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About this guide

This handout summarizes the procedures to be used during the course. 1t does not
cover every possible way of doing a particular procedure, nor does it provide every
detail about these procedures; use the on-line help if you want to learn more.

This guide was written for Release 14; much of it appliesto earlier releases but two
very useful features— the project manager and editable graphs — are not availablein
older releases.

The material is presented in the same order asin the course, except that:

« Power analysis and other methods relevant to designing studies are presented in
the last section, along with miscellaneous methods relating to probability distribu-
tions; in the course these are encountered a various points throughout.

 Bar chartsfor displaying categorical variables are presented in the “ Describing
distributions’ and “ Describing relationships’ sections but in the course these
may be deferred to the final section.

« Although the specific resampling macros are covered at the appropriate pointsin
the various sections of this guide, general procedures for using macros in Minitab,
and how to obtain these resampling macros, are described in a brief Appendix.
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USING MINITAB

Graphical user interface

All, or nearly al, of Minitab’'s capabilities— certainly everything used in Biometry
and Advanced Biometry, with the important exception of the resampling macros—
can be accessed through its menu and dialog-window “graphical user interface.” Ina
standard installation of Minitab thisindeed is the only interface available with the
default settings. This guide is written entirely with reference to this interface, except
for the descriptions of the resampling macros; these must be run using the command-
line interface in the Session Window.

Thisinterface is avery standard Windows interface, so in this guide | assume you
know how to use it, with the exception of the following tip:

Dialog defaults

Any entries made in adialog window — selection of variables, specification of
options, etc. — remain in effect for later uses of that dialog window until you change
or remove them. Thisincludes any entries or selections made on a secondary dialog,
e.g. that opened by the Graphs menu from the main dialog window of many statistical
procedures: these remain in effect for later invocations of that procedure even if you
do not re-open that secondary dialog.

This can be very convenient, eliminating the need to repeat choices when repeating a
procedure, perhaps with some modifications; it can also be very annoying if you no
longer want but forget to cancel the selections still in effect from previous uses of the
procedure.

Command-line interface

Commands can be entered in the Session Window; for commonly used procedures
you may find it easier and faster to do this than to work through several layers of
menus and fill in multiple entries in dialog windows.

Enabling commands

To use commands the command-line interface must be enabled. If it is enabled aMIrB>
prompt will be present in the window. If it is not, to enable it:

1. make the Session window the active window (click in it)
2. open the main Editor menu by clicking on it
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3. click on Enable Commands.
Commands are typed at the prompt, and executed by pressing the Enter key.

Abbreviations

Only thefirst four letters of any Minitab keyword (command, option, etc.) are used.
This means that you can do any of the following:

« type only the first four letters
« type the full commands correctly

« type anything you want after the first four letters, including intervening words to
make the command seem more like English, e.g. ‘regress Y on 1 dependent
variable, X, and store residuals in colum C3’ rather than
‘regr Y 1 XC3.

Subcommands

Some commands can or must be followed by subcommands. To tell Minitab that a
subcommand is going to follow, end the main command with a semi-colon *; ’. Rather
than executing the command immediately, Minitab will respond with a SUBC> prompt.
If additional subcommands are to follow, end this subcommand with a semi-colon
also. The last subcommand must end with a period.

Learning commands

One easy way to learn the commands is simply to enable commands and then use the
menu-window interface: Minitab will enter the corresponding commands in the
Session window where you can study them. When it does this Minitab typically
includes subcommands which are not necessary, so you can try simpler ways of
invoking the procedures.
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DATA ORGANIZATION, MANIPULATION,
AND IMPORT/EXPORT

Projects

Minitab organizes your work into “projects,” which can be
saved and opened. Project filesareidentified by the filename
extension. MPJ.

EE Project Manager

Inkitled
5] Session

[ Hiskary

[ araphs

[ reportPad

[ related Documents
=21 Workshests

-3 woarksheet 1

The “Project Manager” window (right), opened by clicking
the icon to the left, can be used to work with the various
parts of a project. Projectsinclude

» one or more worksheets of data,

« graphs (if any have been made), (1 Calumns

- the“Session” window which contains alog of every- g EZ':;E‘ZZ“
thing you have done in that project, including all statis-
tical results,

« the “History” window, which contains alog only of the commands you have
invoked, and

« the “ReportPad,” avery nice tool for collecting and presenting the useful output
of aproject. (see “Exporting results’ on page 12)

Worksheets

Minitab shows the data in one or more worksheets much like spreadsheetsin a pro-
gram such as M S Excel. Worksheets ordinarily are saved and opened automatically as
parts of projects, but if desired they can be saved or opened individually. The default
filename extensionis. MPW There also isa specia “Minitab portable” format for
worksheet storage, indicated by the filename extension . MI'P, which can be opened by
other versions of Minitab (older releases or on other kinds of computer); the Minitab
versions of the data sets on the textbook’s CD (and website) are in portable format.

Columns have names and types. Naming is quite flexible, with spaces and some spe-
cia characters allowed. In dialog windows, columns can be referred to by name (in
single quotesif the name includes spaces or specia characters) or by column number
(ase.g. ‘C1’). The datatypes are text, numeric, and date/time; text and data/time col-
umns are indicated by ‘-T’ or *-D after the column number.
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In Minitab worksheets, rows are not treated as observations which should
be kept intact. In other words, different cellsin arow may not have anything
to do with each other, and so can be moved, sorted, deleted, etc., indepen-
dently of each other. If in fact some or al of the cellsin arow represent dif-
ferent variables for a single observation, and therefore should be kept
together, it isup to you to be sure any manipulations of the worksheet
maintain the proper relationships between cells.

The columns of the worksheet are the primary data entity, but there are two other types
of data: constants (single numbers), and matrices (2-dimensiona arrays). Minitab does
not show these in the worksheet, but does list them in the Project Manager, and can
display their values.

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 = Open Worksheet...
(Do not use Open Project, which is only for Minitab projects.)

Text files
If dataarein asimple text (“ASCII”) file with columns separated by tabs, Open Work-
sheet usually works. If, however, columns are separated by spaces, you need to use

File = Other Files = Import Special Text...

Exporting data

Data sets can be exported in awide variety of formats, including text, older versions of
Minitab, various versions of Excel, and other spreadsheet and database formats.

File = Save Current Worksheet As...

specify the File name: to export it to, and select the desired format from the Save as
type: pull-down list.

Text files
Data also can be exported as asimple text (“ASCII”) file using

File = Other Files = Export Special Text...

This allows you to select which columns you want exported, and optionally to specify
the format of the output file (using Fortran-style formatting syntax).
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Data organization, manipulation, and import/export: Data set manipulation

Data set manipulation

Stacked’ and ‘unstacked’ data layouts

Before discussing the various ways data in worksheets can be manipulated, abasic
issue of data organization needs to be explained. This pertains to how observations of
agiven variable but from different “groups’ — experimental treatments, samples, or
other categorizations — are arranged in the worksheet.

Stacked
All the observations of agiven variable might beinone
column, with one or more other columns defining the i
different groups. For example, the data set shown 5 = I
(partly) to the right contains observations on a sample of N e
fish. Each fish was classified as adult or juvenile, and the i (R
proportion of invertebrates in its stomach contents was 1 | adul 0.00000
recorded. In this worksheet all the proportions are 2 |adult
“stacked” in one column (propinvert), with another col- 3 adult 0.00000
umn (age) identifying whether the value in that row was 4 adult 0.23077
from an adult or ajuvenile. 5 adult 0.00000
Unstacked G adult 0.00000

nstacke _ _ 7 ljwenile = 033333
Alternatively, all the proportions for adults could bein

. . 8 | adult 0.00000

one column (propinvert_adult), and al those for juve- Jul 005704
niles in another column (propinvert_juvenile), as shown 3 _[adu '
here.If there were more than two categories of fish (e.g. 10 |adul 0.00000

adult-female, adult-male, juvenile), there would be a cor-
responding number of columns of values in the unstacked data.

f&! Unstacked ***

Cl 2

propinvert_adult{propinvert_juvenile
1 0.00000 0.333333
2 * 0500000
3 0.00000 0.500000
1 0.23077 0.500000
H] 0.00000 0.105263

For most but not all purposes, the stacked layout is better; thisis particularly true for
anayses involving more than one “explanatory” (“independent”) variable, as dealt
with in Advanced Biometry. In addition, for many procedures that can take datain
either layout, how the procedures are specified depends on which layout the data are
in. There are commands to convert data between these two layouts, described below.
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Data organization, manipulation, and import/export: Data set manipulation

Data menu

Most facilities for manipulating data are on the Data
menu, with the Calculator on the Calc menu also per-
forming data manipulations. The most useful of the
items on the Data menu (shown at right) are:

» Subset Worksheet...
This creates a new worksheet containing only some
of the rows of the current worksheet. The rows to be
included (or to be excluded) can be specified by

« listing their row numbers,

« selecting the rowsin the worksheet, using the mouse
(“brushing” them), or

« specifying alogical condition, in which case rows
meeting the condition will be included (or
excluded). Clicking the Condition... button opens a
window resembling the Calculator (see below) in
which the condition is created.

» Split Worksheet...
This creates two or more new worksheets, dividing
the current worksheet according to one or more “By
variables.” Each distinct value of the “By” variable
(or distinct combination of values, if more than one
“By” variable is used) defines a separate worksheet.

» Copy»

Subset Woarksheet. ..

Split Worksheet, .,

0g zm 50

Merge Worksheets. .,

Sopy -
i## Unstack Calumns., .
Skack, »

Transpose Columns., ..

%‘I, Sart..,

312 Rank...

g?‘ Delete Rows., .

Erase Variables. ..
Code b
Change Data Type »

Extract fram DatefTime  #

p —oncatenate...

Display Data. ..

does the obvious, acting on columns, matrices, or constants.

» Unstack Columns...

splitsacolumn (or agroup of columns) into several new columns, according to the
values of one or more other columns, i.e. converts from a“ stacked” layout to an

“unstacked” layout (see previous page).

The dialog for unstacking columns (see example on next page) asks which
column(s) ig/are to be unstacked and which column(s) define(s) the groups of
observations to be separated. It also gives the choice of creating a new worksheet
(which can be given aname) or of putting the new columns in the current
worksheet, after the last column. The dialog shown below, applied to the
“Stacked” worksheet on the previous page, produces the “ Unstacked” worksheet

at the bottom of the previous page.
o Stack »

This does the reverse of unstacking: it puts the contents of two or more columns
into one column, one on top of the other. It can also create a second new column
with values identifying which of the original columns a particular observation

came from.

