2)))
Df Sumof Sq Mean Sq F Val ue Pr(F)
j obcat 2 4662.2 2331.116 7.136969 0.00086604
jobcat: f 1 1672.6 1672.634 5.120952 0.02400315
jobcat: s 1 2989. 6 2989.599 9. 152986 0.00259179
Resi dual s 587 191729.2 326.626

In this ANOVA table thefirst lineis for the factor asawhole, just as given in the
ANOVA table when the analysis was first run. The next lines partition the df and SS
for thisterm into those corresponding to the contrasts. The F Val ue will bethe square
of thet statistic for the contrast.

Multiple comparisons
Multiple comparisons are requested on the Compare tab of the ANOVA diaog.

Dialog

The only item in this dialog (see below) that must be specified is the Variable - Levels
Of:, which must be the factor in the ANOVA model. The default options generdly are
appropriate.

The principal parts of this dialog that you may want to change are:

» Comparison Type
This gives a choice among:
mca: mean comparisons among all groups (i.e. all pairwise comparisons; this
isthe default);
mcc: mean comparisons with control, with the “control” level specified in the
Compare To Level box; and
none: Clsfor the level means rather than pairwise differences.
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ANOVA

b odel ] Cptionz l Fesults ] Flat l Compare
Wariable Optionz
Lewvels OF: island - b ethod: ast.fas
Comparizon Type: |mca - Confidence Level: |0.95
Bounds: upper.and lowe -
R esults Errar Type: Famnily-wize -
ST Adjust For:
I iRz Contrast M atriv:
I P litenes Critical Point: I—
Simulation Size:
Scheffe Rank:
v alidity Check
* Method
This gives a choice among: besst A
best: useswhichever of the following methods gives the t'EESt:E'St _
onferoni ~
greatest power (smallest Cl). Dunett
best.fast: also usesthe most powerful of the following Fisher.lsd
. - . . L Scheffe
procedures, excluding the Simulation method; this choiceis |gigak
the default and generally will use the Tukey method for St 3
ukey

two-ended Cls and the Sidak method if only upper or only
lower bounds are requested (as described below).

Bonferroni: the usual.

Dunnett: can only be used if mcc is selected as the comparison type (and only
Dunnett can be used in that case)

Fisher.Isd: simply does pairwiset tests with no adjustment for the multiple
comparisons, so can only be used if Error Type is Set to comparison-wise (in
which case only Fisher.Isd can be used).

Scheffe: for unplanned contrasts more complex than pairwise differences;
very conservative and you probably will useit rarely if ever.

Sidak: similar to Bonferroni but somewhat more powerful.

Simulation: This uses Monte Carlo simulation. For nonstandard families of
comparisons or unbalanced designs, this method will often be substantially
more efficient than other valid methods. The simulation size is set by default
to provide acritical point whose actual error rate is within 10% of the
nominal a (with 99% confidence). This method can take alot of time with
large data sets, but for the Laysan Finch example used here it needed only a
few seconds.

Tukey: theusual.
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» Confidence Level
if you want something other than the default 95%.

» Bounds
if you want one-ended “intervals,” i.e. only upper bounds or only lower bounds,
rather than the default two-ended intervals; this could be appropriate if Hy
specified an ordering of the y; rather than simply that there is a difference
somewhere.

Output

The output (see below) isin the form of the difference, its SE, and the resulting Cl, for
each of the pairs of differences. Significant comparisons are flagged. If the Plot Inter-

vals option is checked, a graph showing all the pairwise Clsis produced, as shown
below after the text output.

95 % si mul t aneous confidence intervals for specified
li near conbinations, by the Tukey nethod

critical point: 2.3836
response vari abl e: beakw d

intervals excluding O are flagged by '****!

Estimate Std. Error Lower Bound Upper Bound

Laysan-North -0.0392 0.00848 -0.0594000 -0.01900 *=*=**

Laysan- Sout hEast -0.0163 0.00640 -0.0315000 -0.00104 *=*=**

Nor t h- Sout hEast 0. 0229 0.00964 -0.0000741 0. 04590

Laysan-North c———e—————9)

Laysan-SouthEast ———eo——)

North-SouthEast | e -—————— )

T T T T T T T T
-0.06 -0.04 0.02 0.0 0.01 0.03 0.05

simultaneous 95 % confidence limits, Tukey method
response variable: beakwid
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If only lower bounds (or only upper bounds) are requested, the output is similar except
that of course only the requested bound is shown, and the plots are similarly one-
ended.

95 % si mul t aneous confi dence bounds for specified
Ii near conbi nations, by the Sidak nethod

critical point: 2.1533
response vari abl e: beakw d

bounds excluding O are flagged by '****'

Estimate Std. Error Lower Bound

Laysan-North -0.0392 0.00848 -0. 05750
Laysan- Sout hEast -0. 0163 0. 00640 -0. 03010
Nor t h- Sout hEast 0.0229 0.00964 0. 00215 ****
Laysan-North ——— *————————————————— —
Laysan-SouthEast -
North-SouthEast c— - ——
T T T T T T
-0.06 -0.04 -0.02 0.0 0.01 0.02 0.03

.0
simultaneous 95 % confidence limits, Sidak method
response variable: beakwid

Test for Equal Variances

S-Plus does not appear to include any of the tests for equality of variances. Levene's
test could be approximated by storing the residuals, computing their squares or abso-
lute values, and then performing ANOVA on these. The simple f,,5 test can be done
by getting the variances for all the groups, calculating the ratio of the largest to the

smallest, and comparing thisto F critical values gotten using Data = Distribution
Functions...

