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How to Use SPSS®

ﬁow to Use SPSS® is designed with the novice computer user in mind and for people who have no

previous experience using SPSS. Each chapter is divided into short sections that describe the stat-
istic being used, important underlying assumptions, and how to interpret the results and express
them in a research report.

The book begins with the basics, such as starting SPSS, defining variables, and entering and
saving data. It covers all major statistical techniques typically taught in beginning statistics
classes, such as descriptive statistics, graphing data, prediction and association, parametric
inferential statistics, nonparametric inferential statistics, and statistics for test construction.

More than 270 screenshots (including sample output) throughout the book show students
exactly what to expect as they follow along using SPSS. The book includes a glossary of statis-
tical terms and practice exercises. A complete set of online resources including video tutorials
and output files for students, and PowerPoint slides and test bank questions for instructors,
make How to Use SPSS® the definitive, field-tested resource for learning SPSS.

New to this edition:

Now in full color with additional screenshots

Fully updated to reflect SPSS version 26 (and prior versions)

Changes in nonparametric tests Model View incorporated

Data and real output are now available for all Phrasing Results sections — eliminating hypothetical
output or hypothetical data

Brian C. Cronk is Professor and Chair, Department of Psychology, Missouri Western State

University, USA (PhD in Psychology 1993, University of Wisconsin-Milwaukee).
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Preface to the Eleventh
Edition

Introduction

IBM® SPSS Statistics software (“SPSS®”) is a statistical package produced by IBM, Inc.
Prior to 2009, SPSS was a separate company and produced statistical software under
the SPSS and PASW names. IBM SPSS Statistics is designed to perform a wide range
of statistical procedures. As with any other powerful program for the computer, there
are certain conventions and techniques that must be mastered for efficient use of the
software and to obtain consistently correct answers. By providing detailed, step-by-
step guidance illustrated with examples, this book will help you attain such mastery.

In addition to showing you how to enter data and obtain results, this book explains
how to select appropriate statistics and present the results in a form that is suitable for
use in a research report in the social or behavioral sciences. For instance, the section on
the independent f test shows how to state (i.e., phrase) the results of both a significant
and an insignificant test.

Audience

= book is ideal as a supplement to traditional introductory- and intermediate-level

istics textbooks. It can also be used as a statistics refresher manual in a research

rethods course. Finally, students can use it as a desk reference guide in a variety of
lace settings after they graduate from college.

tstics is an incredibly powerful program, and this text is not intended to

“hensive user’s manual. Instead, the emphasis is on the procedures normally

red in noductony- 2 intermediate-level courses in statistics and research methods.

. .
P L

-~ cook s divided into nine chapters plus several useful appendices. The first
wo chapters dea! with the basic mechanics of using the SPSS program. Each of the
maining chapters {ocuses on a particular class of statistics.
tach chapter contains several short sections. For the most part, these sections are
self-contained. However, students are expected to master the SPSS basics in Chapters 1
and 2 before attempting to learn the skills presented in the rest of the book. Except for
L cnauds o the first two chapters, this book can be used in a nonlinear manner. Thus,
an instructor can assign the first two chapters early in a course and then assign other
sections in whatever order is appropriate.
Appendix A contains a discussion of effect size. Appendix B contains datasets that
are needled for the practice exercises interspersed throughout this book. Appendix C
sides the sample data files that are used throughout this book. Appendix D provides
information on choosing the appropriate statistical test. The Glossary in Appendix E
provides definitions of most of the statistical terms used in this book. Because it is
assumed that this text is being used in conjunction with a main statistics textbook, the
Clossary definitions are brief and are designed to serve only as reminders. Appendix F
provides a text-based version of the decision tree on the inside front cover.

aaa ) coutesd s TS LR



SPSS Versions

This text is designed to work with SPSS Version 26, although it should work well for
any recent version of SPSS.

SPSS also offers several modules. The screenshots in this text were taken using
a “full” version of the software (all modules active and installed). Most institutions
have at least the Base, Regression, and Advanced modules installed. With these three
modules, or if you are using the SPSS Statistics GradPack or Premium Gradpacks, you can
conduct all of the analyses in this text. If you are using the SPSS Statistics Base GradPack,
some procedures will not be available. When this is the case, the text will clearly indi-
cate that another product is necessary.

If you have different add-on modules installed, the menu bars shown in the
illustrations of this text may be slightly different. If your menu bars look different,
or if you cannot locate a menu item for a command presented in this book, it may be
that your institution supports different modules. Ask your instructor for additional
guidance.

Availability of SPSS

Some institutions purchase site licenses from IBM to provide the software at no charge
to their faculty and, sometimes, to their students. If your institution has not purchased
a site license, you should still be able to purchase the student version of the software
in your campus bookstore at a price discounted for the educational community. Either
of these will be a fully functional version of the software intended for your personal
use. However, the student version is limited to 50 variables and 1,500 cases. If you
need software with more functionality, you can purchase the SPSS Statistics GradPack
from a variety of sources. A quick Internet search for “SPSS graduate pack” will bring
up some choices. Please note that you can generally lease SPSS for a period of a single
semester if you would like. You can also purchase a month-to-month license of the IBM
SPSS Statistics Cloud product.

Conventions
The following conventions have been used throughout this book:

¢ Items in bold are defined in the Glossary in Appendix E.

¢ Items in italics are either buttons or menus from the SPSS program, or they are stat-
istical symbols.

¢ Itemsin ALL CAPITAL LETTERS are either acronyms or the names of variables in
the SPSS data file.

Screenshots

Screenshots have been used extensively throughout the text as a visual representa-
tion of what is described. In some instances, there may be minor differences between
screenshots shown in the text and those on the student’s own screen. For instance, a
screenshot captured while working with a dataset that has been previously saved to
the hard drive will show the filename and dataset number, whereas a dataset that has
not yet been saved will simply show “*Untitled” and “[DataSet0].” Because no two
Windows computers are configured exactly alike, and because different modules and

Preface to the Eleventh Edition Vii
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software versions can produce slightly modified screenshots, such minor differences

are unavoidable.

Practice Exercises

Practice exercises are included for each skill presented. In addition, the skills acquired
in this text can be used in practice exercises in other statistics texts or workbooks. In
this respect, an excellent complement to this text is Real Data: A Statistics Workbook
Rased on Empirical Data.}

Acknowledgments

This book is dedicated to the students in my Introductory Psychological Statistics and
Research Team courses. While teaching those courses, I became aware of the need for
a SPSS manual that did more than simply tell students how to start the program and
enter data. I am deeply indebted to Wendy Schweigert at Bradley University, who
first showed me the power, simplicity, and usefulness of statistics. I would also like
to thank the hundreds of instructors who adopted previous editions of this text and
provided me with constructive feedback. Of course, this text would not have been pos-
sible without the support of Kate and my children Jonathan and Katherine. A lot has
changed since the first edition of this text. My son had just been born as I wrote the
proposal for the first edition. By the time you buy this book he will be nearing gradu-

ation from a university.
Brian C. Cronk



Chapter 1

Getting Started

Section 1.1 Starting SPSS

Startup procedures for SPSS will differ slightly, depending on the configuration of
the machine on which it is installed. If you have difficulty finding it look for an IBM
SPSS Statistics section of your Start Menu. This text uses screenshots from the Windows
version of SPSS. The MacOS and Unix versions will have the same functionality, but
could appear differently than what is depicted herein.

2 Weicome to 1BM SPSS Statistics X

IBM SPSS Statistics

[towrier Fa T T :
gunodmn | | Bavesian Stamatcs
|@© Now Datadase Cueny.. i1 ——
| p—r : | Reowsemres | S = =
| |1 Open anomer e, " Cormelason ang more. *::;(H\l*ﬁ'/l-ll\l
. l— —— o
i

oo T £ L SRS N .
i
» ‘ ‘ @ o E
|
] .

GatHelo a0d Susgod, Gatstaded wih horialy

Nt L B o~ T T |

1] Qontshow tis Giaiog in e Rure

When SPSS is started, you may be presented with the dialog box above, depending
on the options your system administrator selected for your version of the program. If you
have the dialog box, click Type in data and OK, which will present a blank data window.!

If you were not presented with the dialog box above, SPSS should open automat-
ically with a blank data window.

The data window and the output window provide the basic interface for SPSS.
A blank data window is shown on page 3.

Section 1.2 Entering Data

One of the keys to success with SPSS is knowing how it stores and uses your data. To
illustrate the basics of data entry with SPSS, we will use Example 1.2.1.

Example1.2.1 Asurvey was given to several students from four different classes
(Tues/Thurs mornings, Tues/Thurs afternoons, Mon/Wed/Fri mornings, and
Mon/Wed/Fri afternoons). The students were asked whether or not they were



2 Getting Started

N’ et

“morning people” and whether or not they worked. This survey also asked
for their final grade in the class (100% being the highest grade possible). The
response sheets from two students are presented below:

Response Sheet 1

ID: 4593 |
Day of class: MWF X Trh
Class time: Morning X Afternoon ‘°
Are you a morning person? Yes X No ;
Final grade in class: 85% 1
Do you work outside school? Full-Time __ Part-Time
X No -
Response Sheet 2
ID: 1901
Day of class: X MWF _____TTh
Class time: X Morning ~__ Afternoon
Are you a morning person? X Yes _“neNo ¢
Final grade in class: 83% ,
Do you work outside school? Full-Time X  Part-Time -.i]
-

No

Our goal is to enter the data from the two students into SPSS for use in future ana- y
lyses. The first step is to determine the variables that need to be entered. Any infor-
mation that can vary among participants is a variable that needs to be considered.
Example 1.2.2 lists the variables we will use.

Example 1.2.2

ID
Day of class

Lilass Uime

't the student works outside school

fow, cutesans represent variables, and rows represent participants.
oo sng a data file with six columns (variables) and two rows
Jeiudpants).

‘'t

Sectui i.. 0 ing Variables
2 € for any data, we must fi rst enter some basic information about each ,' 3
v 'mable into SPSS. For instance, variables must first be given names that g

lettor, and

¢ do not contain a space. e

Thus, the variable name “Q7” is acceptable, while the variable name “7Q” is not.
Similarly, the variable name “PRE_TEST” is acceptable, but the variable name “PRE
TEST” is not. Capitalization does not matter, but variable names are capitalized in t|
text 1o make it clear when we are referring to a variable name, even if the variable name
is not necessarily capitalized in screenshots. 5
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T Untitled1 [DataSet0] - IBM SPSS Statistics Data Editor

[1BM SPSS Statistics Processoris ready | | [UnicodeON| | |

To define a variable, click on the Variable View tab at the bottom of the main screen.
This will show you the Variable View window. To return to the Data View window, click
on the Data View tab.

TR Untitled1 [DataSet0] - IBM SPSS Statistics Data Editor - u} X
Fle EGU View, Data Transform  Analze Graphs Umiies. Eensions . Window Help)

Nai Type Width | Decimals Label | Values Missing | Col Align | Measure |
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4 Getting Started

From the Variable View screen, SPSS allows you to creaic and edit all of the variables
in your data file. Each column represents some property of a variable, and each row
represents a variable. All variables must be given a name. To do that, click on the first
empty cell in the Name column and type a valid SPSS variable name. The program will
then fill in default values for most of the other properties.

One useful function of SPSS is the ability to define variable and value labels.

/ariable labels allow you to associate a description with cach variable.

Value labels allow you to associate a description with cach value of a variable. For
instance, for most procedures, SPSS requires numerical values. Thus, for data such as
the day of the class (i.e., Mon/Wed/Fri and Tues/Thurs), we need to first code the
values as numbers. We can assign the number 1 to Mon/Wed /Fri and the number 2 to
Tues/Thurs. To help us keep track of the numbers we have assigned to the values, we
use value labels.

To assign value labels, click in the cell you want to assign values to in the Values
column (in this case, for Variable 2). This will bring up a small gray button (shown
below). Click on that button to bring up the Value Labels dialog box.

S————————
i
| Values |
62 Value Labeis x
vage ] (Spamioge
Wfrun"rr.u:s s }
ot 1
i ;
| | I
|| (s |
! : ]
| o G (Bees
When you enter a value (0% v must click A 'r each entry. This will move
lue and its associated i~i¢i 1.+ the botiom sc + of the window. When all
beis have been added, click OK turn to the V View window.

dition @ raming and laueiir:g the variatle, you have the option of defining
oo e sanply click on the Type, Width, or Decimals columns in the
nuneeric field that is eight digits wide

wduw. The default value is a

a - 1f your data are more than eight digits to the left

~will be displayed in scientific notation (e.g., the number

¢ displayed as 2.00E+09).7 SPSS maintains accuracy beyond two

decimal places, but all output will be rounded to two decimal places unless otherwise
,\ mr.

il {7 optiens available in this screen, which are beyond the

1is text. In our example, we will be using numeric variables with all the

Jdlidual v

« tactice bxercise
Create o data file for the six variables and two sample students presented in

Example 1.2.1. Name your variables: ID, DAY, TIME, MORNING, GRADE, and
WOREK. You should code DAY as 1 = Mon/Wed/Fri, 2 = Tues/Thurs. Code TIME as

I . uming, 2 = afternoon. Code MORNING as 0 = No, 1 = Yes. Code WORK as 0=No,

E
-
3
E
4
3
7
i
g
*
3




Getting Started 5

1 = Part-time, 2 = Full-time. Be sure you enter value labels for the different variables.
Note that because value labels are not appropriate for ID and GRADE (because the
values themselves serve as labels), these are not coded. When complete, your Variable
View window should look like the screenshot below.

&2 *SAMPLE sav [DataSet1] - IBM SPSS Statistics Data Editor = o X
ﬂlesmmwnmmmmmmummmm

{0 Aign | Measwe | Role |

1 8 0 8 M Right il Ordinal . Input

2 DAY Numeric 8 2 {1.00. Mon/... None 8 3 Right & Nominal N Input

3 |TME Numeric 8 2 What is the tim... {1.00, Momi... None 8 3 Right & Nominal N Input

4 |MORNING  Numeric 8 2 Are you a mom... {.00, No}...  None 9 M Right & Nominal N Input

5  IGRADE Numeric 8 2 None None 8 3 Right & Scale N Input

6 |WORK Numeric 8 2 {00.No)..  None 8 3l Right & Nominal N Input

]

T 4

I [1BM SPSS Statistics Processorisready | | [UnicodeON | | |

Click on the Data View tab to open the data-entry screen. Enter data horizon-
tally, beginning with the first student’s ID number. Enter the code for each variable
in the appropriate column. To enter the GRADE variable value, enter the student’s
class grade.

@ *SAMPLE.sav [DataSet1] - IBM SPSS Statistics Data Editor - [m] X
_Graphs _ Umiities  Extensions | Window ~ Help i

[Visible: 6 of 6 Variables
I.:IDE&DAYL&_._L&___JIGRADEL&WORKImlv-lw&v-ﬁv-rf-l
— e 4593 2.00 200
203 1901 1.00 1.00 1.00» aa.oo 1.oo
5 :
T
.5 J
[3
—
T [1BM SPSS Statistics Processorisready | | [UnicodeoN| | |

The previous data window can be changed to look like the screenshot on the next
page by clicking on the Value Labels icon (see below). In this case, the cells display value
labels rather than the corresponding codes. If data are entered in this mode, it is not
necessary to enter codes, as clicking the button that appears in each cell as the cell is
selected will present a drop-down list of the predefined labels. You may use whichever
method you prefer.

Value Labels
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| @ ~SAMPUE sav [OstaSett] - 1301 SPSS Satistis Dara Editcr — = -
{e Em yow Dus Juastrm  grawe Qrashe (Mes Egeasions Medow | Hep 4

BTN R T E | NN i)

|Visible. 6 of 6 Vanatk
7

T [ 0 # DAY & TME & MORNNG £ GRADE & WORK vt - s = T
1 258)  TuesThurs Algmoon No 8500 o
2 1901 Mon'WedFn Mormang Yes 8300 PatTima

1BM SPSS Stabstics Processorisready | | Unicode ON B

Instead of clicking the Value Labels icon, you may toggle between views by clicking
Value Labels under the View menu.

View Data Transform Analyze  Graph
¥  Status Bar
Joolbars »
Menu Editor...
Eonts...
' Grid Lines
v 1 value Labels
mE
| g

R variables Ciri+T

nputed Data

Section 1.4 Loading and Saving
Data Files

Once you have entered your data, you will need to save it with a unique name so that
vou can retrieve it when necessary for later use.

Loading and saving SPSS data files works in the same way as most Windows-
-d software. Under the File menu, there are Open, Save, and Save As commands.
SIS Jata files have a “.sav” extension, which is added by default to the end of the
filename (that is, do not type “.sav” after the filename; SPSS will add it automatically).
This telle Windows that the file is an SPSS data file. Other SPSS extensions include
“<pv” for saved cutput files and “.sps” for saved syntax files.

Save Your Data

1Fue Edit View Data  Transform  Analyze
New »
Open »
Import Data »
B Ciose Cm T
B Save Ctri+S
Save As...




@2 Save Data As X

Lookjn: [ datasets _SaRm

Q@ coins.sav @ questions1.sav
Q datasetisav (@ race sav

Q) dataset2sav Q) racet.sav

@ datasetd.sav Q) SAMPLE sav
Q grades.sav Q) SAMPLE1.sav
Q@ heightsav @ satsav

& questions sav

Keeping 6 of 6 variables.

File pame: @

Save as ype: [SPSS Statistics (*.sav)

[} Epcrypt file with password

When you save your data file (by clicking File, then clicking Save or Save As to specify
a unique name), pay special attention to where you save it. You will probably want to
save you: .tata on a removable USB drive so that you can take the file with you.

Load Your Data

When youload your data (by clicking File, then clicking Open, then Data, or by clicking
the open file folder icon), you get a similar window. This window lists all files with
the “.sav” extension. If you have trouble locating your saved file, make sure you are
looking in the right directory.

File Edit View Data Transform

New
Open
! Import Data
| @R Crose Ctri+F4
| k=i Save Ctri+S
Save As

Practice Exercise

To be sure that you have mastered saving and opening data files, name your sample
data file “SAMPLE” and save it to a removable storage medium. Once it is saved, SPSS
will display the name of the file at the top of the data window.

@ *SAMPLE.sav [DataSet1] - IBM SPSS Statistics Data Editor
Ele Edit View Data Iransform Analze Graphs

It is wise to save your work frequently, in case of computer crashes. Note that
filenames may be uppercase or lowercase. In this text, uppercase is used for clarity. In
naming files, though, screenshots may show lowercase only.

After you have saved your data, exit SPSS (by clicking File, then Exit). Restart SPSS
and load your data by selecting the “SAMPLE.sav” file you just created.

Getting Started 7



8 Getting Started

Section 1.5 Running Your
First Analysis

Any time you open a data window, you can run any of the analyses available. To get
started, we will calculate the students” average grade. (With only two students, you can
easily check vour answer by hand, but imagine a data file with 10,000 student records.)

The majority of the available statistical tests are under the Analyze menu. This
menu displays all the options available for your version of the SPSS program (the
menus in this book were created with SPSS Statistics Version 26). Other versions may
have slightly different sets of options.

To calculate a mean (average), we are asking the computer to summarize our
dataset. Therefore, we run the command by clicking Analyze, then Descriptive Statistics,
then Descriptives.

a *SAMPLE.sav [DataSet1] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analjze Graphs  Utilities Exensions  Window He':
I b & Regors » Emen A
ER e ey Wy ST TR T Descriptive Statistics " | (& Erequencies .
| Bayesian Statistics 3 Descriptives
» |
l,. _il D ‘&M.__, Taples &, Explore... |
| 1 4593 Tues/Thurs Compare Means » E c
o =1 = rosstabs...
1901 Mon/Wed/Fri General Linear Model »
) ) %] Ratio...
Generalized Linear llodeis »
Mixed Hodels y |KlE-PPlots..
Correlate ’ Q-QPlots...

This brings up the Descriptives dialog box. Note that the left side of the box
contains a list of all the variables in our data file. On the right is an area labeled
\Variable(s), where we can specify the variables we would like to use in this particular

analvsis.

& Descriptives X

Variable(s):

&8 D

& DAY

& Wnatls the time of t..
& Are you a moming p... chea
& GRADE
& Do you work outside...

[ Save standardized values as variables

We want to compute the mean for the variable called GRADE. Thus, we need to select
the variable name in the left window (by clicking on it). To transfer it to the right
window, click on the right arrow between the two windows. The arrow always points




to the window opposite the highlighted item and can be used to transfer selected
variables in either direction. Note that double-clicking on the variable name will also
transfer the variable to the opposite window. Standard Windows conventions of “Shift”
clicking or “Ctrl” clicking to select multiple variables can be used as well. Note: Some
configurations of SPSS show the variable names, and others show the variable labels
(if any). This can be changed under Edit — Options — General.

@ Descriptives X

¥ (s): [ Options..

<l 0 @GRADE || ===
& DAY She.

& Whatis the time of L. Bootstrap..|

& Do you work outside...

& Are you a morning p...

Save standardized values as variables

Wh n we click on the OK button, the analysis will be conducted, and we will be
ready to examine our output.

Section 1.6 Examining and Printing
Output Files

After an analysis is performed, the output is placed in the output window, and the
output window becomes the active window. If this is the first analysis you have
conducted since starting SPSS, then a new output window will be created. If you have
run previous analyses and saved them, your output is added to the end of your pre-
vious output.

To switch back and forth between the data window and the output window, select
the desired window from the Window menu bar. Alternately, you can select the window
using the taskbar at the bottom of the screen.

Window  Help

Minimize All Windows
. 5o to Designated Viewer Window 3
&2 Go to Designated Syntax Window
Reset Dialog Sizes and Positions
Close Output items
K4 1 *Output1 [Document1] - IBM SPSS Statistics Viewer
] 2 *SAMPLE.sav [DataSet1] - IBM SPSS Statistics Data Editor

The output window is split into two sections. The left section is an outline of the
output (SPSS refers to this as the outline view). The right section is the output itself.

Getting Started 9



10 Getting Started

€& -Output1 [Document1] - 1BM SPSS Statistics Viewer - o %
BS‘MMImmmmmemmmmmlmsmmuslp

Descrlptives

Descriptive Statistics
N Minimum  Maximum Mean Std. Deviation
GRADE R by 2 : 783907 . 785.00 840_000 o j.4147271
Vabd N (listwise)

Ly Descriptive Statistics

\IBM SPSS Statistics Processoris ready, | Unicode:ON H: 22, L4

The section on the left of the output window provides an outline of the entire
output window. All of the analyses are listed in the order in which they were
conducted. Note that this outline can be used to quickly locate a section of the output.
Simply click on the section you would like to see, and the right window will jump to
the appropriate place.

Clicking on a statistical procedure also selects all of the output for that command.
By pressing the Delete key, that output can be deleted from the output window. This is a
quick way to be sure that the output window contains only the desired output. Output
can also be selected and pasted into a word processor or spreadsheet by clicking Edit,
then Copy to copy the output. You can then switch to your word processor and click
Edit, then Paste.

To print your output, simply click File, then Print, or click on the printer icon on
the toolbar. You will have the option of printing all of your output or just the currently
selected section. Be careful when printing! Each time you run a command, the output
is added to the end of your previous output. Thus, you could be printing a very large
output file containing information you may not want or need.

One way to ensure that your output window contains only the results of the
current command is to create a new output window just before running the command.
To do this, click File, then New, then Output. All your subsequent commands will go
into your new output window.

You can also save your output files as SPSS format files (.spv extension). Note that
SPSS saves whatever window you have open. If you are on a data window you will
save your data. If you are on an output window it will save your output.

Practice Exercise

Load the sample data file you created earlier (SAMPLE.sav). Run the Descriptives
command for the variable GRADE, and print the output. Next, select the data window
and print it.




Getting Started 11

Section 1.7 Modifying Data Files

Once you have created a data file, it is really quite simple to add additional cases
(rows/participants) or additional variables (columns). Consider Example 1.7.1.

Example 1.7.1 Two more students provide you with surveys. Their informa-
tion is as follows:

Response Sheet 3

ID: 8734

Day of class: MWF X TTh

Class time: X Morning Afternoon

Are you a morning person? Yes X No

Final grade in class: 80%

Do you work outside school? Full-time Part-time
X No

iesponse Sheet 4

1 1909

Day of class: X MWF TTh

Class time: X Morning Afternoon

Are you a morning person? X Yes No

Final grade in class: 73%

Do vou work outside school? Full-time X Part-time

No
Q *SAMPLE sav [DataSet1] - IBM SPSS Statistics Data Editor = a X

File Edit View Data Transform Analyze Graphs Utilities Extensions Window Help

S8, IW oo BB 8

[5:1D Visible: 6 of 6 Variables
| oib | &pay | &TME | @ MORNNG| £ GRADE | &WORK | var | var | var | var | |
1 4593 Tues/Thurs  Afternoon No 85.00 No =
S22 1901 Mon/Wed/Fri Morming Yes 83.00 Part-Time
| 8734 Tues/Thurs Moring No 80.00 No
| e A 1909 Mon/Wed/Fri Morning Yes 73.00  Part-Time
| |
6
7
8

To add these data, simply place two additional rows in the Data View window
(after loading your sample data). Notice that as new participants are added, the row
numbers become bold. When done, the screen should look like the screenshot above.

New variables can also be added. For example, if the first two participants were
given special training on time management, and the two new participants were not,
the data file can be changed to reflect this additional information. The new variable
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could be called TRAINING (whether or not the participant received training), and it
would be coded so that 0 = No and 1 = Yes. Thus, the first two participants would be
assigned a “1” and the last two participants a “0.” To do this, switch to the Variable View
window, then add the TRAINING variable to the bottom of the list. Then switch back
to the Data View window to update the data.

& *SAMPLE sav [DataSet1] - 1BM SPSS Statistics Data Editor - @] X
Fe Eot View Data Transform Analyze Graphs Utilies Exensions Window  Help

 [Visible: 7 of 7 Variables

D #DAY S TME &# MORNNG & GRADE & WORK | TRANNG| var var_ yar
4593  Tues/Thurs Afternoon No 8500 No Yes
1901 Mon/Wed/Fni Moming Yes 83.00 Pant-Time Yes
8734 Tues/Thurs Moming No 80.00 No No

1809 Mon/Wed/Fri Moming Yes 73.00 Part-Time

[1BM SPSS Statistics Processoris ready! = Unicode:ON

Adding data and variables are logical extensions of the procedures we used to
originally create the data file. Save this new data file. We will be using it again later in
this book.

Practice Exercise

Follow the previous example (where TRAINING is the new variable). Make the
modifications to your SAMPLE.sav data file and save it.
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Chapter 2
Entering and
Modifying Data

fn Chaptier 1, we learned how to create and save a simple data file, perform a basic
analysic. ind examine the output. In this section, we will go into more detail about
variables and data.

section 2.1 Variables and Data
Representation

InSPSS, variables are represented as columns in the data file. Participants are represented
as rows. Thus, if we collect four pieces of information from 100 participants, we will
have a data file with four columns and 100 rows.

Measurement Scales

There are four types of measurement scales: nominal, ordinal, interval, and ratio.
While the measurement scale will determine which statistical technique is appropriate
for a given set of data, SPSS generally does not discriminate. Thus, we start this section
with this warning: If you ask it to, SPSS may conduct an analysis that is not appropriate
for your data. For a more complete description of these four measurement scales, con-
sult your statistics text or the Glossary in Appendix E.

Newer versions of SPSS allow you to indicate which types of data you have when
you define your variable. You do this using the Measure column. You can indicate Scale,
Ordinal, or Nominal (SPSS does not distinguish between interval and ratio scales).

Jl Measure ||

Look at the SAMPLE.sav data file we created in Chapter 1. We calculated a mean
for the variable GRADE. GRADE was measured on a ratio scale, and the mean is an
acceptable summary statistic (assuming that the distribution is normal).

We could have had SPSS calculate a mean for the variable TIME instead of GRADE.
If we did, we would get the output presented on the next page.

13
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&8 *Output [Document1] - IBM SPSS Statistics Viewer

ﬂ.ﬁaﬁnnﬂnmmoﬂ?ﬂlﬂmmmummﬂmmmuolp

= N 1B

Descrlptives

(§ Desa Staitcs Descriptive Statistics
N Minimum  Maximum Mezan Std. Deviation
What is the time of the 4 1.00 2.00 1.2500 .50000
class?
Valid N (listwise) 4

IBM SPSS Statistics Processoris ready | |

Unicode:ON |H: 22, 54 p!

The output indicates that the average TIME was 1.25. Remember that TIM' va:

coded as an ordinal variable (1 = morning class, 2 = afternoon class). Though the - :a.
is not an appropriate statistic for an ordinal scale, SPSS calculated it anyway. The
importance of considering the type of data cannot be overemphasized. Just becausc
SPSS will compute a statistic for you does not mean that you should use it. Later in
the text, when specific statistical procedures are discussed, the conditions under which
they are appropriate will be addressed. Please note that there are some procedures
(e.g., graphs and nonparametric tests) where SPSS limits what you can do based on
the measurement scale. However, more often than not, it is up to the user to make that

decision.

Missing Data

Often, participants do not provide complete data. For example, for some students, you
may have a pretest score but not a posttest score. Perhaps one student left one question
blank on a survey, or perhaps she did not state her age. Missing data can weaken any

analysis. Often, a single missing answer can eliminate a subject from all analyses.

r [LZq | P2 |
s 2.00 2.00
g 602 ) 3.00 1.00
Ui n 4.00 3.00
e e 2.00 _
swiass | 1.00 2.00

If you have missing data in your dataset, leave that cell blank. In the example
~hown above, the fourth subject did not complete Question 2 (q2). Note that the total
score (which is calculated from both questions) is also blank because of the missing
data for Question 2. SPSS represents missing data in the data window with a period
(although you should not enter a period—just leave it blank). It is NOT good practice
to create a filler value (e.g., “999” or “0”) to represent blank scores, because SPSS will

3.00

see it as a value with meaning, whereas it will treat truly blank values as missing.




Section 2.2 Selection and
Transformation of Data

We often have more data in a data file than we want to include in a specific analysis.
For instance, our sample data file contains data from four participants, two of whom
received special training and two of whom did not. If we wanted to conduct an ana-
lysis using only the two participants who did not receive the training, we would need
to specify the appropriate subset.

Selecting a Subset

We can use the Select Cases command to specify a subset of our data. The Select Cases
command is located under the Data menu. When you select this command, the dialog
pox below will appear. (Note the icons next to the variable names that indicate that all
variables were defined as being measured on a nominal scale except grade, which was

lefined s wealel)

Data  Transform  Analze  Graphs  Uilities
) Define Variable Properties...
2. Set Measurement Level for Unknown .
Iz Copy Data Properties...
ol 1ic v Custom Aznidute
) Dgfine date and time...
Define Muitiple Response Sets._.
Validation »
5] 1dentity Dyplicate Cases...
3 1dentity Unusual Cases...
T, Compare Datasets._.
(5 Set Cases._.
B sontvariaples..
& Trapspose...
Merge Files ’
%] Restructure...
i Agoregate...
Orthogonal Design »
%, Copy Dataset
&2 split Eile...
B Selet Cases
&1 Weight Cases..

83 select Cases x

[ Saleg —————————————em
L) | ®@ancases
& 0ar | Ougonamonis satssed |
& Wnatis me bme oft . . |
& Are you a moming p R S
& GRADE | ORangom sample of cases
& WORK gample_
O Based on tme o¢ case range

Ragge
O Use frervariadie:

2 [ ],

Current Status: Do nol el cases

Entering and Modifying Data 15
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You can specify which cases (participants) you want to select by using the selec-
tion criteria, which appear on the right side of the Select Cases dialog box. By default,
All cases will be selected. The most common way to select a subset is to click If condition
is satisfied, then click on the button labeled If. This will bring up a new dialog box that
allows you to indicate which cases you would like to use.

@ seiect Coren 1t

[yp ] Ye1
g0 «

| @ wWhatis e dme oft

{l ATe you 3 moming p
| & craoE

& woRx

COF & Noncenval COF
Conversion

wkad
ﬁ Current Date/Time
™)

Date Anthmedc
Date Creaton

W = Euncions and Speaal Vanabies.

You can enter the logic used to select the subset in the upper section. If the logical
statement is true for a given case, then that case will be selected. If the logical statement
is false that case will not be selected. For instance, you can select all cases that were
coded as Mon/Wed/ Fri by entering the formula DAY = 1 in the upper-left part of the
window. If DAY is 1, then the statement will be true, and SPSS will select the case.
If DAY is anything other than 1, the statement will be false, and the case will not be
selected. Once you have entered the logical statement, click Continue to return to the
Select Cases dialog box. Then, click OK to return to the data window.

After you have selected the cases, the data window will slightly change. The cases
that were not selected will be marked with a diagonal line through the case number.
For instance, for our sample data, the first and third cases are not selected. Only the

second and fourth cases are selected for this subset.