For example, the example unstacked data set shown above can be stacked to
put all the proportions in one column, with a second column identifying whether
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Data organization, manipulation, and import/export: Data set manipulation

Unstack Columns E

Unstack the data in: |propinvert

Using subscripts in! |age

" Include missing as a subscript value

Store unstacked data:

&+ In new worksheet

Name: |Un=taclked [Optional]
" After last column in use

¥ Name the columns containing the unstacked data

that row was from the adult column or juvenile column of the unstacked data set.
The dialog (below) asks which columns are to be stacked, and whether to put them
in anew worksheet or anew column of the current worksheet. For the example
shown here, the worksheet produced by the stacking will be similar to the stacked
worksheet shown on the previous page, except that all the adult valueswill precede
the juvenile values (since entire columns are stacked.

Stack the following columns:

'propinvert_adult' ‘propinvert_juwvenile’

Store stacked data in:
(+ MNew worksheet

Name: |stacked

" Column of current worksheet: |

v Use variable names in subscript column
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Data organization, manipulation, and import/export: Data set manipulation

It al'so is possible to stack blocks
of columns, creating two or more new i
stacked columns. Thisoption is
selected from the small menu that | sort... " Rows,..
pops up when Stack » is selected, as
shown here. The dialog for stacking a block of columnsis considerably more
complex than for creating a single stacked column, so | tend not to use it.

#=% Columns...

Transpose Columns, ., LS Blocks of Columns. ,

Sort...

sorts one or more columns, in order of the values of one or more columns. If more
than one column is sorted, cellsin agiven row are kept as a group. Note that this
does not sort the entire dataset unless all the columns are specified, and therefore if
done carelessly can destroy the organization of the data into observations.

Rank...

creates anew column containing the ranks of the values— 1 for the smallest, 2 for
the next smallest, etc. — in an existing column, without sorting or otherwise
rearranging the data.

Delete Rows...

doeswhat it says.

Erase Variables...

deletes columns, constants, or matrices.

Code >

allows values of a column to be changed in avariety of zane . .
. 24z Mumeric ko Murmeric. ..
ways. One or more values, or ranges of numeric or data/

CODE

time values, are assigned a given new value, asin the T

CODE

dialog shown below. The new (coded) values can be put | 2+q Mumeric to Date/Time...

inthe original column or (more safely) inanew column. | o -
T+7 TExk ko Text...

Murneric ta Texk...

A particularly valuable use of Code isto replace cone _
cryptic numeric labels of samples or treatments with | Tt to Humeric...
meaningful character labels (e.g. ‘adult’ and ‘juvenile Tag TEXE 0 Date/Time. .
rather than ‘1’ and ‘21). EODE

| d+d DateTime to Date) Time. |

Code data from columns:

;'1:; Date, Time to Murmeric, .,

| copE

|sexage

ge1 Date/Time to Text. .,

Into columns: Use Conversion Table...
lagel

Original wvalues [eg, 1:4 12]: New:

12 |adult

3 |juvenile
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Data organization, manipulation, and import/export: Data set manipulation

Calculator

The Calc menu (part of which is shown to the right) con-
tains one item, the Calculator, of great importance for data
manipulation. Two other items on this menu, Random Data
and Probability Distributions, as described in alater section. =i: Raw Statistics...
The other items are less useful and therefore not covered in - £2§ standardize. ..
this handout.

Calculakar, ..

gg Colurmn Skatistics, ..

Make Patterned Daka

The Calculator window.is used to transform or combine Make Mesh Data. ..
variables; to create a new column with values transformed @i Make Indicatar variables. ..
from one or more existing columns. The column to be cre-

Calculator E|
£l Sexage Store result in variable: |SqrtperDrtiDn
2 totfood
L3 algdet Expression:
CE agel SORT( 'propinwvert '[)
Ch propihvert
7 Propinvert
Z8
9 freq
10 age : .
11 =ide Functions:
819 + = | > |Arithmetic j
4| 5| B — £ 0 Adbzolute value ~
= = —| |5ign=
L Z g < & Partial sums
Fartial products
0 i ! And Round F
Ceiling
> Or Floor w
Select (] Not Select
SORT { number )

Help 0K Cancel

ated is specified in the Store result in variable: box, by giving either a column number
(e.g.'Cl12’) or acolumn name (e.g. ‘sqrt proporti on’). The formulaproviding
the values for the new variable is entered in the Expression: box. It can be typed in
from the keyboard and/or using the number and operator buttons and scroll list of
functionsin the calculator window, and selecting existing variables from the list at the
left. These expressions can be quite lengthy and complex, and the list of available
functionsisextensive, though of course often only asimple calculation isneeded, asin
the example above.
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Data organization, manipulation, and import/export: Exporting results

Exporting results

Text output from the Session Window, as well as graphs, can be transferred to aword
processing program by cut-and-paste; for graphs, Edit = Paste Special... may work
better than ordinary pasting.

Alternatively, if the Session Window is the active window,

File = Save Session Window As...
allows the entire Session Window to be saved in avariety of formats, including RTF
and HTML. Similarly, if agraph isthe active window

File = Save Graph As...
can export the graph in various formats, including JPEG and TIFF.

ReportPad

The “ReportPad” is essentially a WordPad document into which graphs or parts of the
output in the Session Window can be copied. (WordPad is sort of stripped down ver-
sion of M'S Word, with moderate formatting facilities and the ability to savefilesin

RTF format.)

The easiest way to add something to the ReportPad is to select the desired item (a
graph or a section of the Session) in the Project Manager, then right-click on it and
select Append to Report.

BE Project Manager

|1 fishsizes,MP] araph Warkshest
[ session Scatterplok of male vs female Worksheet 1
(L Hiskory Histogram of male Worksheet 1
£ Graphs plu:ut af aIe,FeaIe | Wcur!{sbeelé i
istogram of male, Fema Bty 1
% E:Ealzret-:;dncuments F‘rl:ul:uél:u?l?ty Plat of male dppend to Report [et 1
- o Prabahility Plot of Female et 1

The report can then be edited as desired, including typing in additional text or pasting
in items from other programs or files.
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MINITAB GRAPHING: GENERAL FEATURES

Minitab has very good graphing capabilities. They are not as advanced or extensive as
in S-Plus or in specialized scientific graphing programs such as SigmaPlot. They are,
however, entirely adequate for everything short of publication or presentation, and
with some work on formatting can even be used for publication and presentation. In
this section | describe some general aspects of creating and working with Minitab
graphs; details for specific sorts of graphs are presented in the appropriate later chap-
ters.

Creating graphs

Many of the statistical procedures on the Stat menu produce
graphs, typically as option parts of their output, but the main

Scatterplat. ..

tools for creating graphs are on the Graph menu, shown tothe ~ MatrixFlat...
right. Most of the selections on this menu first open adiagram- ' Marginal Flat...
matic window like the one below for scatterplots, in which you _
Histogram. ..
: Dotplat, ..
Scatterplots
Wwith B eqreszsion Probability Plak, ..
Simple With Groups  with Fegrezsion  and Groups | Emplrical COF...
'DD / DD | Boxplat...
o - !
* Interval Plat, ..
[ ] [ ] i
Individual Yalue Plat, ..
With With Connect
Connect Line  and Groups Bl oo
Pie Chart...
/. %j Time Series Plat., ..
frea Graph..,
Contour Plot. .
Help | k. Cancel 30 Scatkerplat, ..

| 3D Surface Plat. .,

select the particular form of the graph you desire, by clicking on
it and then on the OK button.This then opens a dialog window generally like the scat-
terplot dialog shown below.
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Scatterplot - Simple

x]

C1  =exage Y wvariables X vanables -
03 algdet 1 | propinvert
C4  propinvert 2
CE  propinyert_adult 3
C?  propinvert_juvenile 4
Ca 5
C3  freq G

¥ W

Scale... Labels... Data View...
tultiple Graphs... [ ata Ophioksz...
Select |
Help | k. Cancel

Multiple graphs
Multiple graphs can be created using any or all of four general methods:

« For most graph typestheinitial menu selec-
tion includes one or more “With Groups” Y variables X variables ~
options, asin the first scatterplot selection algdet tatfaod
window on the preceding page. If one of
theseis selected, the graph dialog, in addition
to needing the variables to be directly plotted,
will require that one or more categorical vari- L& | ¥

ables be specified to define the “groups,” as Categorical wariables for grouping [0-3]
shown herein a partial view of a“scatterplot | [age J
with groups’ dialog window.

How these groups will be differentiated varies with the type of plot being made;
for some, e.g. a scatterplot, different symbols are used, while for others, e.g. abox-
plot, separate plots are made in the same graph axes.

» Several different plots can be requested in the Y vanables X variables| #
main dialog box, by listing multiple sets of vari- 1 algdet tatfood
ables as in the scatterplot example at the right. 2 |propinvert  totfood
3

1
P
3
4
L]
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Clicking the Multiple Graphs... button present
on most graphing dialog windows then opens Sgatterplot - Multiple Giraphs
awindow like the one to the right. On the Mul- By Variables |

tiple Variables tab of thiswindow you can
choose whether to have each of the plotsasa
separate graph (i.e. in aseparate window), asa
panel in the same graph (i.e. in different parts

Show Pairz of Graph Wanablez
" Owverlaid on the same graph
" |n separate panels of the zame graph

of onewi ndow)’ or overlaid. If the p| otsare | . e
not to be overlaid, you can choose whether to |~ e oo

have them all use the same scales for either or

both axes; requiring this can facilitate compar- |  Same Seales for Graphs
ison between graphs. | Same'
[ Samex

« Each requested plot can be divided into multi-

ple graphs according to the distinct values of

one or more “by variables.” To do this, click the Multiple Graphs... button on the
main graph dialog window, then click on the By Variables tab. On this tab you can
list one or more variables so that separate graphs will be created, either in separate
panels of one window or in separate windows, for each different value (or combi-
nation of values) of the “by” variable(s). In the example at the top of the next page,
each graph reguested in the main dialog would have two panels, one for adults and
one for juveniles (the two values of the agel variable).