Resampling ANOVA

There does not appear to be aresampling / randomization method specifically for
comparing several samples. Such an analysis presumably could be conducted using
the resampling version of linear regression (as described below), with dummy vari-
ables to represent the levels of the ANOVA factor.
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Kruskal—-Wallis test

The data must be in the stacked arrangement: the response variable in one column and
agrouping variable in another column. The grouping variable must be of type “factor”
rather than numeric (even if the level labels are numbers); this can be determined
using the column properties (right-click on the column).

Dialog
Statistics = Compare Samples = k Samples =
Kruskal-Wallis Rank Test...

You specify the Data Set, response Variable, and Grouping Variable. Optionally you
can turn off printed output and/or have the results saved as a data object.

Kruskal-Wallis Rank Sum Test E|§|@

Data Resulkz

[rata Set: lafig¥fe - Save bz

“ariable; beakwid - v Print Results
Grouping ariable: |EERE -

k. | Eanu:el| Apply | | current Help

There is no capability for multiple comparisons, contrasts, or any plots of the results,
of residuals, etc.

Output

The output issimilarly ssimple: the test statistic (expressed as a chi-square statistic), the
P value, and a statement of the alternative hypothesis.

Kruskal -Wal lis rank sumt est

data: beakwid and island fromdata set |afi 8
Kruskal -Wal lis chi-square = 20.0268, df = 2,{p-value = 0

al ternative hypothesis: two.sided

(Mood’s) Median test

Thistest is not directly available in S-Plus. It can be implemented as described above
in the two-sample situation.
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Linear least-squares regression

Obtaining asimple linear regression was described earlier, in the Describing Rela-
tionships section. Here | repeat the key points and add a description of how to
obtaining confidence intervals for the mean response.

Dialog
Statistics = Regression = Linear...

Model

On the Model tab you specify the Data Set (in the Data section of the window), and the
Response and Explanatory variables (in the Variables section).

Results

On the Results tab the principal option of interest isto save the Fitted Values and the
Residuals. If no data set nameis given in the Save In box, a new data set will be
created which contain only the fits and residual's; to have them stored with the original
data, specify the original data set in this box.

Linear Regression
Model ] Results Plat ] Predict l

Printed A esults
[ Shart Output

Save In: bracsvdn -

[v Lorg Output [v Fitted Yalues

[ AMNOWA Table v Fesiduals

[ Corelation katrix of Estimates

Plot

The Plot tab provides avariety of diagnostic plots, including a scatterplot of Residuals
vs Fit and aResiduals Normal QQ. A smoother can be put on the residuals vsfits plot,
and the most extreme residuals can be individually identified (the defaults are to
include the smoother and to flag the 3 most extreme residuals).

Predict

Thefinal tab islabelled Predict. All that needs to be done on this tab is to check the
boxes to select which of the three sorts of “predictions’ is desired. If New Data is | eft
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blank, predictions will be produced for the observationsin the data set used in the
regression analysis.,

i
bl odel | R esults | Plat | Predict |

- - Confidence Lewvel: IEI.EIE
Save Ir: I - I

v Predictions

MHew Data: I "I "Dptluns

¥ Confidence Intervals

Iw Standard Ermrors

To get predictions for new values of the explanatory variable these values can be put in
another data set, which would be specified in the New Data box; alternatively, the new
values of the explanatory variable can be entered in the original data set with missing
values for the response variable, so that the regression will not use them but will pro-

duce predictions for them along with the rest of the data set.

If no data set is specified in the Save In box, a new data set will be created containing
only the predictions output. To have the predictions put in the data set being used for
the regression, or the data set specified for New Data, simply specify the desired desti-
nation in the Save In box.

Output
The default output (despite being called “Long”) is minimal. Most parts of it are

Resi dual s:
M n 1Q Median 30 Max
-0.5976 -0.08508 0.009312 0.1167 0.4024

Coefficients:
Value Std. Error t value Pr(>|t])
(Intercept) 0.7046 _ 0.0438 __ 16.0707___0.0000
eggs (0.0089 0.0018  -4.8654 0.0000 )

Resi dual standard error: 0.1852 on 83 degrees of freedom
Mul ti pl (R- Squar ed: 0. 2219)
F-statistic: 23.67 on I and 83 degrees of freedom the p-value is 5.36e-006

familiar, the important ones being the t test and R2. The F test is exactly equivalent to
the t test when there is only one explanatory variable. The Resi dual st andard
error isthe standard deviation of the residuals, i.e. s. The five-number summary of
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theresiduals could be used to look for skew or outliers, but it would be more effective
to store the residual s and examine them graphically

Storage

If storage of residuals and/or fitsis requested on the Results tab, they are added to the
data set specified on that tab; if the original data set is specified, the result will be like:

1 2 3 4

eqgs survival fit residuals
24 16.00 0.22 0.36 -0.19
35 16.00 0.75 K 0.36 0.19
I 1A 1N ke A -n oS

Similarly, if predictions are requested (and specified to go into the original data set),
the result will be as below. se.fit isthe standard error of thefit (i.e. the estimated mean
Y), and LCL95 and UCL95 are the lower and upper confidence limits, respectively.
(Also note that the column label fit has been moved from column 3, in which the fits
were stored above, to column 5.)