& "SAMPLE sav [DataSet1] - IBM SPSS Statistics Data Editor - ] X
\mmmmmmmmmlmmmwpr

Lo BT B0 el

&

8:TIME Visible: 7 of 7 Variables
£ #DAY | SHTME | o MORNIN ¢ GRADE & WORK & filter s ar | oww
S G ot S y d
5 459300  Tues/Thur  Aftemoon Ho 8500 No  Not Selected
e LRG| 190100 Mon/Wed Fn Morming Yes 8300 Part-Time Selected
sy 873400  Tues/Thur Mormning No 80 00 No  Not Selected
4 ] 1905 .00 Mon/Wed/Fn Morming Yes 7300  Part-Time Selected
s 5 >.§

~IBM SPSS Statistics Processor is ready| | |Unicode:ON [Filteron | |

An additional variable will also be created in your data file. The new variable is
called FILTER_$ and indicates whether a case was selected or not.
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If we calculate a mean GRADE using the subset we just selected, we will receive
the output here. Notice that we now have a mean of 78.00 with a sample size (N) of 2
instead of 4.

Descriptive Statistics
N Minimum  Maximum Mean Std. Deviation
o 73.00 B ‘8390‘ 7_8@_009_ - ‘7,0]19_7

_ORADE - 2o
Valid N (istwise)

[SREN)

Be careful when you select subsets. The subset remains in effect until you run the
command again and select all cases. You can tell if you have a subset selected because
the bottom of the data window will indicate that a filter is on. In addition, when you
examine your output, N will be less than the total number of records in your dataset if
a subset is selected. The diagonal lines through some cases will also be evident when
o subset is selected. Be careful not to save your data file with a subset selected, as this
can caus:- considerable confusion later.

_omuting a New Variable

PSS car o be used to compute a new variable or manipulate your existing variables.
o illus. oo this, we will create a new data file. This file will contain data for four
participants and three variables (Q1, Q2, and Q3). The variables represent the number
of points each participant received on three different questions. Now enter the data
shown on the screen below. When done, save this data file as “QUESTIONS.sav.” We
will be using it again in later chapters.

A questions.sav [DataSet1] - IBM SPSS Statistics Data Editor fa a X
File Edit View Data Transform Analyze Graphs Utiities Extensions Window Help

CHE M e~ BLdE 8 BE 9

s Visible: 3 of 3 Variables

| a9 | 2 | £ | va | va | v | v | v | v | e
: 3.00 4.00

2.00 3.00
2.00 3.00
3.00 1.00

[~ [IBM SPSS Statistics Processor s ready| | |Unicode:ON F—F_I_—r

Now you will calculate the total score for each subject. We could do this manually,
but if the data file were large, or if there were a lot of questions, this would take a long
time. It is more efficient (and more accurate) to have SPSS compute the totals for you.
To do this, click Transform, and then click Compute Variable. /,.,- -

e e LA0Y - BTN, ANM) AMINSL N
[ CountValues within Cases.. ! LIbISa: VDT BREARITUATUION
o vaes  ARATANMIS ,
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After clicking the Compute Variable command, we get the dialog box shown below.

el ..

Q Q Q COF & Moncental COF
Conversion

EGQ Current DateMime

Date Asnhmetc
Date Creaton

x unchions and Spedal Variadles'

|
|
|
l
l

|
[l
l

| L
axxouwu:umwmmy

The blank field marked Target Variable is where we enter the name of the 2w ari-
able we want to create. In this example, we are creating a variable called TOTA -, so
type the word fotal.

Notice that there is an equals sign between the Target Variable blank and the
Numeric Expression blank. These two blank areas are the two sides of an equation that
SPSS will calculate. For instance, total = Q1 + Q2 + Q3 is the equation that is entered in
the sample presented here (screenshot shown above). Note that it is possible to create
any equation here simply by using the number and operational keypad at the bottom
of the dialog box. When we click OK, SPSS will create a new variable called TOTAL
and make it equal to the sum of the three questions.

8 Compute Varisbie X

CC¥ & Noncentral COF
Corwersion

Cument Date/Time
Date Armimenc

Date Creason

unchons and Special Vanables:

: GM 0nal C254 S0CBON CONABCO

(o) ot (Bese cansey Lbea

Save your data file again so that the new variable will be available for future
5esS10NS.

Recoding a Variable—Different Variable

SPSS can create a new variable based upon data from another variable. Say we want
to split our participants on the basis of their total score. We want to create a variable




called GROUP, which is coded 1 if the total score is low (less than or equal to 8) or 2
if the total score is high (9 or larger). To do this, we click Transform, then Recode into

Different Variables.

J Transform Anélyzo Graphs

Utilities  Exter

B compute Variable...
Count Values within Cases...
Shift Values...
& Recode into Same Variables...
Recode into Different Variables...
Automatic Recode...
[p2 visual Binning...
P< optimal Binning...
Prepare Data for Modeling »

l

) R=code into Different Variables

Input Yariable -> Output Variable:

Oid and Hiaw values

T m—

r [ Output Vaniabdle - — -
| ! pame
1< a2
Z a3 |
& total
(Shaogey
|

=y

|

This will bring up the Recode into Different Variables dialog box shown above.
Transfer the variable TOTAL to the middle blank. Type group in the Name field under
Output Variable. Click Change, and the middle blank will show that TOTAL is becoming

GROUP, as shown below.

Click Old and New Values. This will bring up the Recode dialog box below.

2 Recode into Different Variables

Numeric Yanable -> Output Variable:

& a
v
& a3

e

Con e (Beant) (Cneed) (el

total = group L | ame:

In the example shown here, we have entered a 9 in the Range, value through
HIGHEST field, and a 2 in the Value field under New Value. When we click Add, the
blank on the right displays the recoding formula. We next entered an 8 on the left in the
Range, LOWEST through value blank, and a 1 in the Value field under New Value. Click

Add, then Continue.

Entering and Modifying Data 19
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Qm-ow-nmou-uunva\m x

l,a-v-—~~A' ey NewVaie ey

i | Ovawe ®vae [ _
O Spstem-missing |

| 0 grstemmissng | OCopyolavaiueis)

| | O System or gser-missing

| ORmge: O = e

9 tru Hoghest —» 2
Lowesthug — 1

" fpa

adage
@ Range. LONEST Swough value. peiy
© Rangg, value Bwough HIGHEST
i Outputvanadies are stings
O A gher vatues. . ] o
() ) ]

Click OK. You will be redirected to the data window shown below. A new variable
(GROUP) will have been added and coded as 1 or 2, based on TOTAL.

& -questions.sav [DataSet1) - IBM SPSS Statistics Data Editor
3' a yu- Data Transform Analyze Graphs  Utilities Exensions Window  Help .

.2 E&%@ o @uﬁ%.

\fuﬁ&a

5:q1
r__l_-_uég!‘. T o2 | Pw doa  Pogup | v | v | v &
D 300 300 400 10.00 200
400 200 300 900 200
200 200 300 7 00 1.00

|B1 SPSS Statistics Processoris ready| | |Unicode:lON| | |




Chapter 3
Descriptive Statistics

In Chapter 2, we discussed many of the options available in SPSS for dealing with data.
Now we will discuss ways to summarize our data. The procedures used to describe
and summarize data are called descriptive statistics.

e ion 3.1 Frequency Distributions
and Percentile Ranks for
a Single Variable

Description

The Frequencies command produces frequency distributions for the specified variables.
The output includes the number of occurrences, percentages, valid percentages, and
cumulative percentages. The valid percentages and the cumulative percentages com-
prise only the data that are not designated as missing.

The Frequencies command is useful for describing samples where the mean is not
useful (e.g., nominal or ordinal scales). It is also useful as a method of getting the feel
for your data. It provides more information than just a mean and standard deviation
and can be useful in determining skew and identifying outliers. A special feature of
the command is its ability to determine percentile ranks.

Assumptions

Cumulative percentages and percentiles are valid only for data that are measured on
at least an ordinal scale. Because the output contains one line for each value of a vari-
able, this command works best on variables with a relatively small number of values.

Drawing Conclusions

The Frequencies command produces output that indicates both the number of cases
in the sample of a particular value and the percentage of cases with that value. Thus,
conclusions drawn should relate only to describing the numbers or percentages of
cases in the sample. If the data are at least ordinal in nature, conclusions regarding the
cumulative percentage and/or percentiles can be drawn.

21
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SPSS Data Format

The SPSS data file for obtaining frequency distributions requires only one variable, and
that variable can be of any type.

Creating a Frequency Distribution

This example uses the CAR_SALES.sav data file that comes with SPSS. If you are using
SPSS Version 26, it will be located at

C:\Program Files\IBM\SPSS\Statistics\26\Samples\English\car_sales.sav

To run the Frequencies command, click Analyze, then Descriptive Statistics, then
Frequencies. This will bring up the main dialog box below. Transfer the variable for
which you would like a frequency distribution into the Variable(s) blank shown to the
right (MANUFACTURER in this case). Be sure that the Display frequeicy lvbles option
is checked.

Q Frequencies X

Yariable(s) @

& Model [mace]
& Sates nmousan
& syeartesaeval

&l vetsderpe mipe)
& Prcenmiousana
& Enpne sce[eng
& Horsepower hor
& Whostdase lane
L2 wion rancem

¥ Dispiay requency tadtes

Note that the dialog boxes in SPSS show both the type of variable (the icon imme-
diately to the left of the variable name) and the variable labels if they are entered. Thus,
the variable MANUFACT shows up in the dialog box as Manufacturer.

Click OK to run the test.

Output for a Frequency Distribution

The output consists of two sections. The first section indicates the number of records
with valid data for each variable selected. Records with a blank score are listed as
missing. In this example, the data file contained 157 records.
The second section of the output contains a cumulative frequency distribution for
ch variable selected. At the top of the section, the variable label is given. The output
itself consists of five columns. The first column lists the values of the variable sorted in
alphabetical order. There is a row for each value of your variable, and additional rows
are added at the bottom for the Total and Missing data. The second column gives the
frejuency of each value, including missing values. The third column gives the per-
contage of all records (including records with missing data) for each value. The fourth
column, labeled Valid Percent, gives the percentage of records (without including
records with missing data) for each value. If there were any missing values, these
values would be larger than the values in column three because the total number of
records would have been reduced by the number of records with missing values. The
final column gives cumulative percentages. Cumulative percentages indicate the per-
centage of records with a score equal to or smaller than the current value. Thus, the
last value is always 100 percent. These values are equivalent to percentile ranks for
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the values listed. Note: SPSS will provide cumulative percentages even for nominal
variables and other variables where it does not make sense. For example, the variable
MANUFACTURER is nominal.

8 *Output1 [Document1) - 1BM SPSS Statistics Viewer - o x
Ele Eot View Data Transform [nser Format  Analze  Graphs  Utiies  Extensions  Window Help
SHER AWM e [HEE=E 25 Ml
= = ———— e =
= t§°l‘:£l°::eq“mu" Frequencies
) Twe
i % ';‘Z‘::w Statistics
({3 Manufacturer Manufacturer
N Valid 157
Missing 0
Manufacturer
Cumulative
Frequency  Percenl  Vald Percent Percent
Valid  Acura 4 25 25 25
Audi 3 19 19 45
i BMW 3 19 19 64
| Buick 4 25 25 89
; Cadiliac 5 32 32 121
] Chevrolet 9 57 57 178
Chrysler 7 45 45 223
Dodge 1 70 70 293
Ford 1" 70 70 363
Honda 5 32 32 395
Hyundai 3 1.9 19 a4
Infiniti 1 6 6 420
Jaguar 1 6 8 427
Jeep 3 19 19 446
Lexus 6 38 38 484
Lincoln 3 19 19 503
Mercedes-Benz 9 57 57 56.1
Mercury 6 38 38 599
Mitsubishi 7 45 45 . 643
Nissan 7 45 45 688
Oldsmobile 6 38 ~ 38 726
Phymouth s 25 2 152
Pontiac ] 38 38 790
Porsche 3 1 19 809
saab 2 a3 RER 822
Saturn 5 32 i 32 854
Subaru 2 A3 13 866
Toyota 9 51 57 924
Volkswagen 6 38 38 962
Volvo 6 38 38 1000
Total
. LI ris ready| | [Unicode:ON H: 22, W: 679 pt

Determining Percentile Ranks

The Frequencies command can be used to provide a number of descriptive statistics,
as well as a variety of percentile values (including quartiles, cut points, and
scores corresponding to a specific percentile rank). Let us look at statistics for the
variable PRICE.

To obtain either the descriptive or percentile functions of the Frequencies command,
click the Statistics button at the top right of the main dialog box.
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& Manutacturer [ma.
& Bocel [moce]
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This brings up the Frequencies: Statistics dialog box below. Note that the Central
Tendency and Dispersion sections of this box are useful for calculating values, such as
the median or mode, that cannot be calculated with the Descriptives command (see
Section 3.3). Check any additional desired statistic by clicking on the biank next to

it. (In our example here, let us determine the quartiles, 80th percentile, mean, and
median.)

88 Frequences: Statists X
Percentie Values —1 r Central Tendency
+ Quartles ‘ ! ¥ Mean
Cutpointstor - equalgroups | | ¥ legad
« Bercentie(s) E Mode
800 £ aum
| ] Vajues are group midpoints
Ousparsicn Characterze Postenor Dist
S12 cenaton Mpimum i Sxepness
yanance Magimum | Kuriosis
Range ! SE mean
(G Caneoty uien s

For percentiles, enter the desired percentile rank in the blank to the right of the
Percentile(s) label. Then, click Add to add it to the list of percentiles requested. Once

vou have selected all your required statistics, click Continue to return to the main
dialog box. Click OK.

Output for Percentile Ranks

Statistics
Price in thousands
N Valid 155
Missing 2
Mean 27.39075
Median : 22.79900
Percentiles 25 17.89000
50 22.79900
75 31.96500
80 36.21020

The Statistics dialog box adds on to the first section of output from the Frequencies
command. The output contains a row for each piece of information you requested. In
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the previous example, we checked Quartiles and asked for the 80th percentile. Thus,
the output contains rows for the 25th, 50th, 75th, and 80th percentiles.

Practice Exercise

Using Practice Dataset 1 in Appendix B, create a frequency distribution table for the
mathematics skills scores. Determine the mathematics skills score at which the 60th
percentile lies.

Section 3.2 Frequency Distributions
and Percentile
Ranks for Multiple

Variables
Description
The Crussiabs command produces frequency distributions for multiple variables.
The output includes the number of occurrences of each combination of levels of
each variable. It is possible to have the command give percentages for any or all
variables.
The Crosstabs command is useful for describing samples where the mean is not

useful (e.g., nominal or ordinal scales). It is also useful as a method for getting a feel
for your data.

Assumptions

Because the output contains a row or column for each value of a variable, this command
works best on variables with a relatively small number of values.

SPSS Data Format

The SPSS data file for the Crosstabs command requires two or more variables. Those
variables can be of any type.

Running the Command

Analyze  Graphs  Lmiliies  Extensions  Window  Help
Reports .=
Dgscriptive Statistics
Bayesian Statistics
Tables
Compare Means
General Linear Model
Generalized Linear Models
Miged Models
Correlate

[ED) Erequencies...
(@ pescriptves...
& Exploce...

B8 Crosstads..

v v v v v vy v
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This example uses the SAMPLE.sav data file, which you created in Chapter 1. To run
the procedure, click Analyze, then Descriptive Statistics, then Crosstabs. This will bring
up the main Crosstabs dialog box, which is shown below.

x )

f— ;
g ]
[#o TRASG
& o al —
e | g ey
| e ™ — ‘
‘ 1”7} |
| i !
<] |
|, ¥ i
‘ | |
| I L |
(Duspiay Custered Dar charts. i
) Suppress [adies ’
() (s, (s Gl i)

The dialog box initially lists all variables on the left and contains tv.« bla.:k boxes
labeled Row(s) and Colummn(s). Enter one variable (TRAINING) in the Rouw (s) box. Enter
the second (WORK) in the Column(s) box. To analyze more than two variables, you
would enter the third, fourth, and so on, in the unlabeled area (just under the Layer
indicator).

|

&3 Crosstabs Cel Display
Counts = r zdest o
o Qbserved ) Comgare cotumn proportions
Expected | | ¢ Bonter

Hice small counts |

Percentages —— rResidugls —————— — -
v Row "] Unstancaraized f
¢ Couma | Standarazed |
Yol || [ Adusted stancarazed |

|

Noninteger Wetghts - e T
@ Roupd cel counts O Round case weights

O Truncate cefl counts O Truncate case weiphts

O No acustments

e —

The Cells button allows you to specify percentages and other information to be
generated for each combination of values. Click Cells, and you will get the box shown
above, with Observed and Round cell counts selected by default.

For the example presented here, check Row, Column, and Total percentages. Then
click Continue. This will return you to the Crosstabs dialog box. Click OK to run the

analvysis.

Interpreting Crosstabs Output

The output consists of a contingency table. Each level of WORK is given a column.
Each level of TRAINING is given a row. In addition, a row is added for total, and a
column is added for total.

vt

B B i,
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& -output2 [D 2] - IBM SPSS Statistics Viewer _ o x
File Edt Yiew Data TIransform nset Format Analyze = Graphs  Utiities Extensions Window Help
SREeRk N e KB 2 (e
= IE oép:‘rosslabs Crosstabs
& Tive
% z:‘::mo“ssmg — Case Processing Summary
- () TRAINING * WORK Crosstabulation Cases
Valid Missing Total
N Percent N Percent N Percant
TRAINING * WORK 4 100.0% 0 0.0% 4 100.0%
TRAINING * WORK Crosstabulation
\ WORK
No Part-Time Total
if TRAINING No Count 1 1 2
i % within TRAINING  50.0% 500%  100.0%
g % within WORK 50.0% 500%  500%
i __%of Total 250%  250%  50.0%
! Yes  Count 1 1 2
f _%within TRANING  50.0% 500%  100.0%
| %WithinWORK  500%  500%  50.0%
o ¥ % of Total ~ 250%  250%  50.0%
Total Count ) e 2 - 2 4
_%within TRANING  50.0% 500%  100.0%
_%WithinWORK  100.0%  1000%  100.0%
% of Total 50.0% 50.0% 100.0%

18M SPSS Statistics Processoris ready | | |Unicode:ON |

Each cell contains the number of participants (for example, one participant
received no training and does not work; two participants received no training, regard-
less of employment status).

The percentages for each cell are also shown. Row percentages add up to 100 per-
cent horizontally. Column percentages add up to 100 percent vertically. For instance,
of all the individuals who had no training, 50 percent did not work and 50 percent
worked part-time (using the “% within TRAINING” row). Of the individuals who did
not work, 50 percent had no training and 50 percent had training (using the “% within
WORK"” row).

Practice Exercise

Using Practice Dataset 1 in Appendix B, create a contingency table using the Crosstabs
command. Determine the number of participants in each combination of the variables
SEX and MARITAL. What percentage of participants are married? What percentage of
participants are male and married?




28 Descriptive Statistics

Section 3.3 Measures of Central
Tendency and Measures
of Dispersion for a
Single Group

Description

Measures of central tendency are values that represent a typical member of the
sample or population. The three primary types of measures are the mean, median,
and mode. Measures of dispersion tell you the variability of your scores. The pri-
mary types are the range and the standard deviation. Together, a measure of central
tendency and a measure of dispersion provide a great deal of information about the
entire dataset.

€@ Frequences: Statistics % |
Percentie Values Central Tendency
_ Quarties 1 BMen
' Cutpomts for: equal groups T Megian
_ Bercentie(s) T Mpde
 sum
|
|
|
" Vajues are group midpoints |
Drspersion Characterzs Postenor Dtst |
Sid cewaton  MwTmum | Skegmess
yanance Mapmum D Kurtosis ‘
Rapge SE mean |1 |
b i
(Germon) | caneets (aliniond [

We will discuss these measures of central tendency and measures of dispersion
in the context of the Descriptives command. Note that many of these statistics can also
be calculated with several other commands (e.g., the Frequencies or Compare Means
commands are required to compute the mode or median—the Statistics option for the
Frequencies command is shown above).

Assumptions

Fach measure of central tendency and measure of dispersion has different
assumptions associated with it. The mean is the most powerful measure of cen-
tral tendency, and it has the most assumptions. For instance, to calculate a mean,
the data must be measured on an interval or ratio scale. In addition, the distribu-
tion should be normally distributed or, at least, not highly skewed. The median
requires at least ordinal data. Because the median indicates only the middle score
(when scores are arranged in order), there are no assumptions about the shape of
the distribution. The mode is the weakest measure of central tendency. There are no
assumptions for the mode.

The standard deviation is the most powerful measure of dispersion, but it, too, has
several requirements. It is a mathematical transformation of the variance (the standard
deviation is the square root of the variance). Thus, if one is appropriate, the other is
also appropriate. The standard deviation requires data measured on an interval or
ratio scale. In addition, the distribution should be normal. The range is the weakest

» 5 R
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measure of dispersion. To calculate a range, the variable must be at least ordinal. For
nominal scale data, the entire frequency distribution should be presented as a measure
of dispersion.

Drawing Conclusions

A measure of central tendency should be accompanied by a measure of dispersion.
Thus, when reporting a mean, you should also report a standard deviation. When
presenting a median, you should also state the range or interquartile range. The inter-
quartile range can be determined using the Frequencies command.

SPSS Data Format

Only one variable is required.

Runiing the Command
The Le:criptives command is the command you will most likely use for obtaining

measti-os of central tendency and measures of dispersion. This example uses the
SAMPILE.sav data file we used in the previous chapters.

Analyze  Graphs  Utilities Extensions ﬂ!ndcw Help

|  Repors ’ E FR | =

| Descriptive Statistics * | B3 Frequencies...
Bayesian Statistics 4 Descriptives...
Taples " | & Exore...
Compare Means ; Crosstabs...
General Linear Model » Ratio...
Generalized Linear Models » £
Mixed Models » s
Correlate L %?fPlots

To run the command, click Analyze, then Descriptive Statistics, then Descriptives.
This will bring up the main dialog box for the Descriptives command. Any variables
you would like information about can be placed in the right blank by double-clicking
them or by selecting them and then clicking on the arrow. Move the variable GRADE
to the right for this example.

Q Descriptives X
artadle(s)
£ & GRADE
& DAy

& Wnatls the bme of L.
& Meyouamomingp |
2 wor
& TRANING

[7) Save standarazed values as varables
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By default, you will receive the N (number of cases/participants), the minimum
value, the maximum value, the mean, and the standard deviation. Note that some of

these may not be appropriate for the types of data you have selected.

If you would like to change the default statistics that are given, click Options in
the main dialog box. You will be given the Options dialog box shown below. Click

Continue or Cancel to close the Options box. Then click OK.

@ Descriptives: Options X
«[ean (] sum

r Dispersion ————————
Q [« Std. deviation |« Minimum

: "1 variance ) Maximum

' Range [] SE mean

[ Characterize Posterior Distribut... 1
| [} Kurtosis ] Skewness

r Display Order 1
| @ variaple list {
; © Alphabetic

l © Ascending means

| © Descending means

|

) o S

Reading the Output

The output for the Descriptives command is quite straightforward. Each type of output
requested is presented in a column, and each variable is given in a row. The output
presented below is for the sample data file. It shows that we have one variable (GRADE)
and that we obtained the N, minimum, maximum, mean, and standard deviation for

this variable.

@ “Outpur2 [Document?] - 1BM SPSS Statistics Viewer

F¥e Eot Vew Data Jranstorm jnset  Format  Analge  Graphs  Unities  Extensions  Window  Help

% Sk a A Bl =S el

#- [ oveut
® [ Des Descriptives
&) Tee
jove Descriptive Statistics
o e pti
N Wmum  Maimum  Mean
ORADE 4 7300 B500 602500
VaRa 1§ (hstars e) 4

1B SPSS Staisics Processor 18 ready | | Unicode ON H: 44, W: 634 pt
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Practice Exercise

Using Practice Dataset 1 in Appendix B, obtain the descriptive statistics for the age
of the participants. What is the mean? The median? The mode? What is the standard
deviation? Minimum? Maximum? The range? (Refer to Section 3.1 for assistance with
median and mode.)

Section 3.4 Measures of Central
Tendency and Measures
of Dispersion for
Multiple Groups

Description

The measures of central tendency discussed earlier are often needed not only for
the cntire dataset, but also for several subsets. One way to obtain these values for
subsets is to use the data-selection techniques discussed in Chapter 2 and apply the
Descriptives command to each subset. An easier way to perform this task is to use the

Means command. The Means command is designed to provide descriptive statistics for
subsetis of your data.

Assumptions

The assumptions discussed in the section titled “Measures of Central Tendency and
Measures of Dispersion for a Single Group” (Section 3.3) also apply to multiple
groups.

Drawing Conclusions

A measure of central tendency should be accompanied by a measure of dispersion.
Thus, when giving a mean, you should also report a standard deviation. When
presenting a median, you should also state the range or interquartile range.

SPSS Data Format

Two variables in the SPSS data file are required. One represents the dependent vari-
able and will be the variable for which you receive the descriptive statistics. The other
is the independent variable and will be used in creating the subsets. Note that while
SPSS calls this variable an independent variable, it may not meet the strict criteria that
define a true independent variable (e.g., treatment manipulation). Thus, some SPSS
procedures refer to it as the grouping variable.

Running the Command

This example uses the SAMPLE.sav data file you created in Chapter 1. The Means
command is run by clicking Analyze, then Compare Means, then Means.
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Ogsorpive Statsscs
Bayesian Stadstcs

Tagles

Compare Means

General Linear Model
Generaiged Linear Models
Mged Modets

Comelate

I3 one-3ampte T Test
B incepenceng-Samptes T Test
' paired-Sampies T Test

[ 0ne-way ANOVA

Begression

This will bring up the main dialog box for the Means command. Place the selected
variable in the blank field labeled Dependent List. Place the grouping variable in the
box labeled Independent List. In this example, through use of the SAMPLE sav data file,
measures of central tendency and measures of dispersion for the variable GRADE will
be given for each level of the variable MORNING.

@ Means

U -

Dependent List: i r“ ; .
) ( & GRADE e = ==
& DAY A l E—
& Whatis the time of ... (- o0ts:raped
& WORK

FLAF O g

e

Independent List:

& 2reyoua morning p...

By default, the mean, number of cases, and standard deviation are given. If you
would like additional measures, click Options and you will be presented with the
dialog box shown here. You can opt to include any number of measures.

a Means: Options X

Statistics eil Statistics:
|Meaan Mean

| Grouped Median Number of Cases
Std. Error of Mean Standard Deviation
Sum

Minimum

Madmum

Range

First

Last

Vanance

| Kurtosis

Std. Error of Kurtosis.
Skewness

Sid Enor of Skewness
Harmonic Mean

- Stalisbes for First Layer 1
[ Anova tabie and eta |
[ Testfor kneartty |

(oomnus ] {_cance j|_tisp J

s
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Reading the Output

The output for the Means command is split into two sections. The first section, called a
case processing summary, gives information about the data used. In our sample data
file, there are four students (cases), all of whom were included in the analysis.

& *Output1 [Document1] - 1M SPSS Statistics Viewer - o X
Eile Edit View Data Transform |[nset Format Analyze Graphs Utiities Exensions Window  Help

OHER N e KB 25 M

&+ (€] Output
a Means Means
- [ Tite
© & Notes
. Case Processing Summary Case Processing Summary
3 Report Cases
{ Included Excluded Total
| - N Percent N Percent N Percent
| GRADE *Are you a 4 1000% 0 0.0% 4 1000%
morning person?
i
{ Report
{ GRADE
Arg you a morning
parson? Mean N Std. Deviation
No oo 6200008 % . 899850
Yes 780000 2 Tono7
Total 80.2500 4 525198
TR B e (IBM SPSS Statistics Processoris ready | | |Unicode:ON |

This report lists the name of the dependent variable (GRADE) at the top. Every
level of the independent variable (MORNING) is shown in a row in the table. In this
example, the levels are 0 and 1, labeled No and Yes. Note that if a variable is labeled,
the labels will be used instead of the raw values.

The summary statistics given in the report correspond to the data, where the level
of the independent variable is equal to the row heading (e.g., No, Yes). Thus, two
participants were included in each row. Morning people had a mean GRADE of 78.0
and non-morning people had a mean GRADE of 82.5.

An additional row has been added, named Total. That row contains the combined
data, and the values are the same as they would be if we had run the Descriptives
command for the variable GRADE.

Extension to More Than One
Independent Variable

If you have more than one independent variable, SPSS can break down the output
even further. Rather than adding more variables to the Independent List section of the
dialog box, you need to add them in a different layer. If you click Next, you will be
presented with Layer 2 of 2, and you can select a second independent variable (e.g.,
TRAINING). Note that SPSS indicates with which layer you are working. Now, when
you run the command (by clicking OK), you will be given summary statistics for the
variable GRADE by each level of MORNING and TRAINING.
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& Means X
Dependent List:
&p " | & GRADE
& DAY % '
& Whatis the time of t...
& WORK Layer2of 2

r
l

Layer2 of 2
& TRANING |

Your output will look like the output shown below. You now have two main
sections (No and Yes), along with the Total. Now, however, each main section is broken
down into subsections (No, Yes, and Total).

ccument1] - IBM SPSS Statistics Viewer - [m] X

Ele Eom Yew Data Jransform jnsed Format Anahze Graphs Utilities Extensions Window Help

AW g ARl > 5 (]

S ——
Means
RS Case Processing Summary
Cases
Inciuded Exclud=a Total
N Percent N Parcent N Percent
,~ DE *Aeyou a 4 100 0% 0 0.0% 4 100.0%
Report
GRADE
Aré you g maming
person? TRAINING  Mean N Std Deviation
‘ No No 80.0000 1
f Tes 85.0000 1 ;,
Total 825000 2 353553
i ves No 730000 1
Yes 830000 1 L
Total 78 0000 2 7.07107
| Totai No 76 5000 2 4.94975
Yes 84 0000 2 1.41421
Total 80 2500 4 525198

~IBM SPSS Statistics Processor is ready | | |Unicode:ON [H: 144, W: 664 pL




The variable you used in Level 1 (MORNING) is the first one listed, and it defines
the main sections. The variable you had in Level 2 (TRAINING) is listed second. Thus,
the first row represents those participants who were not morning people and who
received training. The second row represents participants who were not morning people
and did not receive training. The third row represents the total for all participants who
were not morning people.

Notice that standard deviations are not given for all of the rows. This is because
there is only one participant per cell in this example. One problem with using many
subsets is that it increases the number of participants that are required to obtain mean-
ingful results. See a research design text or your instructor for more details.

Practice Exercise

Using Practice Dataset 1 in Appendix B, compute the mean and standard devi-
ation of ages for each value of marital status. What is the average age of the married
participants? The single participants? The divorced participants?

sec.'on 3.5 Standard Scores
Description
Standard scores allow the comparison of different scales by transforming the scores
into a common scale. The most common standard score is the z-score. A z-score is
based on a standard normal distribution (i.e., a mean of 0 and a standard deviation of
1). A z-score, therefore, represents the number of standard deviations above or below

the mean (e.g., a z-score of —1.5 represents a score 1% standard deviations below the
mean a given score is).

Assumptions

The standard normal distribution is the basis for z-scores as normally used. Therefore,
the distributions that are converted to z-scores should be normally distributed, and the
scales should be either interval or ratio.

Drawing Conclusions

Conclusions based on z-scores consist of the number of standard deviations above or
below the mean a score is. For instance, a student scores 85 on a mathematics exam
in a class that has a mean of 70 and standard deviation of 5. The student’s test score
is 15 points above the class mean (85-70 = 15). The student’s z-score is 3 because she
scored three standard deviations above the mean (15 + 5 = 3). If the same student
scores 90 on a reading exam, with a class mean of 80 and a standard deviation of 10,
the z-score will be 1.0 because she is one standard deviation above the mean. Thus,
even though her raw score was higher on the reading test, she actually did better in
relation to other students on the mathematics test because her z-score was higher on
that test.
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SPSS Data Format

Calculating z-scores requires only a single variable in SPSS. That variable must be
numerical.

Running the Command

This example uses the sample data file (SAMPLE.sav) created in Chapters 1 and 2.
Computing z-scores is a component of the Descriptives command. To access it, click
Analyze, then Descriptive Statistics, then Descriptives.

Analyze ﬁfaphé uﬁlitles' Extensions  Window Help

Reports » : ! Al
Descriptive Statistics 4 E Frequencies...
Bayesian Statistics » E Descriptives. .
»

fapies A, Explore...
Compare Means 4

B3 crosstabs...
General Linear Model »

) [ Ratio...

Generalized Linear Models »
Mixed Models y |kl B-PPlots...

™=
Corcelate » |EEa-aPiots...