Scatterplot - Multiple Graphs §|

kultiple W ariables{ By Yariables |

C1
C2
Ca
C4
C5
CE
C7

o

ZEXa0E
totfood

algdet

propirveert

agel
propireeert_adult
propirvert_juvenile

By vanables with groups in separate panels:

|age1

By variables with groups on separate graphs:

« After agraph is made, right clicking on it brings up the menu shown below under
“Editing graphs.” Oneitem on thisis Panel..., which opens the “Edit Panels”
window; the*Panels” tab of thiswindow allows*“ by variable(s)” to be specified as
in the method described in the preceding bullet.
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Editing graphs

Selecting any part of agraph and then right clicking (or double-clicking) opensadia-
log allowing that part to modified. For instance, the text and/or the style (font, size,
etc.) of an axislabel can be changed, the scaling (range, tick placement, etc.) of an axis
can be modified, or the symbol, size and color of al pointsin aplot — or of asingle
point — can be atered.

In the example shown here, the symbols used in a scatterplot are being changed in all
three characteristics:

Scatterplot of propinvert vs totfood

Edit Symbols
— Attributes 1 Eruups1 Jitter ]
B e —Symbalz
.“.“ L  Automatic
= * Custom
E e (] e
g_ BT .“""
[ B B Type: -
E 04 " - P | * ]
R K [ M
ol Color [~
A —
0.2 — BT mem [ |
mgm®™ i B em
B oy MO Size: ]21
0.0 1 umm sHn s seoncosm ks | 12
T T T T L
] 20 40 G
totfood
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Graph editing menu

aridlines. ..

Reference Lines. ..

Data Labels., ..
Title. ..
Subtitle. .,

Fooknote. ..

Calculaked Line. ..

Drata Display. ..

Regression Fit...

Smoather. .

Right clicking in agraph, or selecting the main Editor
menu when a graph is the active window, opens a
menu like that shown on the next page. Which itemson
this menu will be available (not grayed out) will
depend on what part of the graph was selected before
right clicking; smilarly the item shown here as Edit
Data Region will edit whatever part of the graph was
selected.

The most useful editing items on this menu are:

o Edit xxx...
opens al the tools for modifying whatever part of
the graph is selected, e.g. the Edit Symbols window
shown above.

» Select Iltem »
allows a different part of the graph to be selected
(than had been selected before opening this menu).

* Add »
allows a variety of thingsto be added to the graph,
as shown on the list to the left. What these will be
will depend on what sort of graph is being edited.
In al cases the middle group, having to do with

h Select
2} Brush
—|— Crosshairs

Edit Diaka Regior. .. Chel+T
Select Tkem r
fdd 2
Panel...

IIpdate Graph Automaticalky

Copy Graph
append Graph bo Bepork

Switbch bo: blennyes:

G0 to Session Line

annotation and labelling, is available. In most cases Gridlines... and Reference

Lines... will be available; the latter are horizontal or vertical lines at user-specified
values of the respective variable. Data Display... in the bottom group usually will

be available; it opens awindow allowing choices similar to those provided by the
Data View... button when graphs are created. The other itemsin the bottom group
here are specific to scatterplots.

e Panel...

splits agraph into several panels, one for each distinct value (or combination of
values) of one or more specified “by” variables. The first tab of the Edit Panels
window iswhere the “by” variable(s) is/are specified. Other tabs alow the
arrangement of the panels (how many rows and columns of panels were window),
and various aspects of their appearance, to be modified.

Edit Panels X

Panels l.ﬂ.rrangement] Dptiu:uns] Fort ]

Cl zexage By wariables with groups in zeparate panels:
CZ  totfood —
C3  algdet
C4  propirevert

—r
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» Copy Graph
allows the graph then to be pasted into another application (use “Past e
Speci al ..}

» Append Graph to Report
puts the graph in the ReportPad.

Annotation

A basic set of toolsis available for annotating

graphs, accessed from the Graph Annotation Tools k TOON = M
toolbar (which may need to be activated on the
Toolbars item on the main Tools menu). Thetoolsare
atext tool for adding text, and tools for adding various shapes; the colors, fill,
thickness, etc. of these can be edited.

Layout

If one or more graphs are selected on the Graphs folder of the Project Manager, and
then right clicked on, a menu opens with various actions that can be applied to the
graphs, as shown at the top of the next page.

Tile

Two of these actions are “ Tile” and “Tile with Worksheet.” These arrange the selected
graphsin agrid filling the Minitab window; “Tile with Worksheet” puts the active
worksheet in apanel of this grid of graphs.

BE Project Manager

blennies,[MP] Graph Warksheet
[ session Scatte F werk ve blennye:x
(27 Histary blernyes
- kl~r
£ Graphs e
(] RepartPad Append ko Report
(23 related Documents
--E3 orksheets Prirt...
- blennye:x:
(23 Columns Layout Tool... 4
|:| Conskanks Save fs...
Makri
(2 Matrices Close
Restore
Minirnize

1 » IS

Tile With Worksheet
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Layout tool

The same menu gives access to the Layout Tool; it also can be accessed on the main
Editor menu when a graph is the active window. Thistool (shown on the lower part of
the next page) allows multiple existing graphs to be put together as panelsin one graph
window. This composite graph then will be listed on the Graph folder of the Project
Manager, allowing it to be exported, tiled, copied to the ReportPad, €tc.

| ayoul Tosl

ik
-
04 %
L]

oz

0] eeessme— des ** s & @

e _JI el P_ijl Bawglol ol propimverl vs agel Bingplok al allond vs agel
1.0 w J.EI:I-I- E]
L 1"1 o
]
1 ‘ m
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Interacting with graphs

An important part of modern data analysisis interactive exploration of graphs of the
data, along with the datathemselves. For instance, it isimportant to look for and assess

the effects of “outliers.” A very useful tool for this sort of data exploration is graph

“brushing.”
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Brushing

The top part of the graph-editing menu discussed R Select
above (opened by right-clicking on agraph) includes ¢ ¢, .+
athree- or four-way toggle determining the effect of ~
the cursor. The second choice turns on interactive
“Brush” mode. In this mode the cursor becomes a
pointing finger, and any pointed selected in the graph
will be shown in adifferent color. In addition, the row number of the selected point(s)
will be listed in alittle pop-up window and those rows will be flagged in the work-
sheet. And if any other graphs also arein “Brush” mode, the selected observation(s)
will be highlighted in them as well. The example on the next page shows all of these
features of brushing.

—|— Crosshairs
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DESCRIBING DISTRIBUTIONS

Plots of distributions

Histograms
To create histograms aong with the descriptive statistics, use the preceding process

Stat = Basic Statistics = Display Descriptive Statistics...

then click on the Graphs... button, and in the next window select which plots are
desired. These graphs can be modified as described below.

To create histograms without the descriptive statistics, use

Graph = Histogram

Click the box for a Simple graph, then specify the variable(s) for which the plots are
desired.

To change the “binning” (number and location of the bars), open either the Edit Bars
window (left click on the bars, then right click, and choose Edit bars...) or the Edit
Scale window (left click one of the numberson the X axis, then right click, and choose
Edit X Scale.... In either of these windows, select the Binning tab and modify as
desired. “Midpoints’ are the middles of bars, while “ Cutpoints’ are the lower limits of
bars. Their positions can be specified in the box at the bottom of the window either by
entering al the desired values, or by the notation a:b/c, which gives a sequence from a
to b in steps of c.

Comparing distributions

Overlaid

After Graph = Histogram..., click the box for awith Outline and Groups graph. If the
distributions are in separate columns (unstacked), specify the columns in the Graph
variables: box and check Graph variables form groups. If the distributions are stacked,
specify the quantitative variable in the Graph variables: box and the categorical vari-
ables defining the groups in the Categorical variables for grouping (0-3): box; if doing
more than one quantitative variable at once, uncheck Graph variables form groups
unless you want all the histograms overlaid.

To make the groups easier to distinguish in these overlaid histograms, it helpsto use
thick lines for the outlines: left click on the bars, right click, select Edit Area..., select
Custom under Borders and Fill Lines, then select alarger Size: (e.g. 4).
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Separate

After Graph = Histogram..., click the box for a Simple graph, specify the quantitative
variable(s) in the Graph variables: box, and click on the Multiple Graphs... button. If
the distributions are unstacked, select the desired layout on the Multiple Variables tab;
if the data are stacked, on the By Variables tab specify the grouping variable(s) in the
By variables... box for the desired layout.

Boxplots
To create boxplots along with the descriptive statistics, use

Stat = Basic Statistics = Display Descriptive Statistics...

then click on the Graphs... button, and in the next window select which plots are
desired.

To create boxplots without the descriptive statistics, use

Graph = Boxplot...

Click the box for aOne Y; Simple graph, then specify the desired column(s) in the
Graph variables box.

Comparing distributions

If the groups are in separate columns (i.e. the data are unstacked), after

Graph = Boxplot..., choose Multiple Y’s; Simple and specify the columnsin the
Graph variables box. If the data are stacked, after Graph = Boxplot..., choose

One Y; With Groups, specify the quantitative variable(s) in the Graph variables box,
and the column(s) defining the groups in the Categorical variables ... box.

Individual value plots

For small data sets the summarization implicit in histograms and boxplots may not be
necessary: an “individual value plot” may be clear enough to use, without losing any
details of the data.

Graph = Individual Value Plot...

Such aplot shows all theindividual observations, with their values scaled aong the
vertical axis. As shown in the example on the next page, the points also are randomly
scattered in the horizontal direction to reduce overlap; the degree of this*jittering” can
be modified on atab of the Edit Individual Symbols dialog opened by right-clicking on
apoint in the plot.

Normal quantile-quantile plots
Normal quantile-quantile plots can be made in various ways; the two easiest are as fol-
lows:
Stat = Basic Statistics = Normality Test...
and then select the variable, or
Graph = Probability Plot...
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Describing distributions: Plots of distributions

% Individual Yalue Plot of vitc

Individual Yalue Plot of vitc
& &
304
[ ]
254
L
[
[
=]
= 204
154
L ]
L
104

select a Single plot, and then specify the variable(s).

These two methods produce plots in which a straight regression line has been fit to the
guantile-quantile points; the Probability Plot also shows confidence bands around this
regression. | find the regression line and confidence bands distracting and so usually
remove them after the plot is made, by selecting them on the plot and hitting the

Del et e key.

These two procedures, strictly speaking, produce probability plots rather than quan-
tile-quantile plots. The only differenceisin the scaling of the vertical axis; probability
plots, rather than showing the values of the normal scores on alinear scale, instead
show the percentile of each point, but on a non-linear probability scale that has the
same effect as plotting normal scores.

These two methods also produce formal tests of the null hypothesis that the distribu-
tionisnormal, along with summary statistics. Thesetestsrarely are useful, aswill be
explained in class.