-
1 2 4 (5 f 7 8 Y
eggs suryival residuals fit se fit LCLoS LICLOS
1 16.00 0,38 0.56 -0.19 0.56 0.0z 0.5z 0.6l
3 16.00 0.75 0.56 0.19 \ 0.56 0.0z 0.5z 0.61
3 16.00 0.31 0.56 -0.25 ~TEE 0.02 002 061

Regression - resampling

The resampling library includes a procedure to produce bootstrap confidence intervals
for the coefficients of alinear regression (simple or multiple).

This can be used to indirectly test hypotheses about the coefficients, i.e. by determin-
ing whether the hypothesized value is within the Cl. Alternatively, the statistical sig-
nificance of the relationship can be tested by a randomization test, using the
resampling correlation procedure described below.
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Regression - resampling

Dialog

Statistics = Regression = Linear/Resample..

or
Statistics = Resample = Linear Regression

The dialog window hasfivetabs. The first four — Model, Results, Plot, and Predict —
are exactly asfor the standard linear regression described in the preceding section. The
fifth tab islabelled Bootstrap (see next page). The only necessary input onthistabisto
check the box to have the procedure performed. The selection of kinds of plots and
confidence intervals to be produced can be modified also.

Linear Regression

Plat | Predict | Bootstrap

=101

pdodel | Reszultz |
Bontztran
Iv Perform Bnntstrﬂ
Eakishic: |oAef

— Rezampling Optionz
Hurnber af Bezamples:

fooo
S ample: IW
Sampler: IW
Shrata: Iﬁ
Random Seed: I—

— Plots
[ Distribution of Feplicates

[ Marmal Quantie-Guantile

[¥ Both Distibution and QO

— Save Bootztrap Object

Save Az Isave. bk

— Summary Rezults
v Percentiles

[¥ BCaCorfidence Intervals
¥ Tilting Confidence Intervals

[ tlntervals using Eootstrap SE

Percentile Levels: I.EIEE, 05, .95, 975

|'.-’-'-.|:||:|iti|:unal Arguments: [e.g. label="ty Label]

Argumnents; I

| Ok, I Eancell .-'f-.ppl_lrll I<| >| cLrrent

Help |

Method

The bootstrap resampling (with replacement) is of entire observations, i.e. values of

the response and explanatory variable(s) for a given observation are kept together in

the resampling.
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Output

The output consists of bootstrap confidence intervals for each of the coefficientsin the
model, produced by each of the methods selected in the dialog window. In the example
shown here the most useful output (circled) gives the BCa 95% CI for the slope.

Sumary Statistics:
Cbserved Mean Bi as SE
(I'ntercept) 0.704579 0.706380 0.0018010 0.045063
eggs -0.008914 -0. 009038 -0.0001239 0.001488

Percentil es:
2.5% 5% 95% 97. 5%
(I'ntercept) 0.61021603 0.62900610 0.777467951 0.793145841
eggs -0.01185643 -0.01153092 -0.006498775 - 0. 005988335

BCa Confidence Intervals:
2. 5% 5% 95% 97. 5%
(Intercept) 0.6068326 0.61743755 0.775389002 0.787171309
egg- 0.01114356 -0. 006164669 -0. 005499122)

The default output also includes graphs (histogram and NQQ plot) of the bootstrap
distribution for each coefficient.

Robust regression

One of the strengths of the S language, on which S-Plusis based, has always been its
diverse set of methods for fitting regression models and smoothing scatterplots. Two
of the most useful of these are methods for fitting linear models using criteriawhich
are more robust than least squares. Robust MM Regression and Least Trimmed
Squares Regression. Their primary use, within the scope of this course, isfor compar-
ison with standard |east-squares regression results, as away of assessing the influence
of unusual observations.

There are several other methods on the Regression menu which are for fitting linear
models with categorical response variables, and therefore also use criteria other than
least squares; these specialized analyses are beyond the scope of this course and so
will not be covered in this handout.

Robust MM regression
Statistics = Regression = Robust MM...

This method minimizes the sum, over al the observations, of afunction of the residu-
als, as does least squares. This “loss function” in the “robust MM” method, however,
does not give as much weight to very large residuals as does |east squares. As aresult
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it ismuch less sensitive to outliersin either the response or the explanatory variable(s)
than is least-squares regression.

The Robust MM regression procedure provides hypothesis tests and confidence inter-

valsfor coefficients, aswell asthe usual array of residual plots. To plot the robust fit
you will need to havethe “fits’ stored (select this on the Results tab) and then con-
struct the plot.

Dialog

Most of the dialog for specifying the robust MM regression isthe same asfor ordinary
|east-squares regression as described above. The principal differenceisthe addition of
an Options tab (see next page), on which you can modify parameters relating to the
fitting criterion. Unless you understand the details of the model-fitting criterion, leave
these options alone.