This will bring up the standard dialog box for the Descriptives command. Notice
the checkbox in the bottom-left corner labeled Save standardized values as variables.
Check this box and move the variable GRADE into the right-hand blank. Then, click
OK to complete the analysis. You will be presented with the standard output from the
Descriptives command. Notice that the z-scores are not listed. They were inserted into
the data window as a new variable.

aDescriptives X

Variable(s). ﬂ%}:ﬁ"‘
210 & GRADE . -
& DAY o

& Whatis the time oft .
& Are you a moming p..

gy

& TRAINING

« Save standarazed values as variables

(Lo ) paste ] (manet) s

Switch to the Data View window and examine your data file. Notice that a new
variable, called ZGRADE, has been added. When you asked SPSS to save standardized
values, it created a new variable with the same name as your old variable preceded by
a Z. The z-score is computed for each case and placed in the new variable.

M o
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Q *SAMPLE.sav [DataSet1] - IBM SPSS Statistics Data Editor - a X

File Edit View Data Transform Analyze Graphs Utiities Extensions Window Help

SHEE - BLE0 A B Jell]

[Visible: 8 of 8 Variables

Is TRAINING
I é’ro | DAY | STIME | MORNNG| & GRADE | & WORK | STRANNG| P ZGRADE | var |
1 4593.00 Tues/Thur  Afternoon No 85.00 No Yes 90442
2 _—' 1901.00 Mon/Wed/Fri Morning Yes 83.00 Pant-Time Yes 52361
) 8734.00 Tues/Thur Moming No 80.00 No No -.04760
1909.00 Mon/Wed/Fri Morning Yes 73.00 Part-Time No -1.38043

Reacng the Output
After you conducted your analysis, the new variable was created. You can perform any
number of subsequent analyses on the new variable.

Practice Exercise

Using Practice Dataset 2 in Appendix B, determine the z-score that corresponds to each
employee’s salary. Determine the mean z-scores for salaries of male employees and
female employees. Determine the mean z-score for salaries of the total sample.



Chapter 4

Graphing Data

Section 4.1 Graphing Basics

In addition to the frequency distributions, measures of central tendency, and measures
of dispersion discussed in Chapter 3, graphing is a useful way to summarize, crganize,
and reduce your data. It has been said that a picture is worth a thousand .vor-s. In the
case of complicated datasets, this is certainly true.

With SPSS, it is possible to make publication-quality graphs. One imp it
tage of using SPSS to create your graphs instead of using other software =.g. Excel or
SigmaPlot) is that the data have already been entered. Thus, duplication - eli:ninated,
and the chance of making a transcription error is reduced.

i tadvan-

Section 4.2 Bar Charts, Pie Charts, and
Histograms

Description

Bar charts, pie charts, and histograms represent—through the varying heights of bars
or sizes of pie pieces—the number of times each score occurs. They are graphical
representations of the frequency distributions discussed in Chapter 3.

Drawing Conclusions

The Frequencies command produces output that indicates both the number of cases in
the sample with a particular value and the percentage of cases with that value. Thus,
conclusions drawn should relate only to describing the numbers or percentages for the
sample. If the data are at least ordinal in nature, conclusions regarding the cumulative
percentages and/or percentiles can also be drawn.

SPSS Data Format

You need only one variable to use this command.

Dataset

For the graphing examples, we will use a new set of data. Enter the data that follow by
defining the three subject variables in the Variable View window: HEIGHT (in inches),
WEIGHT (in pounds), and SEX (1 = Male, 2 = Female). When you create the variables,
designate HEIGHT and WEIGHT as Scale measures and SEX as a Nominal measure
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(in the far-right column of the Variable View). Switch to the Data View to enter the data
values for the 16 participants. Now use the Save As command to save the file, naming

it HEIGHT.sav.

HEIGHT WEIGHT SEX
66 150 1
69 155 1
73 160 1
72 160 1
68 150 1
63 140 1
74 165 1
70 150 1
66 110 2
64 100 2
60 95 2
67 110 2
64 105 2
63 100 2
67 110 2
65 105 2

Make sure you have entered the data correctly by calculating a mean for each of
the three variables (click Analyze, then Descriptive Statistics, then Descriptives). Compare
your results with those in the table below.

Descriptive Statistics

N Minimum  Maximum Mean Std. Deviation
HEIGHT 16 6000 7400  66.9375 3.90672
WEIGHT 16 9500  165.00 129.0625 26.34507
SEX 16 100 200 15000 51640
valid N (listwise) 16

Running the Command

Analyze Graphs  Utilities Extensions  Window  Help

Regorts g =il
Descriptive Statistics " | [ Frequencies...
Bayesian Statistics » Descriptives...

j Taalns ' £&; Explore...

! e Waas. g BR Crosstabs...
General Linear Model »
Generalized Linear Models » Rai0..
Mixed Models » |EEPPuts..
Corelate » Q-QPlots...

{
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The Frequencies command will produce graphical frequency distributions. Click
Analyze, then Descriptive Statistics, then Frequencies. You will be presented with the main
dialog box for the Frequencies command, where you can enter the variables for which
you would like to create graphs or charts (HEIGHT in this example). See Chapter 3 for
other options with this command.

G Frequencies X

Variable(s):

& WEIGHT & HEIGHT
& SEX

« Display frequency tables

Click the Charts button on the right side of the Frequencies command to bring up
the Charts dialog box.

G Frequencies: Charts X

r Chart Type
© None
| © Bar charts
| © Bie charls
' eittstograms]
' __ Show normal curve on histogram

, SR .

There are three types of charts available with this command: Bar charts, Pie charts,
and Histograms. For each type, the Y-axis can be either a frequency count or a per-
centage (selected with the Chart Values option). Select Bar charts and click Continue.
Next, click OK.

You will receive the charts for any variables selected in the main Frequencies
command dialog box.

Output
Thebar chart consists of a Y-axis, representing the frequency, and an X-axis, representing
each score (or groups of scores).




Histogram

Frequency

60.00 65.00 70.00 75.00

HEIGHT

If selected for output, the pie chart shows the percentage of the whole that is
represented by each value.

HEIGHT

[ 60.00
M 63.00
B 64.00
M 65.00
[ 66.00
M 67.00
[ 68.00
M 63.00
M 70.00
W 72.00
[ 73.00
O 74.00

The Histogram command creates a grouped frequency distribution. The range of
scores is split into evenly spaced groups. The midpoint of each group is plotted on the
X-axis, and the Y-axis represents the number of scores for each group.

If you select Show normal curve on histogram a normal curve will be superimposed
over the distribution. This is very useful in determining if the distribution you have is
approximately normal.
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Histogram
4 Mean = 66.94
Std. Dev. = 3.907
N=16
3
c
3
3
oz
Ly
w
1
o :
55.00 60.00 6500 7000 7.0
HEIGHT

Practice Exercise

Use Practice Dataset 1 in Appendix B. After you have entered the data, first construct
a histogram that represents the mathematics skills scores and displays a normal curve,
and then construct a bar chart that represents the frequencies for the variable AGE.

Chart Builder

Chart Bullder Basics

\Make sure that the HEIGHT.sav data file you created in Section 4.2 is open. In order to
use the chart builder, you must have a data file open.

Graphs  Utiliies  Exensions  Window

g & Zhant Builaer

Graphboard Template Chooser...

Legacy Dialogs »

The Chart Builder command is accessed using Graphs, then Chart Builder in the sub-
menu. This is a very versatile command that can make a variety of graphs of excellent
quality.

When you first run the Chart Builder command, you will probably be presented
with the following dialog box:

€@ Ot buider X

° Betore you use Pus GG
“nmn\lmlmwmmm
SRR 1320% SRCL T Le Celned for €N Category

Press Ox 1o Cofine your chat

Press Define
1a0ei3 for chart variadies

"1 Don show Wi dialog aguin

This dialog box is asking you to ensure that your variables are properly defined.
Refer to Sections 1.3 and 2.1 if you had difficulty defining the variables used in

Lne
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creating the dataset for this example, or to refresh your knowledge of this topic.
Click OK.

The Chart Builder allows you to make any kind of graph that is normally used in
publication or presentation, and much of it is beyond the scope of this text. However, this
text will go over the basics of the Chart Builder so that you can understand its mechanics.

&8 Chant Builder X
Yariables Chart preview uses example data Element Properties.
& HEIGHT Egt Properies ot .
& WEIGHT x|
& SEX

Drag a Galiery chart here lo use it as your
starting point

OR

Click on the Basic Elements tab to build a
chart element by element

” gnooss mam -

Facrens | — — ~
'Bar ) =1 ] |
lune 1o @ @5 |
Iaea |

(X ]

i ]
(PiePotar |

|scarerpet | | @ () b PP

eS|

o e, (D G G

Near the middle of the dialog box, there are four main tabs that let you control the
graphs you are making. The first one is the Gallery tab. The Gallery tab allows you to
choose the basic format of your graph.

For instance, the screenshot above shows the different kinds of bar charts that the
Chart Builder can create.

After you have selected the basic form of graph that you want using the Gallery tab,
you simply drag the image from the bottom right of the window up to the main window
at the top (where it reads, “Drag a Gallery chart here to use it as your starting point”).

Alternatively, you can use the Basic Elements tab to drag a coordinate system
(labeled Choose Axes) to the top window, then drag variables and elements into the
window.

The other tabs (Groups/Point ID and Titles/Footnotes) can be used for adding other
standard elements to your graphs.

The examples in this text will cover some of the basic types of graphs you can
make with the Chart Builder. After a little experimentation on your own, and once you
have mastered the examples in this chapter, you will soon gain a full understanding of
the Chart Builder.

Section 4.4 Scatterplots

Description

Scatterplots (also called scattergrams or scatter diagrams) display two values for each
case with a mark on the graph. The X-axis represents the value for one variable. The
Y-axis represents the value for the second variable.
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Assumptions
Both variables should be interval or ratio scales. If nominal or ordinal data are used,
be cautious about your interpretation of the scattergram.

SPSS Data Format

You need two variables to perform this command.

Running the Command

Graphs  Utilities Extensions  Window

&8 Chart Builder...
(&8 Graphboard Template Chooser...

Legacy Dialogs

You can produce scatterplots by clicking Graphs, then Chart Buiider. n Gallery
Choose from select Scatter/Dot. Then drag the Sinple Scatter icon (top-left) up to the main
chart area as shown in the screenshot below. Disregard the Element Properiics window
that pops up by choosing Close at the bottom of that window.

[Gome\.‘a« A
| T e sel
‘ SN ‘EctPropenes of
[ 1€ W [ x
'@ sex |
1 i Drag a Oailery chart here o use A as your
tarung point

“ OR
] ‘ ] Click on e Basic Elements tab 10 build 3
i 1] tran element by etement

Choose trom o

fa *3 | r -

; od|lo © Pl o Qo

e d. < |

i f / & hr ‘.v =

~ea | - Q !

PrePotar ’-' =

@

smca || Bl 711 '

ristogram ] |
| Hon-Low ' ! J'
\ Borprot 1 |
| Duaiases ||
\ e i - - S
|
, (] oo (et (Conenl) Gl 5

Next, drag the HEIGHT variable to the X-Axis area, and drag the WEIGHT vari-
able to the Y-Axis area. (Remember that standard graphing conventions indicate
that dependent variables should be Y and independent variables should be X. This
would mean that we are trying to predict weights from heights.) At this point, your
screen should resemble the example shown on the next page. Note that your actual
data are not shown—ijust a set of dummy values, which may look different from the

pattern shown here.
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Click OK. You should get your new graph as Output.

Output

The output will consist of a mark for each participant at the appropriate X and Y levels.
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Adding a Third Variable

Even though the scatterplot is a two-dimensional graph, it can plot a third variable. To
make it do so, select the Groups/Point ID tab in the Chart Builder. Click the Grouping/
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stacking variable option. Again, disregard the Element Properties window that pops up.
Next, drag the variable SEX into the upper-right corner where it indicates Set color.
When this is done, your screen should look like the image shown below. If you are

not able to drag the variable SEX, it may be because it is not identified as nominal or
ordinal in the Variable View window.
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Click OK to have SPSS produce the graph.

Now our output will have two different sets of marks. One set represents the male
participants, and the second set represents the female participants. These two sets will

appear in two different colors on your screen. You can use the SPSS Chart Editor (see
Section 4.6) to make them different shapes.
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Practice Exercise

Use Practice Dataset 2 in Appendix B. Construct a scatterplot to examine the relation-
ship between SALARY and EDUCATION.




Section 4.5 Advanced Bar Charts

Description

Bar charts can be produced with the Frequencies command (see Section 4.2). Sometimes,
however, we are interested in a bar chart where the Y-axis is not a frequency. To produce
such a chart, we need to use the Bar charts command.

SPSS Data Format

You need at least two variables to perform this command. There are two basic kinds
of bar charts—those for between-subjects designs and those for repeated-measures
designs. Use the between-subjects method if one variable is the independent variable
and the other is the dependent variable (representing one score for different groups
of individuals). Use the repeated-measures method if you have a dependent variable

for cach value of the independent variable (e.g., you would have three variables for a
desig i with three values of the independent variable). This normally occurs when you
make nultiple observations over time.

I s example uses the GRADES.sav data file, which will be created in Chapter 6.
Pleasc sce Section 6.4 for the data if you would like to follow along.

Running the Command

Graphs  Utilities Extensions  Window

B Chart Builder...

(&8 Graphboard Template Chooser...
Legacy Dialogs ARl

Open the Chart Builder by clicking Graphs, then Chart Builder. In the Gallery tab, select
Bar. If you had only one independent variable, you would select the Simple Bar Chart
example (top-left corner). If you have more than one independent variable (as in this
example), select the Clustered Bar Chart example from the top row.
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Drag the example to the top working area. Once you do, the working area should
look like the screenshot below. (Note that you will need to open the data file you would
like to graph in order to run this command.)
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If vou are using a repeated-measures design like our example here using
GRADES.sav from Chapter 6 (three different variables representing the Y values that
we want), you need to select all three variables (you can <Ctrl>-click them to select
multiple variables) and then drag all three variable names to the Y-Axis area. When
vou do, you will be given the confirmation message shown. Click OK.

a Create Summary Group

_—

SUMMARY

=l

The values from your variables will be used to summarize your
data. The names of 2ach variable will be used as categories

in the chant
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INDEX

represented by a special INDEX variable, which can be used
on a categorical axis or as a grouping of paneling variable.

INDEX Category Labels:

pretest
midterm
final

() e i)

Next, vou will need to drag the INSTRUCT variable to the top-right in the Cluster
on X:set color area. Note: The Chart Builder pays attention to the types of variables that
vou ask it to graph. If you are getting error messages or unusual results, be sure that
your variables being used as category labels are properly designated as Nominal in the
Variable View tab (see Chapter 2, Section 2.1). You can easily change the type of variable
by right-clicking on the variable name.
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Practice Exercise

Using Practice Dataset 1 in Appendix B, construct a clustered bar graph examining the
relationship between MATHEMATICS SKILLS scores (as the dependent variable) and
MARITAL STATUS and SEX (as independent variables). Make sure you classify both
SEX and MARITAL STATUS as nominal variables.
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Section 4.6 Editing SPSS Graphs

Whatever command you use to create your graph, you will probably want to do some
editing to make it appear exactly as you want it to look. In SPSS, you do this in much
the same way that you edit graphs in other software programs (e.g., Excel). After your
graphis made, in the output window, select your graph (this will create handles around
the outside of the entire object) and right-click. Then, click Edit Content, and click In
Separate Window. Alternatively, you can double-click on the graph to open it for editing.

When you open the graph, the Chart Editor window will appear. (Note: This
example uses the histogram created in Section 4.2.)
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Once Chart Editor is open, you can easily edit each element of the graph. To select an
element, click on the relevant spot on the graph. For instance, if you have added a title
to vour graph (“Histogram” in the example shown above, which was created earlier in
this chapter and saved as HEIGHT.sav), you may select the element representing the
title of the graph by clicking anywhere on the title.

Once vou have selected an element, you can tell whether the correct element is
selected because it will have handles around it.

If the item you have selected is a text element (e.g., the title of the graph), a cursor
will be present and you can edit the text as you would in a word processing program.
If vou would like to change another attribute of the element (e.g., the color or font size),

use the Properties box.
With a little practice, you can make excellent graphs using SPSS. Once your graph

is formatted the way you want it, simply select File, then Close.
m Chart Editor

File Edit View Qptions Ele)
Save Chart Template...

Apply Chart Template...

Export Chart XML....
Close Ctri+F4
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Chapter 5
Prediction and
Association

on 5.1 Pearson Correlation

Coefficient
Description
The Pearson correlation coefficient (sometimes called the Pearson product-moment cor-

relation coefficient or simply the Pearson r) determines the strength of the linear relation-
ship between two variables.

Assumptions

Both variables should be measured on interval or ratio scales (or as a dichotomous
nominal variable). If a relationship exists between them, that relationship should
be linear. Because the Pearson correlation coefficient is computed with z-scores,
both variables should also be normally distributed. If your data do not meet these
assumptions, consider using the Spearman rho correlation coefficient instead.

SPSS Data Format

Two variables are required in your SPSS data file. Each subject must have data for both
variables.

Running the Command

Analyze Graphs Utiies Extensions Window. Help
Regorts E m
Descriptive Statistics L
Bayesian Statistics
Taples var 0 ovet
Compare Means
General Linear Model
Generalized Linear Models
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Coelate
Regression
Loglinear
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To select the Pearson correlation coefficient, click Analyze, then Correlate, then Bivariate
(bivariate refers to two variables). This will bring up the Bivariate Correlations dialog
box. This example uses the HEIGHT.sav data file entered at the start of Chapter 4.

a Bivariate Correlations
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f «/ Flag significant correlations

Move at least two variables from the box at the left into the box at the right by
using the transfer arrow (or by double-clicking each variable). Make sure that a check
is in the Pearson box under Correlation Coefficients. It is acceptable to move more than

two variables.
For our example, we will move all three variables over and click OK.

fr@ Bivariate Correlations x

i

; Variables:

| & HEIGHT

[ & WEIGHT

! & SEx

i 2

|

]

]

i

i

| - Correlation Coeflicients - _
- |

i o Pearson __ Kendail'stau-b | | Spearman _I

| - Testof Significance — — - ,__.W_,______]

| @ Two-tailed O One-tailed |

! = o n i ————— . ———————————ecctsd

E ¥ Flag significant correlations

! ] ] a

i (o) (paste J(Resat ) cancel]

L

Reading the Output

The output consists of a correlation matrix. Every variable you entered in the command
is represented as both a row and a column. We entered three variables in our command.
Therefore, we have a 3 x 3 table. There are also three rows in each cell—the correlation,
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the significance level, and the N. If a correlation is significant at less than the .05 level,
a single * will appear next to the correlation. If it is significant at the .01 level or lower,
** will appear next to the correlation. For instance, all of the correlations in the output
above have a significance level of < .01, so they are flagged with ** to indicate that they
are less than .01.

—
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HEIGHT  Pearson Correlation 1 806™ -644"
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WEIGHT  Pearson Correlation 806" 1 -.968"
Sig. -tailed) 000 000
N 16 16 16

SEX Pearson Correlation 644" 968" 1
sig. (2tailed) 007 000
N 16 16 16

**_Correlation is significant atthe 0.01 level (2-tailed).
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To read the correlations, select a row and a column. For instance, the correlation
between height and weight is determined through selection of the WEIGHT row and
the HEIGHT column (.806). We get the same answer by selecting the HEIGHT row and
the WEIGHT column. The correlation between a variable and itself is always 1, so there
is a diagonal set of 1s.

Drawing Conclusions

The correlation coefficient will be between -1.0 and +1.0. Coefficients close to 0.0
represent a weak relationship. Coefficients close to 1.0 or -1.0 represent a strong rela-
tionship. Generally, correlations with an absolute value greater than 0.7 are considered
strong. Correlations with an absolute value less than 0.3 are considered weak.
Correlations with an absolute value between 0.3 and 0.7 are considered moderate.
Positive correlations indicate that as one variable gets larger, the other variable also
gets larger. Negative correlations indicate that as one variable gets larger, the other
variable gets smaller.

Significant correlations are flagged with asterisks. A significant correlation
indicates a reliable relationship, but not necessarily a strong correlation. With enough
participants, a very small correlation can be significant. See Appendix A for a dis-
cussion of effect sizes for correlations. Note the significance level of .000 for some
relationships. This is, in fact, a significance level of < .001. The actual alpha level
rounds down to .000, but it is not zero.
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Phrasing Results That Are Significant

In the preceding example, we obtained a correlation of .806 between HEIGHT and
WEIGHT. A correlation of .806 is a strong positive correlation, and it is significant at
the .001 level. Thus, we could state the following in a results section:

A Pearson correlation coefficient was calculated for the relationship
between participants’ height and weight. A strong positive correlation
was found (r (14) = .806, p < .001), indicating a significant linear relation-
ship between the two variables. Taller participants tend to weigh more.

The conclusion states the direction (positive), strength (strong), value (.806),
degrees of freedom (14), and significance level (< .001) of the correlation. In addition,
a statement of direction is included (taller is heavier).

Note that the degrees of freedom given in parentheses is 14. The output indicates
an N of 16. While most SPSS procedures give degrees of freedom, the Correlation
command gives only the N (the number of pairs). For a correlatio:, the degrees of
freedom is N - 2.

Phrasing Results That Are Not Significant
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Using our SAMPLE.sav dataset from the previous chapters, we can calculate a correl-
ation between ID and GRADE. If we do so, we get the output shown here. The correl-
ation has a significance level of .783. Thus, we could write the fo]lowing in a results
section (note that the degrees of freedom is N - 2):

A Pearson correlation was calculated examining the relationship between
participants” ID numbers and grades. A weak correlation that was not sig-
nificant was found (r (2) = .217, p > .05). 1D number is not related to grade
in the course.



Practice Exercise

Use Practice Dataset 2 in Appendix B. Determine the value of the Pearson correlation
coefficient for the relationship between SALARY and YEARS OF EDUCATION, and
phrase your results.

Section 5.2 Spearman Correlation

Coefficient
Description

The Spearman correlation coefficient determines the strength of the relationship
between two variables. It is a nonparametric procedure. Therefore, it is weaker than
the Pearson correlation coefficient, but it can be used in more situations.

Assumptions
Becauw:: the Spearman correlation coefficient functions on the basis of the ranks of

data, i' v-quires ordinal (or interval or ratio) data for both variables. They do not need
to be no nally distributed.

SPSS Data Format

Two variables are required in your SPSS data file. Each subject must provide data for
both variables.

Running the Command
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Using the HEIGHT.sav file created in Chapter 4, click Analyze, then Correlate, then
Bivariate. This will bring up the main dialog box for Bivariate Correlations (just like the
Pearson correlation). About halfway down the dialog box, there is a section for indi-
cating the type of correlation you will compute. You can select as many correlations as
you want. For our example, remove the check in the Pearson box (by clicking on it) and
click on the Spearman box.

Correlation Coefficients
[7] Pearson Kendall's tau-b Spearman

Prediction and Association 55
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Use the variables HEIGHT and WEIGHT. This is also one of the few commands
that allows you to choose a one-tailed test, if desired.

Reading the Output

The output is essentially the same as for the Pearson correlation. Each pair of variables
has its correlation coefficient indicated twice. The Spearman rho can range from -1.0 to
+1.0, just like the Pearson r.
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N 16 16

WEIGHT  Comrelation Coefficient ) 883" 1.000

Sig. {2-tailed) .009 7 .

N 16 16

** Correlation is significant at the 0 01 level (2-tailed).

¥
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The output listed above indicates a correlation of .883 between HEIGHT and
WEIGHT. Note the significance level of .000, shown in the “Sig. (2-tailed)” row. This
is, in fact, a significance level of <.001. The actual alpha level rounds down to .000, but
it is not zero.

Drawing Conclusions

The correlation will be between -1.0 and +1.0. Scores close to 0.0 represent a weak
relationship. Scores close to 1.0 or 1.0 represent a strong relationship. Significant
correlations are flagged with asterisks. A significant correlation indicates a reli-
able relationship, but not necessarily a strong correlation. With enough participants,
a very small correlation can be significant. Generally, correlations greater than 0.7
are considered strong. Correlations less than 0.3 are considered weak. Correlations
between 0.3 and 0.7 are considered moderate.

Phrasing Results That Are Significant

In the prior example, we obtained a correlation of .883 between HEIGHT and WEIGHT.
A correlation of .883 is a strong positive correlation, and it is significant at the .001
level. Thus, we could state the following in a results section:

et Lo
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A Spearman rho correlation coefficient was calculated for the relation-
ship between participants’ height and weight. A strong positive cor-
relation was found (rho (14) = .883, p < .001), indicating a significant
relationship between the two variables. Taller participants tend to
weigh more.

The conclusion states the direction (positive), strength (strong), value (.883),
degrees of freedom (14), and significance level (< .001) of the correlation. In add-
ition, a statement of direction is included (taller is heavier). Note that the degrees of
freedom given in parentheses is 14. The output indicates an N of 16. For a correlation,
the degrees of freedom is N — 2.

Phrasing Results That Are Not Significant
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Using our SAMPLE.sav dataset from the previous chapters, we could calculate a
Spearman rho correlation between ID and GRADE. If we did so, we would get the
output shown here. The correlation coefficient equals .000 and has a significance level
of 1.000. Note that though this value is rounded up and is not, in fact, exactly 1.000, we
could state the following in a results section:

A Spearman rho correlation coefficient was calculated for the relationship
between a subject’s ID number and grade. An extremely weak correlation that
was not significant was found (r (2) = .000, p > .05). ID number is not related
to grade in the course.
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Practice Exercise

Use Practice Dataset 2 in Appendix B. Determine the strength of the relationship
between salary and job classification by calculating the Spearman rho correlation.

Section 5.3 Simple Linear Regression
Description

Simple linear regression allows for the prediction of one variable from another.

Assumptions

Simple linear regression assumes that both variables are interval- or ratio-scaled.
In addition, the dependent variable should be normally distributed cround the
prediction line. This, of course, assumes that the variables are related to —acl: other
linearly. Typically, both variables should be normally distributed. Di:iot.:nous
variables (variables with only two levels) are also acceptable as in‘epc:ident
variables.

SPSS Data Format

Two variables are required in the SPSS data file. Each subject must contribute to both
values.

Running the Command
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Returning to the HEIGHT.sav data file, click Analyze, then Regression, then Linear. This
will bring up the main dialog box for Linear Regression, shown below. On the left side
of the dialog box is a list of the variables in your data file. On the right are blocks for
the dependent variable (the variable we are trying to predict) and the independent
variable (the variable from which we are predicting).

@ Linear Regression
& HEIGHT b
& SEX [Block1of1— —
! PIE':}DU;'
(& HEIGHT _

ewos. Bz |

Selection Variable: =

Case Labels:

]
— ,

We are interested in predicting someone’s weight on the basis of his or her height.
Thus, we should place the variable WEIGHT in the dependent variable block and the
variable HEIGHT in the independent variable block. Then, we can click OK to run the
analysis.

Reading the Output

For simple linear regressions, we are interested in three components of the output. The
first is called the Model Summary, and it occurs after the Variables Entered /Removed
section. For our example, you should see this output. R Square (called the coefficient
of determination) gives you the proportion of the variance of your dependent vari-
able (WEIGHT) that can be explained by variation in your independent variable
(HEIGHT). Thus, 64.9 percent of the variation in weight can be explained by differences
in height (taller individuals weigh more).

The standard error of estimate gives you a measure of dispersion for your pre-
diction equation. When the prediction equation is used, 68 percent of the data will fall
within one standard error of estimate (predicted) value. Just over 95 percent will fall
within two standard errors. Thus, in the previous example, 95 percent of the time, our
estimated weight will be within 32.296 pounds of being correct (i.e., 2 x 16.148 = 32.296).

The second part of the output that we are interested in is the ANOVA summary
table. The important number here is the significance level in the rightmost column. If
that value is less than .05, then we have a significant linear regression. If it is larger than
.05, we do not. For more information on reading ANOVA tables, refer to the sections
on ANOVA in Chapter 7.

The final section of the output is the table of coefficients. This is where the actual
prediction equation can be found.
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In most texts, you learn that Y’ = a + bX is the regression equation. Y’ (pronounced
“Y prime”) is your dependent variable (primes are normally predicted values or
dependent variables), and X is your independent variable. In SPSS output, the values
of both @ and b are found in the B column. The first value, —234.681, is the value of a
(labeled Constant). The second value, 5.434, is the value of b (labeled with the name
of the independent variable). Thus, our prediction equation for the example above is
WEIGHT’ = -234.681 + 5.434(HEIGHT). In other words, the average subject who is an
inch taller than another subject weighs 5.434 pounds more. A person who is 60 inches
tall should weigh -234.681 + 5.434(60) = 91.359 pounds. Given our earlier discussion




of standard error of estimate, 95 percent of individuals who are 60 inches tall will
weigh between 59.063 (91.359-32.296 = 59.063) and 123.655 (91.359 + 32.296 = 123.655)
pounds.

Drawing Conclusions

Conclusions from regression analyses indicate (a) whether or not a significant predic-
tion equation was obtained, (b) the direction of the relationship, and (c) the equation
itself. The direction of the relationship is obtained from the sign of the Beta coeffi-
cient. Positive coefficients indicate positive relationships. Negative coefficients indi-
cate negative relationships.

Phrasing Results That Are Significant

In the earlier example, we obtained an R Square of .649 and a regression equation of
WEICHT = -234.681 + 5.434(HEIGHT). The ANOVA resulted in F = 25.926 with 1 and
14 degrees of freedom. The F is significant at the less than .001 level. Thus, we could
state the following in a results section:

A simple linear regression was calculated to predict participants’” weight
based on their height. A significant regression equation was found (F
(1,14) = 25.926, p < .001), with an R? of .649. Participants’ predicted weight
is equal to —234.68 + 5.43(HEIGHT) pounds when height is measured in
inches. Participants’ average weight increased 5.43 pounds for each inch
of height.

The conclusion states the direction (increase), strength (.649), value (25.926),
degrees of freedom (1,14), and significance level (< .001) of the regression. In addition,
a statement of the equation itself is included.

Phrasing Results That Are Not Significant

If the ANOVA is not significant (this example attempts to predict GRADE from
TRAINING using the SAMPLE.sav dataset), the section of the output labeled Sig. for
the ANOVA will be greater than .05, and the regression equation will not be significant.
A results section might include the following statement:

A simple linear regression was calculated to predict participants’ grades
from whether or not they received training. The regression equation was
not significant (F (1,2) = 4.245, p > .05) with an R? of .68. Training is not a
significant predictor of grades.

Note that for results that are not significant, the ANOVA results and R? results are
given, but the regression equation is not.
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Practice Exercise

Use Practice Dataset 2 in Appendix B. If we want to predict salary from years of edu-
cation, what salary would you predict for someone with 12 years of education? What
salary would you predict for someone with a college education (16 years)?

Section 5.4 Multiple Linear Regression

Description

The multiple linear regression analysis allows the prediction of one variable from sev-

eral other variables.
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Assumptions

Multiple linear regression assumes that all variables are interval- or ratio-scaled. In
addition, the dependent variable should be normally distributed around the predic-
tion line. This, of course, assumes that the variables are related to each other linearly.
All variables should be normally distributed. Dichotomous variables (e.g., SEX in the
example below) are also acceptable as independent variables.

SPSS Data Format

At least three variables are required in the SPSS data file. Each subject must provide
data for all variables.

Running the Command

Click Analyze, then Regression, then Linear. This will bring up the main dialog box for
Linear Regression. On the left side of the dialog box is a list of the variables in your data
file. (We are using the HEIGHT.sav data file from the start of this chapter.) On the right
side of the dialog box are blanks for the dependent variable (the variable you are trying
to predict) and the independent variables (the variables from which you are predicting).
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We are interested in predicting someone’s weight based on his or her height
and sex. We believe that both sex and height are related to weight. Thus, we should
place the dependent variable WEIGHT in the Dependent block and the independent
variables HEIGHT and SEX in the Independent(s) block.
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This will perform an analysis to determine if WEIGHT can be predicted from SEX
and/or HEIGHT. There are several methods SPSS can use to conduct this analysis.
These can be selected with the Method box. The most widely used is Enter (the default),
which puts all the variables in the equation, whether or not they are significant. Other
methods can be selected by clicking on the down arrow next to the word Enter. The
other methods use various means to enter only those variables that are significant
predictors. In this case, we will use the default. Click OK to run the analysis.

betnoc

Reading the Output
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For multiple linear regression, there are three components of the output in which
we are interested. The first is called the Model Summary, which is found after the
Variables Entered/Removed section. For our example, you should get the output above.

R Square (called the coefficient of determination) tells you the proportion of the
variance in the dependent variable (WEIGHT) that can be explained by variation in
the independent variables (HEIGHT and SEX, in this case). Thus, 99.3 percent of the
variation in weight can be explained by differences in height and sex (taller individ-
uals weigh more, and men weigh more). Note that when a second variable is added,
our R Square goes up from .649 to .993. The .649 was obtained using the Simple Linear
Regression example in Section 5.3.