Comparing distributions
To get separate plots for different levels of acategorical variable (if the data are

stacked). click on the Multiple Graphs... button, and on the By Variables tab specify
the grouping variable(s) in the By variables... box for the desired layout.
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Describing distributions: Plots of distributions

Charts for categorical variables

The frequencies (or relative frequencies) of the different values of a categorical vari-
able can be shown in bar or pie charts. Before describing how these charts are created,
however, two ways such data can be organized in a worksheet need to be explained.

« Each observation may occur individually, asin the left example below.

« Frequencies of the categories may be given in a column, with each category asa
row, asin the right example below.

barn_id cause count cause
1 smother 49 smother
2 smother 5 undercut
49 smother 38 unkrnown

50 undercut

208 unknown

Bar chart
Graph = Bar Chart...
This opens awindow in which two choices need to be _
. . . . Bar Charts
made. For asingle chart of asingle categorica vari-
able, select Simple chart. Then

« |If the worksheet rows are individual observations,
in the Bars represent: scroll box, select Counts of
unique values asin the example here.

« If instead the worksheet contains frequencies,
select Values from a table in this scroll box.

Then click the OK button.

B ars represent;

The next window to open is for specifying the vari-
able(s) to be charted.

« If the dataare individual observations, the variable containing the values of the
categorical variableislisted in the Categorical variables: box. (In the example data
to the left above, thisvariableis“cause.”)

« If instead the data contain frequencies, the column of frequenciesis listed in the
Graph variables: box and the column with the category labelsis listed in the Cate-
gorical variable: box.
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Describing distributions: Descriptive statistics

The Bar Chart Options... button opens a window in which you can request that the
vertical axis show percentages rather than absol ute frequencies, and/or that the bars be
ordered by their frequencies.

Pie chart

Graph = Pie Chart...
The choice of datalayouts (as discussed above) is made by radio buttons at the top of
the Pie Chart window.

« For individual values, select Chart raw data and then specify the variable in the
Categorical variables: box.

« If the data set lists frequencies, select Chart values from a table, specify the

Categorical variable: and then specify the column of frequenciesin the
Summary variables: box.

Descriptive statistics

A variety of statistics can be obtained individually, but the most convenient approach
isto ask for aset of descriptive statistics as follows.

Stat = Basic Statistics = Display Descriptive Statistics

then specify the variables for which you want the statistics. (Plots also can be
requested, as described above.)

The default output will be the mean, standard deviation, standard error of the mean,
median, upper and lower quartiles, minimum, maximum, and numbers of non-missing
and missing observations for each column specified. The selection of statistics can be
changed by clicking on the Statistics... button.

Comparing distributions

To obtain descriptive statistics for subsets of the data, enter in the By variables box the
variable(s) defining the groups (subsets) for which you want the statistics cal culated.
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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

Graph = Scatterplot...

then select a Simple plot. Only the Y and X variables need to be specified. Specifying
more than one Y—X pair will produce a separate plot for each pair.

LOWESS smoother

Graph = Scatterplot...

then select a Simple plot and specify the Y and X variables. Click the Data View... but-
ton, then the Smoother tab, and select Lowess. The smoothness of the LOWESS can
be controlled by changing either or both of Degree of smoothing: or Number of steps:;
increasing either makes the LOWESS smoother, while decreasing them makesiit less
smooth.

A LOWESS also can be added to an existing scatterplot by selecting (left clicking in)
the plot, right clicking, and choosing Add = Smoother; the smoothness again can be
modified if desired.

Distinguishing groups

It often is of interest to compare the relationship between two quantitative variables,
among two or more groups of observations. (In effect, this examines the three-way
relationship between the two quantitative variables and a categorical variable defining
the groups.)

If the groups are unstacked, two methods are possible. The obvious one is to select,
after Graph = Scatterplot..., a With Groups plot type, then enter the appropriate pairs
of Y and X variables and select the X-Y pairs form groups checkbox. Alternatively, a
Simple plot can be selected, the two or more pairs of Y-X variables specified, then
click Multiple Graphs... button and select Overlaid on the same graph.

If the groups are stacked, there again are two methods. The obvious oneisto select,
after Graph = Scatterplot..., a With Groups plot type, enter the Y and X variables,
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then enter one or more Categorical variables for grouping. Alternatively, grouping can
be applied to an existing Simple scatterplot by selecting (right clicking on) the
symbols, right clicking, selecting Edit Symbols..., selecting the Groups tab, then
designating the appropriate Categorical variables for grouping.

L OWESSes (separate for each group) can be added to grouped scatterplots by either of
the methods described above for asingle LOWESS. If adding LOWESSes to an
existing plot, check the Apply same groups ... checkbox on the Add Lowess Smoother
window; if you forget and the LOWESS initially ignores the grouping, select the
LOWESS (left-click on it on the graph), right click, select Edit Lowess Smoother...,
click the Groups tab, and enter the appropriate Categorical variables for grouping.

Marginal plots

Graph = Marginal Plot...

produces a simple (ungrouped) scatterplot with either histograms, boxplots, or dot-
plots of theindividual variables along the margins of the scatterplot.

Correlation coefficient

Stat = Basic Statistics = Correlation
then specify the two (or more) variables

Regression

Stat = Regression = Regression...
then specify the Response and Predictor variables.

Regression plot
There are two ways to create a scatterplot with the fitted regression line.

Fitted line plot

This method gives only a scatter plot with asinglefitted regression line; it cannot give
separate fitted linesfor different groups, and cannot be combined with such thingsasa
LOWESS, or use of different symbols for different groups. It does, however, produce
the regression output in the session window.

Stat = Regression = Fitted line plot...
then specify the Response and Predictor variables.

Various residual plots can be requested (Graphs button) and/or residuals and fits can
be stored (Storage button) for later graphing.
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Describing relationships: Categorical variables

Added to scatterplot

Similarly to the LOWESS smoother discussed above, afitted regression line can be
included in or added to a scatterplot. This method is more flexible than the preceding,
since the scatter plot can be enhanced in any way desired; it does not, however,
produce any regression output or even give the regression equation.

Graph = Scatterplot...
then select With Regression and specify the'Y and X variables.

A fitted regression line also can be added to an existing scatterplot by selecting (left
clicking in) the plot, right clicking, choosing Add = Regression Fit...

Residual plots

Using either Stat = Regression = Regression... or

Stat = Regression = Fitted line plot..., residual plots can be produced immediately
by clicking on Graph and selecting the desired plots. Alternatively, you can click on
Storage, specify both residuals and fits to be stored, and then do separate plots as
desired.

Data

Categorical variables

layouts

There are at |east three ways data for atwo-way contingency table, i.e. describing the
rel ationship between two categorical variables, can appear in the worksheet. What can
be done with the data, as well as how it is done, depends on the layout.

Individual observations

Every independent observation can be in a separate row, with two (or more) columns
containing the categorical variables by which each observation is cross-classified, as
shown in the example to the left below.

Stacked frequencies

Each combination of levels of the categorical variables can be in a separate row, with
columns (in the example below right, cause and si t e) containing the categorical
variables defining these combinations, and an additional column (count ) containing
the frequencies of the category combinations.
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Describing relationships:

Categorical variables

individual observations stacked frequencies
barn_id | cause ste count cause site
1 | smother above 49 | smother above
2 | smother above 5 | undercut above
49 | smother above 38 | unknown bel ow
50 | undercut above
208 | unknown below

Unstacked frequencies

contingency-table layout

site smother under cut crowded unknown

above 49 5 8 19
at 11 19 4 23
below 13 17 2 38

The row-and-column layout of a contingency table can be directly represented in the
rows and columns of the worksheet, with separate columns containing different levels
of one of the categorical variables and separate rows representing different levels of
the other variable.

Stacked or grouped bar charts

Stacked or grouped bar charts can be made with data in either of the first two layouts
above, asindividual observations or stacked frequencies; to the best of my knowledge
these graphs cannot be made with data as unstacked frequencies.

Individual observations
Use

Graph = Chart...

In the Graph Variables box, set Function to Count, Y to any quantitative variable
present in every observation (in the example data set above, it could be “bar n_i d”),
and X to the variable (e.g. “si t e”) for the levels of which you want separate barsin a
stacked bar chart, or separate groups of bars in agrouped bar chart.
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Describing relationships: Categorical variables

In the Data display box, set For each to Group and Group variables to the variable
(e.g. “cause”) defining the categories within each bar, or the bars within a group of
bars.

Stacked bar chart

To have the categories of the Group variable displayed as segments of the bars (and a
bar for each category of the X variable), select Options, then for Groups within X select
Stack and enter the variable defining the categories within each bar (e.g. “cause”),
and select Total Y to 100% within each X category.

Grouped bar chart

To have the categories of the Group variable displayed as separate bars (and a separate
cluster of such barsfor each category of the X variable), select Options, then for
Groups within X select Cluster and enter the variable defining the bars within each
group of bars (e.g. “cause”). Select Total Y to 100% within each X category if you
want the bars to represent percentages within each level of the X variable (the one
defining the different groups of bars).

Stacked frequencies

The bar charts are made as just described for individual observations, but in the Graph
Variables box, set Function to Sum, and Y to the variable containing the frequencies.
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ONE-SAMPLE PROCEDURES

t procedures

Stat = Basic Statistics = 1-Sample ...

To analyze raw data, select Samples in columns: and specify the variable(s) to be ana-

lyzed. Alternatively, if the sample statistics have already been calculated, select Sum-
marized data and enter the Sample size:, sample Mean:, and sample Standard
deviation: in the appropriate boxes. If atest is desired, the mean specified by Hg aso
must be specified (Test mean: box).

1-Sample t [Test and Confidence Interval)

C1
c2

id
vito

Help

+ Samples in columns:

X]

vito

" Summarized data

—
E—
E—
Test mean: |40 [required for test]
Graphs... Options...
Ok Cancel

The Options... button opens a dialog in which the confidence level can be changed
(from default 95%) and/or a one-sided test can be specified.
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The Graphs... button allows histograms, boxplots, and/or individual value plots to be
requested. In this, x, the Cl, and p are shown along the appropriate axis, as shown in

the example below.

Individual Yalue Plot of vitc

Individual Yalue Plot of vitc
{with Ho and 95% t-confidence interval for the mean)

\l/
x and 95% ClI for p hypothesized mean

Distribution-free procedures

Sign procedures

Stat = Nonparametrics = 1-Sample Sign...