Robust MM Linear Regression

b odel ] Options ] Results ] Flat ] Predict

E ztimation bethod 3 enetic Algarithm;

E ztimataor: Test Bazed - |

Lozz Funchons

Initial Fobust: Optimal - |

Final Robust: Optirnal - |

Inference

Efficiency: a5

Confidence Level: |0.10

O phimization

Max. Iterations: ALt - l—_|
Tolerance: ALto - | Flemes el

Rezampling
Algorithim: Ato - | l—

ok | Cancel | Apply | | current Help

Another other useful feature is that on the Results tab you can request a comparison
between the robust MM and |east-squares results, and on the Plot tab you can request
that various residual plots be compared between robust MM and |east-sgquares models
(see example dialogs below).
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Robust MM Linear Regression

b odel

l

O ptions

===
sultz Plat Predict
Optians
v |nclude Smooth

Printed Results
[ Short Output

Iv Long Output

[ ANOYA T able
I(|7 Comparizon with LS Fit)

Output

I Correlation batrix of E stimates

l Results l
Saved Res [ Include Fugplot
Save In: Murnber of Extrenne Paints To ldentify:
[ Fitted Ve R
[ Fesidua Comparizon Plots with LS Fit

[v Residual: Marmal Q0
[ Estimated Residual Densities
v Fesiduals vs Fit

[ Response vs Fit

The basic output from Robust MM regression is similar to that from LS regression.
The most important parts again are the test for the slope, and the measure of the frac-

tion of the variation in the response explained by the regression (analogousto R?). The
output also includes tests for bias of the robust-MM and the |east-squares models.

Resi dual s:
M n

Coefficients:

1Q Medi an

Val ue Std. Error

30 Max

-0.6453 -0.1068 -0.006805 0.07244 0. 3547

t value Pr(>|t])

(I'ntercept) 0.7781 0. 0601 12. 9456 0. 0000
eggs -0.0111 0.0024 -4.5230 0.0000 )
Resi dual scale estimate: 0.1605 on 83 degrees of freedom

GDroporti on of variation in response explained by nodel: O. 2488)

Bi as
Statistics P-val ue

Test for

M estinate
LS-estinmate

0.647 0.7238
7.235 0.0269

The seed paraneter

is :

1313

If the comparison of robust-MM and |east-squares resultsis requested, most of the pre-
ceding output is repeated, but accompanied by the corresponding LS results. The

Resi dual

Scal e Esti mat es arethe standard error of the LS residuals and its

robust analog from the MM regression. The Cor r el at i ons at the bottom of this out-
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put are correlations among the coefficients (i.e. the estimates of the regression param-

eters).

Resi dual Statistics:

Coefficients:
Value Std. Error t val ue

M n 1Q Medi an 3Q Max
LS.Fit -0.5976 -0.08508 0.009312 0.11674 0.4024
Robust. Fit -0.6453 -0.10680 -0.006805 0.07244 0. 3547

Pr(>t])

LS. Fit : 0.2219
Robust.Fit : 0.2488

Correl ati ons:
LS. Fit

eggs
(I'ntercept) -0.8888928
Robust . Fi t

eggs
(Intercept) -0.8921922

LS. Fit_(Intercept) 0.704579 0.043842 16.071 0.00000000
Robust . Fit_(Inter cep!smmmbe’ 78141 0. 060108 12.946 0.00000000
LS. Fi t —egge=—g=008914 0.001832 -4.865 0.00000536
Robust. Fit _eggs -0.011067 0.002447 -4.523 0.00002011
Resi dual Scal e Esti nmates:
LS.Fit : 0.1852 on 83 degrees of freedom
Robust.Fit : 0.1605 on 83 degrees of freedom
Proportion of variation in response(s) explained by nodel (s):

Robust LTS
Statistics = Regression = Robust LTS...

This method minimizes a sum of squared residuals, as in least-squares regression, but
in LTS regression only some of the observations are included in this sum: those with
the smallest residuals. Typically just over half the observations are used. This proce-
dure therefore produces a model that fits at least half the data points well but totally
ignores the remainder of the data. Thisfit therefore is very robust to unusual observa-
tions and indeed can be very useful for detecting clusters of unusual observations.

The Robust LS regression procedure does not provide any inference; it smply fitsthe
model. It does provide some residual plots, but again to plot the robust fit you will
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need to havethe “fits’ stored (select this on the Results tab) and then construct the
plot.

Dialog

Most of the dialog for LTS regression is similar to those for LS or MM regression,
though there are fewer options available on the Results and Plot tabs.

Thereis only one item on the Options tab: how many residuals to include in the sum
that isto be minimized. The default valueis (n+2)/2 (rounded down if nis odd);
increasing this number causes the procedure to “ignore” less of the data, and therefore
be less robust.

Robust LTS Linear Regression
b odel l Optionz l Results l Flat l

Murnber of Besidualz in 55 ta Minimize: )

Output

As aready noted, LTS regression does not perform inference. The output therefore
does not include standard errors or tests for the coefficients. It simply gives the esti-
mates and some statistics describing the residuals and the explained variation.

Coefficients:
I ntercept eggs
0.7684 -0.0108

Scal e estimate of residuals: 0.1685

Robust Multiple R-Squared: 0.3666

Total nunber of observations: 85

Nunmber of observations that determine the LTS estimte: 76

Resi dual s:
Mn. 1st Qu. Median 3rd Qu. MBX.
-0.6389 -0.1025 -0.0025 0.0703 0.3611

Wei ght s:
0 1
2 83
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Correlation

Dialog
Statistics = Data Summaries = Correlations...

then specify the two (or more) variables. (Also be sure the Print Results box is
checked.) If the Resampling Library isloaded, the option to have the most extreme
observations trimmed from the data will be part of thisdialog. | am not sure how
“extreme” is measured in this bivariate setting.