The standard error of the estimate gives you a margin of error for the prediction

equation. Using the prediction equation, 68 percent of the data will fall within one
standard error of estimate (predicted) value. Just over 95 percent will fall within two
standard errors of estimate. Thus, in the example above, 95 percent of the time our
estimated weight will be within 4.591 (2.29571 x 2) pounds of being correct. In our
Simple Linear Regression example in Section 5.3, this number was 32.296. Note the
er degree of accuracy.
The second part of the output that we are interested in is the ANOVA summary
table. For imore information on reading ANOVA tables, refer to the sections on ANOVA
in Chapter 7. For now, the important number is the significance in the rightmost
column. If that value is less than .05, we have a significant linear regression. If it is
larger than .05, we do not.

The final section of output we are interested in is the table of coefficients. This is
where the actual prediction equation can be found.

In most texts, you learn that Y* = a + bX is the regression equation. For multiple
regression, our equation changes to Y’ = B + B X, + B,X, + ... + B, X, (where z is the
number of independent variables). Y’ is your dependent variable, and the Xs are your
independent variables. The Bs are listed in a column. Thus, our prediction equation
for the example above is WEIGHT’ = 47.138-39.133(SEX) + 2.101(HEIGHT) (where
SEX is coded as 1 = Male, 2 = Female, and HEIGHT is in inches). In other words,
the average difference in weight for participants who differ by one inch in height is
2.101 pounds. Males tend to weigh 39.133 pounds more than females. (Males have a
value of SEX that is one less than females. Therefore, their predicted weight will be
(-1)(-39.133) = 39.133 different.) A female who is 60 inches tall should weigh 47.138-
39.133(2) + 2.101(60) = 94.932 pounds. Given our earlier discussion of the standard
error of estimate, 95 percent of females who are 60 inches tall will weigh between
90.341 (94.932—4.591 = 90.341) and 99.523 (94.932 + 4.591 = 99.523) pounds.

‘“’b

Drawing Conclusions

Conclusions from regression analyses indicate (a) whether or not a significant predic-
tion equation was obtained, (b) the direction of the relationship, and (c) the equation
itself. Multiple regression is generally much more powerful than simple linear regres-
sion. Compare our two examples.

With multiple regression, you must also consider the significance level of each
independent variable. In the example above, the significance level of both inde-
pendent variables is less than .001.

Phrasing Results That Are Significant

In our example, we obtained an R Square of .993 and a regression equation of
WEIGHT’ = 47.138-39.133(SEX) + 2.101(HEIGHT). The ANOVA resulted in F = 981.202
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with 2 and 13 degrees of freedom. F is significant at the less than .001 level. Thus, we
could state the following in a results section:

A multiple linear regression was calculated to predict participants’
weight based on their height and sex. A significant regression equation
was found (F (2,13) = 981.202, p < .001), with an R? of .993. Participants’
predicted weight is equal to 47.138-39.133(SEX) + 2.101(HEIGHT), where
SEXis coded as 1 = Male, 2 = Female, and HEIGHT is measured in inches.
Participants increased 2.101 pounds for each inch of height, and males
weighed 39.133 pounds more than females. Both SEX and HEIGHT were
significant predictors.

The conclusion states the direction (increase), strength (.993), value (981.20),
degrees of freedom (2,13), and significance level (< .001) of the regression. In addition,
a statement of the equation itself is included. Because there are multiple independent
variables, we have noted whether or not each is significant.

Phrasing Results That Are Not Significant
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If the ANOVA does not find a significant relationship, the Sig. section of the output
will be greater than .05, and the regression equation will not be significant. A results
section for the output shown here (based on SAMPLE.sav) might include the following
statement:

A multiple linear regression was calculated predicting participants’
grades based on whether or not they received training and the amount
they work. The regression equation was not significant (F (2,1) = 6.12, p >
.05) with an R? of .924. Neither training nor working is a significant pre-
dictor of grades.

Note that for results that are not significant, the ANOVA results and R? results are
given, but the regression equation is not.

Practice Exercise

Use [ actice Dataset 2 in Appendix B. Determine the regression equation for predicting
salary based on education, years of service, and sex. Which variables are significant
predictors? I you believe that men were paid more than women, what would you con-
clude aficr conducting this analysis?
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Chapter 6

Basic Parametric
Inferential Statistics
and t Tests

Parametric inferential statistical procedures allow you to draw inferences about
populations based on samples of those populations. To make these inferences, you
must be able to make certain assumptions about the shape of the distributions of the
population samples.

Section 6.1 Review of Basic
Hypothesis Testing
The Null Hypothesis

In hvpothesis testing, we create two hypotheses that are mutually exclusive (i.e., both
cannot be true at the same time) and all inclusive (i.e., one of them must be true).
We refer to those two hypotheses as the null hypothesis and the alternative hypoth-
esis. The null hypothesis generally states that any difference we observe is caused
bv random error. The alternative hypothesis generally states that any difference we

observe is caused by a systematic difference between groups.

Type I and Type II Errors

All hvpothesis testing attempts to draw conclusions about the real world based on the
results of a test (a statistical test, in this case). There are four possible combinations of

results.
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Two of the possible results are correct test results. The other two results are
errors. A Type I error occurs when we reject a null hypothesis that is, in fact, true,
while a Type II error occurs when we fail to reject a null hypothesis that is, in
fact, false.

Significance tests determine the probability of making a Type I error (often called
alpha <a>, Sig., or p). In other words, after performing a series of calculations, we obtain
a probability of obtaining a value as far from expected as we got assuming the null
hypothesis is true. If there is a low probability, such as 5 or less in 100 (.05), by conven-
tion, we reject the null hypothesis. In other words, we typically use the .05 level (or
less) as the maximum Type I error rate we are willing to accept.

When there is a low probability of a Type I error, such as .05, we can state that the
significance test has led us to “reject the null hypothesis.” This is synonymous with
saying that a difference is “statistically significant.” For instance, on a reading test,
suppose you found that a random sample of girls from a school district scored higher
than a random sample of boys. This result may have been obtained merely because the
chance errors associated with random sampling created the observed difference (this is
what the null hypothesis asserts). If there is a sufficiently low probability that random
errors were the cause (as determined by a significance test), we can state that the diffe-
rence between boys and girls is statistically significant.

Significance Levels Versus Critical Values

Most statistics textbooks present hypothesis testing by using the concept of a critical
value. With such an approach, we obtain a value for a test statistic and compare it to a
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critical value we look up in a table. If the obtained value is larger than the critical value,
we reject the null hypothesis and conclude that we have found a significant difference
(or relationship). If the obtained value is less than the critical value, we fail to reject the
null hypothesis and conclude that there is not a significant difference.

The critical-value approach is well suited to hand calculations. Tables that give
critical values for alpha levels of .001, .01, .05, and so on, can be created. It is not prac-
tical to create a table for every possible alpha level.

On the other hand, SPSS can determine the exact alpha level associated with any
value of a test statistic. Thus, looking up a critical value in a table is not necessary. This,
however, does change the basic procedure for determining whether or not to reject the
null hypothesis.

The section of SPSS output labeled Sig. (sometimes p or alpha <u>) indicates
the likelihood of making a Type I error if we reject the null hypothesis. A value of
.05 or less indicates that we should reject the null hypothesis (assuming an alpha
level of .05). A value greater than .05 indicates that we should fail to rejct the null
hypothesis.

In other words, when using SPSS, we normally reject the null hypot:esis if the
output value under Sig. is equal to or smaller than .05, and we fail to rej. ct it null
hypothesis if the output value is larger than .05.

One-Tailed Versus Two-Tailed Tests

SPSS output generally includes a two-tailed alpha level (normally labeled Sig. in the
output). A two-tailed hypothesis attempts to determine whether any difference (either
positive or negative) exists. Thus, vou have an opportunity to make a Type I error on
either of the two tails of the normal distribution.

Aone-tailed test examines a difference in a specific direction. Thus, we can make
I error cn onlyv one side (tail) of the distribution. If we have a one-tailed
is SPSS output gives a two-tailed significance result, we can take
lin the output and divide it by two. Thus, if our difference is
tion, and if vur output indicates a significance level of .084 (two-

wave a one-tailed hypothesis, we can report a significance level of .042

Phrasing Results
Results of hyvpothesis testing can be stated in different ways, depending on the
ns specified by vour institution. The following examples illustrate some of

these differences.

Degrees of Freedom
Sometimes the degrees of freedom are given in parentheses immediately after the
symbol representing the test, as in this example:
1(3)=7.00,p<.01
Other times, the degrees of freedom are given within the statement of results, as in this
example:
t=7.00,df=3,p<.01



Significance Level

When you obtain results that are significant, they can be described in different ways.
For instance, if you obtained a significance level of .006 on a ¢ test, you could describe
itin any of the following three ways:

t(3)=7.00,p<.05

£ (3)="7.00,p < .01

t (3) = 7.00, p = .006

Notice that because the exact probability is .006, both .05 and .01 are also correct. There
are also various ways of describing results that are not significant. For instance, if
you obtained a significance level of .505, any of the following three statements could
be used:

t(2) = 0.805, ns

t(2) =0.805, p > .05

t(2) = 0.805, p = .505

Stateinent of Results
Somelime - ihe results will be stated in terms of the null hypothesis, as in the following
examp: 2

The null hypothesis was rejected (t = 7.00, df = 3, p = .006).

Other times, the results are stated in terms of their level of significance, as in the
following example:

A statistically significant difference was found: ¢ (3) = 7.00, p < .01.

Statistical Symbols

Generally, statistical symbols are presented in italics. Prior to the widespread use of
computers and desktop publishing, statistical symbols were underlined. Underlining
is a signal to a printer that the underlined text should be set in italics. Institutions vary
on their requirements for student work, so you are advised to consult your instructor
about this.

Section 6.2 Single-Sample ¢ Test

Description

The single-sample ¢ test compares the mean of a single sample to a known population
mean. It is useful for determining if the current set of data has changed from a long-
term value (e.g., comparing the current year’s temperatures to a historical average to
determine if global warming is occurring).

Assumptions

The distributions from which the scores are taken should be normally distributed.
However, the t test is robust and can handle violations of the assumption of a
normal distribution. The dependent variable must be measured on an interval or
ratio scale.
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SPSS Data Format

The SPSS data file for the single-sample ¢ test requires a single variable in SPSS.
That variable represents the set of scores in the sample that we will compare to the
population mean.

Running the Command
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This example uses the HEIGHT.sav data file created in Chapter 4. The one sample
(also called “single-sample”) f test is located in the Conpare Means submenu, under the

Q@ Ore-Sompia T Test

} & weGHT

| sex
{

1o dialog box for the single-sample  test requires that we transfer the variable
representing the current set of scores to the Test Variable(s) section. We must also enter
the population average in the Test Value blank. The example presented here is testing
the variable HEIGHT against a population mean of 67. In other words, we are testing
whether the sample came from a population with a mean of 67. Click OK to run the

analysis.

Reading the Output

The output for the single-sample t test consists of two sections. The first section lists the
sample variable and some basic descriptive statistics (N, mean, standard deviation,
and standard error).
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The second section of output contains the results of the t test. The example
presented above indicates a t value of —.064, with 15 degrees of freedom and a signifi-
cance level of .95. The mean difference of —.0625 is the difference between the sample
average (66.9375) and the population average we entered in the dialog box to conduct
the test (67).

Drawing Conclusions

The assumption when conducting a ¢ test is that the means are equal. Therefore, a
significant result indicates that the sample mean is not equivalent to the population
mean (hence the term “significantly different”). A result that is not significant means
that there is not a significant difference between the means. It does not mean that
they are equal. Refer to your statistics text for the section on failure to reject the null
hypothesis.

Phrasing Results That Are Significant

The above example did not find a significant difference between the population mean
and the sample mean. If, however, we had used a population mean of 64 instead of 67,
we would have obtained the following output:
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n this case, we could state the following:

A single-sample t test that compared the mean height of the sample to a
population value of 64 was conducted. A significant difference was found
{t (15) = 3.008, p = .009). The sample mean of 66.9375 (sd = 3.907) was sig-
nificantly greater than the population mean.

Phrasing Results That Are Not Significant
<t example, the significance level was greater than .05. Thus, we would state
the following:
" single-sample  test that compared the mean height of the sample to
o population value of 67 was conducted. No significant difference was
found (t (15) = -.064, p = .95). The sample mean of 66.9375 (sd = 3.907) was
not significantly greater than the population mean.

Practice Exercise

The mean salary in the United States is a hypothetical average of $25,000. Determine if
the mean salary of the participants in Practice Dataset 2 in Appendix B is significantly
greater than this value. Note that this is a one-tailed hypothesis.

Section 6.3 Independent-Samples t Test

Description

The independent-samples t test compares the means of two independent samples.
Samples are independent if there is no relationship between them (generally meaning
each participant provides data for only one sample).
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Assumptions

The two groups being compared should be independent of each other. Observations
are independent when information about one is unrelated to the other. Normally, this
means that one group of participants provides data for one sample and a different
group of participants provides data for the other sample (and individuals in one group
are not matched with individuals in the other group). One way to accomplish this is
through using random assignment to form two groups.

The scores should be normally distributed, but the ¢ test is robust and can handle
violations of the assumption of a normal distribution. The two samples should, how-
ever, have the same variance.

The dependent variable must be measured on an interval or ratio scale. The inde-
pendent variable should have only two discrete levels.

5PSS Data Format

The 5PSS «ata file for the independent ¢t test requires two variables. One variable, the
grouping . 2riable, represents the value of the independent variable. The grouping vari-
able shouid have two distinct values (e.g., 0 for a control group and 1 for an experimental
group). i he second variable represents the dependent variable, such as scores on a test.

Conducting an Independent-Samples ¢t Test
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For our example, we will use the SAMPLE.sav data file. Click Analyze, then Compare
Means, then Independent-Samples T Test. This will bring up the main dialog box. Transfer
the dependent variable(s) into the Test Variable(s) blank. For our example, we will use
the variable GRADE.

A independent-Samples T Test X “
‘

s | =
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Transfer the independent variable into the Grouping Variable section. For our
example, we will use the variable MORNING.

Next, click Define Groups and enter the values of the two levels of the independent
variable (0 for nonmorning and 1 for morning). Independent ¢ tests are capable of
comparing only two levels at a time. Click Continue, then click OK to run the analysis.
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11 TDocument ] - IBM SPSS Statistics Viewer
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Output from the Independent-Samples ¢ Test

The output will have a section labeled “Group Statistics.” This section provides the
basic descriptive statistics for the dependent variable(s) for each value of the inde-
pendent variable. Next, there will be a section with the results of the t test. The cutput
should look like the image below.
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The columns labeled t, df, and Sig. (2-tailed) provide the standard answer for the ¢
test. They provide the value of t, the degrees of freedom (number of participants minus
2, in this case), and the significance level (often called p). Normally, we use the “Equal
variances assumed” row. This will provide you with an answer equivalent to what you
would calculate by hand.

Drawing Conclusions

Recall from the previous section that the f test assumes an equality of means. Therefore,
a significant result indicates that the means are not equivalent. When drawing
conclusions about a f test, you must state the direction of the difference (i.e., which



mean was larger than the other). You should also include information about the value
of t, the degrees of freedom, the significance level, the means, and standard deviations
for the two groups.

Phrasing Results That Are Significant

For a significant f test (e.g., the output below), you might state the following:

An independent-samples ¢ test comparing the mean scores of the experi-
mental and control groups found a significant difference between the
means of the two groups (t (5) = 2.835, p < .05). The mean of the experi-
mental group was significantly lower (M = 33.333, sd = 2.08) than the
mean of the control group (M = 41.000, sd = 4.24).
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Phrasing Results That Are Not Significant

In our example at the start of this section, we compared the scores of the morning
people to the scores of the nonmorning people. We did not find a significant difference,
so we could state the following:

An independent-samples t test was calculated comparing the mean
score of participants who identified themselves as morning people to the
mean score of participants who did not identify themselves as morning
people. No significant difference was found (¢t (2) = 0.805, p > .05). The
mean of the morning people (M = 78.00, sd = 7.07) was not significantly
different from the mean of nonmorning people (M = 82.50, sd = 3.54).

Practice Exercise

Use Practice Dataset 1 in Appendix B to solve this problem. We believe that young
individuals have lower mathematics skills than older individuals. We would test
this hypothesis by comparing participants 25 or younger (the “young” group) with
participants 26 or older (the “old” group). Hint: You may need to create a new variable
that represents each age group. See Chapter 2 for help.
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Section 6.4 Paired-Samples ¢ Test

Description

The paired-samples ! test (also called a dependent t test) compares the means of two
scores from related samples. For instance, comparing a pretest and a posttest score for
a group of participants would require a paired-samples / test.

Assumptions

The paired-samples t test assumes that both variables are at the interval or ratio levels
and are normally distributed. The two variables should also be measured with the
same scale.

SPSS Data Format

Two variables in the SPSS data file are required. These variables should reprceni two
measurements from each participant.

Running the Command

We will create a new data file containing five variables: PRETEST, MIDTERM, FINAL,
INSTRUCT, and REQUIRED. INSTRUCT represents three different instructors for a
course. REQUIRED represents whether the course was required or was an elective
(0 = elective, 1 = required). The other three variables represent exam scores (100 being
the highest score possible).

PRETEST MIDTERM FINAL INSTRUCT REQUIRED
56 64 69 1 0
79 91 86 1 0
63 77 81 1 0
59 69 71 1 1
64 77 75 1 1
74 88 86 1 1
73 85 86 1 1
47 64 69 2 0
78 98 100 2 0
61 77 85 2 0
68 86 93 2 i|
77 87 2 1
53 67 76 2 1
7 85 95 2 1
61 79 97 3 0
57 77 89 3 0
49 65 83 3 0
71 93 100 3 1
61 83 94 3 1
58 75 92 3 1
58 74 92 3 1

nin
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Enter the data and save them as GRADES.sav. You can check your data entry by
computing a mean for each instructor using the Means command. (See Chapter 3 for
more information.) Use INSTRUCT as the independent variable, and enter PRETEST,
MIDTERM, and FINAL as your dependent variables.

&8 *Output? [Document1] - IBM SPSS Statistics Viewer &= o X
File [Edit View Data Transform Inset Format Analze Graphs Utililes Edensions Window  Help
SRR NE e » HBEE =» M
e Means
[ Title
% g:::mousslw _ Case Processing Summary
({3 Report Cases
Included Excluded Total
N Percent N Percent N Percent
pratest * instruct _ 21 100.0% [} 00% 21 100.0%
midterm *instrut 21 1000% 0 00% 21 100.0%
final * instruct 21 100.0% 0 00% 21 1000%
Report
instruct pretest midterm final
100 Mean 675714 787143  79.1429
s 7 7 7
 Std.Devialion 838366 9.94509  7.42582
200 Mean 631420 791429 864286
N T 1 7
Std. Deviation  10.60548  11.71080  10.92180
300 Mean 592857  78.0000  92.4286
N 1 7
_ Std.Deviation 655017 862168 550325
Total Mean 633333 786190  86.0000
No e a1 21
Std.Deviation 892935  9.66166  9.61249
e " " [IBM SPSS Statistics Processoris ready | | |Unicod

Once you have entered the data, conduct a paired-samples t test comparing pretest
scores and final scores.

Analyze Graphs  Utiiles Exensions  Window uelp

Reports » E i
Descriptive Statistics L il
Bayesian Statistics >

Tables | var t‘ e o D
Compare Means ' | ] Means...

General Linear Model ’ I3 One-Sample T Test .

Generalized Linear Models : 4 independen}-Samples T Test..
Mixed Models 5 B8 paired-Samples T Test.

Correlate L I Qne-Way ANOVA..

Regression 4
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Click Analyze, then Compare Means, then Paired-Samples T Test. This will bring up
the main dialog box.

&3 Pared-Samples T Test X

Paired Variables: .
& pretest Pair __|vanablel _ |vanable2
& migerm 1

& nal
& instuct
& requirea 2

C o (el (el Siend

You must select pairs of variables to compare. Click on PRETEST, then clici. the Y
button. Click on FINAL, then click the 2] button. (Alternatively, you can <{ouble-click
or control-click them.) The variables will be moved into the Paired Variabl:- arca. Click
OK to conduct the test.

Reading the Output

The output for the paired-samples f test consists of three components. The first part
gives you basic descriptive statistics for the pair of variables. The PRETEST average
was 63.3, with a standard deviation of 8.93. The FINAL average was 86.00, with a
standard deviation of 9.61.
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The second part of the output is a Pearson correlation coefficient for the pair of
variables. Within the third part of the output (labeled Paired Samples Test), the section
called Paired Differences contains information about the differences between the two
variables. You may have learned in your statistics class that the paired-samples ¢ test is
essentially a single-sample ¢ test calculated on the differences between the scores. The
final three columns contain the value of ¢, the degrees of freedom, and the significance
level. In the example presented here, we obtained a t of —11.278, with 20 degrees of
freedom, and a significance level of less than .000 (which is actually just <.001).

Drawing Conclusions

Paired-samples f tests determine whether or not two means are significantly different
from each other. Significant values indicate that the two means are different (technic-
ally, that the samples come from populations with different means). Values that are not
significant indicate that the scores are not significantly different.

Phrasing Results That Are Significant

When siating the results of a paired-samples ¢ test, you should give the value of ¢, the
degrec- of freedom, and the significance level. You should also give the mean and
standord deviation for each variable, as well as a statement of results that indicates
whether you conducted a one- or two-tailed test. Our example above was significant,
so we could state the following:

A paired-samples ¢t test was calculated to compare the mean pretest score
to the mean final exam score. The mean on the pretest was 63.33 (sd = 8.93),
and the mean on the final was 86.00 (sd = 9.61). A significant increase from
pretest to final was found (¢ (20) = -11.278, p < .001).

Phrasing Results That Are Not Significant

If the significance level had been greater than .05 (or greater than .10, if you were
conducting a one-tailed test), the result would not have been significant. If you select
only the students who have instructor #1 and conduct a test to compare midterm and
final scores you will get the output here.
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For this analysis, we could state the following:

A paired-samples  test was calculated to compare midterm and final
exam scores for students had instructor one. The mean on the midterm
was 78.71 (sd = 9.95), and the mean on the final was 79.14 (sd = 7.43). No
significant difference from pretest to final was found (¢ (6) = -.315, p > .05).

Practice Exercise

Use the same GRADES sav data file, and compute a paired-samples f test to determine
if scores increased from midterm to final.



Chapter 7

ANOVA Models

sSection 721 ANOVA Models

Analysis of variance (ANOVA) is a procedure that determines the proportion of vari-

abilitv attributed to each of several components. It is one of the most useful and adapt-
able statistical techniques available.

i seneral ANOVA procedures in SPSS produce what is called a Source Table
in wiich each row represents a source of variability and the columns represent what

we know about the variability attributable to each source. In the simplest case total
variability is split into that attributable to differences between the groups and the vari-
ability attributable to differences within the groups.

Normally there is a column called SS (Sum of Squares), one for df (Degrees of
Freedom), one for MS (Mean Squares), and then F — which is the actual answer.

Section 7.2 One-Way ANOVA

Description

The one-way ANOVA compares the means of two or more groups of participants that
vary on a single independent variable (thus, the one-way designation). When we
have three groups, we could use a ¢ test to determine differences between the groups,
but we would have to conduct three ¢ tests (Group 1 compared to Group 2, Group 1
compared to Group 3, and Group 2 compared to Group 3). When we conduct mul-
tiple t tests, we inflate the Type I error rate and increase our chance of drawing an
inappropriate conclusion. ANOVA compensates for these multiple comparisons and
gives us a single answer that tells us if any of the groups is different from any of the
other groups.

Assumptions

The one-way ANOVA requires a single dependent variable and a single independent
variable. Which group participants belong to is determined by the value of the inde-
pendent variable. Groups should be independent of each other. If our participants
belong to more than one group each, we will have to conduct a repeated-measures
ANOVA. If we have more than one independent variable, we should conduct a
factorial ANOVA.
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ANOVA also assumes that the dependent variable is at the interval or ratio level
and is normally distributed, and that the variances of the dependent variable for each
level of the independent variable are equal.

SPSS Data Format

Two variables are required in the SPSS data file. One variable serves as the dependent
variable and the other as the independent variable. Each participant should provide
only one score for the dependent variable.

Running the Command

For this example, we will use the GRADES.sav data file we created in the previous
section.

Analhyze  Graphs = Utilities  Extensions Window  Help

Reports » % j A ‘/'%
Dgscriptive Stalistics v L 1‘4 \ e
Bayesian Statistics »

Tables > _var -.':n var
Compare Means " | Means...

General Linsar Model L One-Sample T Test..
Generalized Linear hodels . P4 Independent-Samples T Test..
Hixed Modals g & paired-samples T Test...
Correlate » Qne-iay ANOVA .

Regression » —

For vou to conduct a one-way ANOVA, click Analyze, then Compare Means, then
One-Way ANOVA. This will bring up the main dialog box for the One-Way ANOVA
command.

&3 One-Way ANOVA X

Dependent List

& final

& pretest
& midterm

& required

@ IE;(\:?:slruci
(oK. ) (pasts ] | Reset (Gancel) (teip. ]

You should place the independent variable in the Factor box. For our example,
INSTRUCT represents three different instructors, and it will be used as our inde-
pendent variable. Our dependent variable will be FINAL. This test will allow us to
determine if the instructor has any effect on final grades in the course.
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The next section of the output is the ANOVA source table. This is where the various
components of the variance have been listed, along with their relative sizes. For a
one-way ANOVA, there are two components to the variance: Between Groups (which
represents the differences due to our independent variable) and Within Groups (which
represents differences within each level of our independent variable). For our example,
the Between Groups variance represents differences due to different instructors. The
Within Groups variance represents individual differences among students.

The primary answer is F. F is a ratio of explained variance to unexplained variance.
Consult a statistics text for more information on how it is determined. The F has two
different degrees of freedom, one for Between Groups (in this case, 2 is the number of
levels of our independent variable <3-1>), and another for Within Groups (18 is the
number of participants minus the number of levels of our independent variable <21-3>).

The next part of the output consists of the results of our Tukey’s HSD post-hoc com-
parison. This table presents us with every possible combination of levels of our inde-
pendent variable. The first row represents Instructor 1 compared to Instructor 2. Next
is Instructor 1 compared to Instructor 3. Next is Instructor 2 compared to Instructor
1. (Note that this is redundant with the first row.) Next is Instructor 2 compared to
Instructor 3, and so on.

The column labeled Sig. represents the Type I error (p) rate for the simple (2-level)
comparison in that row. In our example above, Instructor 1 is significantly different
from Instructor 3, but Instructor 1 is not significantly different from Instructor 2, and
Instructor 2 is not significantly different from Instructor 3.
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Drawing Conclusions

Drawing conclusions for ANOVA requires that we indicate the value of F, the degrees
of freedom, and the significance level. A significant ANOVA should be followed by the
results of a post-hoc analysis and a verbal statement of the results.

Phrasing Results That Are Significant

In the preceding example, we could state the following;:

We computed a one-way ANOVA comparing the final exam scores of
participants who took a course from one of three different instructors. A sig-
nificant difference was found among the instructors (F (2,18) = 4.541, p <.05).
Tukey’s HSD was used to determine the nature of the differences between
the instructors. This analysis revealed that students who had Instructor 1
scored lower (M = 79.14, sd = 7.43) than students who had Instructor 3 (M =
92.43, sd = 5.50). Students who had Instructor 2 (M = 86.43, sd = 10.92) were
not significantly different from either of the other two groups.

Phrasing Results That Are Not Significant

If we Lad conducted the analysis using PRETEST as our dependent variable instead of
FINAL, we would have received the following output:
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The ANOVA was not significant, so there is no need to refer to the Multiple
Comparisons table. Given this result, we may state the following;:

The pretest means of students who took a course from three different
instructors were compared using a one-way ANOVA. No significant diffe-
rence was found (F (2,18) = 1.60, p > .05). The students from the three
different classes did not differ significantly at the start of the term. Students
who had Instructor 1 had a mean score of 67.57 (sd = 8.38). Students who
had Instructor 2 had a mean score of 63.14 (sd = 10.61). Students who had
Instructor 3 had a mean score of 59.29 (sd = 6.55).

Practice Exercise

Using Practice Dataset 1 in Appendix B, determine if the average math scovcs of single,
married, and divorced participants are significantly different. Write a statement of
results.

Section 7.3 Factorial ANOVA

Description

The factorial ANOVA is one in which there is more than one independent vari-
able. A 2 x 2 ANOVA, for instance, has two independent variables, each with two
levels. A 3 x 2 x 2 ANOVA has three independent variables. One has three levels,
and the other two have two levels. Factorial ANOVA is very powerful because it
allows us to assess the effects of each independent variable, plus the effects of the
interaction.

Interactions occur when the effect of one variable impacts the effect of another
variable on the dependent variable. For instance, there is an interaction between
soap and water, influencing their effects on their cleaning ability. In this instance,
the effect of soap and water together is greater than their individual effects added
together.

Assumptions

Factorial ANOVA requires all of the assumptions of one-way ANOVA (i.e., the
dependent variable must be at the interval or ratio level and normally distributed). In
addition, the independent variables should be independent of each other.

SPSS Data Format

SPSS requires one variable for the dependent variable and one variable for each
independent variable. If we have any independent variable that is represented
as multiple variables (e.g., PRETEST and POSTTEST), we must use the repeated-
measures ANOVA.



Running the Command

Analyze grapﬁs ‘uﬁlﬁés 'Eﬂnrah;lo'nl 7wlndow Help

Reports

Descriptive Statistics
Bayesian Statistics

Tables

Compare Means

General Linear Model
Generalized Linear Models
Mixed Models

Correlate

Rearession

»

vy v v v v v v v v

B8 univariate ..

Multivariate....

[ Repeated Measures...
Yariance Components...

This example uses the GRADES.sav data file from earlier in this chapter. Click Analyze,

then Gerieral Linear Model, then Univariate.

&3 Univariate X
Dependent Variable:
& pretest > [
¢ ridiarm Fixed Fadlor(s):
@i
Random Factor(s):
2
Covariate(s):
s
WLS Weight
(o | GPaste

This will bring up the main dialog box for Univariate ANOVA. Select the
dependent variable and place it in the Dependent Variable blank (use FINAL for this
example). Select one of your independent variables (INSTRUCT in this case), and
place it in the Fixed Factor(s) box. Place the second independent variable (REQUIRED)
in the Fixed Factor(s) box. Having defined the analysis, now click Options.

&8 Univariate: Options
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TIFtest

7 White's test
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When the Options dialog box comes up, click Descriptive statistics. This will pro-
vide vou with means for each main effect and interaction term. Click Continue.

If you were to select Post Hoc, SPSS would allow you to elect to run post-hoc ana-
lyses for any main effects but not for the interaction term. (We will select Tukey’s HSD
for the INSTRUCT variable here.)

G Univariate: Post Hoc Multiple Comparisons for Observed Means X
Eactor(s): PostHoc Tests for:

instruct instruct

required

o

r Equal Variances Assumed — 5 S g =
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| ] Bonferroni J. I p2tT pe i Srrzr Ratos 190

[ sidak [ Tukeys-b ", Dunnett > =t
T schefle [ Duncan fit tagory frast il

{ 7] R-E-G-W-F [ Hochberg's GT2 r Test — — ——————————————
) RE-G-W-Q [ Gabriel | @2 s atrot | |

- Equal Variances NotAssumed —

(Il Tamhane's T2 [ Curnctis T2 G5

Click OK to run the analysis.

Reading the Output

In the middle of the output, you will find the means. We have six means representing
the interaction of the two variables (this was a 3 x 2 design).

Participants who had Instructor 1 (for whom the class was not required) had
a mean final exam score of 79.67. Students who had Instructor 1 (for whom it was
required) had a mean final exam score of 79.50, and so on.

The example we just ran is called a two-way ANOVA. This is because we had
two independent variables. With a two-way ANOVA, we get three answers: a main
effect for INSTRUCT, a main effect for REQUIRED, and an interaction result for
INSTRUCT*REQUIRED.
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The source table at the bottom of the output gives us these three answers (in the
INSTRUCT, REQUIRED, and INSTRUCT * REQUIRED rows).

In the example here, the main effect for Instructor is significant, but the main
effect for whether or not the class is required and the interaction are not significant.
In the statements of results, you must indicate F, two degrees of freedom (effect and
residual/error), the significance level, and a verbal statement for each of the answers
(three in this case). Note that most statistics books give a much simpler version of an
ANOVA source table where the Corrected Model, Intercept, and Corrected Total rows
are not included. Because one of the main effects was significant, there are also post-
hoc results at the very end of the output (as shown on the next page).
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Phrasing Results That Are Significant

For the example we just ran we could say:

A 3 (instructor) x 2 (required course) between-subjects factorial ANOVA
was calculated comparing the final exam scores for participants who
had one of three instructors and who took the course either as a required
course or as an elective. A significant main effect for instructor was found
(F (2,15) = 3.723, p < .05). Students who had Instructor 1 had lower final
exam scores (M = 79.14, sd = 7.43) than students who had Instructor 3 (M
= 92.43, sd = 5.50). Students who had Instructor 2 (M = 86.43, sd = 10.92)
were not significantly different from either of the other two groups. A sig-
nificant main effect for whether or not the course was required was not
found (F (1,15) = .561, p > .05). Students who took the course because it
was required did not do significantly better (M = 87.25, sd = 9.61) than
students who took the course as an elective (M = 84.33, sd = 10.69). The
interaction was not significant (F (2,15) = 0.088, p > .05). The effect of
the instructor was not influenced by whether or not the students took
the course because it was required.