Then specify the variable(s) to be analyzed, whether you want a confidence interval or
hypothesis test (can’t do both at once), and either the confidence level or the value of
the median under Hy and the direction of H,,

Output

Because the distributions of the test statistics are discrete for most distribution-free
procedures, there typically is not avalue which would exactly a given confidence level
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One-sample procedures: Distribution-free procedures

such as 95%. For all distribution-free Cls except the sign Cl Minitab gives the CI for
the achievable exact confidence level closest to the level requested.

For sign Cls, however, Minitab provides three Cls, as shown below:

« one for the closest achievable exact confidence level below the level requested
(92.97% in this example),

« one for the closest achievable exact confidence level above the level requested
(99.22% in this example), and

« one which Minitab interpol ates between the previous two, as an approximation for

the actual confidence level requested; the latter hasNLI inthePosi t i on column
of the output table.

Sign Cl: vitc

Sign confidence interval for nedian

Confi dence
Achi eved I nterval
N Median Confidence Lower Upper Position
vitc 8 22.50 0.9297 14.00 31.00 2
0.9500 13.81 31.00 NLI
0.9922 11.00 31.00 1

Signed-rank procedures

Stat = Nonparametrics = 1-Sample Wilcoxon...

Then specify everything as described above for the sign procedures.

« Output isthe same except no interpolation is performed to get the requested confi-
dence level for the CI; instead the achievable confidence level nearest the
requested level is given (here, 94.1%).

W coxon Signed Rank Cl: vitc

Confi dence
Esti nat ed Achi eved | nterva
N Medi an Confidence Lower Upper
vitc 8 22.5 94.1 16.5 28.5
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One-sample procedures: Resampling procedures

Cls

Resampling procedures

Confidence intervals can be estimated for the mean, the median, the standard devia-
tion, or any other statistic programmed by the user. Each of these statistics uses a dif-
ferent macro, but the four are very similar, so only the one for the mean will be
described in detail here.

Estimation methods

Six kinds of confidence intervals are produced (besting S-Plus for quantity if not
quality; the “tilting” method recommended by S-Plusis not available).

« Estimate + 1.96*boot sd

This simple method uses the standard deviation of the bootstrap distribution of the
statistic to estimate the standard error of the observed sample statistic, and usesthe
critical value for a 95% interval assuming anormal (not t) sampling distribution.
Note that this does not changeif you request a confidence level other than
95%.

Bootstrap-t method

This determines the critical value not from normal or t distributions, but from
percentiles of the distribution of t statistics calculated for the bootstrap samples.
Thisis multiplied by the standard error of the statistic based on the observed
sample standard deviation. Note that thisis different from the “bootstrap t Cl”
described in Chapter 14 of the text, which uses the bootstrap distribution to
estimate the standard error and multiplies this by the critical value of thet distri-
bution.

Efron percentile method

This simply uses the appropriate percentiles of the bootstrap distribution of the
statistic as the limits of the Cl.

Hall percentile method

This gives sort of the mirror-image of Efron’s method: the lower limit isas far
below the observed value of the statistic as Efron’s upper limit is aboveit, and vice
versa.

BC percentile method

“Bias Corrected”: Efron’s method after correction for possible bias (as estimated
from the difference between the observed statistic and the mean of the bootstrap
distribution); the correction alters which percentiles of the bootstrap distribution
are used.

BCA percentile method

“Bias Corrected — Accelerated”: the BC method with further correction for
possible non-constant standard error.
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One-sample procedures: Resampling procedures

Cl for Mean

MIB > neanci boot c1
The column containing the observationsis givenin place of c1.

Options

SUBC> siglev k1l
confidence level (as %); default is 95

SUBC> nboot k1
number of bootstrap samples; default is 2000

SUBC> neans cl
column for the bootstrap means

SUBC> quantiles cl-c3
storage for the ranks (within the bootstrap distri-
bution) of the CI limits; the three columns are for the
Efron, BC, and BCa methods.

Output

The output isin three sections. Thefirst gives basic statistics and standard t confidence
intervals, while the second gives some information about the bootstrapping (e.g. the
number of resamples and the mean and standard deviation of the bootstrap means).
The third section is the actual confidence intervals:

Estimate -/+ 1.96*boot sd 1. 667 8.619
Boot strap-t met hod 1. 010 8. 952
Ef ron percentile nethod 1.586 8. 348
Hal | percentil e method 1.938 8. 700
BC percentile method 1.586 8. 367
BCA percentil e nethod 1.538 8. 300

These macros generally do not produce any graphical output but by saving the boot-
strap distribution (e.g. inmeans c¢1) you can make any graphs you want, of which
the most useful will be a histogram and aNQQ plot. For some reason st devci boot
produces such a histogram automatically.

Cl for Median

MIB > medi anci boot cl
The column containing the observationsis given in place of c1. Options are the same
asfor meanci boot except the subcommand for storing the bootstrap distribution of
mediansisgiven asnedi ans c1.
ClI for Standard deviation

MIB > stdevci boot cl1
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One-sample procedures: Resampling procedures

The column containing the observationsis given in place of c1. Options are the same
asfor meanci boot except the subcommand for storing the bootstrap distribution of
standard deviationsisgivenasst devs c1 andthet val ues optionisnot available.

Cl1 for “Any statistic”

The macro file has afew lines which can be modified to change what statistic is boot-
strapped. This can be afunction or another macro; it must take a single column as
input and produce a single value as output. If you want to use this macro, see me for
help.

Significance test

Thereis only one resampling test available for a single sample: atest of whether the
mean of the population equals a hypothesized value.

MIB > onesanpl eran cl1 k1

The column containing the observationsis specified in place of ¢1 and the population
mean specified by the null hypothesisis given in place of k1.

Options
SUBC> nran k1l
the number of randomizations; default is 999
SUBC> suns cl
column to store the sample sums for the randomiza-
tions

Method

Thistest is sort of a hybrid of the signed-rank test and at test. First the hypothesized
mean is subtracted from all observations (asis done with the hypothesized medianin a
signed-rank test). Then the signs of these adjusted observations are randomly deter-
mined, and the (now randomly signed) values are summed. If the null hypothesisis
true, the (adjusted) values will be centered closeto 0, and so will sumto closeto O, and
in addition any given observation has equal chance of being positive or negative.

Output

The output is simply some descriptive statistics and then P-values for both one-sided
tests and the two-sided test.

Minitab Basics 37



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. Thedistribution-freetests (sign and signed-rank) and the resampling anal-
yses can only be done thisway.

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 t test

Stat = Basic Statistics = Paired t...
Specify the two columns containing the samples:

Paired t (Test and Confidence Interval) E|
C1 patient i+ Samples in columns
2 Aggnoon . .
3 Saomther First sample: |aggmoon
Z4 aggdiff

Second sample: EEEEN=

" Summarized data [differences]

—
—
—

Paired t evaluates the first sample
minus the second sample.

Graphs... Options...

Graphs (of differences) and Options are as for aone-samplet test. If summary statis-
tics of the differences have been calculated, the Summarized data option of the Paired
t can be used.
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TWO-SAMPLE PROCEDURES

t procedures

Stat = Basic Statistics = 2-Sample t...

Unstacked data

If the data are unstacked (each sample in a separate column, as
in the example data set to the right), select Samples in different
columns, and specify the two columns of datain the First: and
Second: boxes; which iswhich mattersonly for interpreting the
direction of the difference in means.

2-5ample t (Test and Confidence Interval)

" Samples in one column

1 =ewage

C2 totfood |

C3 algdet

4 propinvert |

Ch adults

c? ' 11 S

ot JuvenLies f+ Samples in different columns

c treq First: ladults
Second: |juveniles

Stacked data

If the data are stacked (the analysis variable in one column and
agrouping variable in another column, asin the example to the
right), select Samples in one column, enter the quantitative
(response) variable in the Samples: box, and the categorical
variable defining the two samplesin the Subscripts: box.

-5ample t (Test and Confidence Interval)

* Samples in one column

Z1 =exRage

cz2 totfood .

oo anggg Samples: |propinvert
Z4 propinwvert E -

cr iy Subscripts: |agel

Ch dult ..

7 ?uzen?les " Samples in different columns
ca |

-9 freq

10 age |

Z11 =1de

C6 C7
adults | juveniles
0.00000 0.333333

* | 0.500000
0.00000 | 0.500000
0.23077 | 0.500000
0.00000 | 0.105263
0.00000 | 0.535462
0.00000 | 0.6EEEET

C4 C5.T
propinvert, agel
0.00000  adult
*ladult
0.00000  adult
0.23077 adult
0.00000  adult
0.00000  adult
0.33333 juvenile
0.00000  adult
0.03704 adult
0.00000  adult
0.50000 juvenile
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If you already have the sample sizes, sample means, and sample standard deviations,
select Summarized data and enter the values of these statistics for the two samples.

If desired, check the checkbox to Assume equal variances. The confidence level, the
difference in means specified by H,, and a one-sided test can be changed from the

defaults (95%, O difference, two-sided) from the Options... button.

Available graphs (from the Graphs... button) are side-by-side boxplots and/or dot-
plots, with the sample means indicated.

Resampling procedures

The macros
Four resampling macros are applicable for comparing two independent samples:

» twosampleran
performs a randomization test of the null hypothesis that the two population distri-
butions from which the samples were obtained are identical; requires the samples
to be in separate columns (unstacked).

* twotran
performs the same test as twosampleran but requires the data to be in stacked
layout (one column with the quantitative variable to be analyzed, and another
column — which must be numeric — identifying the two samples.

* twotunpoolboot
uses bootstrapping to perform atest of the hypothesis of equal population means,
without assuming equal variances (i.e. not using a pooled estimate of the variance).

* twotpoolboot
al so uses bootstrapping to test the hypothesis of equal population means, but pools
the samples to estimate the variance and thus assumes equal variances.

The four two-sample macros al test the hypothesis that two population means are
equal. Two use arandomization test and the other two use a bootstrap test. All four are
very similar in how they are specified and in their output, so only the first will be
described in detail.

Randomization tests

The randomization in the first two tests consists of randomly re-allocating observa
tionsto the two samples (while maintaining the observed sample sizes). Note that this
impliesthe null hypothesisthat the population distributions areidentical, includ-
ing having the same spread.
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Two-sample procedures: Resampling procedures

Unstacked data

MIB > twosanpl eran cl c2

The two samples are in the columns specified in the command (in place of c1 and c2
above).

Options
SUBC> nran k1l
the number of randomizations; default is 999.