Correlations and Covariances

Data Statiztic:
[rata Set: fizhzizes - Type: f* Corelations
VW ariables: <ALL> (" Covanances
malerank Fraction to Trim: |0
Results

tethod to Handle Mizsing Y alues: Save bz
| Fai :lv v Print Results

ok | Ear‘u:el| App|y| |<| current Help

Output

Thisonly producesthe correlation coefficients; no inferenceis performed. To test

the hypothesis of no correlation, use the regression procedure above.

mal e femal e
mal e 1. 0000000 0. 8879311
femnl e 0.8879311 1.0000000

Correlation - resampling

Statistics = Data Summaries = Correlations...
or
Statistics = Resample = Correlations
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Dialog

Select the variables for which correlations are desired, as shown above for the standard
correlation analysis. On the Bootstrap and/or Permutations tabs check to have these
procedures done, and optionally request different output.

Methods

The bootstrap procedure, which produces confidence intervals for the popul ation
correlation, uses resampling (with replacement) of paired observations, i.e. keeping
values of X and Y from a given observation together. Thisisthe same method asin the
bootstrap procedure for regression.

The permutation test is of the null hypothesis of no correlation: Hy: p = 0. It random-

izes (shuffles) the observations of one variable in relation to the observations of the
other variable. Thisis analogousto Kendall’s test.

Output

The bootstrap output is similar to that of other bootstrap procedures described already,
the useful part being the list of the various types of Cls.

The output from the permutation test is simply the observed r, the mean and standard
deviation of the distribution of rs from the randomization, a statement of H, (despite

there being no apparent way to request a one-sided test), and finally the P-value.

Summary Statistics:
bserved Mean SE alternative p-val ue
cor(nal e, femal e) 0.8879 -0.004179 0. 2565 two. si ded 0. 002

Both the bootstrap and the permutation test also produce the usual histogram and NQQ
plot of their respective distributions.

Spearman’s rank correlation

S-Plus does not explicitly provide Spearman’s rank correlation. It can, however, be
conducted fairly easily.

1. First transform the data to ranks:
Data = Transform...

The Target Column isthe column you want the ranks put into. In the Add to Expres-
sion section, select the Variable you want to be ranked, select rank on the Function
pull-down list, then click the Add button. Once the window looks like the follow-
ing, click OK or Apply (the latter is convenient if you want to rank several variables,
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since the window stays open and you only need to change the parts that name the

variables).
Transform Q|E|®

Data Add to Expression

[ata Set: fishzizes - W ariable; fernale -
T arget Calurm: fernalerank - Funchion: rank -
Operator: + -

Add

E spression: |rank[female, halast = T]

F, | I:an-:e|| .-'-"-.pp|y| | curent Help

2. Calculate the correlation coefficient as above using the columns of ranks, and/or
run aregression (the latter provides a hypothesis test).
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Single proportion

Inferences about a single proportion can be done in three ways: exact binomial
hypothesis test, normal-approximation hypothesis test and confidence interval, and
resampling confidence intervals.

Binomial test
This procedure only performs a hypothesis test.

Statistics = Compare Samples = Counts and Proportions =
Binomial Test...

Data

To use the binomial test you must already know the count of “successes’ and the
number of “trials.” (If you do not have these numbers already, you can use the Tabu-
late procedure, discussed below, and specify only the one variable of interest, and a
column of countsif appropriate.)

Dialog

The dialog then requires only that you enter the numbers of successes and of trialsand
(optionally) modify the null and alternative hypotheses.

Exact Binomial Test E|E|@

D ata Test Hopotheses
Mo, of Successes: |1 4 Hypothesized Propaortion:
No.of Trigls: |1 0.5
Alternative Hypothesis:
.
Results
Save As
v Print Results
k. | Cancel | Apply | | current Help
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Output
The output is short, since thereislittle to this test.

data: 14 out of 21
nunber of successes = 14, n = 21, p-value = 0.0946
alternative hypothesis: true p is greater than 0.5

Normal approximation

This procedure is less accurate than the binomial test, but can provide confidence
intervals for population proportions, which the binomial test does not.

Statistics = Compare Samples = Counts and Proportions =
Proportions Parameters...

Data

To use this procedure you must have the datain two

columns, specifying the counts of successes and of trials.
In the context of a single proportion, these columns 14 21
would have only one row, as shown to the right.

SLICCESSES frials

Dialog
All that needs be specified is the Success Variable and the Trials Variable. Optionally
the confidence level can be changed and/or a one-sided test can be requested.

[ ata Options
[ata Set; SDF2 - Confidence Level: |ﬁ5

Succesz Variable; |succeszes - v Apply vates’ Continuity Correction

Trialz W ariable; trialz - Result:
Hypotheses Bave s

Proportions YW ariable; [+ Print Besuls
-
Alternative Hypothesiz:

by, zided -
k. | Eanu:el| .-i'-.ppl_l,l| I<i currerit Help

The default null hypothesisis that the population proportion (i.e. probability) equals
0.5. To tests adifferent null hypothesis, create a third column in the data set, with a
single entry containing the hypothesized probability, and select it as the Proportions
Variable.
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Output

The output includes the hypothesis test (expressed as a X? test) and the confidence
interval obtained using the normal approximation.

data: successes and trials fromdata set SDF2

X-square = 1.7143, df =1, p-value = 0.1904

alternative hypothesis: true P(success) in Goup 1 is not equal to 0.5
95 percent confidence interval:

0. 4310506 0.8451865

sanpl e esti mat es:

prop'n in Goup 1

Resampling methods

These procedures provide the exact binomial hypothesistest and several versions of
confidence intervals for the population proportion.

Statistics = Compare Samples = Counts and Proportions =
Proportions Parameters/Resample...
or
Statistics = Resample = Proportions

Data

This procedure is an augmented version of the Proportions Parameters procedure just
described, and thus requires the data to be in the same layout: in two columns speci-
fying the counts of successes and of trials.