Phrasing Results That Are Not Significant

If you repeat the analysis using MIDTERM as the Dependent Variab
1 i :
the following non-significant output: € you will receive

G *Output1 [Document1] - IBM SPSS Statistics Viewer
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A 3 (instructor) x 2 (required course) between-subjects factorial ANOVA
was calculated comparing the midterm exam scores for participants who
had one of three instructors and who took the course as a required course
or as an elective. The main effect for instructor was not significant (F
(2,15) = .046, p > .05). The main effect for whether or not it was a required
course was also not significant (F (1,15) = 404, p > .05). Finally, the inter-
action was not significant (F (2,15) = .269, p > .05). Thus, it appears that
neither the instructor nor whether or not the course is required has any
significant effect on midterm exam scores.
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Practice Exercise

Using Practice Dataset 2 in Appendix B, determine if salaries are influenced by sex, job
classification, or an interaction between sex and job classification. Write a statement of
results.

Section 7.4 Repeated-Measures ANOVA

Description

Repeated-measures ANOVA extends the basic ANOVA procedure to a within-subjects
independent variable (when participants provide data for more than one level of an
independent variable). It functions like a paired-samples ¢ test when more than two
levels are being compared.

Assumptions

The dependent variable should be normally distributed and measured on an i: erv1l
or ratio scale. Multiple measurements of the dependent variable should be from e
same (or related) participants.

SPSS Data Format

Atleast three variables are required. Each variable in the SPSS data file should represent
a single dependent variable at a single level of the independent variable. Thus, an
analysis of a design with four levels of an independent variable would require four

variables in the SPSS data file.
If any variable represents a between-subjects effect, use the Repeated Measures

ANOVA command instead.

Running the Command

Analyze  Graphs  Utilities Extensions Window  Help

B Al
i T A 1

Descriptive Statistics » ====P ald
Bayesian Statistics ¥
Taples b [ fver | var
Compare Means L
General Linear Model ’ Univariate...
Generalized Linear Models ’ Multivariate

»
WRgedModels Q Repeated Measures...
Correlate »

Yariance Components...

Regression »

This example uses the GRADES.sav sample dataset. Recall that GRADES.sav includes
three sets of grades—PRETEST, MIDTERM, and FINAL—that represent three different
times during the semester. This allows us to analyze the effects of time on the test
performance of our sample population (hence the within-groups comparison). Click
Analyze, then General Linear Model, then Repeated Measures.

Note that this procedure requires an optional module. If you do not have this
command, you do not have the necessary module installed. This procedure is NOT
included in the SPSS Statistics GradPack Base.
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After sclecting the command, you will be presented with the Repeated Measures
Define Factor(s) dialog box. This is where you identify the Within-Subject Factor (we
will call it TIME). Enter 3 for the Number of Levels (three exams) and click Add.

If we had more than one independent variable that had repeated measures, we
could enter its name and click Add. Now click Define.

€ Repested Messures

& msvud @me)
& requred c= pretesy 1)
.;t o | mecerma2)

o [~

You will be presented with the Repeated Measures dialog box. Transfer PRETEST,
MIDTERM, and FINAL to the Within-Subjects Variables section. The variable names

should be ordered according to when they occurred in time (i.e., the values of the inde-
pendent variable that they represent).

$Q Repeated Measures: Options X
Dipy s : = -

¥ [Descrptve statsucd £ Translormaton matx

] Estimates of effect size ) Homogeneity tests

I] Observed power ] Spreadvs. level plot

7] Parameler estimates ] Residual plot

] SSCP matrices £ Lackotm |
I”] Residual SSCP matrix s} General estimable lunction
Significance leyet: (05| Conidence intervals are 95.0%

Click Options, and the dialog box here will appear. Select Descriptive statistics, SPSS

will calculate the relevant means. Click CONTINUE to close the dialog box and OK to
run the command.
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Reading the Output

This procedure uses the GLM command. GLM stands for General Linear Model. It is a
very powerful command, and many sections of output are beyond the scope of this
book. However, for the basic repeated-measures ANOVA, we are interested only in
the Tests of Within-Subjects Effects (near the bottom of the output shown here). Note
that the SPSS output will include many other sections of output, which you can ignore
at this point.

| @ "Output? [Document] - 1BM SPSS Ststistics Viewer - [u} 4
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The Tests of Within-Subjects Effects output should look very similar to the output
from the other ANOVA commands. In the example on the previous page, the effect
of TIME has an F value of 114.407 with 2 and 40 degrees of freedom (we use the line
for Sphericity Assumed). It is significant at less than the .001 level. When describing
these results, we should indicate the type of test, F value, degrees of freedom, and
significance level.

Phrasing Results That Are Significant

Because the ANOVA results were significant, we need to conduct some sort of post-
hoc analysis. One of the main limitations of SPSS is the difficulty in performing
post-hoc analyses for within-subjects factors. With SPSS, the easiest solution to this
problem is to conduct protected dependent t tests with repeated-measures ANOVA.
There are more powerful (and more appropriate) post-hoc analyses, but SPSS will
not compute them for us. For more information, consult your instructor or a more
advanced statistics text

To conduci the proiccted t tests, we will compare PRETEST to MIDTERM,
MIDTERM to “NAL, .ad PRETEST to FINAL, using paired-samples ¢ tests.
Because we are conducting three tests and, therefore, inflating our Type I error rate,
we will use a siznificance level of .017 (.05/3) instead of .05. Note that to conduct
this analysis, we will nced to use the paired-samples ¢ test command and enter all
three pairs.

&8 Parred-Samples T Test X
Paired Variadles: o
& pretest Pair___|Vanable1 __|Variable2 -
& migterm 1 [pretes] & [mucterm] W
& tnal 2 & Ipretes] & [fnal]
& Ietd 3 & [midterm] & [fnal]
4
& required *
*~->

The three comparisons each had a significance level of less than .017, so we can
conclude that the scores improved from pretest to midterm and again from midterm to
final. To generate the descriptive statistics, we have to run the Descriptives command
for each variable.
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Because the results of our example were significant, we could state the following:

A one-way repeated-measures ANOVA was calculated comparing the
exam scores of participants at three different times: pretest, midterm, and
final. A significant effect was found (F (2,40) = 114.407, p < .001). Follow-
up protected t tests revealed that scores increased significantly from pre-
test (M = 63.33, sd = 8.93) to midterm (M = 78.62, sd = 9.66), and again from
midterm to final (M = 86.00, sd = 9.62).

Phrasing Results That Are Not Significant

With results that are not significant, we could state the following (the output here
comes from the TIME.sav datafile in Appendix C):

A one-way repeated-measures ANOVA was calculated comparing the
scores of participants at three different times: before, during, and after. No
significant effect was found (F (2,10) = .044, p > .05). No significant diffe-
rence exists among before (M = 3.50, sd = 1.05, during (M = 3.67, sd = 1.03),
and after (M = 3.67, sd = 1.03).
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Practice Exercise

Use Practice Dataset 3 in Appendix B. Determine if the anxiety level of participants
changed over time (regardless of which treatment they received) using a one-way
repeated-measures ANOVA and protected dependent ¢ tests. Write a statement of

results.
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Section 7.5 Mixed-Design ANOVA

Description

The mixed-design ANOVA (sometimes called a split-plot design) tests the effects of
more than one independent variable. At least one of the independent variables must
be within-subjects (repeated measures). At least one of the independent variables
must be between-subjects.

Assumptions
The dependent variable should be normally distributed and measured on an interval
or ratio scale.

SPSS Data Format

The dependent variable should be represented as one variable (one column) . cach
level of the within-subjects independent variables. Another variable (column) Hou 4
be present in the data file for each between-subjects variable. Thus, a 2 x 2 mixed- csicn
ANOVA would require three columns: two representing the dependent variabie (one
at each level) and one representing the between-subjects independent variable.

Running the Command

The General Linear Model command runs the Repeated Measures ANOVA command.
Click Analyze, then General Linear Model, then Repeated Measures.

inalze  Graphs  Utiliies  Extensions Window  Help
Reports » @ j (al @ I:
1 rF 1
Descriptive Statistics y |EE e i @ L
Bayesian Statistics »

1 = m— e
Taples v | v [ ovar |
Compare Means »
seneral Linear Lodel ’ i

| Geaea EH] univariate...

Generalized Linear Models L Multivariate
»
Mixed Models Repeated Measures...
Correlate »
X Variance Components...
Regression »

Note that this procedure requires an optional module. If you do not have this
command, you do not have the necessary module installed. This procedure is NOT
included in the SPSS Statistics GradPack Base.

The Repeated Measures command should be used if any of the independent
variables are repeated measures (within-subjects).

This example also uses the GRADES.sav data file. Enter PRE-TEST, MIDTERM,
and FINAL in the Within-Subjects Variables block. (See the Repeated Measures ANOVA
command in Section 7.4 for an explanation.) This example is a 3 x 3 mixed-design.
There are two independent variables (TIME and INSTRUCT), each with three levels.
We previously entered the information for TIME in the Repeated Measures Define
Factors dialog box.



We need to transfer INSTRUCT into the Between-Subjects Factor(s) block.

a Repeated Measures

The Descriptive statistics option we used for one-way repeated-measures ANOVA
will not work here because it only provides descriptive statistics for repeated-measures
variables. Instead, we will select EM Means and move each of our main effects and the

& required

-

( Iy | |pretest(1)
e R midterm(2)

Within-Subjects Variables
(time):

final(3)

Between-Subjects Fadlor(s):
(@ instuct |

ovariates:

interaction over.

q
i
i
;
I
3
1
1
i

ﬁ Repeated M

: Estimated Marginal Means
Estimated Marginal Means
Factor(s) and Factor Interactions: Display Means for.
instruct (OVERALL)

R s
time
instruct*time

o 1

| time )
2 instructtme

[] Cgmpare main eflects

Confidence interval adjustment

LSD(none)

-

Click OK to run the command.

Reading the Output

As with the standard Repeated Measures command, the GLM procedure provides a
significant amount of output we will not use. For a mixed-design ANOVA, we are
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interested in two sections. The first is Tests of Within-Subjects Effects, and the second is
Tests of Between-Subjects Effects. Both of those are shown here.

@ Output’ [Document1] - IBM SPSS Statistics Viewer
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This section gives two of the three answers we need (the main effect for TIME and
the interaction result for TIME x INSTRUCTOR). The second section of output is Tests
of Between-Subjects Effects (sample output is above). Here, we get the answers that do
not contain any within-subjects effects. For our example, we get the main effect for
INSTRUCT. Both of these sections must be combined to produce the full answer for
our analysis.

If we obtain significant effects, we must perform some sort of post-hoc analysis.
Again, this is one of the limitations of SPSS. No easy way to perform the appropriate



post-hoc test for repeated-measures (within-subjects) factors is available (You can
have it conduct post-hoc tests on between-subjects factors). Ask your instructor for
assistance with this.

When describing the results, you should include F, the degrees of freedom, and
the significance level for each main effect and interaction. In addition, some descrip-
tive statistics must be included (either give means or include a figure).

Phrasing Results That Are Significant

There are (at least) three answers for all mixed-design ANOVAs. See Section 7.3 on
factorial ANOVA for more details about how to interpret and phrase the results. For
the above example, we could state the following in the results section (note that this
assumes that appropriate post-hoc tests have been conducted):

A 3 » 3 mixed-design ANOVA was calculated to examine the effects of
the instructor (Instructors 1, 2, and 3) and time (pretest, midterm, and
final) on scores. A significant time x instructor interaction was present (F
(4,360 = 52.213, p < .001). In addition, the main effect for time was signifi-
cant (F (2,36) = 723.194, p < .001). The main effect for instructor was not
significant (F (2,18) = .049, p > .05).

With significant interactions, it is often helpful to provide a graph with the
descriptive statistics. By selecting the Plots option in the main dialog box, you can
make graphs of the interaction like the one on the next page. Interactions add consid-
erable complexity to the interpretation of statistical results. Consult a research methods
text or ask your instructor for more help with interactions.

G Repeated Measures: Profile Plots X
Faclors: Horizontal Axis:
instruct -
time
Separate Lines:
('Y
Separate Plots:
-
Plojs: 44d.,j (Change, (Bemoye
instruct*time eI
[ Chart Type: - e ]
| @ Line Chart !
| O gar Chart ksl i e Qrd | S
[ ErorBars - et
| [7] Include Error bars i
f[ E
[7] Include reference line for grand mean
7] Y axds starts at0
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Phrasing Results That Are Not Significant

If our results had not been significant (this output is from TIME.sav in Appendix C),
we could have stated the following;:

A3 x 2 mixed-design ANOVA was calculated to examine the effects of the
group (1 or 2) and time (before, during, after) on scores. No significant
main effects or interactions were found. The time x group interaction (F
(2,8) =.809, p >.05), the main effect for time (F (2,8) = .043, p > .05), and the
main effect for group (F (1,4) = .2.50, p > .05) were not significant. Scores
were not influenced by either time or group.
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Greanhouse-Geisser 10444 1663
HumhFeldt 10444 8000 1308
Lower-bound 10444 4.000 2611 By
Tests of Within-Subjects Contrasts
Measure MEASURE_1
Type @ Sum
Sourca tme of Squares at Mean Square F Si
tme Uinear 083 Kl 083 125 742
OQuadratic 028 1 028 o1 o1
tme*gioup  Linear 750 ' 10 1128 s
_ Ouadratic 1.361 1 1361 700 450
Emorme)  Linear 2667 4 667
7778 4 1944
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformad Variable: Average
Type lit Sum
Source of Squares af Mean Square F Sig
Intercept 234722 1 234722 422500 000
group 1389 ol 1389 2500 189
Error 2222 4 556
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Practice Exercise

Use Practice Dataset 3 in Appendix B. Determine if anxiety levels changed over time
for each of the treatment (CONDITION) types. How did time change anxiety levels for
each treatment? Write a statement of results.

Section 7.6 Analysis of Covariance
Description

Analysis of covariance (ANCOVA) allows you to remove the effect of a known
covariate. In this way, it becomes a statistical method of control. With methodological
controls (e.g., random assignment), internal validity is gained. When such methodo-
logical controls are not possible, statistical controls can be used.
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ANCOVA can be performed by using the GLM command if you have repeated-
measures factors. Because the GLM command is not included in the Base Statistics
module, it is not included here.

Assumptions

ANCOVA requires that the covariate be significantly correlated with the dependent
variable. The dependent variable and the covariate should be at the interval or ratio
levels. In addition, both should be normally distributed.

SPSS Data Format

The SPSS data file must contain one variable for each independent variable, one vari-
able representing the dependent variable, and at least one covariate.

Running the Command
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The Factorial ANOVA command is used to run ANCOVA. To run it, click Analyze,
then General Linear Model, then Univariate. Follow the directions discussed for factorial
ANOVA, using the HEIGHT.sav sample data file. Place the variable HEIGHT as your
Dependent Variable. Enter SEX as your Fixed Factor, then WEIGHT as the Covariate. This
last step determines the difference between regular factorial ANOVA and ANCOVA.
To obtain descriptive statistics check Descriptive statistics under Options. Click OK to
run the ANCOVA.
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Reading the Output

The output consists of one main source table (shown on the next page). This table gives
you the main effects and interactions you would have received with a normal factorial
ANOVA. In addition, there is a row for each covariate. In our example, we have one



main effect (SEX) and one covariate (WEIGHT

)- No:
line only to confirm that the covariate is signific mally,

We examj
antly relateq mine the covariate

to the dependent Vvariable.
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File [Edit View Data TIransform [nsert: Format Analyze . Graphs Uties

CHeR D e FBEE R

B (g Output
& (8] Univariate Analysis of Variance

[ Tive

- @ Notes

{3 Between-Subjects Factors
- {3y Descriptive Statistics

Between-Subjects Factors

i Value Label N
({3 Tests of Between-Subjects Effects || SEX 100 mare 3
200  Female o 8
Descriptive Statistics
DependentVariable: HEIGHT
SEX Mean Std. Deviation N
Male 69.3750 3.70087 8
Female 645000 232093 g
Total 669375 380672 16

Tests of Between-Subjects Effects
DependentVariable: HEIGHT

Typa Ul Sum

Source of Squares dl Mean Square F Sig
Corrected Modsl 215027 2 107513 100476 000
intorcept 5580 1 5580 5215 040
WEIGHT 119.964 1 119964 112412 000
SEX 66.367 1 66367 62023 000
Eror 13911 E 1.070
Total 71919000 T
Comected Total 228938 15

2 R Squared= 939 (Adjusted R Squared = 930)
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Drawing Conclusions

This sample analysis was performed to determine if males and females differ in height
after weight is accounted for. We know that weight is related to height. Rather than match
participants or use methodological controls, we can statistically remove the effect of weight.

When giving the results of ANCOVA, we must give F, degrees of freedom, and
significance levels for all main effects, interactions, and covariates. If main effects or
interactions are significant, post-hoc tests must be conducted. Descriptive statistics (mean
and standard deviation) for each level of the independent variable should also be given.

Phrasing Results That Are Significant
The previous example obtained a significant result, so we could state the following:

A one-way between-subjects ANCOVA was calculated to examine the
effect of sex on height, covarying out the effect of weight. Weight was
significantly related to height (F (1,13) = 112.11, p <.001). The main effect
for sex was significant (F (1,13) = 62.02, p < .001), with males significantly
taller (M = 69.38, sd = 3.70) than females (M = 64.50, sd = 2.33).



108 ANOVA Models

Phrasing Results That Are Not Significant

If the covariate is not significant, we need to repeat the analysis without including the
covariate (i.e., run a normal ANOVA).

For ANCOVA results that are not significant (but the covariate is significant), you
could state the following (this output is obtained fom the GRADES sav datafile running
an ANCOVA on FINAL grades, covarying out PRETEST to see if REQUIRED has an

effect):
A one-way between-subjects ANCOVA was calculated to examine the
effect of being a required course on final exam scores, covarying out the
pretest scores. Pretest scores were significantly related to final exam scores
(F (1,18) = 5.891, p < .05). The main effect for being a required course was
not significant (F (1,18) = .142, p > .05).
@ "Outputt Document :c'SP'SSSllm\M o - R B o f % |
s Et Yew Data Tanstm jased Format Anale  Graphs  Usiles  Eptensions  Window  Help )
RO w e B e o B = ML) —
B‘ rm snsvas otvanal]  Univariate Analysis of Variance
& Tee
-E Notes o Between-Subjects Factors
) Tests of Betwaen-Suty value Label N

reguwed 00 No
100 Yes 12

Tests of Between-Subjects Effects

Dependerd Vanadia  fin

e, o L F Sig
Correcied Mode! 488 043° 22 3235 063
Ptercept 1037 571 1 1037571 13739 002
pretes 444833 1 444833 5891 028
Qured 10720 1 10720 142 m
Evmex 1359 257 13 75520

ota 152164 L0 1

v e 2
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Practice Exercise

Using Practice Dataset 2 in Appendix B, determine if salaries are different for males
and females. Repeat the analysis, statistically controlling for years of service. Write a
statement of results for each. Compare and contrast your two answers.

Section 7.7 Multivariate Analysis of
Variance (MANOVA)

Description

Multivariate tests are those that involve more than one dependent variable. While
it is possible to conduct several univariate tests (one for each dependent variable),
this causes Type I error inflation. Multivariate tests look at all dependent variables at
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once, in much the same way that ANOVA looks at all levels of an independent vari-
able at once.

Assumptions

MANOVA assumes that you have multiple dependent variables that are related to
each other. Each dependent variable should be normally distributed and measured on
an interval or ratio scale.

SPSS Data Format

The SPSS data file should have a variable for each dependent variable. One additional
variable is required for each between-subjects independent variable. It is also pos-
sible to do a MANCOVA, a repeated-measures MANOVA, and a repeated-measures
MANCOVA. These extensions require additional variables in the data file.

Running the Command

Note that this procedure requires an optional module. If you do not have this command,
you do not have the necessary module installed. This procedure is NOT included in the
SPSS Statistics GradPack Base.

The data below represent SAT and GRE scores for 18 participants. Six participants
received no special training, six received short-term training before taking the tests,
and six received long-term training. GROUP is coded 0 = no training, 1 = short-term,
2 = long-term. Enter the data and save them as SAT.sav.

SAT GRE GROUP
580 600 0
520 520 0
500 510 0
410 400 0
650 630 0
480 480 0
500 490 1
640 650 1
500 480 1
500 510 1
580 570 1
490 500 1
520 520 2
620 630 2
550 560 2
500 510 2
540 560 2
600 600 2.

Locate the Multivariate command by clicking Analyze, then General Linear Model,
then Multivariate.

ANOVA Models 109
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This will bring up the main dialog box. Enter the dependent variai:les (SAT
and GRE, in this case) in the Dependent Variables box. Enter the independent variable
(GROUP, in this case) in the Fixed Factor(s) box. Click OK to run the comman:i.

! G Multivariate X

Dependent Variables: @

& SAT

& GRE W

Eixed Factor(s): W

Covanate(s):

WLS Weight

Reading the Output

We are interested in two primary sections of output. The first one gives the results of
the multivariate tests. The section labeled GROUP is the one we want. This tells us
whether GROUP had an effect on any of our dependent variables. Four different types
of multivariate test results are given. The most widely used is Wilks’ Lambda. Thus, the
answer for the MANOVA is a Lambda of .828, with 4 and 28 degrees of freedom. That
value is not significant.

The second section of output we want gives the results of the Between-Subjects
univariate tests (ANOVAs) for each dependent variable.
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File [Edit View pData Jransform Inset Format Analyze Graphs Utilities Exensions Window Help ]
= R 4= N |
THOR MM e o 5 el =% M[e]
—_—
2+ (g output
B (@ General Linear Model General Linear Model
) Title
& Notes o
LB Between-Subjects Fadtors Between-Subjects Factors
({9 Muttivariate Tests Value Labsl N
L{ Tests of Between-Subjects Effe GROUP .00 No Training 6
100 ShortTerm 6
2.00 Long Term 6

Multivariate Tests®

Effact Value F Hypothesis df  Error af Sig

Intercept  Piliai's Trace 988 569.187° 2000 14.000 .000
Wiks'Lambda 012  569.187° 2000 14000 000
Hotelling's Trace 81312 569.187° 2000 14000 .00
RoysLargestRoot  81.312  569.187° 2000 14000 000

GROUP  Pillai's Trace 174 713 4000 30000 590
Wilks' Lambda 828 693° 4000 28000 603
Hotelling's Trace ~ .206 669 4000 26000 619
ﬁ;rs Largest ﬁool 196 ‘ uos_‘ - ) ifooo ; 15}106 .éG!

a. Design: Intercept + GROUP
b. Exact statistic
¢. The statistic is an upper bound on F thatyields a lower bound on the significance level

Tests of Between-Subjects Effects

Type Il Sum
Source Dependent Vanable of Squares dt Mean Square F Sig
Corracted Model  SAT 3077.778° 2 1538889 360 703
GRE  5200000° 2 2600.000 567 568
Intercept SAT : 5205688.889 1 5205688889 1219.448 000
GRE 5248800.000 1 5248800000 1185723 000
GROUP SAT 3077.778 2 1538889 360 703
GRE 5200.000 2 2600000 587 568
Error SAT 64033333 15 4268889
GRE 66400000 15 4426667
Total SAT 5272800000 18
_ GRE_ 5320400000 18
éoneclod Total SAT . 67111111 17
GRE ~ 71600.000 17
2. R Squared = 046 (Adjusted R Squared = -.081)

b. R Squared = .073 (Adjusted R Squared =-.051)
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Drawing Conclusions

We interpret the results of the univariate tests only if the group Wilks’ Lambda is signifi-
cant. Our results are not significant, but we will first consider how to interpret results
that are significant.

Phrasing Results That Are Significant

If we had received the output on the next page (which can be obtained by changing
the group 2 values for SAT to 580, 620, 590, 630, 620, and 680), we would have had a



112 ANOVA Models

significant MANOVA. Note that we would also select Post Hoc and had SPSS compute
Tukey’s HSD for the variable GROUP.

7 - [m] X
‘Data Jranstorm  jnsert.  Format  Analge  Graphs  Umilies  Extensions  Window  Help }
‘““' -

M e A B = E

General Linear Model

-1 o6 OutHCE Factis Between-Subjects Factors

) Multvariate Tests value Label 3
{3 Tests of Between-Sudjects Eff GROUP 00 No Tranmg 5
& {& PostHoc Tests -
— ) Tme 100  ShonTerm 6
& & crour 200 LongTerm 3

&) e

Multivariate Tests?

Effact Value F Hypothzsis af  Error af Sy
intercept  Piliai's Trace 990  663.040° 2000 14000 000
Wlks Lambada 010 663 040° 2.000 14000 000
Hoteliing's Tllé. 94720 663040° 2.000 14 000 000
Roy's Largast Root 34720 665.040' 2.000 14000 000
baou’ #M! Trace : 604 3245 4000 30.000 025
\“-Bts‘LAmbﬂz V 398 4.099° 4.000 28000 010
H(;loumg‘s Trace 1.510 4.906 4.000 26.000 004
‘RoysLargestRoot 1507 11299 2000 15000 001
a. Design: intercept + GROUP
b. Exact statistc

c The statisic is an uppar bound on F that yiclds a lowsr bound on the significance leval,

Tests of Between-Subjects Effects

Tipe Il Sum
Source Depandent Vanable of Squarss af Mean Squars F Sig
Comected Model  SAT 334111110 2 16705 556 an3 035
ORE 5200000 2 2600000 587 568
intaccept SAT 5633605 556 1 5633805556 1420635 .000
GRE 5246800 000 1 5248800000 1185723 000
GROUP SAT 33411111 2 16705.556 413 035
GRE 5200000 2 2600.000 587 568
Esror SAT 59483 333 15 3965556
GRE 65400 000 15 4426 667
Totat SAT 3 5726500000 18
GRE 5320400 000
Comucted Total ~ SAT 92894 444
GRE 71600000
aR = 360 (Adj; RSq d=.274)

b RS = 073 (Ady R Sq; =-051)

We could state the following;:

A one-way MANOVA was calculated examining the effect of training
(none, short-term, or long-term) on SAT and GRE scores. A significant
effect was found (Lambda (4,28) = .398, p = .010). Follow-up univariate
ANOVAs indicated that SAT scores were significantly improved by
training (F (2,15) = 4.213, p = .035). GRE scores were not significantly
improved by training (F (2,15) = .587, p>.05).
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Phrasing Results That Are Not Significant

The actual example presented (based upon the SAT.sav data file) was not significant.
Therefore, we could state the following in the results section:

A one-way MANOVA was calculated examining the effect of training
(none, short-term, or long-term) on SAT and GRE scores. No significant
effect was found (Lambda (4,28) = .828, p > .05). Neither SAT nor GRE
scores were significantly influenced by training.
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significant MANOVA. Note that we would also select Post Hoc and had SPSS compute
Tukey’s HSD for the variable GROUP.

€@ -Output! [Document?] - 1IBM SPSS Statistics Viewer
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9 Wutvariate Tests Value Label N
- 'g ;:;“Hzcs::;"”s“mcs E"‘ GROUF 00 No Tramning 6
& Twe 100 Shon Term []
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Multivariate Tests®
Effzct Value F Hypothesis af  Error df Sig
intercept  Piial's Trace 990 663.040° 2000 14000 000
Wik’ Lambda 010 663040° 2000 14000 000
Hoteting's Trace 94720 663.040° 2000 14000 000
RoysLamgestRoot 94720  663.040° 2000 14000 000
BROUP PmaisTrace 604 3245 4000 30000 025
Wiks' Lambda 398 4009° 4000 28000 010
Hotelling's Trace 1510 4906 4000 26000 004
‘RoysLamestRoot 1507  11259° 2000 15000 001
a. Design: Intercept + GROUP
b. Exact statisbe

¢ The statistc is an upper bound on F that yiglds a lower bound on the significance level.

Type It Sum
Source Depzndent Vanable of Squarzs af Mean Squars F Sig
Comected Model  SAT 33411 111° 2 16705 556 413 035
ORE 5200 000° 2 2600.000 587 568
irgeccept SAT 5633605 556 1 5633805556 1420635 .000
GRE 524£800 000 1 5248800000 1185723 000
GROUP SAT 33411111 2 16705.556 4213 035
GRE 5200000 2 2600.000 587 568
Emror SAT 59483 333 15 3965 556
GRE 65400 000 15 4426 667
Totat SAT 5726500 000 18
GRE 5320400 000 18
Comrectad Total SAT 92894 444 17
ORE 71600.000 I
aR = 360 (Ad); R Sg = 274)
b RS = 073 (Ady RSq =.051)

We could state the following;:
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A one-way MANOVA was calculated examining the effect of training
(none, short-term, or long-term) on SAT and GRE scores. A significant
effect was found (Lambda (4,28) = .398, p = .010). Follow-up univariate
ANOVAs indicated that SAT scores were significantly improved by
training (F (2,15) = 4.213, p = .035). GRE scores were not significantly
improved by training (F (2,15) = .587, p > .05).
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Phrasing Results That Are Not Significant

The actual example presented (based upon the SAT.sav data file) was not significant.
Therefore, we could state the following in the results section:

A one-way MANOVA was calculated examining the effect of training
(none, short-term, or long-term) on SAT and GRE scores. No significant
effect was found (Lambda (4,28) = .828, p > .05). Neither SAT nor GRE
scores were significantly influenced by training.
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Chapter 8
Nonparametric
Inferential Statistics

Nonparametric tests are used when the corresponding parametric procedure is
inappropriate. Normally, this is because the dependent variable is not interval- or
ratio-scaled. It can also be because the dependent variable is not normally distributed.
If the data of interest are frequency counts, nonparametric statistics mav also be
appropriate.

SPSS has a powerful Nonparanietric Tests command that includes enhanced reports,
which help users choose the appropriate test and interpret the result correctly.

Section 8.1 Chi-Square Goodness of Fit
Description

The chi-square goodness of fit test determines whether or not sample proportions
match the theoretical values. For instance, it could be used to determine if a die is
loaded or fair. It could also be used to compare the proportion of children born with
birth defects to the population value (e.g., to determine if a certain neighborhood has a
statistically higher-than-normal rate of birth defects).

Assumptions

We need to make very few assumptions. There are no assumptions about the shape of
the distribution. The expected frequencies for each category should be at least 1, and
no more than 20 percent of the categories should have expected frequencies of less
than 5.

SPSS Data Format

SPSS requires only a single variable. It can be measured on any scale, although SPSS
requires it to be defined as nominal.

Running the Command
We will create the following dataset and call it COINS.sav. The following data represent
the flipping of each of two coins 20 times (H is coded as heads, T as tails).

Comn:HTHHTHHTHHHTTTHTHTTH
Coin22 TTHHTHTHTTHHTHHTHTHH
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Name the two variables COIN1 and COIN2, and code H as 1 and T as 2. The data
file that you create will have 20 rows of data and two columns, called COIN1 and
COIN2. Define the variables as type: Nominal.
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To run the Chi-Square command, click Analyze, then Nonparametric Tests, then
Omne Sample. This will bring up the dialog box for the One-Sample Nonparametric Tests
command. You will notice that this new procedure has a dialog box that is quite
different from the interfaces for other SPSS commands. It was completely rewritten
using SPSS’s new modeling procedures starting with Version 18.

; {2 One-Sample Nonparametric Tests X

Identifies differences In single fields using one or more tests. tests do not your data follow the
normal distribution.

r Whatis your objective? - e i e e e
Each objective comesponds to a distinct default configuration on the Settings Tab that you can further customize, if desired.

| C datato hyp d

O Testsequence for randomness

O Customize analysis !

Description = T T — R i &
datato using the Binomial test, Chi-Square test, or Kolmogorow-Smimov. The test

chosen varies based on your data.

X

Our objective for a chi-square goodness of fit test is to determine if the distribution
of the data is equal to the hypothesized distribution. Therefore, just leave the Objective
tab the same and click on the Fields tab at the top of the window.
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] GOM-Sample Nonparametric Tests
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@ Use custom field assignments
Eretas: ey TestFields.

Méone by & coint

———
=

You will need to click Use custom field assignments and then move the variable
COINT1 to the Test Fields area on the right.

This new procedure is actually quite smart and will examine your data and choosc
the most appropriate test for you. In order to demonstrate the chi-square test of inde-
pendence, however, we will force it to run only that test by selecting the Setlings tab
across the top, then clicking Customize tests under Choose Tests, and then checking the
Comipare observed probabilities to hypothesized (Chi-Square test) option.