SUBC> differences cl
column to store the between-sample differences for
the randomizations

SUBC> tstatistics cl
column to store the t statistics for the randomiza-
tions

Output

The output is some descriptive statistics and then P-values for both one-sided tests and
the two-sided test.

Stacked data

MIB > twotran cl1 c2

In this case the column containing the observations is specified first (in place of c1)
and the column identifying which sample an observation is from is specified second
(in place of c2). Thisgroup variable must be numeric.

The options and output are identical to those for t wosanpl er an above.

Bootstrap tests

The other two two-sample tests take resamples (i.e. with replacement), rather than
shuffling the observations among the two samples. Before the resampling, the respec-
tive sample means are subtracted from the observations. How the resampling is done
depends on whether the variances of the populations are assumed to be equal, as
described below.

Datafor either of these bootstrap test macros must be stacked.

Unpooled

MIB > twot unpool boot cl1 c2

The column containing the observations is specified first (in place of c1) and the col-
umn identifying which sample an observation is from is specified second (in place of
c2). Thegroup variable must be numeric.

Minitab Basics 42



Two-sample procedures: Distribution-free procedures

The options and output are the same as for the two randomization tests above, except
that the subcommand setting the number of resasmplesis given asnboot k1 rather
thannran k1.

Method

This procedure does not assume equal variances and therefore does not pool the sam-
plesin any way. First each sample is centered by subtracting off its mean; this results
in two samples both with mean 0 but possibly different spread (and shape, for that
matter). Then in each iteration of the bootstrapping, each sampleisresampled (i.e. the
same number of observations is randomly sampled, with replacement), and the
unpooled-t statistic for the two samples is computed.

Pooled

MIB > t wot pool boot cl1 c2
Specification, options, and output are the same as for t wot unpool boot .

Method

This procedure does assume equal variances and does pool the samplesin the resam-
pling. First each sampleis centered by subtracting off its mean; thisresultsin two sam-
ples both with mean 0. These then are pooled. In each iteration, n, observations are

resampled (with replacement) from the pooled set of (adjusted) observations and
assigned to sample 1, n, are resampled and assigned to sample 2, and the pooled t sta-

tistic then is computed for these two reconstituted samples. (Here n; and n, are the
sizes of the observed samples.)

Distribution-free procedures

Rank-sum procedures

Unstacked data
If the data are unstacked (each sample in a separate column, as in the upper example
on the first page of this chapter), use

Stat = Nonparametrics = Mann-Whitney...

Then specify the columns containing the data (see first dialog window on next page).
Change the confidence level and/or choose a one-sided test if desired.

Stacked data
If the data are stacked, use

Stat = Nonparametrics = Kruskal-Wallis...

Then specify the quantitative variable as the Response: and the categorical variable
defining the two samples as the Factor:.(see second dialog window below).
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Two-sample procedures: Distribution-free procedures

Mann-Whitney rz|

Cl =exage First Sample: |adults

2 totfood

Z3 algdet

C4 propinvert | Second Sample: |juveniles

Chk adults

Z7 juveniles

Ca

3 freq Confidence level: 95.0

Alternative: |nut equal j

Kruskal-Wallis X

1 =ERagS

2 totfood .

o3 algdet Hespunse.|prnp1nvert

4 propihvert

(. agel .

CF agultﬂ Factor: |ageﬂ

7 juveniles

I~H

Median test
Data must be in stacked form: observations in one column, subscripts in another.

Stat = Nonparametrics = Mgood’s Median Test...

Then specify the quantitative variable as the Response: and the categorical variable
defining the samples as the Factor:. If desired, check the boxes to store residuals and

fits.

Mood's Median Test r'5_<|
C1 sexage Response: [propinvert
z2 totfood
3 algdet
Z4 propinvert | Factor: |agel
5 agel
Ch adult=
7 juvenile=
Z8
Z9 freq
10 age [ Store residuals
Z11 =1de -
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SEVERAL—SAMPLE PROCEDURES

ANOVA

Dialog

Stacked data
If the data are stacked, use

Stat = ANOVA = Oneway...

When specifying the data, the “Response:” column is the one with the observations
(the quantitative variable), and the “Factor:” column is the one with the categorical
variable identifying the samples.

One-Way Analysis of Variance

3 deltaltH Hesponse:

5 RESI1

Ch FITS1

Z7 szanplenun Factor: |SDU.I‘DE

[ Store residuals
[~ Store fits

Confidence level: |35.0

| Comparisons... Graphs...

Help | 0K Cancel

Unstacked data
If the data are unstacked, use

Stat = ANOVA = Oneway (Unstacked)...
In this case, the columns containing the variables for the different samples are speci-
fied in the Responses (in separate columns): box; thereisno “factor” variablein this
layout.
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One-Way Analysis of Variance

C1 deltalSH _E1| Responses [in separate columns):
E% g:it:%gﬂ_ié 'deltaltH_Lay=ankKauai'

4 deltalSH Le 'deltal5HN_Layv=ankure'

Cg deltalol 1e| [ d=ltalSH_Laysandidway'

Ch deltalSH_Lz

7 deltalbH L=

Za KureMidway

Z10 =im diff
| Store residuals

[ Store fits

Confidence level; |95 0

| Comparisons... Graphs...
Help | oK Cancel
Options
In either version of the procedure, check boxes allow you to Store residuals and/or
Store fits.

The output includes Cl s for the means of the groups, based on the pooled standard
deviation and with no adjustment for multiple inferences; the Confidence level: that
can be changed in the main ANOVA window isfor these Cls.

Multiple comparisons

Clicking the Comparison... button opens awindow (see below) in which one or more
methods of multiple comparisons can be selected by checking the appropriate boxes.
The most useful of these methods are:

» Tukey’s (the best of these for comparing every group to every other group)

« Dunnett’s (for comparing one “reference” or “control” group to each of the other
groups)

(“Hsu'sMCB?” isfor determining which groups are “ better” than which others, where
“better” you define either as “larger than” or as“smaller than”. Fisher’s compares
every group to every other group, with no adjustment for making multiple compari-
sons.)

The default a for these comparisonsis 0.05; if adifferent levelsisdesired it can be
entered in the appropriate box. Any error rate greater than 1 will be interpreted as a
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Several-sample procedures: ANOVA

One-Way Multiple Comparisons EI
v Tukey's, family error rate: 5
[ Fisher's, individual error rate:
[ Dunnett's, family error rate:
I—

[ Hsu's MCB, family error rate:

{+

i

percent, while any value less than 1 will be interpreted as a proportion; the error rate
must be between 0.5 (50%) and 0.001. (Note that for Fisher's comparisonsthisa isthe
error rate for each individual comparison, while for the other methods it is the “fam-
ily” error rate)

Residual and other plots

The Graphs... button opens awindow in which severa kinds of plots can be selected.
Individual value plot (adot plot) and Boxplots of data are plots of the actual samples.

Several standard Residual Plots can be requested, as Individual plots or as Four in one
(stacked data) or Three in one (unstacked data) plots which put all the available resid-
ual plotsin one graph window:

« Histogram of residuals
* Normal plot of residuals
« Residuals versus fits, a plot of the residuals against the sample means (the “fits")

« Residuals versus order [available only in the stacked form], aplot of the residuals
against their order in the data set.

In the stacked layout, the residuals can be plotted against any other quantitative vari-
able(s) in the data set, by specifying them in the Residuals versus the variables: box.

Output

Standard output
The default output includes:

« astandard ANOVA table

« aline giving the square root of MSR (“S”), R? (“R- Sq”), and the “ adjusted R?”
(“R-Sqg(adj ) "; thismeasure is not useful for one-way ANOVA, so ignore it)
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One-way ANOVA: del tal5N versus source

Sour ce
source
Error
Tot al

S =0.7157 RSq = 21.47% R Sq(adj) = 17.44%

Level
Kauai
kure
m dway

Pool ed StDev = 0.716

DF SS M5 F P
2 5.463 2.731 5.33 0.009
39 19.979 0.512

41 25.441

I ndi vi dual 95% Cls For Mean Based on
Pool ed St Dev

N Mean StDev ------- Fommmme o - Fommmme o +- -
26 13.032 0.691 (------ L )
12 12.245 0.665 (--------- R )

4 12.463 1.029 (------------------ LR U R )

. e o - B U B S S +- -
12. 00 12. 40 12. 80 13. 20

« atable giving descriptive statistics for each group and a crude chart of Clsfor the
group means (as noted above, these are without any adjustment for multiple com-
parisons), and

« the pooled estimate of the standard deviation of the “error” term (“Pool ed
St Dev”, which is exactly the same, apart from rounding, asthe“S” given earlier in
the output).

Multiple comparisons

If multiple comparisons are requested, their output is given after the default output
described above (see example below). After a heading saying what kind of compari-
sons they are and at that confidence level, thereis aline stating the “test-wise” confi-
dence level corresponding to the chosen “family-wise” confidence level.

Then come the actual results, in the form of a series of tables, each comparing one
group to each of the subsequent groups. The first table compares the first group to each
of the others, the second table compares the second group to all remaining groups (i.e.
all but thefirst), etc. (Group ordering is aphabetical by the group labels.) Each tableis
labelled “f act or = val ue subtracted from ” wherethe name of the grouping
variable (the ANOVA factor) takes the place of f act or and the label of the reference
group for that table takes the place of val ue. The rowsin the table then are labelled
(in the column headed “f act or ) by the label of the group being compared to that
table’s reference group. The pairwise comparisons in each row are given as

« the estimated difference in population means (estimated simply by the difference
in sample means), listed in the column headed “Cent er ”, surrounded by
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Several-sample procedures: ANOVA

« the Cl for the difference in population means, listed in the columns headed
“Lower” and “Upper ", followed by

 acrude chart of these estimates.