Dialog
Thefirst dialog tab, Proportions, isidentical to that shown above for the Proportions
Parameters procedure.

The other tabs, Bootstrap and Permutations, arejust asin al the other resampling pro-
cedures. With only one proportion, however, the Permutations tab doesn’t do any-
thing. All that must be done on the Bootstrap tab isto check the boxes to have the
bootstrapping done; optionally, the selection of what Cls are produced can be changed.

Method

I’m not sure of this, but it appears that this procedure resamples (with replacement, as
always), from a sample of x successes and n—x failures, where x is the number of
successes in the actual data.

Output

The output includes the standard normal -approximation results described above. It
also includes, regardless of whether bootstrapping (or permutation testing) is
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reguested, the exact binomial test and a“Wilson” confidence interval (what the text
callsa“plusfour” confidence interval; see p. 539).

Z, Wlson estimates, and exact p-value for one proportion

z: 1.62
Wl son estimate: 0.64
95 percent W/ son confidence |evel: 0.4518 0.8282

If bootstrapping is requested the output a so includes the various confidence intervals
and the graphs of the bootstrap distribution, as described previously for other boot-
strapping procedures.
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Contingency tables

The difference between two or more proportions — that is, the relationship between
two categorical variables — can be tested using either a chi-square test or Fisher’s
exact test.

Data layouts

Contingency table data can be in any of three arrange- - =
ments, but the various test procedures have limitations as site cause
to which arrangements they can handle. at smather
« individual observations: at crowd
Two “factor” columns contain the values of the two at urk
categorical variables, and each observationisa at smother
separate row. The exampleto theright isin thislayout. = |5t =rmother
Datain this layout can only be analyzed by any of " S—
the three procedures described below.
abave Crowed
« stacked frequencies: _ shove crowd
Two “factor” columns contain the values of the two
. . . . above unk
categorical variables, and a third column contains the
frequency of that row’s combination of values of the above unk
categorical values. The example below isin this above smother
layout. above smother
_ _This layout can.be proc_juced from a data set of ahove crowd
individual observations using —— JE—
Data = Tabulate... helow crowd

.Select the two categorical

variablesin the pull-down list of
Variables:. Also give aname for

i sDF1

the data set to contain the cross- 1 2 3
tabulation. Cause site oLt
Datain this layout can only be 1 amother  |ahove 49
analyzed by the Cross Tabulations > ST 1
procedure 3 srnother below 13
4 undercut  |above 5
5 undercut  |at 19
& undercut  |below 17
7 crowded  |above
= cromeded (st
a crowded  |below
0 unknown  [above 19
11 I inkeirne at 23
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Single proportion

« contingency table (= unstacked frequencies):

Separate columns represent the

different levels of one of the : :

categorical variables, and entries sbove at below

in each row are counts for the 49.00 11.00 13.00
levels of the other categorical 300 15.00 17.00
variable. The analyses usethe 2.00 4,00 2.00
entire data set asthe contin- 19.00 23.00 28.00
gency table, so it cannot

contain any extra columns,

such asa column of labelsfor
therows. The example above isin thislayout.

Datain this layout can be analyzed by the Chi-square Test or Fisher's Exact
Test but not by the Cross Tabulations procedure.

Cross Tabulations
Statistics = Data Summaries = Cross Tabulations...

This procedure can perform a chi-sguare test on two categorical variables, with any
number of levels of each. It does not do the continuity correction.

Dialog

On the Model tab select the two categorical vari-
ablesin the Variables box. If the data are as

- i Model Opti
stacked frequencies, specify the Counts Variable. . tD o | Opters |
ata
On the Options tab be sure that the Run Chi- Data Set: SDF1
Square Test option is checked (thisisthe default). | | vaiiables: <AL

Output

count

The output (next page) includes the contingency
table itself, by default with cell counts aso
expressed as fractions of the row, the column, and
total. Thetableis followed by the chi-square
statistic and test.

Counts Yariable:  |E=my = |
Subzet Rows with;
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208 cases in table

IN I
| N RowTot al |
| N Col Tot al |
| N Tot al |

cause |site
| above | at | bel ow | RowTot | |

crowded| 8 | 4 | 2 | 14 |
[0.57 |0.29 |0.14 |0.067 |
[0.099 |0.07 |0.029 | |
[0.038 |0.019 |0.0096 | |

------- L LT E Syseepe
snot her | 49 | 11 | 13 | 73 |
| 0. 67 | 0.15 | 0.18 | 0.35 |
[|0.6 | 0.19 | 0.19 | |
| 0.24 [0.053 |0.062 | |
------- L LT E Syseepe
underct| 5 | 19 | 17 | 41

I
[0.12 ]0.46 [0.41 ]0.2 |
|0.062 ]0.33 ]0.24 | |

I

------- T T e S
unknown| 19 | 23 | 38 | 80 |
| 0. 24 | 0. 29 | 0.48 | 0.38 |
| 0.23 [ 0.4 |0.54 | |
[0.091 |O0.11 | 0.18 | |
------- T T e S
Col Tot 1] 81 | 57 | 70 | 208 |
| 0.39 | 0.27 |0.34 | |
------- T T e S

Test for independence of all factors
Chi~2 = 50.1379 d.f.= 6 (p=4.411115e-009)
Yates' correction not used
Some expected values are less than 5, don't trust stated p-val ue

Chi-square test

Statistics = Compare Samples = Counts and Proportions =
Chi-square Test...