Select an itemn
ks, R S Tl
| hosse Tests ; © Aytomatically choose the tests based on the data
{ Test Options @® Cusfomize tests
; User-Missing Values _ Compare d binary ility 10 test)
| &l
| N— e
| ¥ [Compare o a to ized (Chi-Square test) ]
| = &
| Test against ®: test)
i o 47
} __ Compare median to hypothesized (Wilcoxon signed-rank test)
as
" Testseguence for randomness (Runs test)
S&ds

Cease e (coen (O]

A fair coin has an equal chance of coming up heads or tails. Therefore, there is
nothing further we need to do. If, however, different values had different expected
probabilities, we would click Options, where we would have an opportunity to
Customize expected probability. Close the Chi-Square Test Options window by clicking
Cancel, and then click Run.
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Reading the Output

This new procedure completely changes the way output is presented when compared
with other procedures in SPSS. The new output states the null hypothesis in standard
English, tells you what test was run, gives a significance level, and tells you whether
or not to reject the null hypothesis. In the example shown here, we are clearly told
that the one-sample chi-square test (chi-square goodness of fit test) tested whether the
values of COINT had equal probabilities (50% chance of heads and 50% chance of tails).
We were told to “Retain the null hypothesis” (which most standard statistics texts
would call “fzil to reject the null hypothesis”).

3 -output (ooc\;mer;tll - IBM SPSS Statistics Viewer - o X
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=] Nonparametric Tests
[ Tive
+ @ Notes
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B8 {€] One-Sample Chi-Square Test
- B Tite
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+ L{9 One-Sample Chi-Squ
(i One-Sample Chi-Squ|
- (@ Categorical Field Information
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Null Hypothasis Test Sig Dacision

1 The categories of coin1 occur One-Sample Chi-Square Test 655  Retain the null hypothesis.
with equal probabilities.

A are displayed. The level is .050.

One-Sample Chi-Square Test
coin1

One-Sample Chi-Square Test Summary
TotalN_ ot 20

TestStatiste - 200"

Offrsedom R

Asympwnc Sig(2-sided 655
tesl)

a. There are 0 cells (0%) with expected values

less than 5. The minimum expected value is
10.

Under the text output is a graphical representation of the analysis.




118 Nonparametric Inferential Statistics

€@ “Outputt [Document?] - 18M SPSS Statistics Viewer - O X
Fie Et Yew pData JIransform inset Format  Analge Graphs  Uiies Window  Help
E hd ) " PEEY D
e N e R Bl o e
8- & output
8 {8 Nonparametnc Tests i
&) Twe i Frequency
@ Notes i ‘ M Observed

D) Acvve Dataset
B3 Hypothesis Test €
® (& one-Sampie Chi-
5 Twe
& & coint
& Twe
g One-San
i@l One-Sanjl

B Hypothesized

Frequency

Head Tail

coin1

Categorical Field Information coin1
Total N= 20

Count

Head Tail

coin1

/IBM SPSS Statistics Processoris ready | | |Unicode:ON [H: 164, W: 792 pt.

Drawing Conclusions

A significant chi-square test indicates that the data vary from the expected values.
A test that is not significant indicates that the data are consistent with the expected
values.
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Phrasing Results That Are Significant

In describing the results, you should state the value of chi-square (whose symbol is ¥?),
the degrees of freedom, the significance level, and a description of the results. For
instance, with a significant chi-square (this output compares COIN2 to hypothesized
proportions of 80 and 20), we could state the following:

A chi-square goodness of fit test was calculated comparing the frequency
of occurrence of each Heads and Tails on a coin. It was hypothesized
that Heads would occur 80% of the time. Significant deviation from the
hypothesized values was found (¢* (1) = 7.813, p < .05). The coin does not
appear to be biased to come up Head 80% of the time.
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Test Statstic 7813°
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Phrasing Results That Are Not Significant

If the analysis produces no significant difference, as in the original example, we could
state the following;:
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A chi-square goodness of fit test was calculated comparing the frequency
of occurrence of heads and tails on a coin. It was hypothesized that each
value would occur an equal number of times. No significant deviation
from the hypothesized values was found (¢ (1) = .20, p > .05). The coin
appears to be fair.

Practice Exercise

Use Practice Dataset 2 in Appendix B. In the population from which the sample was
drawn, 20 percent of employees are clerical, 50 percent are technical, and 30 percent are
professional. Determine whether or not the sample drawn conforms to these values.
Hint: You will need to customize expected probabilities and enter the category values (1,
2, 3) and relative percentages (20, 50, 30). Also, be sure you have entered the wariable
CLASSIFY as nominal.

Section 8.2 Chi-Square Test of
Independence
Description

The chi-square test of independence tests whether or not two variables are independent
of each other. For instance, flips of a coin should be independent events, so knowing
the outcome of one coin toss should not tell us anything about the second coin toss.
The chi-square test of independence is essentially a nonparametric version of the inter-
action term in ANOVA.

Assumptions

Very few assumptions are needed. For instance, we make no assumptions about the
shape of the distribution. The expected frequencies for each category should be at least
1, and no more than 20 percent of the categories should have expected frequencies of
less than 5. (Note: To save space, these examples violate that assumption.)

SPSS Data Format

At least two variables are required.

Running the Command

The chi-square test of independence is a component of the Crosstabs command rather
than the Nonparametric Statistics command. For more details, see Section 3.2 in Chapter 3
on frequency distributions for multiple variables.

4nalze  Graphs  UmilSes Eglensions  Window  Help
Reports
Dgscnptve Stabstcs
Bayesian Statistics
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Compare Means
General Linear Mocel
GeneraiZed Linear Models
Miged Models
Corelate
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This example uses the COINS.sav file. COINT1 is placed in the Row(s) blank, and
COIN2 is placed in the Column(s) blank.

EA Crosstabs X

[Layerfof1—————— w7y
Predous) fadtent l

e T =D |

M Oispiay layer variables in tadle layers
Display clustered bar charls
] Suppress ables

|

& Crosstabs: Statistics X
[chr-square ] €3 cog
I ey Ordinal

[”] Contingency coefficient| | (] Gamma
| [] Phi and Cramer's V [7] Somers'd

[J Lambda [[] Kendalrs tau-p
{ ] Uncertainty coeficient [7] Kendall's tau¢ ]

 Nominal by Interval — [T} Kappa
‘ [Ea [] Risk
L | [OMcNemar

[ Cochran’s and Mantel-Haenszel statistics

Test common 040ds rabo equais 1

Click Statistics, then check the Chi-square box. Click Continue. You may also want to
click Cells to select expected frequencies in addition to observed frequencies.

$2 Crosstabs: Cell Display X
[ Counts ——-——— o8t — -

| ¥ Qoserved | [ Compare column proporsons i
| Emeced ]| [ Aot pvaves Bonterron: memad {
| £ iide small counts |

Lesshan &

B et s

r Percentages —— [ Residuals —— ~
| 1 gow || 7] unstancaraized !
| E3 Column | [ standarazed |
{OTotal | ) Adusted standarazed |
 Noninteger Weights e

l.RounﬂcoIeounu © Round case weights

© Truncate ceji counts O Truncate case weights

| O No adwsments 2 =

Note that you can also use the Cells option to display the percentages of each vari-
able for each value. This is especially useful when your groups are different sizes, but
it is unnecessary in this example.

Click OK to run the analysis.
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Reading the Output

The output consists of two parts. The first part gives you the counts. In this example,
the actual and expected frequencies are shown because they were selected with the
Cells option.

The second part of the output gives the results of vthe chi-square test. The most
commonly used value is the Pearson chi-square, shown in the first row (value of .737).

& "Outout? [Documentl) - IBM SPSS Statistics Viewer = A x
e

EM Vew Dota Transorm jasent. Format Analze  Graphs  Umites Extensions Window Help

S Moo R Bl = 5 B[]

» (@ Case Processing Summary Case Processing Summary

{8 com1 * con2 Crosstaduiason Cases
g Crw-Square Tests vald Missing Total
N Percent N Percent N Percent
cont ® coind 20 1000% 0 0.0% 20 100.0%

coin1 * coin2 Crosstabulation

coin2
Heaa Tau Total

coinl  Head Count 7 4 "
Expected Count 61 50 10

Tad Count 4 5 9
Expected Count QD a9 90

Total Count 1 9 20
Expectad Count 110 90 200

Chi-Square Tests

Asymptotic
Significance Exact Sig. (2- ExactSig (1-
Value af (2-s1g2d) sid=d) sid=a)
Pearson CheSquare 73r* (] 391
Connuty Comecton® 165 1 684
Liatinood Rato 740 1 3%0
Fisher's Exact Test 653 342
Linear-by-Uinear 700 1 403
Associaton
N of Vaid Cases 20

3 3calis (75 0%) have expected count 128 than 5 The minimum axpacted countis 4 05

b Computad only for 3 2x2 table

184 SPSS Statistics Processorisready | |Unicode:ON H: 124, W: 792 pt_

Drawing Conclusions

A significant chi-square test result indicates that the two variables are not independent.
A value that is not significant indicates that the variables do not vary significantly from
independence.

Phrasing Results That Are Significant

In describing the results, you should give the value of chi-square, the degrees of
freedom, the significance level, and a description of the results. For instance, with a
significant chi-square (for a dataset different from the one discussed above), we could
state the following: These results can be obtained with the following data, testing
COIN1 and COINS3.
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12 2.00 1.00 2.00
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A chi-square test of independence was calculated comparing whether
flips of a coin were independent. A significant interaction was found
(¢ (1) = 12.735, p < .05). The flips of a coin were dependent on each other.

Phrasing Results That Are Not Significant

A chi-square test that is not significant indicates that there is no significant dependence
of one variable on the other. The coin original (COIN1 and COIN2) example was not
significant. Therefore, we could state the following:

A chi-square test of independence was calculated comparing the results of
flipping two coins. No significant relationship was found (¥* (1) = .737, p >
.05). Flips of a coin appear to be independent events.

Practice Exercise

A researcher wants to know if individuals are more likely to help in an emergency +hen
they are indoors or when they are outdoors. Of 28 participants who were outdoors, 1+
helped and 9 did not. Of 23 participants who were indoors, 8 helped and 15 di. not.
Enter these data, and find out if helping behavior is affected by the environment. The
kev to this problem is in the data entry. Hint: How many participants were there, and
how many pieces of information do we know about each? Having SPSS give you cell
percentages will help you with the interpretation of this problem.

Section 8.3 Mann-Whitney U Test

Description

I'he Mann-Whitney U test is the nonparametric equivalent of the independent ! test.
It tests whether or not two independent samples are from the same distribution. The
Mann-Whitney U test is weaker than the independent ¢ test, and the ¢ test should be
used if you can meet its assumptions.

Assumptions

The Mann-Whitney U test uses the rankings of the data. Therefore, the data for the
two samples must at least be ordinal. There are no assumptions about the shape of the
distribution.

SPSS Data Format

This command requires a single variable representing the dependent variable and a
second variable indicating group membership. SPSS requires the dependent variable
to be a scale-type variable even though the variable itself only needs to be ordinal.

Running the Command

This example will use a new data file. It represents eight participants in a series of
races. There were long races, medium races, and short races. Participants were either
experienced (2) or had medium experience (1).
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Data View L\'*"m‘:ﬁ 2|

I,Q’J@faf,__m:_r:é P shot | experience| v || v

1 | 6.00 2.00

2] 2.00 3.00 4.00 2.00
3 5 300 200 7.00 2.00
ViR 4.00 5.00 3.00 2.00
5 500 1.00 10.00 1.00
6 6.00 8.00 5.00 1.00
7 700 7.00 12.00 1.00
8 800 600 1.00 1.00
9

e

[1BM SPSS Statistics Processoris ready | |
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+ita from the figure shown above in a new file, and save the data file as
values for LONG, MEDIUM, and SHORT represen t the results of the
1g first place and 8 being last.

Make sure that LONG, MEDIUM, and SHORT are scale-type ~rariables and that
EXPERIENCE is a nominal-type variable.

To run the command, click Analyze, then Nonparametric Tests,

Samples. This will bring up the main dialog box.
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€3 Nonparametnc Tests: Two or More Independent Samples X
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{ & tong =
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|
1
! 5
! N
|
|
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Leave the Objective to Automatically compare distributions across groups. Then click
on the Fields tab. Next, enter EXPERIENCE in the Groups area. Click on Run to perform
the analysis.
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Reading the Output
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Here you will get a plain-English result. In this case, we reject the null hypothesis that
the distribution was the same for both levels of experience.

The output consists of several sections. One section gives descriptive statistics
for the two samples. Because the data are required only to be at least ordinal, sum-
maries relating to their ranks are used. Those participants who had medium experi-
ence averaged 6.5 as their place in the race. The experienced participants averaged 2.5
as their place in the race.

Another section of the output is the result of the Mann-Whitney U test itself. The
value obtained was 0.0, with a significance level of .029.
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Drawing Conclusions

A significant Mann-Whitney U result indicates that the two samples are different in
terms of their average ranks.

Phrasing Results That Are Significant

Our preceding example is significant, so we could state the following:

A Mann-Whitney U test was calculated examining the place that runners
with varying levels of experience took in a long-distance race. Runners
with medium experience did significantly worse (M place = 6.50) than
experienced runners (M place = 2.50; U = 0.00, p < .05).
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Phrasing Results That Are Not Significant

If we ran the tst on short-distance races instead of long we would get the following

output:
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A Mann-Whitney U test was used to examine the difference in the race
performance of runners with medium experience and runners with
experience in a short-distance race. No significant difference in the results
of the race was found (U = 6.00, p > .05). Runners with medium experience
averaged a place of 5. Experienced runners averaged 4.

Practice Exercise

Using Practice Dataset 1 in Appendix B, determine if younger participants (< 26) have
significantly lower mathematics scores than older participants. (Note: You will need to
create a new ordinal variable representing each age group. See Section 2.2 if you need
a refresher on how to do that.)

Section 8.4 Wilcoxon Test
Description

The Wilcoxon test is the nonparametric equivalent of the paired-samples (deper:dent)
t test. It tests whether or not two related samples are from the same distribution. The
Wilcoxon test is weaker than the independent ¢ test, so the t test should be used if you

can meet its assumptions.

Assumptions

The Wilcoxon test is based on the difference in rankings. The data for the two samples
must at least be ordinal. There are no assumptions about the shape of the distribution.

SPSS Data Format

The test requires two variables. One variable represents the dependent variable at the
first level of the independent variable. The other variable represents the dependent
variable at the second level of the independent variable.

Running the Command
Locate the command by clicking Analyze, then Nonparametric Tests, then Related Samples.
This example uses the RACE.sav dataset.
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Select the Fields tab. Move the variables LONG and MEDIUM over to the Test Fields

area as shown below.

13 Norpuametc Tests. Tao cr More Related Sampies x
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TestFioss
=
P mesm
] el
[CY SV ST RO

Finally, select the Settings tab and Customize tests to select Wilcoxon matched-pair

signed-rank. Click Run.
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Reading the Output

As part of the new nonparametric procedure, the output will be presented in plain
English with graphs.
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The example above shows that no significant difference was found between the
results of the long-distance and medium-distance races.

Phrasing Results That Are Significant

A significant result means that a change has occurred between the two measurements.
If we compared PRETEST to FINAL scores using the GRADES.sav dataset we would
obtain:
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A Wilcoxon test examined the results of the pretest and final exam scores.
A significant difference was found in the results (Z = 4.018, p < .05). Final
exam scores were better than pretest scores.

Phrasing Results That Are Not Significant

In fact, the results in the original example were not significant, so we could state the

following:
A Wilcoxon test examined the results of the medium-distance and long-
distance races. No significant difference was found in the results (Z = .085,
p > .05). Medium-distance results were not significantly different from
long-distance results.

Practice Exercise

Use the RACE.sav data file to determine whether or not the outcome of short-distance
races is different from that of medium-distance races. Phrase your results.
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Section 8.5 Kruskal-Wallis H Test

Description

The Kruskal-Wallis H test is the nonparametric equivalent of the one-way ANOVA.
It tests whether or not several independent samples come from the same population.

Assumptions

Because the test is nonparametric, there are very few assumptions. However, the test
does assume an ordinal level of measurement for the dependent variable. The inde-
pendent variabie should be nominal or ordinal.

SPSS Data Format

SPSS requires one variable to represent the dependent variable and another to
represent the levels of the independent variable. The dependent variable must be
entered as a scale-type variable even if it is actually ordinal.

Running the Command

{2 “race1.sav [DataSet2] - IBM SPSS Statistics Data Editor - (m] X
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¥ 9.00 10.00 3.00 .00
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| [1BM SPSS Statistics Processor is ready| | |Unicode:ON| | |

This example modifies the RACE.sav data file to include a third group of four add-
itional participants with no experience (EXPERIENCE = 0). Make sure your data look
like the screenshot shown above.
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To run the command, click Analyze, then Nonparametric Tests, then Indcpendent
Samples. This will bring up the main dialog box, below.
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Select the Settings tab and Customize tests to select Kruskal-Wallis 1-way ANOVA.
Also, select Multiple comparisons and choose All pairwise. Just as post-hoc tests are neces-
sary with parametric one-way ANOVA, they are also necessary with nonparametric
versions. This step will have SPSS compute them for us. Click Run to perform the

analysis.

42 Nonparametric Tests: Two or More Independent Samples x
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Reading the Output
The output will consist of the real-language Output. Here, it tells us that the distribu-
tion of the variable LONG is the same across all levels of EXPERIENCE.
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The Pairwise Comparisons of experience table shows that EXPERIENCE 2
(Experienced) is significantly different from EXPERIENCE 0 (None). However, the
other two comparisons are not significantly different from each other.
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Drawing Conclusions

Like the one-way ANOVA, the Kruskal-Wallis test assumes that the groups are equal.
Thus, a significant result indicates that at least one of the groups is different from at
least one other group. The Pairwise Comparisons command will allow us to determine
which groups are different.

Phrasing Results That Are Significant

The preceding example is significant, so we could state the following:

A Kruskal-Wallis test was conducted comparing the outcome of a long-
distance race for runners with varying levels of experience. A significant
result was found (H (2) = 9.846, p < .01), indicating that the groups differed
from each other. Follow-up pairwise comparisons indicated that runners
with the greatest experience performed significantly better than runners
with no experience.

Phrasing Results That Are Not Significant

If we conducted the analysis using the results of the short-distance race, we would get
the following output, which is not significant.

Hypothesis Test Summary
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result is not significant, so we could state the following:
his
. A Kruskal-Wallis test was conducted comparing the outcome of a short-
distance race for runners with varying levels of experience. No significant
difference was found (H (2) = 0.299, p > .05), indicating that the groups did
not differ significantly from each other. Experience did not seem to influ-

ence the results of the short-distance race.

Section 8.6 Friedman Test

Description
The Friedman test is the nonparametric equivalent of a one-way repeated-measures

ANOVA. It is used when you have more than two measurements from related

participants.

Assumptions
The test uses the rankings of the variables, so the data must at least be ordinal. No
other assumptions are required.

SPSS Data Format

SPSS requires at least three variables in the SPSS data file. Each variable represents the
dependent variable at one of the levels of the independent variable.

Running the Command

4naize  Graphs Usiies Exensions  \Yindow  Heip
Reports f
e~ SR
Bayesian Statistics
Taes) var var f v |
Compare Means. AR Kb i e e S
General Linear Model
Generaized Linear Modeis
Miged Models
Corelate
Begression
Loglinear
Neural Networks
Classify
DRimension Reduction
Scale
tonparametnc Tests
Forecasgng
Sunwal
Myttiple Response

BN thincimm Vmbeea Ammbmin

A Qne Sample._.
A Independent Samples._
B Belated Samples
Legacy Dialogs »

Y VY T Y Y YYYTYTEYTYTYPRYTYTT Yy

Locate the command by clicking Analyze, then Nonparametric Tests, then Related Samples.
This will bring up the main dialog box. This example uses the RACE.sav data file.
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Leave the Objective the same, and select the Fields tab. Move all three v -iables
representing race places over to the Test Fields area (LONG, MEDIUM, SHORT).
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Under the Setiings tab, select Customize tests and then select the Friedman’s 2-way
ANOVA by ranks. Select Multiple comparisons, and select All pairwise. Run the test.
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Reading the Output
The real-language Model Viewer will tell us that there was not a significant difference
in the distributions of the three variables.
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Drawing Conclusions

The Friedman test assumes that the three variables are from the same population.
A significant value indicates that the variables are not equivalent.

Phrasing Results That Are Significant

If we obtained a significant result (for example using GRADES.sav and comparing
PRETEST, MIDTERM, and FINAL), we could state the following:

A Friedman test was conducted comparing the average scores on
Pretest, Midterm, and Final exams. A significant difference was found
(x* (2) = 36.857, p < .05). Scores significantly changed over the course of
the semester.
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Phrasing Results That Are Not Significant

In fact, our example was not significant, so we could state the following:

A Friedman test was conducted comparing the average place in a race of
runners for short-distance, medium-distance, and long-distance races. No
significant difference was found (32 (2) = 0.839, p > .05). The length of the
race did not significantly affect the results of the race.

Practice Exercise

Use the data in Practice Dataset 3 in Appendix B. If anxiety is measured on an ordinal
scale, determine if anxiety levels changed over time. Phrase your results.



Chapter 9
Test Construction

Section 9.1 Item-Total Analysis

Description

Item-total analysis is a way to assess the internal consistency of a dataset. As such, it
is one of many te-ts of reliability. Item-total analysis comprises a number of items that
make up a scale o a test designed to measure a single construct (e.g., intelligence), and
it determines the degree to which all of the items measure the same construct. It does
not tell you if it is measuring the correct construct (that is a question of validity). Before
a test can be valid, however, it must first be reliable.

Assumptions

All the items in the scale should be measured on an interval or ratio scale. In addition,
each item should be normally distributed. If your items are ordinal in nature, you
can conduct the analysis using the Spearman rho correlation instead of the Pearson r

correlation.

SPSS Data Format

SPSS requires one variable for each item (or question) in the scale. In addition, you
must have a variable representing the total score for the scale.

Conducting the Test

Item-total analysis uses the Pearson Correlation command. To conduct it, open the
QUESTIONS.sav data file you created in Chapter 2. Click Analyze, then Correlate, then
Bivariate.
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»
»
»
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Test Construction

Place all questions and the total in the right-hand window, and click OK. (For more
help on conducting correlations, see Chapter 5.) The total can be calculated with the
techniques discussed ift Chapter 2.

a Bivariate Correlations

3

X
VYariables: PRI
& group & at
&

- Correlation Coefficients B
W/ Pearson __ Kendallstau-b | Spearman

- Test of Significance — ——

® Two-tailed O One-tailed

¥ Flag significant correlations

|
|

Reading the Output

The output consists of a correlation matrix containing all questions and the total. Use
the column labeled TOTAL, and locate the correlation between the total score and
cach question. In the example shown to the right, QUESTION 1 has a correlation of
0.873 with the total score. QUESTION 2 has a correlation of —.130 with the total score.
QUESTION 3 has a correlation of .926 with the total score.
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Interpreting the Output

Item-total correlations should always be positive. If you obtain a negative correlation,
that question should be removed from the scale (or you may consider whether it
should be reverse-keyed).

Generally, item-total correlations of greater than .7 are considered desirable. Those
of less than .3 are considered weak. Any questions with correlations of less than .3
should be removed from the scale.

Normally, the worst question is removed, and then the total is recalculated. After
the total is recalculated, the item-total analysis is repeated without the question that
was removed. Then, if any questions have correlations of less than .3, the worst one is
removed, and the process is repeated.

When all remaining correlations are greater than .3, the remaining items in the
scale are considered to be those that are internally consistent.

Sect 5 9.2 Cronbach’s Alpha

Description

Cronbach'’s alpha is a measure of internal consistency. As such, it is one of many tests
of reliability. Cronbach’s alpha comprises a number of items that make up a scale
designed to measure a single construct (e.g., intelligence), and it determines the degree
to which all the items are measuring the same construct. It does not tell you if it is
measuring the correct construct (that is a question of validity). As stated earlier, before
a test can be valid, it must first be reliable.

Assumptions

All the items in the scale should be measured on an interval or ratio scale. In addition,
each item should be normally distributed.

SPSS Data Format

SPSS requires one variable for each item (or question) in the scale.

Running the Command

We will continue to use the QUESTIONS.sav data file we first created in Chapter 2.
Click Analyze, then Scale, then Reliability Analysis.
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This will bring up the main dialog box for Reliability Analysis. Transfer the
questions from your scale to the Items blank, and click OK. Do not transfer any variables

representing total scores.
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Note that if vou change the options under Model, additional measures of internal
consistency (e.g., split-half) can be calculated.

Reading the Output

In this example, the reliability coefficient is .407. Numbers close to 1 are very good, but
numbers close to 0 represent poor internal consistency.
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Section 9.3 Test-Retest Reliability

Description

Test-retest reliability is a measure of temporal stability. As such, it is a measure of reli-
ability. Unlike measures of internal consistency that tell you the extent to which all of
the questions that make up a scale measure the same construct, measures of temporal
stability tell you whether or not the instrument is consistent over time or over multiple
administrations.

Assumptions

The total score for the scale should be an interval or ratio scale. The scale scores should
be normally distributed.

SPSS Data Format

SPSS requives = variable representing the total score for the scale at the time of first
administration. .\ second variable representing the total score for the same participants
at a different tir:e (normally two weeks later) is also required.

Running the Command

The test-retest reliability coefficient is simply a Pearson correlation coefficient for the
relationship between the total scores for the two administrations. To compute the coef-
ficient, follow the directions for computing a Pearson correlation coefficient (Chapter 5,
Section 5.1). Use the two variables representing the two administrations of the test.

Reading the Output

The correlation between the two scores is the test-retest reliability coefficient. It should
be positive. Strong reliability is indicated by values close to 1. Weak reliability is
indicated by values close to 0.

Section 9.4 Criterion-Related Validity

Description

Criterion-related validity determines the extent to which the scale you are testing
correlates with a criterion. For instance, ACT scores should correlate highly with GPA.
If they do, that is a measure of validity for ACT scores. If they do not, that indicates that
ACT scores may not be valid for the intended purpose.

Assumptions

All of the same assumptions for the Pearson correlation coefficient apply to measures
of criterion-related validity (interval or ratio scales, normal distribution, etc.).

SPSS Data Format

Two variables are required. One variable represents the total score for the scale you are
testing. The other represents the criterion you are testing it against.
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Running the Command

Calculating criterion-related validity involves determining the Pearson correlation
value between the scale and the criterion. See Chapter 5, Section 5.1 for complete

information.

Reading the Output

The correlation between the two scores is the criterion-related validity coefficient. It
should be positive. Strong validity is indicated by values close to 1. Weak validity is
indicated by values close to 0.

Section 9.5 Inter-Rater Reliability

Description

There are many ways to measure inter-rater reliability. It can be as simple as t!v coi-
relation between two reviewer’s scores if you have an interval or ratio scale (or ¢ven a
Spearman rho if you have a nominal scale). A common measure with nominal scales,
however, is Cohen’s Kappa.

Assumptions
Cohen’s Kappa works best with nominal scales with a limited number of categories.

SPSS Data Format
Twe variables are required. One variable represents the rating of one person and the
second variable represents the rating of the other rater. For example, you could have a

datafile using the data presented here.

A “Unttled2 [DstaSet3] - 1BM SPSS Statistics Data Editor - [m] X
File Edt View Dala Transform Analyze Graphs Utilities Extensions Window Help
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3555 700 7.00
Tl 800 800
caarz 400 300

500 500
600 6.00
400 500
500 500
800 800
300 200
100 1.00
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Running the Command

Calculating inter-rater reliability involves the crosstabs command. See Chapter 3,
Section 3.2 for more information. Enter one rater’s scores as the columns and the other

rater’s scores as the rows.

Display Gustered Lar charts
Superess jables

(o) (sste) (Bese) (canen] (bion )

When running crosstabs, you select the Statistics option and then select Kappa.

i @ Crosstabs: Statistics

[_] Chi-square
[ Nominal —
1 [] Contingency coefficient
| L] Phi and Cramers V

F ["] Lambda

X
[] Correlations
r Ordinal ————
| ] Gamma 1
] Somers'd |

[] Kendalr's tau-b
| [] Kendall's tau-g

| [] Uncentainty coefficient

( Nominal by Interval ———
[y

ANTNEEENARE

Test common odds rat

[7] Cochran’s and Mantel-Haenszel statistics

oeguals 1

Wlkaopa ]
[ Risk
"] McNemar

Reading the Output
The inter-rater reliability is represented at the bottom of the output as Kappa. In the
example here, Kappa is equal to .651. While there is some disagreement on interpreting
Kappa, Landis and Koch (1977) have suggested values < .2 as slight, .2-.4 as fair, .4-.6 as
moderate, .5-.8 as strong, and > .8 as almost perfect.
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Appendix A
Effect Size

Many disciplines are placing increased emphasis on reporting effect size. While statistical hypoth-
esis testing provides a way to tell the odds that differences are real, effect sizes provide a way to
judge the relative importance of those differences. That is, they tell us the size of the difference or
relationship. They are also critical if you would like to estimate necessary sample sizes, conduct a
power analysis, or conduct a meta-analysis. Many professional organizations (e.g., the American
Psychological As=sciation) are now requiring or strongly suggesting that effect sizes be reported
in addition ‘o the r2sults of hypothesis tests.

Becausc the: - are at least 41 different types of effect sizes,' each with somewhat different prop-
erties, the purpos« of this appendix is not to be a comprehensive resource on effect size, but rather
to show you how to calculate some of the most common measures of effect size using SPSS.

ction A.1 Cohen’s d

One of the simplest and most popular measures of effect size is Cohen'’s d. Cohen’s d is a member
of a class of measurements called standardized mean differences. In essence, d is the difference
between the two means divided by the overall standard deviation.
It is not only a popular measure of effect size, but Cohen has also suggested a simple basis to
interpret the value obtained. Cohen? suggests that effect sizes of .2 are small, .5 are medium, and
.8 are large.

We will discuss Cohen’s d as the preferred measure of effect size for ¢ tests. Unfortunately,
SPSS does not calculate Cohen’s d. However, this appendix will cover how to calculate it from the
output that SPSS does produce.

Effect Size for Single-Sample t Tests

Although SPSS does not calculate effect size for the single-sample ¢ test, calculating Cohen'’s d is
a simple matter.

Cohen’s d for a single-sample ¢ test is equal to the mean difference over the standard deviation.
If SPSS provides us with the following output (testing whether HEIGHT in the HEIGHT.SAV
datafile is equal to 69.5 inches), we calculate d as follows.
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.'Outp\m [Document1] - IBM SPSS Statistics Viewer
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In this example, using Cohen’s guidelines to judge effect size, we would have an effect

size between medium and large.

Effect Size for Independent-Samples t Tests

Calculating effect size from the independent ¢ test output is a little more complex
because SPSS does not provide us with the pooled standard deviation. The upper
section of the output, however, does provide us with the information we need to calcu-
late it. The output presented here is the same output we worked with in Chapter 6 (Using
SAMPLE.sav and seeing if GRADE is different for the two groups of MORNING).

= o X

$Y Ertor

porson * Mean 543 Devavon My an
ORADE Mo 2 925000 353553 250000

s 2 760000 707107 500000

independent Samples Test
Lovene s Test for Equatny of
vanantey Flest o Equanty ot Means
%5% Configence intenal of the
Mean 511 Enor Dterence
¥ S5 ' ot 549 (1taind)  Decence Diterence Lowst Uppet

ORADE  Equan vanances 005 2 508 450000 559017 1955256 2855256

e

EQua vanances nel 005 1n 530 450000 559017 -30 09261 3909261

)

o

1EM SPSS Stastics Processor is ready | |

"Unicode ON | H. 564.W- 733 pt.




s _ [ =1)8F +(np - 1)s3
poat ™ ny o+, —2

— \/(2—1)3.5355%(2—1)07112
pooled =

2+2-2
62.500
spoolcd = >

5 o =550

Once we have calculated the pooled standard deviation (Spwis), We can calculate
Cohen’s d.

d= X1-X2
Spooltd
4 82.50-78.00
5.59
d=.81

So, in this cxamplie, using Cohen’s guidelines for the interpretation of d, we would
have obtained a large effect size.

Effect Size for Paired-Samples t Tests

As you have probably learned in your statistics class, a paired-samples f test is really
just a special case of the single-sample ¢ test. Therefore, the procedure for calculating
Cohen’s d is also the same. The SPSS output, however, looks a little different, so you
will be taking your values from different areas. This example uses GRADES.sav.