Tukey 95% Si mul t aneous Confidence Intervals
Al'l Pairw se Conparisons anbng Levels of source

I ndi vi dual confidence |evel = 98.06%
source = Kauai subtracted from
sour ce Lower Cent er Upper R R R Fomm oo Foeme oo
kure -1.3967 -0.7873 -0.1780 (-------- * oo )
m dway -1.5076 -0.5698 0. 3680 (-------=------ R )
B g S Fom e Fom e e e
-1.40 -0.70 0. 00 0.70
source = kure subtracted from
sour ce Lower Center Upper R R R e oo Foemm oo
m dway -0.7906 0.2175 1.2256 (------------- Ko e eeeeaaaaa )
R Fomm e Fomm e e F -
-1.40 -0.70 0. 00 0.70

In the example here, the first table of comparisons contains the two comparisons,
Kauai vs. kur e and Kauai vs. m dway. Thefirst row thisfirst table indicates that the
mean of the kur e sample was 0.7873 units smaller than that of the Kauai sample,
with aCl of -1.3967 to -0.1780 for the difference between the means of the popula-
tions (both the difference and the CI being expressed in terms of the (kur e - Kauai )
difference). The second row of the first table then givesthe mi dway — Kauai com-
parison. The second (and last) table then gives the one remaining comparison, m dway
vs. kur e. Inthisexample, the Kauai and kur e samples were significantly different at
the (family-wise) 95% level, since the CI did not contain 0, but neither of these was
significantly different from the m dway sample.

Test for equal variances

Data must be stacked.

Stat = ANOVA = Test for Equal Variances...
Specify the “Response:” and “Factor:” asfor an ANOVA.

Output

This test produces both text (tabular) and graphical output. The former includes esti-
mates and confidence intervals for the population standard deviations, and results of
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ANOVA

two tests of the null hypothesis that all population variances are equal. Of these, Lev-

ene'stestismore reliable. A large P-value, asin this example, is support for the
ANOVA assumption of equal variances.

Test for Equal

95% Bonf err oni

Vari ances: deltal5N versus source

confidence intervals for standard devi ati ons

sour ce N Lower St Dev Upper
Kauai 26 0.514836 0.69083 1.03004
kure 12 0.439100 0.66548 1.29028

m dway 4 0.520154 1.02893 5.59612

Bartlett's Test (normal distribution)
Test statistic = 1.11, p-value = 0.573

Levene's Test (any conti i ibution)
Test statistic = 0.72, fp-value = 0.493

The graphical output simply graphs the estimates and Cls of the population standard

deviations, and gives the test resultsin boxes to the side.

Test for Equal Variances: deltal5N versus source i=1E3
Test for Equal Yariances for deltalSN
Bartlett's Test
Test Statistic 1.11
Kauai - |—Q—| P-Yalue 0.573
Lewvene's Test
Taszt Statistic n.r2
P-Yalue 0,433
3
E kure |—0—{ B
a
tmidweay I o I
T T T T T T T
0 1 2 3 4 ] &]

05% Bonferroni Confidence Intervals for StDevs
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Resampling procedures

The macros
Two resampling macros are applicable to comparing two or more samples:

* onewayran
performs arandomization test of the null hypothesis that all population means are

equal.

* leveneran
performs a bootstrap version of Levene'stest for equal variances.

ANOVA

MIB > onewayran cl, c2

The data must be in stacked layout, with the analysis variable listed first (i.e. in place
of ¢1) and then the variable defining the groups (in place of ¢2). The group variable
must be numeric.

Options
SUBC> nran k1l
the number of randomizations; default is 999.

SUBC> fval ues cl
acolumn for storage of the F ratios from the
randomizations

No preplanned contrasts or unplanned multiple comparisons are available.

Method

Thisis an extension of the randomization test for two samples: the observations are
randomly shuffled among the groups (maintaining the observed sample sizes). Thetest
statistic, calculated for each randomization, isthe F statistic (MS Groups/ M S Error).
The observed F statistic is compared to the distribution of F statistics from the ran-
domizations to determine the P-value.

Output
This macro first produces the output from the standard one-way ANOVA (ANOVA

table and descriptive statistics for the groups). The only new output is simply the ran-
domization P-value.
Test for constant variance

MIB > | eveneran cl, c2
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The data must be in stacked layout, with the analysis variable listed first (i.e. in place
of ¢1) and then the variable defining the groups (in place of c2). The group variable
must be numeric.

Options

SUBC> nran k1l
the number of randomizations; default is 999.

SUBC> fval ues cl
acolumn for storage of the F ratios from the
randomizations

SUBC> usenean k1
aflag to have the test use deviations from group
medians (k1 = 0, the default) or group means (k1 =
1).

Method

Thisisaversion of Levene'stest with the P-value determined by randomization. The
test, for each randomization, is a one-way ANOVA on the absolute values of devia-
tions from the group medians (or from the group means, if the subcommand
usenean 1 isgiven). Therandomizationisasinonewayr an above: observations
are shuffled among the groups. The test statistic for each randomization isthe F statis-
tic from the Levene's test.

Output

The output includes the Levene'stest for the observed data, i.e. the ANOVA on the
absolute deviations from the group medians. Thisis followed by the P-value deter-
mined from the randomizations.

Distribution-free procedures

Kruskal—Wallis test
The data must be in the stacked layout.

Stat = Nonparametrics = Kruskal-Wallis...

Specify the columns containing the Response: (the quantitative variable) and the Fac-
tor: (the categorical variable defining the groups). No options or graphs are available.

Output
The output from the Kruskal-Wallis test is minimal:

« atable giving the sample size, sample median, average of ranks, and Z score (stan-
dardized average of ranks) for each sample, and
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« lines giving the test statistic, its degrees of freedom, and the P-value, first without
and then with an adjustment for ties.

Kruskal -Wal lis Test: deltal5N versus source

Kruskal -Wal lis Test on deltal5N

source N Median Ave Rank Z
Kauai 26 12.95 25.7 2.82
kure 12 12.01 13.7 -2.62
m dway 4 12.23 17.8 -0.64
Overall 42 21.5
H=8.30 DF D016

H=831 DF

2
2( P = 0.016) (adjusted for ties)

* NOTE * One or nore snall sanples

The P-value for thistest is gotten by a normal approximation which assumes large
sample sizes. The output therefore al'so sometimes, as in this example, includes a
warning about one or more samples being small; the accuracy of the P-value is ques-
tionable in these situations.

Median test
The data must be in the stacked layout.

Stat = Nonparametrics = Mgod’s Median Test ...

Specify the columns containing the Response: (the quantitative variable) and the Fac-
tor: (the categorical variable defining the groups). No graphs are available; the only
options are to Store residuals and (if residuals are being stored) to Store fits.

Output
The output from the median test also is minimal:

« the test statistic, degrees of freedom, and P-value

« atable giving, for each group, the number of observations less than the overall
median, the number greater than the overall median, the sample median and IQR,
and a crude chart of Clsfor the population medians,

« the overal median.

Because the Cls for the medians of the different populations are based on sign tests,
they cannot attain 95% confidence for groups with few observations; when this occurs
the output includes a note to this effect, asin this example here.
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Distribution-free procedures

Mood Medi an Test: deltal5N versus source

Mood nedi an test for deltal5N

Chi - Square = 7.79 DF =2

| ndi vi dual 95.0% Cl' s
source N<= N> Median @B-QL ------- SRR T +---
Kauai 9 17 12. 95 1.08 (---
kure 10 2 12.01 0.93 (---Femmmmem - - )
m dway 2 2 12.23 1.91 (---------- L

[, T, +- - -

12. 00 12.60

Overall nedian = 12.70
* NOTE * Levels with < 6 observati ons have confidence < 95. 0%

13. 20
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REGRESSION AND CORRELATION

Linear least-squares regression

Command
Stat = Regression = Regression...

Then specify the columns containing the data:

« the“Response:” column is the one with the response variable,
« the “Predictors:” column is the one (or more) with the explanatory variable(s)

Options

The only option relevant for this courseis*Prediction intervals for new observations:”
(which includes confidence intervals for the mean response). For this option, click the
Option button on the regression dialog window and then

« specify value(s) of the explanatory variable for which this estimation is desired;
this can be done by specifying a column containing the set of values,

« change the confidence level if desired, and

« choose which if any of these quantities should be stored.

Graphs

There are various residual plots available. These can use one of several types of resid-
uals:

» “Regular” residuals:
simply the difference between the observed and “fitted” values

 “Standardized” residuals
regular residuals divided by their standard deviations.

 “Deleted” residuals
for more advanced purposes, discussed in Advanced Biometry.

These residuals can be plotted either as Individual plots, or as Four in one plots which
put all the available residual plotsin one graph window. Asin ANOVA, the plots are:

 Histogram of residuals

* Normal plot of residuals

« Residuals versus fits, a plot of the residuals against the sample means (the “fits")
 Residuals versus order, aplot of the residuals against their order in the data set.
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The residuals can be plotted against any other quantitative variable(s) in the data set,
by specifying them in the Residuals versus the variables: box.

Storage
If desired, various quantities resulting from the analyses can be stored; of these, the
ones relevant this semester are:
« coefficients (intercept and slope),
* Fits (estimated values)
» Residuals, and/or
» Standardized residuals.

Correlation (Pearson’s)

Stat = Basic Statistics = Correlation

then specify the two (or more) variablesfor which you want correlations; you can have
the correlation matrix saved rather than printed if you wish.

The P-valueisfor thetest of Hy: p =0 vs. Hy: p #0; any other inference about p must
be done by hand.

Resampling procedures

The macros
The applicable resampling macros are:

* regresssimran
[note the 3 successive S es] performs a randomization test of the null hypothesis
that the regression slopeisO.

e correlationran
performs arandomization test of the null hypothesis of O correlation. (Thistest is
identical to that performed by regresssim but the output isin terms of the corre-
lation coefficient rather than a regression equation.)

Internally these two macros are the same, but the printed output and storage options
differ according to their different purposes. Both test the null hypothesis that the two
variables are unrelated, expressing this either asHg: B; =0o0r Hg: p = 0.

Simple linear regression

MIB > regresssinran cl c2
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The response variableislisted first (in place of c1), followed by the explanatory vari-
able (in place of c2). Note that there are 3 consecutive s es in the command.

Options

SUBC> nran k1
the number of randomizations; default is 999.

SUBC> fits cl
acolumn for storage of the fitted values from the
original regression on the observed data.

SUBC> residuals cl
acolumn for storage of the residuals from the
original regression on the observed data.

SUBC> correlations cl
a column for storage of the correlation coefficients
from the randomizations.

SUBC> coefficients cl c2
two columns, for storage of intercept estimates (in
c1) and slope estimates (in ¢ 2) from the randomiza-
tions.

SUBC> tstatistics cl
acolumn for storage of thet statistics from the
randomizations.

Method

The values of the response variable are randomly shuffled among the observations,
with the values of the explanatory variable kept constant.

Output

The output is quite minimal: after afew descriptive statistics, including the estimated
regression coefficients, randomization P-values are given for the two-sided and both
one-sided tests.

Correlation

MIB > correlationran cl c2
In this case the order in which the variables are listed obviously doesn’t matter.