This procedure can perform a chi-sgquare test on two categorical variables, with any
number of levels of each. It supposedly can do the continuity correction, but when |
prepared this example it would not do so.
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Dialog
Invoking this analysisis simple, with aimost no options. If the data are as individua

observations, ssimply select the two categorical variables as Variable 1 and Variable 2,

asin the first example below.

Pearson's Chi-Square Test

Drata Options
Data Set: SDF3 - Iv Applyates' Continuity Comrection

Yariable 1: [ste v | [ Resuls
Wariable 2: m save A I—

. _ = P
[ DataSet iz a Contingency T able IV Print Results

ok | Eann:el| .-’-‘-.ppl_l,l| |<| current Help

If the data are in the contingency table layout, simply check the Data Set is a Contin-
gency Table option, as in the second example below; Variable 1 and Variable 2 do not
need to be specified. As noted above, the entire data set will be treated as being the
contingency table, so there cannot be any additional columns.

Pearson's Chi-Square Test [Z”E|E|
D ata Options
[rata Set: SDF2 - v Apply vates' Continuity Comrection

Resulkz
I—_| Save hs:

. . W i
[+ Data Set iz a Contingency T able v Frint Results

ok | Ear‘u:e|| .-'fl.ppl_l,l| |<| curent Help

The Apply Yate’s Continuity Correction option is checked by default, but as noted
aboveit is not always used even when checked.

Output
In contrast to the Cross Tabulations procedure, the Chi-square procedure creates

almost no output: simply the X2 statistic, the df, and the P-value.

dat a:

X-square = 50.1379, df = 6, p-value =0

Pear son's chi-square test without Yates' continuity correction

bar nunst

S-Plus Basics 55



Categorical Variables: Single proportion

Fisher’s exact test
Fisher’s exact test isinvoked exactly as for the chi-square test described immediately
above (except that there is no option for the continuity correction). Because of the
complex computations required, thistest will not run if there are more than 200
total observationsin thetable. The output (above) again is minimal.

Fi sher's exact test

data: site and cause fromdata set SDF3
p-val ue = 0. 7344
al ternative hypothesis: two.sided
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POWER ANALYSIS AND MISCELLANEOUS
PROBABILITY PROCEDURES

Power/sample size analysis

Although S-Plus may have procedures for calculating power (and thus determining
sufficient sample sizes) for more complex designs such as ANOVA, the only proce-
dures | have been able to find using the menu system (GUI) are for one-, paired- and
two-sample designs. There are dightly different versions for analysis of means (i.e. t
tests) and analysis of proportions (i.e. binomial tests).

Tests of means
Statistics = Power and Sample Size » = Normal mean...

This procedure encompasses single-, paired-, and two-sample situations.

Dialog

In the Select section of the Model tab (shown below) are three radio buttons giving a
choice as to which parameter — Sample Size, Power, or Min. Difference — will be
computed (and thus implicitly which will have to be specified). Also in that section is
ascroll box in which the Sample Type: is specified.

Which other parts of the dialog are available depends on the choices made as to
sample type and which parameter to compute.

Note that for any of the quantities that are specified in the dialog, multiple values are
allowed; they are to be separated by commas. Thisallows arange of possible scenarios
to be explored quickly and easily.

Standard deviations

For any of the sample types and “ parametersto compute,” the variability must be spec-
ified. For asingle sample thisis the standard deviation of that population, given as
Sigmal. For paired samples the pertinent measure is the standard deviation of the
differences: Sigma(X2 - X1). For the two-sample case, the standard deviation of the
first population, Sigmal, must be specified; the standard deviation for the other popu-
lation, Sigma2, also can be specified, or it can be |eft as the default “Sigmal,”
meaning the two are assumed equal.

Probabilities
For al cases, the significance level of the test must be specified, in the Alpha(s): box.
Unless the parameter to be computed is the power, the power also must be specified, in
the Power(s): box. Both are entered as probabilitiesin decimal fraction format.
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Mormal Power and Sample Size g|§|@

bdodel l Options ] Prirkot l
Select Standard D eviationz
Compuite; {* Sample Size Sigmal; 1
" Pawer l—
" Min. Difference
Sample Type: One Sample
Probabilities Null Hypathesis
Alphals): 0.05 v | | | Mean: a
Power(z]: 0.a -
Sample Sizes Alternative Hepothesiz
Alt Mean:
Test Tope: by, zided -
R ezults
Save fs:
[v Print Results:
ak. | Cancel | Apply | | curent Help

Sample Sizes
For single- or paired-samples, thereis only one sample size to consider, entered as N1.
For two samples, both sample sizes need to be determined, by specifying any two of
three quantities: the first sample size N1, the second sample size N2, and the ratio of
the second sample size to the first, N2/N1.

Null Hypothesis
For the single-sampl e situation, the Mean is specified; for paired- and two-sample situ-
ations, the mean of the first population is specified, as Mean1. The null hypothesisin
the latter cases is assumed to be that there is no difference, i.e. that the mean of the
second population also equals Mean1. Therole of this parameter seemsto be only that
it together with the parameter specified for the Alternative Hypothesis actually define
the magnitude of the difference under the alternative hypothesis.

Alternative Hypothesis
For asingle-sample test the population mean according to the alternative hypothesisis
specified, caled Alt. Mean; the “minimum difference” is the difference between this
value and the Mean specified for the Null Hypothesis. For paired- and two-sample
tests, the mean for the second population (or second condition, for paired data) is spec-
ified, called Mean2; the “minimum difference” is the difference between this value
and Mean1 as specified in the Null Hypothesis section.
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In al cases the test can be specified as two-sided, or as one-sided in either direction.