487011 (Documentt] - 1811 SPSS Statitis Viewss
ffe Ea Yiew Data Jransform nset Format  Analyze  Graphs  Umities

Effect Size 155

SR S oo H s

LG
8 [ T-Test T-Test
By Tme
+ @ Notes
(g Paired’s S— Paired Samples Statistics
+ [ Paired Samples Comelations St Error
(i Paired Samples Test Maan N $td Dewiation Mean
Pa1 pretest 633333 H 892035 194854
fnal 86.0000 il 961249 209762
Paired Samples Correlations
N Cotrelaton  Sig
Pair1_ pretest& final 21 509 (1)
Paired Samples Test
Pared Diferences
95% Confidence interval of e
St Error Ooence
Mean  Std Dewavon Mean Lower Uppet 1 o $1g (Mtaved)
Pair 1 pretest-final  -2266667 9.21050 200390 -26 85624 ~18.47410 11278 20 000
& ST 5 P - = ) ~15M SPSS Statisacs of i3 ready




156 Appendix A

)
Sp
22,6667
9.2105
d=246

Notice that in this example, we represent the effect size (d) as a positive number
even though it is negative. Effect sizes are always positive numbers. In this example,
using Cohen’s guidelines for the interpretation of d, we have found a very large
effect size.

Section A.2 2 (Coefficient of
Determination)

While Cohen’s d is the appropriate measure of effect size for t tests, correiaiion
and regression effect sizes should be determined by squaring the correlation coef-
ficient. This squared correlation is called the coefficient of determination. Coben’
suggested that correlations of .5, .3, and .1 corresponded to large, moderate, and small
relationships. Those values squared yield coefficients of determination of .25, .09, and
.01, respectively. It would appear, therefore, that Cohen is suggesting that accounting
for 25 percent of the variability represents a large effect, 9 percent a moderate effect,
and 1 percent a small effect.

Effect Size for Correlation

Nowhere is the effect of sample size on statistical power (and therefore significance)
more apparent than with correlations. Given a large enough sample, any correlation
can become significant. Thus, effect size becomes critically important in the interpret-
ation of correlations.

The standard measure of effect size for correlations is the coefficient of determin-
ation (r?) previously discussed. The coefficient should be interpreted as the proportion
of variance in the dependent variable that can be accounted for by the relationship
between the independent and dependent variables. While Cohen provided useful
guidelines for interpretation, each problem should be interpreted in terms of its true
practical significance. For instance, if a treatment is very expensive to implement, or
has significant side effects, then a larger correlation should be required before the rela-
tionship becomes important. For treatments that are very inexpensive, a much smaller
correlation can be considered important.

To calculate the coefficient of determination, simply take the r value that SPSS
provides and square it.

Effect Size for Regression

The Model Summary section of the output reports R? for you. The example output here
(from the HEIGHT.sav dataset for a regression to predict WEIGHT from HEIGHT)
shows a coefficient of determination of .649, meaning that almost 65 percent (.649) of
the variability in the dependent variable is accounted for by the relationship between
the dependent and independent variables.



$& 0utputt [Document1)] - 1BM SPSS Statistics Viewer

Effect Size 157

5 |
fle EM View Data Inset Format  Analze  Graphs  Ubiities |
= .
SHS R G W e o 5 |
&+ {& Output
8 (g Regression Regression
gl’lﬂl
) Notes
L& Vanables Entere&Removed Variables Entered/Removed”
@ Model Summary Variables Vanables
% ANOVA Modsl Entered Removed Mathod
L@ Coeflicients

1 HEIGHT® . Enter
2 Dependent Variable: WEIGHT
b.All requestad variables entered

Model Summary
AdjustzaR Std Eror of
Moazl R R Square Square the Estmats
1 806" 649 624 16.14801

a. Predictors: (Constant), HEIGHT

ANOVA®
Sum of
Modst Squares af Mean Square F Sig
1 Ragrassion 6760323 1 6760323 25926 000®
Residual 3650614 1"“ 260758
Total 10410938 15 )
a Dependant Vanabla WEIGHT
b Predictors' (Constany, HEIGHT
Coefficients®
Standarded
(4] a7 €
Model B Std Error Beta 1 Sig
1 (Constant) -234 681 71.552 _ -3280 005
HEIGHT 5434 1.067 .806 5092 000

3. Dependent Variable: WEIGHT

IBM SPSS Statistics Processor is ready | | Uni
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Section A.3 Eta Squared (7°)

A third measure of effect size is Eta Squared (y?. Eta Squared is used for Analysis
of Variance models. The GLM (General Linear Model) function in SPSS (the function
that runs the procedures under Analyze—General Linear Model) will provide Eta
Squared (?).

772 = S St,ﬂ’ccl
Sscjﬁ'c! +5Serror

Eta Squared has an interpretation similar to a squared correlation coefficient (r?). It
represents the proportion of the variance accounted for by the effect. Unlike r?, however,
which represents only linear relationships, #? can represent any type of relationship.

Effect Size for Analysis of Variance

For most Analysis of Variance problems, you should elect to report Eta Squared as your
effect size measure. SPSS provides this calculation for you as part of the General Linear
Model (GLM) command. To obtain Eta Squared, simply click on the Options box in the
main dialog box for the GLM command you are running (this works for Univariate,
Multivariate, and Repeated Measures versions of the command even though only the
Univariate option is presented here).
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8@ Univariate: Options x
| rOwptay o
| | £ Descriptve statstcs ~ Bomagenedy tests
{ ‘quummu._g._g_@ "1 Spreadvs level plot
T Opserved power _ Besiaual plot
Parameter estmates T Lackot
. Conirast coefiaent matrta General estmable funcion
Hateroskedassicty Tests
_. Woded Breusch-Pagan test Flest
__ Brousch-Pagan test _ White's test

Wous

Parameter estmates wilh rodys! s1andard emors.

o leyet |05 C ntervals are 950%

Once you have selected Options, a new dialog box will appear. One of the options in
that box will be Estimates of effect size. When you select that box, SPSS will provide Lta

Squared values as part of your output.
The example here uses the GRADES.sav dataset and ANOVA on FINAL grades

and INSTRUCT.

@ Sutpn Do R - o x
[le Ea Wen Da» Jonstom jpsen  Fymat snmme  Graphs  Lmnes  Exensons  Windows  Help
= = -
= S iy jg&ﬁ ;_'m
—
Univariate Analysis of Variance
Between-Subjects
Facters
| Tests of Between-Subjects Effects
i danatie fra
: Partal Eta
{ S M2an 53ue F Sig Squared
| Commecied Mose 619714* 2 303 857 454 025 335
| inteecapt 156216 000 1155316000 2276089 000 992
] matort s e 2 302657 4501 035 335
| ot 1228286 18 69238
| Totat 157164 000 21
Comsctes Total 1848 000 20
3 R Squared= 135 (AQusted R Squared = 261)
¥ 16M SPSS Stabsbcs Processorisready . Unicode ON 'H. 22,W. 782pL

In the above example, we obtained an Eta Squared of .335 for our main effect for
Instructor. Because we interpret Eta Squared using the same guidelines as r?, we would
conclude that this represents a large effect size for instructor (> .25).



Appendix B
Practice Exercise Data Sets

The practice exercises given throughout the text use a variety of data. Some practice
exercises use the datasets shown in the examples. Others use longer datasets. The
longer datasets are presented here.

Pract'ce Dataset 1
You have conduc.ed a study in which you collected data from 23 participants. You asked
each subjeci to incicate his or her sex (SEX), age (AGE), and marital status (MARITAL).
You gave ¢ach «ubject a test to measure mathematics skills (SKILL), where the higher
scores indicated @ higher skill level. The data are presented below. Note that you will
have to code the variables SEX and MARITAL and also indicate that they are measured
on a nominal scale.

This example assumes students code SEX as 1 =M, 2 = F and MARITAL as
| = Single, 2 = Married, 3 = Divorced.

SEX AGE MARITAL SKILL
M 23 Single 34
I3 35 Married 40
F 40 Divorced 38
M 19 Single 20
M 28 Married 30
F 35 Divorced 40
F 20 Single 38
F 29 Single 47
M 29 Married 26
M 40 Married 24
F 24 Single 45
M 23 Single 37
B 18 Single 44
M 21 Single 38
M 50 Divorced 32
F 25 Single 29
F 20 Single 38
M 24 Single 19
F 37 Married 29
M 42 Married 42
M 35 Married 59
M 23 Single 45
F 40 Divorced 20

159
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@ cotasert cav [DataSet1] - 1BM SPSS Statistics Data Editor - o ?(
es | Missing | Columns  Aign | M |__Role |
" Numeric 8 2 {100, Male)  None 8 W Right & Nominal N Input
Numenc 8 2 None None 8 3l Right & Scale N Input
Numernic 8 2 {100, Sing! . None 8 3 Right & Nominal N Input
Numeric 8 2 None None 8 3 Right & Scale N Input
B R R T R G s " IBM SPSS Stalistics Processoris ready | | |Unicode:ON T
Practice Dataset 2
A survev of employees is conducted. Each employee provides the following, infor-
mation: Salarv (SALARY), Years of Service (YOS), Sex (SEX), Job Classification
(CLASSIFY), and Education Level (EDUC). Note that you will have to code SEX
(Male = 1, Female = 2) and CLASSIFY (Clerical = 1, Technical = 2, Professional = 3), and
indicate that they are measured on a nominal scale.
| & dataset2 cav [DataSet 7] - IBM SPSS Statistics Daza Edvior = o x

|Be Em wew Dsai Transtorm’ Acalgs  Graphs  Umes Egensions  Window  Help

* 1 XN B

Label _ Values _ Missing  Columns _ Align ..;M??i"!'___ | Role 4_}
Mena Mone 8 W Right & Scale N Input
ticne Hone ] 3 Right & Scale N Input
{100. Male) HNone 8 33 Right & Nominal N Input
{100, Cienc  HNone 8 3 Right & Nominal N Input
None None 8 3 Right & Scale N Input
L 4 * [BM SPSS Stalistics Processoris ready | | |[UnicodelON | | |
SALARY YOS SEX CLASSIFY EDUC
35,000 8 Male Technical 14
18,000 4 Female Clerical 10
20,000 1 Male Professional 16
50,000 20 Female Professional 16
38,000 6 Male Professional 20
20,000 6 Female Clerical 12
75,000 17 Male Professional 20
40,000 4 Female Technical 12
30,000 8 Male Technical 14
22,000 15 Female Clerical 12
23,000 16 Male Clerical 12

45,000 2 Female Professional 16




Practice Exercise Data Sets 161

Practice Dataset 3

Participants who have phobias are given one of three treatments (CONDITION). Their
anxiety level (1 to 10) is measured at three intervals—before treatment (ANXPRE),
one hour after treatment (ANX1HR), and again four hours after treatment (ANX4HR).
Note that you will have to code the variable CONDITION and indicate that they are
measured on a nominal scale.

{2 dataset3 sav [DataSet3] - 1BM SPSS Statistics Data Editor = o X
Eile Edt View Dala Transform Analze Graphs Utliies Eptensions Window Help
= @ e @&% ﬂn EE I'I ,.
Namo w.dm Decimals ;'N__, | Values | Missing | Columns|  Align | Measure Role |
1 ANXPRE Numenc 8 2 None None 8 3 Right & Scale . Input
2 AIXIHR Humeric 8 2 None None 8 3 Right & Scale N Input
3 AUXIHR Numeric 8 3 None None 8 M Right & Scale N\ Input
4 colpiw Numeric 8 2 {1.00, Place... None 8 3 Right & Nominal N Input
L el (181 SPSS Statistics Processorisready | | |UnicodeON | | |
ANXPRE ANX1HR ANX4HR CONDITION
8 7 7 Placebo
10 10 10 Placebo
9 7 8 Placebo
7 6 6 Placebo
7 7 7 Placebo
9 4 5 Valium®
10 6 8 Valium®
9 5 5 Valium®
8 3 5 Valium®
6 3 4 Valium®
8 5 3 Experimental Drug
6 5 2 Experimental Drug
9 8 4 Experimental Drug
10 9 4 Experimental Drug
7 6 3 Experimental Drug




Appendix C
Sample Data Files Used
in Text

Several data files are used in examples throughout this text. This appendix contains a
list of each, along with details on how the variables are defined and what is entered.
Each section where a file is modified or used is identified.

Practice Datasets 1, 2, and 3 are in
Appendix B.

COINS.sav

Created in Section 8.1
Used also in Section 8.2

@ concses [Tateiert3] 1BM 3PES Statstics Data Editor - = X
lghe E yow Dsis  Jonfm  Anots Graphs LUNes Egensions Window Help
B O B = 4 ﬁ?ﬂ: Sa . 1e E
BEO M o Bl HE )«
| Neme Type Width  Decimals Label _ Values Missing  Columns  Align  Measwre  Role |
’ 1 con! tiumenc 8 2 {100 Head) MNone 8 W Right & Nominal N Input
2 con Humenc 8 2 {100, Head) None 8 3 Right &> Nominal N Input

|BM SPSS Staistics Processoris ready | | [UnicodeON | | |
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@ coins.sav [DataSet13) - IBM SPSS Statistics Data Editor = a X
Fle Edt View Data Iransform Analze Graphs Utiies Extensions Window Help
O W e o B e =l @ [al
[ i - o 12 of 2 Variables
| | &comt | oz | var | var [ var | var | =

1 Head Tail
& 2] Tail Tail

e Head Head

4. Head Head

5 Tail Tail

6 Head Head

7 Head Tal

8. Tail Head

9 Head Tail

10 Head Tail

1" Hzd Head

12 Head

13 Tall

14 ! Head

15 i Head

16 | Tail

17 secad Head

18 o Tail

19 Tail Head

20 H2ad Head

21

T 3

:xavnwlw

e = I8 SPSS [ isready| | |UnicodeON| | [

GRADES.sav

Created in Section 6.4
Used also in Sections 4.5,7.2,7.3,7.4,7.5
Used also in Appendix A Section A.1 and A.3
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Q grades.sav [DataSet1] - IBM SPSS Statistics Data Editor
Exensions  Window Help

Fle Edit View Data Transform Analze Graphs  Utilities

e W oo &

| Name [ Type Align
_ 1 |pretest Numeric 8 2 None None 8 3 Right
2 |midterm Numeric 8 2 None None 8 3 Right & Scale N Input
. | final Numeric 8 2 None None 8 A Right & Scale N Input
4 instruct Numeric 8 2 None None 8 3 Right & Nominal N Input
5 required Numeric 8 2 {00, No}...  None 8 3 Right & Nominal N\ Input
[ [iBM SPSS Statistics Processoris ready | | |UnicodeON | [
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8 grades.cov [Datasen] - 1BM SPSS Statestics Data [ehtor - a X
JES Yew Dats Jamsiorm snalce Graphs  Ummes saisd
RS W« - !&QE H agmg@_l
" [Visibie: 5 of 5 Variables

__llsm- Lo’ St Pioavs Pwgimd w | e T e ol e ol
1 €900 100 o
2 79 oo 9100 89 00 100 to
3 6800 mw $100 100 1o
] 5900 6900 7100 100 Yes
5 6400 76 1500 10 Yes
E 6 7400 83 00 €600 100 Yes
s 7 7300 8500 8500 100 Yes
8 4700 6400 6900 20 No
) 7800 9800 100 00 200 o
1w 8100 700 85 00 200 to
FET) €809 86 00 9300 200 Yes
2 6400 700 8700 200 Yes
&) 5300 6700 76 00 200 Yes
u 7100 8500 9500 200 Yes

15 §100 7300 700 300 Mo |

% 5700 7700 8900 300 No i

7 4900 6500 8300 300 to ;
. 7100 9300 100 00 300 Yes

800 3400 300 Yes !

7500 9200 300 Yes !

74 00 92 00 300 Yes '

1S SPSS Statstics Processor is 1eacy | Unicode.ON

HEIGHT.sav

Created in Section 4.2

Used also in Section 4.3

Used also throughout Chapter 5

Used also in Sections 6.2 and 7.6

Used also in Appendix A section A.1 and A.2

8 heghe sav Dataser2] - 12M SPSS Seavsncs Date [ditor - m] X

[&E‘MMWmmmsmsemmmuw

m.. = ﬁ&:@& i @Q -5%

Type Width Decimals . B

Measwe | Role |

2 None Nom ’ Scale M Input
8 2 None None & Scale N Input
8 2 {100 Male)] None & Nominal N Input

1BM SPSS Stalistics Processorisready | | [UnicodeON [ | [ |
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A height.sav (DataSet2] - 1BM SPSS Statistics Data Editor - o X
Fle Edt  View Data Analyze  Graphs  Utiiles  Extensions Window  Help

G M e o =)

| [ PvecHT SweieHT] @SEx | v
66 00

I 150.00 1.00
2 69.00 155 00 1.00

3 73.00 160.00 1.00
= 7200 160.00 100
%55 68 00 150 00 100
6 6300 140 00 100
JFRL 7400 165 00 1.00
18 70 00 150 00 1.00
i% 79 6500 11000 200
10 6100 100 00 200
) 000 9500 200
L "8 £700 110 00 200
13 100 105 00 200

“ 5300 100 00 200

15 700 110 00 2.00

16 2560 105 00 200

5 T 1M SPSS Staisbcs Processorls ready | | |UnicodeON| | |
QUESTIONS.sav
Created in Section 2.2
::;} questions.sav [DataSetd] - IBM SPSS Statistics Data Editor ) R - = a X
Fie Edit View Data Transform = Analyze  Graphs  Utilities Window  Help
] ; Aign | M | __Role |
Numeric 8 2 None None 8 3 Right & Scale N Input
Numeric 8 2 None None 8 3 Right & Scale N Input
Numeric 8 2 None None 8 3 Right & Scale N Input
[1BM SPSS Statistics Processoris ready | | [UnicodeON | | |

2 questions.sav [DataSetd] - IBM SPSS Statistics Data Editor - 8 x
Fie Edt View Data Analyze  Graphs  Utiities Window _ Help
= = -

’ figu 5PSS Processorisready| |
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Modified in Section 2.2

& questions1 sav [DataSet17] - 1BM SPSS Statistics Data Editor = o X
Fle EGt Yew Data Jransform Analze Graphs LUSilles Extensions Window Help

HE W« - E@@ Hﬁj md @[]

[ Name Type alues Missing  Columns Align _Measure . Role __:]
1 q1 MNumenc s 2 None None 8 3 Right & Scale N Inpul
] Q2 Numenc 3 2 None None 8 W Right & Scale N Input
B a3 Numenc 3 2 Hone tlone 3 3B Right & Scale N Input
o4 total Humenc 8 2 Hone None 8 = Right & Scale N Input
5 group Numenc 8 2 None None 8 3l Right &> Nominal N Input
6

i [ - 0|
‘ Vanabie View

IBM SPSS Statistics Processoris ready | | |Unicode Gl

! 8 questions sav [DataSer17] - 151 SPSS Stavstcs Data Editor - a j
|Eee EM Vew Data Iranstorm Anahze Graphs LNiSes Egensions Window Help

_BRem .- BhLEER A B S9ld]

} = . o —_ S
|Visible: 5 of 5 vanables

2 2 q3 2 roal & group var e arsalEdvarg ol e B
1 <0 400 1000 200
2 300 900 200
3 300 700 100
4 30 100 500 100

 [BM SPSS Statstics Processoris ready| | [UnicodeON| | |

RACE.sav
Created in Section 8.3
Used also in Section 8.4

| @ racesav D 1BM SPSS Statistics Data Editor - o X
Missing Columns Align _ Measure __l@_lg___]

3l Right & Scale N Input

3 Right & Scale e Input

3 Right & Scale  Input

{00, None}  None 3 Right & Nominal N Input

IBM SPSS Statistics Processoris ready | | Unicode:ON [

e




8 *racesav [DataSet18] - 1BM SPSS

Statistics Data Editor
N . u]

Analze  Graphs Lmilles Egensions \Window Help

TP medum|_ P shon | Bexperience] v | v | v T e | | ]
400 600 200 S
3.00 4.00 2.00
200 7.00 2.00
5.00 3.00 2,00
1.00 10.00 1.00
800 5.00 1.00
700 12,00 100
600 1.00 1.00

— T T 1B SPSS Statistics Processoris ready | | |UnicodeON| | |

Modified in Sectic: 8.5 to be:

1001 20 [DataSc iBM S £ stistics Data Editor - o X
Fle  Eot View Jata _isform  Analyze  Graphs  Utitle: Wwindow ~ Help =
] i’; 8,
il " [Visidle: 4 of 4 Variables
= Pana L2 3 L 1 1 T T
]&lmﬁmmimbum.‘u%-:_g‘_,‘_l“g
L 100 400 600 200 - T
2 200 300 400 200
3 300 200 700 200
4 400 500 300 200 )
5 500 100 10.00 100
5 600 800 500 1.00
7 7.00 700 1200 100
8 8.00 6.00 100 100
9 900 10.00 300 00
10 10 00 9.00 900 00
1" 1100 11.00 11.00 00
L 1200 12,00 200 00
12
DR 1B SPSS Statistics Processoris ready | | [UnicodeoN[ [ |

Sample Data Files Used in Text 167

Modified version also used in Section 8.6
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RATER.sav

Created in Section 9.5

:a‘UntitledZ [DataSet3] - IBM SPSS Statistics Data Editor == a X
[Eue Edit Vview Data Transform Analyze Graphs Utilities Ex_tenslons Mndow ﬂe]p

L He W e Bl EE

[\nsible 2012 Variables

| @ratert  Qraterr var | var | v | var |

Asor 700 7.00 <]
i 8.00 8.00
T 4.00 300
4 5.00 5.00
[gos. ] 600 6.00
TR 4.00 5.00
Fais 5.00 5.00
i | 8.00 8.00
g | 300 200
1.00 100

L g - ‘ ) ,,'E”_SPS,S,?E“S,&ES ?(qcésgo} isready | |Unicode:ON|

SAMPLE.sav

Created in Section 1.4

;?‘IA‘G-’J‘,;,«.- JataSet20) - iBM SPSS Statstics O

Data Editor - a X

{szahmmmmmmmmmmuup

mi D[]

Missing  Columns  Align _ Measure Role |
2 None 8 3 Right & Scale N Input
2 {100. Mon/  None 8 3 Right &> Nominal  Input
2 What is the im  {1.00. Momi  None 8 3l Right & Nominal N Input
2 Are you a mom {00, No} None 9 3l Right & Nominal M Input
2 None None 8 3 Right & Scale N Input {
2 {00.No)  None 8 3 Right &MNominal W Input

A

181 SPSS Statistics Processoris ready | | [Unicode'ON [ | |
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82 *SAMPLE sav [DataSet20] - 1M SPSS Statistics Data Editor
Ele Em  View Data Analge  Graphs  Utiites Egtensions  Window H‘D

f“H_,E)_ o B B A ele]

" Visinte: 6 o1 6 Variables

étp | @SDAY | S TME &uomm & GRADE | awom—B __ar T var ver
1| 459300 2oo 200 8500
iz 1901.00 100 100 1.oo 83.00 wo
3 873400 200 100 00 80.00 00
4 1909 00 100 100 100 73.00 100
5
? e
[ S g 'IBM SPSS Statisics Processoris ready| | |UnicodeON| | |

Used throughout Chapter 1
Modified ir: Sect»n 1.7 (TRAINING added)

{2 SAMPLE1s0 (DataS. 1 - 1BM SPSS Statistics Data Editor a5 o >3
Ble Edt Vv Du2  Iransform  Analze  Graphs Utiies Extensions ~Window. Help
_HE [ e o E&ﬁ oo B e @ (el
| Name 3 B Label Values | Missing | Columns| Align | Measue |  Role |
1 D Numenc 8 2 None None 8 3l Right & Scale N Input
2 DAY Numeric 8 2 {1.00, Mon/... None 8 3 Right & Nominal M Input
3 |TME Numeric 8 2 What is the tim... {1.00. Momi... None 8 3 Right & Nominal . Input
4 'MORNING  Numeric 8 2 Are you a mom... {00, No}...  None 8 3 Right & Nominal N Input
5  |GRADE Numeric 8 2 None None 8 3 Right & Scale \ Input
6  |WORK Numeric 8 2 {00.No}..  None 8 3 Right & Nominal e Input
7 | TRAINING Numeric 8 2 {00.No}...  None 8 3 Right & Nominal N Input
R |
@l
Miwmm View|
(1BM SPSS Statistics Processorisready | [ [UnicodeON | [ |

\Q SAMPLE sav (DataSet20] - IBM SPSS Statistics Data Editor
Eﬂtﬁnmnmlmmmmmwmm

D &DA &M.;&MLQQN_ADE &_Mt&.m I s
1 459300 2oo 200 85.00 100
_opF 190100 100 100 1oo 8300 1oo 1.00
3| e300 200 1.00 00 8000 00 00
4 100 1.00 100 7300 1.00 00
5
‘ . e ey [1BM SPSS Statistics Processoris ready| | (UnicodeON| |

Used also in Section 2.1 and 2.2
Used also throughout Chapter 3
Used also in Section 6.3
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SAT.sav

Created in Section 7.7

@ “satsav [DataSet22] - IBM SPSS Statistics Data Editor = o X
Bie’ EG Wew Data Transform Anshgs Graphs UNites Etensions Window  Help
-
« Bl H EZ m @[]
Type _ Width Decimals Label lyes  Missing  Columns Aign | M | Role |
8 2 None None 8 3 Right & Scale N Input
8 2 None None 8 W Right & Scale N Input
8 2 {00, No Trai. None 8 3 Right & Nominal N Input
-0
) ) - IBM SPSS Statistics Processoris ready | | |Unicode:ON |
| & "satsav [DataSet22] - 1BM SPSS Statistics Data Editor - o ﬂ—,\j W
flo EG Vew [Data  Jansform  gnale  Graphs  Uuiles  Extensions  Window  Help
JE— T : ] (
B W e s Bl B B Jdeled]
;Tﬂllﬂ.: 3of3Variables
l FSAT | SGRE_ QGROP  w | wr v e e [ v w0
A, 580 00 600 00 00 E
2 520 00 520 00 00 }
-3 500 00 510 00 00 |
& ol 41000 400 00 00 t
5 650 00 630 00 00 i
6 430 00 480 00 00
R 500 00 490 00 100
8 510 00 650 00 100
) 500 00 1450 0 100
) 500 00 510 00 100
1 530 00 570 00 100
2 430 00 500 00 100
ETR 520 00 520 00 200
u 620 09 §30 00 200
% 550 00 550 00 200
% 500 00 51309 200

184 SPSS Statistics Processorisready | UnicodeON| | [

TIME.sav

Created in Section 7.4

@ Umesov (OotsSe2)] - 1M 5955 Statistca Dota Eitor - o x
L" EX Sow Oun Dmetum tpoies Graghs  LmWlies Exensions mm- Help

~ 1BM SPSS Stabistics Processoris ready | |UnicodeON| | |




Appendix D
SPSS Syntax Basics

Introduction to Syntax
IBM SPSS Statistics has been easy to use with its point and click interface for several
decades. Before that, however, SPSS required users to write programs to conduct their
analyses. In fact, «il the point and click interface does is create syntax for you that
Is run.
Using syntax can be very useful if you want to save an analysis and run it later.
Understanding it is an important part of being able to understand your output as well.
This text will not cover how to create SPSS syntax from scratch. Rather, it will
simply cover how to get SPSS to create it for you, and how to read the syntax it creates.

Having SPSS Create Syntax

R Frequendies x
)3
) & vnatismetmeoit | e
& DAY
?mamp =
& von
[¥ Display frequency tadles
() () ) i) G

Most SPSS Dialog Boxes will have a Paste option in them. Clicking Paste instead of OK
will put the relevant SPSS Syntax in a Syntax Window.

) *Syntax1 - IBM SPSS Statistics Syntax Editor

Fle Edt View Data sform| Analyze.  Graphs  Utiles Run  Tools. Window  Help
D HeMe o~ EE00 20 e =

FREQUENCIES 1
2 Z FREQUENCIES VARIABLES=TIME
/ORDER=ANALYSIS.

/""IBHSPMSSIW ) Pirms"iorisniw—r |

—

_Unicode:ON In4Col0 | NuM|
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The syntax window is highlighted and color coded to help you understand what the
commands are asking SPSS to do. In the example above, the command that was run
was the Frequencies command. It was run on the variable TIME.

Many SPSS commands have options that are added to them but are not necessarily
important at the level of this text. For example, the /ORDER=ANALYSIS option above.

SPSS Syntax Format and SPSS Help

SPSS syntax is written like sentences. In fact, each one ends with a period (“.”). The
number of lines it is on does not matter—so it is often best to use several lines to make
it easier to read.

Rather than provide extensive coverage in this text, I suggest that if you are
interested in SPSS Syntax then you should use the excellent help system prov ided
within SPSS itself.

Help

@ Topics
SPSS Support L
SPSS Forums

Documentation in PDF Format
Command Syntax Reference
Compatibility Report Tool
About..

Diagngstic Tool...

IBM SPSS Predictive Analytics Community

! Give Feedback

To access that help svstem, click Help then select Topics. This will open the SPSS Help
website. Select Core System, then Working with Conmand Syntax.

= =

EEZ;;-E I1BM Knowledge Center

0.0 > Help > CoreSystem >

Working with Command Syntax

Running SPSS Syntax

Whether SPSS creates syntax for you, whether you create it yourself, or whether you
modify syntax that SPSS has created, at some point you are going to want to use that
syntax.



Run Tools Extensions

w

| Al
{ P> Selection
1 =»| To End

@ Continue
Active DataSet

From a Syntax Window simply select Run and then All. Alternatively, you can select
just some of the text in the window with your mouse and the click Selection instead

of All.

Savin;; ¢ 1d Loading SPSS Syntax

Syntax files have the extension “.sps” and can be saved and loaded just like other files.

To load a file select File—Open—Syntax.

Step Through

Ctri+R

Ctrli+F3

»

’,,
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Appendix E
Glossary

All Inclusive A set of events that encompasses every
possible outcome. Also referred to as exhaustive.

Alternative Hypothesis ~ The opposite of the null
hypothesis, normally showing that there is a true diffe-
rence. Generally, this is the statement that the researcher
would like to support.

Case Processing Summary A section of SPSS output
that lists the number of subjects used in the analysis.

Coefficient of Determination The value of the correl-
ation, squared. It provides the proportion of variance
accounted for by the relationship.

Cohen’sd A common and simple measure of effect size
that standardizes the difference between groups.

Correlation Matrix A section of SPSS output in which cor-
relation coefficients are reported for all pairs of variables.

> known to be related to the

n

an independent
Used in ANCOVA - a2 statistical control

ov he SPSS swwindew that contains the data
~indow used for

¢ * ur response variable.
rmally dependent on the

Statistical
mmuarize data.

procedures that

Dialog Box A window that allows you to enter informa-

tion that SPSS will use in a command.

Dichotomous Variables
(e.g., gender).

Variables with only two levels

Discrete Variable A variable that can have only certain
values (i.e., values between which there is no score, like
A,B,C,D,F).

Effect Size A measure that allows one to judge the
relative importance of a difference or relationship by
reporting the size of a difference.

Eta Squared (3’) A measure of effect size used in
Analysis of Variance models.
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Grouping Variable In SPSS, the variable used to
represent group membership. SPSS often refers to inde-
pendent variables as grouping variables; SPSS sometimes
refers to grouping variables as independent variables.

Independent Events Two events are indcpendent if
information about one event gives no inforniation about
the second event (e.g., two flips of a coin).

Independent Variable  The variable whose ievels
(values) determine the group to which a subject belongs.
A true independent variable is manipulated by the
researcher. See Grouping Variable.

Inferential Statistics ~ Statistical procedures designed to
allow the researcher to draw inferences about a popula-
tion on the basis of a sample.

Interaction  With more than one independent variable,
an interaction occurs when a level of one independent
variable affects the influence of another independent
variable.

Internal Consistency A reliability measure that assesses
the extent to which all of the items in an instrument
measure the same construct.

Interval Scale A measurement scale where items are
placed in mutually exclusive categories, with equal
intervals between values. Appropriate transformations
include counting, sorting, and addition/subtraction.

Levels The values that a variable can have. A variable
with three levels has three possible values.

Mean A measure of central tendency where the sum of
the deviation scores equals zero.

Median A measure of central tendency representing
the middle of a distribution when the data are sorted
from low to high. Fifty percent of the cases are below the
median.

Mode A measure of central tendency representing the
value (or values) with the most subjects (the score with
the greatest frequency).

Mutually Exclusive Two events are mutually exclusive
when they cannot occur simultaneously.

Nominal Scale A measurement scale where items are
placed in mutually exclusive categories. Differentiation



is by name only (e.g., race, sex). Appropriate categories
include “same” or “different.” Appropriate transform-
ations include counting.

Normal Distribution
shaped curve.

A symmetric, unimodal, bell-

Null Hypothesis The hypothesis to be tested, normally
in which there is no true difference. It is mutually exclu-
sive of the alternative hypothesis.

Ordinal Scale A measurement scale where items
are placed in mutually exclusive categories, in order.
Appropriate calegories include “same,” “less,” and
“more.” Appropriate transformations include counting
and sorting.