Options
SUBC> nran kl
the number of randomizations; default is 999.
SUBC> corrs cl
acolumn for storage of the correlation coefficients
from the randomizations.
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Regression and correlation: Distribution-free procedures

Method

Analogous to the method of r egr esssi nr an above: the values of the second vari-
able are randomly shuffled among the observations, with the values of the first vari-
able kept constant.

Output

Aswithr egr esssi nr an, the output includes a few descriptive statistics, including
the estimated correlation coefficient, and randomization P-values for the two-sided
and both one-sided tests.

Distribution-free procedures

Spearman’s rank correlation

First transform the data to ranks, then calculate the correlation coefficient as above (or
run aregression). To rank the data:

Data = Rank ...

then specify the column containing one of the variables (Rank data in:) and a column
to Store ranks in; note that only one variable can be done at atime.

Then obtain the correlation coefficient as above for Pearson’s correlation, but using
the columns containing the ranks. The P-value can be considered approximately cor-
rect for the Spearman’s correlation.

Kendall’s 1 (tau)

Thereisno direct procedure for Kendall’s procedure, but there is a built-in command
which facilitates hand-calculating it by calculating the slopes between al pairs of
observations. The number of these which are positive, and the number which are neg-
ative, can then be counted by using true-false comparisons and column summation in
the calculator; these counts then can be used to calculate the estimate of 1. Inference
must be done by hand.

1. Stat = Nonparametrics = Pairwise Slopes
and specify Y and X variables, and a column to store the slopesiin.

2. Calc = Calculator
and specify acolumn to storetheresults (t r ue/ f al se (1/0) values) in, and specify
theexpresson Cs > 1 (Cs isthe column of pairwise slopes created above).

3. Calc = Column Statistics ...
and specify the column created in the previous step as the “Input variable:”. This
result will be the count of positive slopes (K'). To get the count of negative slopes
(K") repeat the two Calc stepsbut givethe expressioninthefirst stepas Cs < 1.

4. These counts (K' and K") can then be used to estimate T and/or get a P-value by
hand.
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CATEGORICAL VARIABLES: PROPORTIONS

This section deals with relationships between two categorical variables, that is, com-
parison of two or more proportions or conditional distributions, as represented in a
two-way contingency table. Inference about a single proportion, whether hypothesis
testing or interval estimation, and whether using the normal approximation or exact
binomial probabilities, must largely be done by hand, though the probability functions
described in the next section can help with this.

Data layouts

As described in the section Describing Relationships, data for atwo-way contin-
gency table can appear in the worksheet in three different layouts. What can be done
with the data, as well as how it is done, depends on the layout.

* Individual observations
Every independent observation can be in a separate row, with two (or more)
columns containing the categorical variables by which each observation is cross-
classified.

 Stacked frequencies
Each combination of levels of the categorical variables can be in a separate row,
with columns containing the categorical variables defining these combinations,
and an additional column containing the frequencies of the category combinations.

» Unstacked frequencies
The row-and-column layout of a contingency table can be directly represented in
the rows and columns of the worksheet, with separate columns containing different
levels of one of the categorical variables and separate rows representing different
levels of the other variable:

Inference (chi-square test)

Individual observations
Stat = Tables = Cross Tabulation...
then specify:
« the classification variables (note that there can be more than two of these)
 what statistics you want displayed: counts; row, column, and/or total percents;
expected counts; standardized residuals (“X? contributions”).
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Categorical Variables: Proportions: Inference (chi-square test)

The “Options” button opens up awindow allowing other details of what statistics are
printed to be altered.

The*Summaries” button opens up awindow allowing you to request various descrip-
tive statistics for quantitative variables; these will be calculated and reported for each
combination of values of the classification variables.

Stacked frequencies

Asfor individual observations above, but check the “Frequenciesarein...” box and
specify the column containing the frequencies.

Unstacked frequencies

Stat = Tables = Chi-Square Test...
and specify the columns containing the table of frequencies.
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POWER ANALYSIS AND MISCELLANEOUS
PROBABILITY PROCEDURES

Power/sample size analysis

Commands

Stat = Power and Sample Size = 1-Sample t...

Stat = Power and Sample Size = 2-Sample t...

Stat = Power and Sample Size = 1 Proportion...
Stat = Power and Sample Size = 2 Proportions...
Stat = Power and Sample Size = One-way ANOVA...

All these require you to specify two out of three pieces of information:

¢ (1) the sample size(s);
* (2) the magnitude(s) of effect; and
* (3) the power value(s).

For planning a study ordinarily you would specify effect size and desired power, to
find the required sample size. Specifying sample size and effect size lets you deter-
mine the power, perhaps of an already completed study. Similarly, specifying sample
size and desired power |lets you determine how small an effect could have been
“detected.”

More than one value can be specified for any of these quantities, allowing you to eas-
ily explore arange of possibilities.

Sample sizes

For two- or multi-sample tests, it is assumed that all samples are of the same size.
(Thusif you specify more than one sample size these are treated as different “what if”
situations.)

Effect sizes

The hypothesized “ effect” is defined differently for the various tests.

» 1-Sample t:
The difference between pg and L,

» 2-Sample t:
The difference between 1, and p,
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1 Proportion:
You specify the Hypothesized p (i.e. Pg) and Alternative values of p.

* 2 Proportions:
You specify the two population proportions (with possibly arange of values for
one of them).

* One-Way ANOVA:
The difference between the largest and smallest population means. You also have
to specify how many levels there are (i.e. how many samples).

Power values
These are entered as probabilities.

Variability

For the t tests and ANOVA you must specify the (expected) standard deviation. It is
assumed to be the samefor all populations. No measure of variability is needed for the
tests of proportions since the variability is determined by the values of p.

Options
For all the analyses, you can change the significance level (i.e. a); its default valueis
0.05.

For all the analyses, you aso can request that the results be stored. For the one- and
two-sampl e tests you can specify one-sided tests.

Random numbers

Randomizing
Minitab’s random-number generator can be used to select a random sample or to ran-
domize treatment over units. The most convenient way to do thisisto create a column
containing labels of all the unitsin the population to be sampled or al the experimen-
tal units. Then use

Calc = Random Data = Sample From Columns...
Name the column containing the list of unitsin the from column(s): box, and another
column to store the samplesin.

For arandom sample, the sample size goesin the Sample rows box. To ran-
domize treatments in an experiment, | find it easiest to set this number equal to the
number of units. The result issimply all the unitsin random order. The first n rows get
treatment 1, the next n get treatment 2, etc.
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Power analysis and miscellaneous probability procedures: Probabilities

(Thereis aso acheck box for sampling with replacement, but thisis not appropriate
for selecting samples.)

Simulations

The random-number generator also can be used to simulate samples from awide vari-
ety of distributions.
Calc = Random Data = [name of distribution]...

Specify how many observations (rows) to generate, where to put them, and the param-
eters of the distribution.

Probabilities

Calc = Probability Distributions = [name of distribution]...

You specify the parameters of the distribution, and either specify a column containing
the value(s) of interest in the Input column: box or directly enter the valuesin the Input
constant: box. You can optionally specify where to store the results.

This procedure, for any of the many distributions, has radio buttons to choose among:

* Probability 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.

» Cumulative 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. Thisisthe
default selection.

* Inverse cumulative probability
Thisisa“critical value,” i.e. the value x which has cumulative probability equal to
the value you specify. Thisisasin Tables D, E, and F in the text, except that it is
left-sided (i.e. equal to 1 minus the valuesin the text tables).
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APPENDIX: RESAMPLING MACROS

Macros in Minitab

Macros

Macros in Minitab are text files containing Minitab commands, in a particular format.
They can be created by users; if you want to do that, see the Minitab help or other doc-
umentation. Some macros are included with Minitab in its standard installation and
while primarily used by some of the procedures invoked by the menu interface, pre-
sumably they could a so be invoked directly from the command line.

Location

How amacro isinvoked depends on where the fileislocated. They can be anywherein
your computer’s directory, but by far the most convenient location is

c:\Program Files\MINITAB 14\Macros. Macrosin this folder can be invoked (as
described below) while running data from any folder.

Running a macro

Minitab macros are invoked from the command line in the session window. The com-
mand line therefore must be enabled. To do this, click in the Session window (to make
it the active window), then use the Editor menu and click on Enable Commands.

Once commands are enabled, invoke a macro by typing a% sign followed (with no
space) by the macro name. For example:

MIB > % wosanpl eran cl c2

If the macro file has the standard extension of .mac you do not need to include the
extension; if the extension is something else, include it. If the macro fileisin the
active Windows directory — the one from which you most recently opened a Minitab
project or worksheet — or in the Macros folder as given in Location above, you do
not need to specify the path. If the macro file is anywhere else, include the full path in
the macro name.

Required input

All the macros require that you specify the column(s) containing the data, as part of
the command invoking the macro. In the example above, c1 and c2 are the two col-
umns containing the two samples. You would of cour se substitute the proper col-
umn names or numbersif the data are not actually in thefirst two columns. The
Overview.doc and Refcard.doc references indicate the required input by listing it
directly after the macro name.
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Appendix: Resampling Macros: The Resampling Macros

Options
All the macros accept subcommands to ater options. An option common to them all

controls the number of bootstrap samples or randomizations. Most macros allow the
test statistic to be stored. Some macros have other specific options.

To enter an option, you must end the first macro command line with a semicolon.
Minitab then will return not with the usual MTB> prompt but instead with SUBC> .
You enter options one at atime (in any order), ending all but the last with semicolons;
the last subcommand ends with a period. For example:

MIB > % wosanpl eran cl c2 ;
SUBC> nran k1;
SUBC> differences cl.

The first subcommand sets the number of randomization to the value of k1 (which
would be entered as an actual number, e.g. 9999). The second subcommand names a
column to store the resample differencesin; thiswould of course be adifferent column
than the ones containing the observations.

The Resampling Macros

Source
Download the macros as a compressed zip file from

http://www.ceh.ac.uk/products/software/minitab/download.asp

Within the file that is downloaded are separate zip files for each of the macros. These
can be unzipped individually as needed.

Installation
Unzip the files and put them in an appropriate location, either the

c:\Program Files\MINITAB 14\Macros
folder or afolder where you keep your Minitab data.

Documentation
The downloaded file containing the macros also contains two M'S Word documents:

 Overview.doc is the complete manual.
» Refcard.doc summarizes the commands and subcommands for the macros.

Each macro’s folder also contains the manual section for that macro and an example
data set.
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