Other tabs

There are tabs for Options and Printout (the output) but the defaults normally will be
adequate.

Output

The output from these procedures isin the form of atable such as shown below. There
isarow for each combination of values of the various quantities specified in dialog.
The columns will include two means, either nean. nul | and nean. al t for the
single- and paired-sample cases, or mreanl and mean2 for two samples. It also will
include one or two standard deviations, sd1 and (if appropriate) sd2. Then will come
acolumn labeled del t a, which is the difference between the means according to the
aternative hypothesis. Then are al pha and power , and one or two samples sizes, n1
and (for two samples) n2.

An example of this output, for a single sample, with sample size being computed, and
for two aternative hypothesis, is as shown here:

F¥¥ Power Table ***

mean. nul | sdl nean.alt delta al pha power nl
1 0 1 1 1 0.05 0.8 8
2 0 1 2 2 0.05 0.8 2

As this example shows, the output has no labeling as to what specifications went into
producing it. In some respects thisis not a problem. The output does not state which
guantities were specified and which were computed, but it should be obvious since the
computed parameter typically will not be an integer or neat fraction, and in any event
the results are valid regardless of which parameters were specified and which were
computed. The output also does not say which design the computations are for, but
again inspecting what columns are in the output will indicate this.

What is bothersome about the lack of labeling of the output is that the output gives no
indication of whether it isfor atwo-sided or one-sided test, and there is no obvious
way to deduce this from the results.

Tests of proportions
Statistics = Power and Sample Size » = Binomial proportion...

This procedure is very similar to that described above for means, so it will be
described only briefly. As shown by the dialog window below, this procedure can
handl e the same three sampl e situations as the procedure for means. a single sample,
paired samples, and two samples. It aso allows any of the three types of parameters —
sample size, power, or minimum difference — to be computed. Specifying the proba-
bilities and sample sizesis the same asin the procedure for means. Specifying the null
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and alternative hypothesesis similar, except that the population parameters of interest
are proportions rather than means. Finally, since the standard deviation of a binomial
distribution is fully determined by the population proportion, there is no need to
specify standard deviations.

Binomial Power and Sample Size

tadel Optians Printaut
Select Mull Hypothesis
Compute: ' Sample Size Propaorticn: |U.5
" Power I—

" Min. Differsnce
Alternative Hypothesiz

Alt. Proportior: |
Sample Type: One Sample -

Frobabilitie:s |
&lphalz): 0.05 - Test Type: |twu:u.siu:|eu:| -
Power(z]: 0s - Rezultz
Save As |
Sample Sizes Ve RS

l— v Print Results:

k. | Eancel| .-'f-.ppl_l,l| | | current Help

Random numbers

Randomizing

S-Plus’ random-number generator can be used to select arandom sample or to
randomize treatment over units. The most convenient way to do thisisto:

1. create adata set containing a single column, in which are listed the labels of all the
unitsin the population to be sampled or all the experimental units (which in many
cases will be simply a sequence of integers).

2. Select

Data = Random Sample...

In the resulting dialog, name the data set containing the list of units and the desired
sample size; if randomizing more than two treatments, set the sample size equal to
the total of all samples, and simply divide the resulting randomized list into the
desired number of groups. The other parts of the dialog can be ignored.
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Theresult will be anew data set (you can give it anamein the preceding dialog if you
wish) which will contain a column of the unit labels, in randomized order.

Simulations

The random-number generator also can be used to simulate samples from awide
variety of distributions.

Data = Random Numbers...

In the dialog for this procedure, name the Data Set and Target Column into which the
random numbers are to go, and the Sample Size. Select atype of Distribution from the
scroll list; there are 17 possibilities. Then specify the parameters for that distribution;
of thelong list of possible parameters, only the (typically) one or two relevant to the
chosen distribution will be available for input.

Probabilities

The procedures for probability distributions can be useful for determining critical
values for confidence intervals or tests, or determining P-values for tests you have
hand calculated. The menu selectionis

Data = Distribution functions...

You specify the Distribution and its parameters, and a Source Column containing the
value(s) of interest; what these are depends on what sort of result isto be gotten, as
described below. You can optionally change the name of the column in which the
results will be stored.

This procedure, for any of the many distributions, has radio buttons to choose among
Probability, Density, and Quantile.

* Probability
Thisisthe probability of all values of X lessthan or equal to the given valuex, i.e.
the area under the density curve to the left of the value, asin Table A in the text.
For discrete values it does include the probability of the exact value.

» Density
For discrete variables (e.g. binomial distribution) thisis the probability of the
given value x, asin Table C in the text. For continuous variables (e.g. normal
distribution) it isthe height of the density curve at the given value; thisisnot likely
to be useful.

e Quantile
Thisisthe value corresponding to the specified quantile(s) of the distribution. In
other words, thisisa“critical value,” i.e. the value x which has cumulative proba-
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bility equal to the quantile value you specify. Thisisasin TablesD, E, and F in the
text, except that it isleft-sided (i.e. equal to 1 minusthe valuesin the text tables).

When the Source Column contains values of arandom variable — for instance, atest
statistic or column of test statistics — Probability and Density are the pertinent Result
Type(s). Conversely, when the Source Column contains probability values— e.g.
confidence or significance levels — the appropriate choice of result is Quantile.
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