Outliers  !'xtreme scores in a distribution. Scores that are
very distant fromn the mean and the rest of the scores in
the distribution.

Output Window  The SPSS window that contains the
results of an analysis. The left side summarizes the
results in an outline. The right side contains the actual
results.

Percentiles (Percentile Ranks) A relative score that
gives the percentage of subjects who scored at the same
value or lower.

Pooled Standard Deviation A single value that
represents the standard deviation of two groups of
scores.

Protected Dependent t Tests T tests where the accept-
able Type I error rate has been adjusted to prevent the
inflation of a Type I error.

Quartiles  The points that define a distribution into
four equal parts: the scores at the 25th, 50th, and 75th
percentile ranks.

Random Assignment A procedure for assigning
subjects to conditions in which each subject has an equal
chance of being assigned to any condition.

Range A measure of dispersion representing the
number of points from the highest score through the
lowest score.

Ratio Scale A measurement scale where items are placed
in mutually exclusive categories, with equal intervals
between values and a true zero. Appropriate transform-
ations include counting, sorting, addition/subtraction,
and multiplication/division.
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Reliability  An indication of the consistency of a scale.

A reliable scale is internally consistent and stable
over time.

Robust A test is said to be robust if it continues to pro-
vide accurate results even after the violation of some
assumptions.

Significance A difference is said to be significant if
the probability of making a Type I error is less than the
accepted limit (normally 5%). If a difference is signifi-
cant, the null hypothesis is rejected.

Skew The extent to which a distribution is not symmet-
rical. A positive skew has outliers on the positive (right)
side of the distribution. A negative skew has outliers on
the negative (left) side of the distribution.

Source Table The results of ANOVA are normally
presented in the form of a source table in which rows
represent a source of variability and the columns
represent different amounts of the variability that can be
attributed to that source.

Standard Deviation A measure of dispersion
representing a special type of average deviation from
the mean.

Standard Error of Estimate The equivalent of the
standard deviation for a regression line. The data points
will be normally distributed around the regression line
with a standard deviation equal to the standard error of
the estimate.

Standard Normal Distribution A normal distribution
with a mean of 0.0 and a standard deviation of 1.0.

Temporal Stability This is achieved when reliability
measures have determined that scores remain stable
over multiple administrations of the instrument.

Tukey’s HSD A post-hoc comparison purported to
reveal an “honestly significant difference” (HSD).

Type I Error A Type I error occurs when the researcher
erroneously rejects the null hypothesis.

Type Il Error A Type Il error occurs when the researcher
erroneously fails to reject the null hypothesis.

Valid Data  Data that SPSS will use in its analyses.
Validity An indication of the accuracy of a scale.

Variance A measure of dispersion equal to the squared
standard deviation.



176

Appendix F
Selecting the Appropriate
Inferential Test

Being able to select the appropriate inferential test for SPSS to run is one of the most
important skills you can learn. Unfortunately, the way most statistics classes and
statistics texts are set up, each statistical procedure is presented in isolation, and there
is rarely an opportunity to synthesize the information and understand when cach test
is appropriate.

This text contains a decision tree on the last page. However, novices soimnetinies
have trouble using that tree because they do not understand the terms uscd. This
appendix expands on the decision tree and provides a comprehensive way to deter-
mine which test to run.

To help you use this section of the text, there will be a reference to a “branch” of
the decision tree.

Branch 1
The first step in determining what type of statistical test to run is deciding what your
main question is.

Sometimes vou want to know if a group is “significantly different” from another.
This can involve means or shapes of distributions. The basic question, however, is the
same. You want to know if the things you are comparing are the same as each other
or different from each other. For example, you want to know if a group that received
a new ftreatment had a significantly shorter hospital stay than a group that did not
receive the new treatment. If this is what you are trying to do, go to Branch 2.

Other times you are more interested in knowing whether or not there is a relation-
ship between two variables, and if so, how strong that relationship is. These are known
as correlations. Here, rather than looking for differences, you are simply looking for
stable relationships. For example, is height related to weight? Do students who miss
class more often do worse academically? Often, the variables here are continuous and
have many levels rather than just a few. If this is what you are interested in, go to
Branch 3.

More powerful than association is prediction. If you would like to be able to pre-
dict or guess the value of a variable from some other information that you have, then
you are interested in regression. For example, if an insurance company wants to pre-
dict how much you will cost them in claims based on your driving history, that is a
problem for regression. If these are the types of questions you are interested in, go to

Branch 6.

Branch 2
Your Decisions So Far:
* Looking for Differences in Groups



The next step is to determine how many Dependent Variables you have. Dependent
Variables are the variables that are different from each other. Most of the time you
will have only a single Dependent Variable (although you could have one or more
Independent Variables).

If you get Independent and Dependent Variables confused, a good way to help
clarify is to rephrase the problem as “I am looking for the effect of the (Independent
Variable) on the (Dependent Variable).”

* If you have one Dependent Variable, see Branch 9.
* If you have more than one Dependent Variable, see Branch 10.

e [

Branch 2

Your Decisions S¢ Far:

° Measuring Strength of Association

In general, correlations measure the strength of a relationship or association.

This text covers what are known as bivariate correlations—that is, correlations
between only two variables at a time. In addition, this text covers only linear
correlations—or correlations that assume the relationship being measured generally
looks like a line.

In deciding which correlation is appropriate, first you must determine if you can
do a parametric or nonparametric correlation. Parametric Tests generally require that
the Dependent Variables are measured on an Interval or Ratio measurement scale and
that the variables are approximately normally distributed. Nonparametric Tests do not
make that assumption.

If either of the variables in your relationship is ordinal (e.g., ranks) you must do a
nonparametric correlation. If one of your variables is nominal, you are just out of luck
with correlations.

¢ If you can do a Parametric Correlation, see Branch 4.
e If you must do a Nonparametric Correlation, see Branch 5.

Branch 4
Your Decisions So Far:

° Measuring Strength of Association
® You can do a Parametric Correlation

The appropriate test to do is a Pearson r. This test is covered in detail in Section 5.1 of
this text. It is accessed in SPSS at Analyze — Correlate — Bivariate.

Answers range from -1 to +1. Values close to 0 mean there is a weak relationship.
Values closer to +1 or —1 mean a stronger relationship. Positive values mean as one
variable gets larger, the other variable also gets larger. Negative values mean as one
variable gets larger, the other variable gets smaller.

Branch 5

Your Decisions So Far:

¢ Measuring Strength of Association
¢ You must do a Nonparametric Correlation

Appropriate Inferential Test
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The appropriate test to do is a Spearman rho. This test is covered in detail in Section
5.2 of this text. It is accessed in SPSS at Analyze — Correlate — Bivariate and then

selecting Spearman in the dialog box that comes up.
Answers range from -1 to +1. Values close to 0 mean there is a weak relationship'

Values closer to +1 or =1 mean a stronger relationship. Positive values mean as ope
variable gets larger, the other variable also gets larger. Negative values mean as one
variable gets larger, the other variable gets smaller.

Branch 6
Your Decisions So Far:
e Making Predictions

Predictions are a powerful use of statistics. In this text, we only cover prediction models
that assume the variables are related to each other in linear ways. If you have nonlinear
relationships, they are beyond the scope of this text.

This text uses the term “Independent Variable” when, in fact, sometires pre-
diction is done when there is not a true Independent Variable. If you have a desi;n
where there is not a true Independent Variable, the variables you use to makc a pre-
diction should be considered Independent Variables for purposes of this decision

process.

e If vou have a single Independent Variable, see Branch 7.

e If vou have multiple Independent Variables that you want to use to predict
the value of a single Dependent Variable (e.g., predict a GPA from ACT scores,
classes missed, and hours spent studying), see Branch 8.

Your Decisions So Far:

e Making Predictions
¢ Single Independent Variable
The appropriate test to do is a Simple Linear Regression. This test is covered in detail in
Section 5.3 of this text. It is accessed in SPSS at Analyze — Regression — Linear.

The output will have a B column that provides the answers. The B for Constant is
your Y-Intercept, and the B next to the name of your Independent Variable is the slope

of the line.

Branch 8
Your Decisions So Far:

¢ Making Predictions
¢ Multiple Independent Variables

The appropriate test todo is a Multiple Linear Regression. This test is covered in detail

in Section 5.4 of this text. It is accessed in SPSS at Analyze — Regression — Linear and
entering more than one Independent Variable.

The output will have a B column that provides the
your Y-Intercept, and the Bs next to the names of your Independent Varia
weights for each of them.

answers. The B for Constant is
bles are the




Branch 9

Your Decisions So Far:

¢ Looking for Differences in Groups
° One Dependent Variable

The next question to ask is whether you can do a Parametric Test or whether you have
to do a Nonparametric Test. Parametric Tests generally require that the Dependent
Variables are measured on an Interval or Ratio measurement scale, and the variables
are approximately normally distributed. With Nonparametric Tests, you do not make
that assumption.

¢ If you can do a Parametric Test, see Branch 11.
° If you must do a Nonparametric Test, see Branch 26.

Branch 10

Your Decisions So Far:

° Looking for Differences in Groups
e More than One Dependent Variable

The appropriate test to do is a MANOVA (Multivariate Analysis of Variance). This

test is covered ii. detail in Section 7.7 of this text. It is accessed in SPSS at Analyze —
General Lincar iodel — Multivariate.
This toxt o/ 5 not cover tests for Nonparametric equivalents of MANOVA. Also,

please noie that the Advanced Module of IBM SPSS Statistics is required to run this
command.

Branch 11

Your Decisions So Far:

° Looking for Differences in Groups
° One Dependent Variable
* Parametric Test

Sometimes when a researcher cannot implement appropriate procedural controls (e.g.,
random assignment of participants to groups), the overall analysis can be improved
by “covarying out” variables that the researcher knows may have an effect on the
Dependent Variable.

For example, a researcher may be comparing two different sections of a class,
but was unable to assign students to the sections (the students self-selected). The
researcher knows that overall GPA is likely to have an effect on the grade in the
course. The researcher can, therefore, “covary out” the effect of cumulative GPA from
the grades in the two sections to make a better comparison as to whether or not
the two sections were different in some other way (e.g., because of a new teaching
method).

¢ If you would like to analyze your data with a Covariate, see Branch 12.
¢ If you are not going to use a Covariate, see Branch 13.

Appropriate Inferential Test
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The appropriate test to do is a Spearman rho. This test is covered in detail in Section
5.2 of this text. It is accessed in SPSS at Analyze — Correlate — Bivariate and then
selecting Spearman in the dialog box that comes up.

Answers range from -1 to +1. Values close to 0 mean there is a weak relationship.
Values closer to +1 or -1 mean a stronger relationship. Positive values mean as one
variable gets larger, the other variable also gets larger. Negative values mean as one
variable gets larger, the other variable gets smaller.

Branch 6

Your Decisions So Far:
e Making Predictions

Predictions are a powerful use of statistics. In this text, we only cover prediction models
that assume the variables are related to each other in linear ways. If you have nonlinear
relationships, they are beyond the scope of this text.

This text uses the term “Independent Variable” when, in fact, sometimes pre-
diction is done when there is not a true Independent Variable. If you have a design
where there is not a true Independent Variable, the variables you use to make a pre-
diction should be considered Independent Variables for purposes of this decision

process.

e If you have a single Independent Variable, see Branch 7.

e If you have multiple Independent Variables that you want to use to predict
the value of a single Dependent Variable (e.g., predict a GPA from ACT scores,
classes missed, and hours spent studying), see Branch 8.

Branch 7

Your Decisions So Far:

¢ Making Predictions
¢ Single Independent Variable

The appropriate test to do is a Simple Linear Regression. This test is covered in detail in
Section 5.3 of this text. It is accessed in SPSS at Analyze — Regression — Linear.

The output will have a B column that provides the answers. The B for Constant is
your Y-Intercept, and the B next to the name of your Independent Variable is the slope
of the line.

Branch 8

Your Decisions So Far:

¢ Making Predictions
¢ Multiple Independent Variables

The appropriate test to do is a Multiple Linear Regression. This test is covered in detail
in Section 5.4 of this text. It is accessed in SPSS at Analyze — Regression — Linear and
entering more than one Independent Variable.

The output will have a B column that provides the answers. The B for Constant is
your Y-Intercept, and the Bs next to the names of your Independent Variables are the
weights for each of them.



Branch 9

Your Decisions So Far:

¢ Looking for Differences in Groups
¢ One Dependent Variable

The next question to ask is whether you can do a Parametric Test or whether you have
to do a Nonparametric Test. Parametric Tests generally require that the Dependent
Variables are measured on an Interval or Ratio measurement scale, and the variables
are approximately normally distributed. With Nonparametric Tests, you do not make
that assumption.

e If you can do a Parametric Test, see Branch 11.
e If you must do a Nonparametric Test, see Branch 26.

Sranch 10

Your Decisions So Far:

* Looking for Differences in Groups
® More than One Dependent Variable

The appropriate test to do is a MANOVA (Multivariate Analysis of Variance). This
test is covered in detail in Section 7.7 of this text. It is accessed in SPSS at Analyze —
General Linear Model — Multivariate.

This text does not cover tests for Nonparametric equivalents of MANOVA. Also,
please note that the Advanced Module of IBM SPSS Statistics is required to run this
command.

Branch 11

Your Decisions So Far:

¢ Looking for Differences in Groups
¢ One Dependent Variable
¢ Parametric Test

Sometimes when a researcher cannot implement appropriate procedural controls (e.g.,
random assignment of participants to groups), the overall analysis can be improved
by “covarying out” variables that the researcher knows may have an effect on the
Dependent Variable.

For example, a researcher may be comparing two different sections of a class,
but was unable to assign students to the sections (the students self-selected). The
researcher knows that overall GPA is likely to have an effect on the grade in the
course. The researcher can, therefore, “covary out” the effect of cumulative GPA from
the grades in the two sections to make a better comparison as to whether or not
the two sections were different in some other way (e.g., because of a new teaching
method).

¢ If you would like to analyze your data with a Covariate, see Branch 12.
¢ If you are not going to use a Covariate, see Branch 13.

Appropriate Inferential Test
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Branch 12

Your Decisions So Far:

* Looking for Differences in Groups
® One Dependent Variable

e Parametric Test

e Covariate

The appropriate test to do is ANCOVA (Analysis of Covariance). This test is covered
in detail in Section 7.6 of this text. It is accessed in SPSS at Analyze — General Linear
Model — Univariate and by entering a variable in the Covariate space.

Branch 13

Your Decisions So Far:

¢ Looking for Differences in Groups

¢ One Dependent Variable

e Parametric Test

e No Covariate

Next, it is time to make a decision about your Independent Variables. The easiest an«-
lyses have a single Independent Variable (e.g., treatment); however, more comiplex
analyses can have multiple Independent Variables that are examined at the same time
(e.g., treatment and time).

e If you are simply comparing a single sample to a known population, see

Branch 14.
¢ If you have a single Independent Variable, see Branch 15.
¢ If you have multiple Independent Variables, see Branch 22.

Branch 14

Your Decisions So Far:

¢ Looking for Differences in Groups

e One Dependent Variable

e Parametric Test

e No Covariate

¢ Comparison of a Sample to a Population

The appropriate test to do is a single-sample ¢ Test. This test is covered in detail in
Section 6.2 of this text. It is accessed in SPSS at Analyze — Compare Means — One-

Sample T Test.

Branch 15

Your Decisions So Far:

¢ Looking for Differences in Groups
e One Dependent Variable
¢ Parametric Test



e No Covariate
¢ Single Independent Variable

The number of levels of your Independent Variable also impacts which test is appro-
priate. Students often get levels of a variable confused with the variable itself. Levels of
a variable refer to the distinct and discrete values that it can take on. For example, the
variable “sex” has two levels (male and female). If you were comparing three different
instructors, the variable “instructor” would have three levels.

e If you have two levels of your Independent Variable, see Branch 16.
e If you have more than two levels of your Independent Variable, see Branch 17.

Branch 16

Your Decisions So Far:

< Looking for Differences in Groups

One Dependent Variable

Parametric Test

No Covariate

Single Independent Variable

Two Levels of the Independent Variable

e o o o

Next, you need to determine what kind of design produced the two levels of your
‘ndependent Variable.

A Repeated-Measures Design is where the data in the various conditions are in
some way related to each other. For example, a pre-test/post-test design or a design
utilizing twins would fall into this category. These designs are sometimes called
Correlated Groups Designs or Paired Samples Designs.

In an Independent Groups Design, the data in each group are independent of each
other. This is the classic Experimental Group/Control Group Design where each par-
ticipant is in one (and only one) group.

¢ If you have an Independent Groups Design, see Branch 20.
¢ If you have a Repeated-Measures Design, see Branch 21.

Branch 17

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable

Parametric Test

No Covariate

Single Independent Variable

More Than Two Levels of the Independent Variable

Next, you need to determine what kind of design produced the levels of your
Independent Variable.

A Repeated-Measures Design is where the data in the various conditions are in
some way related to each other. For example, comparing grades of the same students
when they were freshmen, sophomores, juniors, and then seniors would fall into this
category. These designs are sometimes called Correlated Groups Designs, Within-
Subjects Designs, or Paired Samples Designs.
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In an Independent Groups Design, the data in each group are independent of each
other. This is the classic Experimental Group/Control Group Design where achiparticl
pantis in one (and only one) group. For example, if you were comparing omeaiSIen
PSY101 instructors, you would use an Independent Groups Design. Sometimes this is
called a Between-Subjects Design.

* If your Independent Variable represents Independent Groups, see Branch 18.
¢ If your Independent Variable represents Repeated Measures, see Branch 19.

Branch 18

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable

Parametric Test

No Covariate

Single Independent Variable

More Than Two Levels of the Independent Variable
Independent Groups

The appropriate test to do is a one-way ANOVA (technically a one-way between-
subjects ANOVA). This test is covered in detail in Section 7.2 of this text. It is accessed
in SPSS at Analyze — Compare Means — One-Way ANOVA.

Branch 19

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable

Parametric Test

No Covariate

Single Independent Variable

More Than Two Levels of the Independent Variable

e Repeated Measures

e ¢ 0 o0 o o

The appropriate test to do is a repeated-measures ANOVA. This test is covered in detail
in Section 7.4 of this text. It is accessed in SPSS at Analyze — General Linear Model —

Repeated Measures.
Note: This procedure requires the Advanced Module in SPSS.

Branch 20

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable

Parametric Test

No Covariate

Single Independent Variable

Two Levels of the Independent Variable
Independent Groups



The appropriate test to do is an independent-samples ¢ test. This test is covered in
detail in Section 6.3 of this text. It is accessed in SPSS at Analyze — Compare Means —
Independent-Samples ¢ Test.

Branch 21

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable

Parametric Test

No Covariate

Single Independent Variable

Two Levels of the Independent Variable
Repeated Measures

The appropriate test to do is a paired-samples ¢ test (sometimes called a Dependent ¢
Test). This test is covered in detail in Section 6.4 of this text. It is accessed in SPSS at
Analyze — Compare Means — Paired-Samples T Test.

Bratich 22

Your Decisions So Far:

* Looking for Differences in Groups
* One Dependent Variable

» Parametric Test

¢ No Covariate

e Multiple Independent Variables

Next, you need to determine what kind of design produced the levels of your
Independent Variables.

A Repeated-Measures Design (also called Within-Subjects) is where the data in
the various conditions are in some way related to each other. For example, comparing
grades of the same students when they were freshmen, sophomores, juniors, and then
seniors would fall into this category. These designs are sometimes called Correlated
Groups Designs or Paired Samples Designs.

In an Independent Groups Design (also called Between-Subjects), the data in each
group are independent of each other. This is the classic Experimental Group/Control
Group Design where each participant is in one (and only one) group. For example, if
you were comparing four different PSY101 instructors, you would use an Independent
Groups Design.

Because you have more than one Independent Variable, your Independent
Variables can all be Repeated Measures, all Independent Groups, or a mix of the two.

e If all of your Independent Variables represent Independent Groups, see
Branch 23.

¢ Ifall of your Independent Variables represent Repeated Measures, see Branch 24.

¢ If your Independent Variables are a mix of Independent Groups and Repeated
Measures, see Branch 25.

Appropriate Inferential Test
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Branch 23

Your Decisions So Far:

Looking for Differences in Groups
One Dependent Variable
Parametric Test

No Covariate

Multiple Independent Variables
Independent Measures

The appropriate test to do is a Factorial ANOVA. This test is covered in detail in Section
7.3 of this text. It is accessed in SPSS at Analyze — General Linear Model — Univariate.

Branch 24

Your Decisions So Far:

Looking for Differences in Groups
One Dependent Variable
Parametric Test

No Covariate

Multiple Independent Variables
Repeated Measures

The appropriate test to do is a repeated-measures ANOVA. This test is covered in
detail in Section 7.4 of this text. It is accessed in SPSS at Analyze — General Linear
Model — Repeated Measures.

Note: This test requires the Advanced Module to be installed.

' D) 1 — -
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Your Decisions So Far:

e Looking for Differences in Groups

¢ One Dependent Variable

¢ Parametric Test

¢ No Covariate

e Multiple Independent Variables

e Both Independent and Repeated Measures

The appropriate test to do is a mixed-design ANOVA. This test is covered in detail in
Section 7.4 of this text. It is accessed in SPSS at Analyze — General Linear Model —

Repeated Measures.
Note: This test requires the Advanced Module to be installed.

Branch 26

Your Decisions So Far:

¢ Looking for Differences in Groups
¢ One Dependent Variable
¢ Nonparametric Test



Appropriate Inferential Test

While Parametric Tests look for differences in Means, the data on which Nonparametric
Tests are calculated often do not lend themselves to the calculation of a Mean (e.g., they
are nominal or ordinal).

Thus, the first question in a Nonparametric Test is whether you are interested in
differences in proportions of values (used with nominal data) or differences in the
ranks of values (ordinal data).

* If you are looking for differences in proportions, see Branch 27.
e If you are looking for differences in ranks, see Branch 30.

Branch 27

Your Decisions So Far:

° Looking for Differences in Groups
¢ One Dependent Variable

» Nonparametric Test

e Difference in Proportions

Like their Parametric Equivalents, the number of Independent Variables you are exam-
ining for Nonparametric Tests must also be determined.

° If you have a single Independent Variable, see Branch 28.
 If you have multiple Independent Variables, see Branch 29.

Branch 28
Your Decisions So Far:

Looking for Differences in Groups
One Dependent Variable
Nonparametric Test

Difference in Proportions

One Independent Variable

The appropriate test to do is a Chi-Square Goodness of Fit. This test is covered in detail
in Section 8.1 of this text. It is accessed in SPSS at Analyze — Nonparametric Tests —
One Sample.

Branch 29

Your Decisions So Far:

* Looking for Differences in Groups
One Dependent Variable
Nonparametric Test

Difference in Proportions
Multiple Independent Variables

The appropriate test to do is a Chi-Square Test of Independence. This test is covered
in detail in Section 8.2 of this text. It is accessed in SPSS at Analyze — Descriptive
Statistics — Crosstabs and then checking Chi-Square in the Statistics option.
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Branch 30
Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable

Nonparametric Test

Difference in Ranks

If you have more than one Independent Variable, this text does not cover the

appropriate Nonparametric Test.

e If you have a single Independent Variable, however, the number of levels of that
variable determines the appropriate test.

e If your Independent Variable has two levels, see Branch 31.

e If your Independent Variable has more than two levels, see Branch 32.

Branch 31

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable
Nonparametric Test

Difference in Ranks

Two Levels of the Independent Variable

e o o o o

Next, you need to determine what kind of design produced the levels of your
Independent Variables.

A Repeated-Measures Design (also called Within-Subjects) is where the data in
the various conditions are in some way related to each other. For example, comparing
class rank of the same students when they were in high school to college would fall
into this category. These designs are sometimes called Correlated Groups Designs or
Paired Samples Designs.

In an Independent Groups Design (also called Between-Subjects), the data in each
group are independent of each other. This is the classic Experimental Group/Control
Group Design where each participant is in one (and only one) group. For example,
if you were comparing two different people and their performances in various
marathons, this would be an Independent Groups Design.

e If you have Independent Groups, see Branch 33.
e If you have Repeated Measures, see Branch 34.

Branch 32

Your Decisions So Far:

¢ Looking for Differences in Groups

¢ One Dependent Variable

¢ Nonparametric Test

¢ Difference in Ranks

¢ More Than Two Levels of the Independent Variable

Next, you need to determine what kind of design produced the levels of your
Independent Variables.



A Repeated-Measures Design (also called Within-Subjects) is where the data in the
various conditions are in some way related to each other. For example, comparing class
rank of the same students when they were freshmen, sophomores, juniors, and then
seniors would fall into this category. These designs are sometimes called Correlated
Groups Designs or Paired Samples Designs.

In an Independent Groups Design (also called Between-Subjects), the data in each
group are independent of each other. This is the classic Experimental Group/Control
Group Design where each participant is in one (and only one) group. For example,
if you were comparing three different people and their performances in various
marathons, this would be an Independent Groups Design.

e If you have Independent Groups, see Branch 35.
o If you have Repeated-Measures Design, see Branch 36.

Sranch 33
Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable
Nonparametric Test

Difference in Ranks

Two Levels of the Independent Variable
Independent Groups

e o o o o o

The appropriate test to do is a Mann-Whitney U. This test is covered in detail in Section
8.3 of this text. It is accessed in SPSS at Analyze — Nonparametric Tests — Independent
Samples.

Branch 34

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable
Nonparametric Test

Difference in Ranks

Two Levels of the Independent Variable
Correlated Groups

The appropriate test to do is a Wilcoxon. This test is covered in detail in Section 8.4 of
this text. It is accessed in SPSS at Analyze — Nonparametric Tests — Related Samples.

Branch 35

Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable
Nonparametric Test

Difference in Ranks

Two Levels of the Independent Variable
Independent Groups

Appropriate Inferential Test
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The appropriate test to do is a Kruskal-Wallis H Test. This test is covered in detail in
Section 8.5 of this text. It is accessed in SPSS at Analyze — Nonparametric Tests —
Independent Samples.

Branch 36
Your Decisions So Far:

Looking for Differences in Groups

One Dependent Variable
Nonparametric Test

Difference in Ranks

Two Levels of the Independent Variable
Correlated Groups

The appropriate test to do is a Friedman. This test is covered in detail in Section 8.6 of
this text. It is accessed in SPSS at Analyze — Nonparametric Tests — Related Samples.



Appendix G
Answer Key

Section 1.6

Load the sample data file you created earlier (SAMPLE.sav). Run the Descriptives
command for the variable GRADE, and view the output. Next, select the data window
and print it.

Ggu;;\: [Documentl] - 1EM SPSS Statistics Viewer - o x|
mswmnnmxmmmmrmmmmmn e
s 7
RS P
) [§|ompu1
8 (& Descriptves
& Tiwe |
"% g::;pm siats i Descriptive Statistics
N Minimum Madmum Mean Std. Dewation
ORADE 2 8300 6500 840000 141421
Valid N (istwise) 2
[Double clickto editTet [1BM SPSS Pro Isready | | |Unicode:ON [H: 22, W: 796 pt
G'SAMPLH sav [DataSet14] 1BM SPSS Stat:shs Data Edltor — (=] X
Elle Edit View Data Transform Analze Graphs Utiities Extensions Window Help SRR
|5:
| &iD | SDAY | STME | & MORNING| S GRADE | SWORK |  var | var | var
1 4593.00 2.00 2.00 .00 85.00 .00
1901.00 1.00 1.00 1.00 83.00 1.00

[ |IBM SPSS Statistics Processoris ready| | [Unicode:oN| | |
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Section 1.7

Follow the previous example (where TRAINING is the new variable). Make the
modifications to your SAMPLE .sav data file and save it.

| @ *SAMPLE sav [DataSet11] - IBM SPSS Statistics Data Editor = o X
Eite Ecl View Data Transform Analyze Sraphé ulmnés Extensions Window Help ;

|Visible: 7 of 7 Variables
| &1D  @DAY | @ TIME & MORNING| & GRADE & WORK | & TRANING | var |

] 200 2.00 00 85.00 .00 1.00 il

1901 00 1.00 1.00 1.00 83.00 1.00 1.00

8734 00 200 100 .00 80.00 .00 .00

1909 00 1.00 1.00 1.00 73.00 1.00 .00

) 7{Uﬁircoide:0_N

Section 3.1

Use Practice Data Set 1 in Appendix B. Create a frequency distribution table for the
mathematics skills scores. Determine the mathematics skills score at which the 60th
percentile lies.

ANSWER: 38

@ "Outount! [Document 1] - 18M SPSS Seatmeay Viewer - o X
fle EM You Dats Jransiorm josent  Fprmat  Snatoe  Graphs  UBEmes  Egensions  Wndow  Help l

e o TRl - (]

-‘E’;' Frequencies
Toe
-.m-u Statistics
@ sa AL
" Vaka »
wisng L
Partersies ¢ 33 0003
SKILL
Cumuiatee
Fr Fercart a3Fecant Pertent
vasa 1500 1 a3 43 5
2000 o7 (3] 130
400 1 4 a3 174
20 1 4 ) a7
00 2 07 07 304
000 1 4 ) s
20 ' a3 [E] 391
x® 1 5 5] s
00 1 a3 43 as
o0 « 174 174 It
') 2 a7 (3] 739
am 1 %) @ 73
‘eos 1 4 o) 226
480 .7 o7 9
am 1 4 4 "7
00 1 o o 1000
Towt 3 1000 1080

| 1BMSPOS Statstcs Processoris eady | | |Unicode ON H 264, W. 781pL
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Use Practice Data Set 1 in Appendix B. Create a contingency table using the Crosstabs
command. Determine the number of participants in each combination of the variables
SEX and MARITAL. What percentage of participants are married? (ANSWER: 30.4%)
What percentage of participants are male and married? (ANSWER: 21.7%)
G'Outpun [Document1] - IBM SPSS Statistics Viewer T -: - d X
Fle [Eot View Data TIransform [nset Format Analze Graphs Utiites Exfensions Window Help z
DR NI e o
8+ (& output
@ (g crosstabs Crosstabs
gm-
’ Notes
() Case Processing Summary Case Processing Summary
() SEX * MARITAL Crosstabulation Casas
Valid Missing Total
N Percent N Percent N Parcent
SEX * MARITAL 23 100.0% 0 0.0% 23 100.0%
SEX * MARITAL Crosstabulation
MARITAL
Single Mamed  Divorced Total
SEX Male  Count 6 5 1 12
Expacted Count 83 a7 2 120
%wWNnSEX  500%  417%  83%  1000%
el N wihio MARTTAL.® _500%  T14% 250%  522%
Female Coqru P B 6 2 3 1"
EpectedCount 57 33 19 1.0
QAW Syl SIS% 182%  273%  1000%
L SwmnMARTAL  500%  286%  750%  47ew
Total Count 12 7 4 2
Expected Count 120 70 40 20
SwInSEX  522%  304%  174%  1000%
9% within MARITAL 100.0% 100.0% 100.0% 100.0%
[Doubleclicktoedtilog R fiBu sPsS [ isready | | |Unicode:ON 'H: 104, W: 833 pt

Section 3.3

Use Practice Data Set 1 in Appendix B. Obtain the descriptive statistics for the age of
the participants. What is the mean? (ANSWER: 29.5652) The median? (ANSWER: 28.0)
The mode? (ANSWER: 23.0) What is the standard deviation? (ANSWER: 8.9434)
Minimum? (ANSWER: 18.0) Maximum? (ANSWER: 50.0) The range? (ANSWER:
50-18=32)
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@ "Output’ [Document1] - IBM SPSS Statistics Viewer
Descriptives
'g Nots - Descriptive Statistics
[ E Frequencies & N Range Mnvimum  Maumum Mean Std Deviation
g“’ 208 23 3200 1800 5000 295652 894339
@ Stassacs Vaila N (ustwise) 23
Frequencies
Statistics
AGE
N Vane 23
wissing 0
Median 28.0000
Mode 2300
Minstmum _ 1800
Masmum 50.00
a Multple modes eust
The smaliestvalue
s shown
{Douie click o ectLog ST B T N B 184 SPSS Statistics Processoris ready | | |Unicode ON H: 84, W 831 pt_

IBM SPSS Statistics Viewer

@ -Ouputt Document]

By using the Descriptives command, you can get everything except the median and
mode. Using the Frequencies command, you can get all of the information.

Section 3.4

Use Practice Data Set 1 in Appendix B. Compute the mean and standard deviation
of ages for each value of marital status. What is the average age of the married
participants? (ANSWER: 35.1429) The single participants? (ANSWER: 22.4167) The
divorced participants? (ANSWER: 41.25)

[m]

X

& x: Processing Summary Case Processing Summary
{3 Repont Casas
Inciuded Extluded Totai
N Percent N Percent N Parcent
AGE * MARITAL 23 1000% 0 00% 23 1000%
Report
Msan N §4 Dewaton
224167 12 3.02690
351429 7 §20088
412500 4 629153
295652 23 894338
Ceorahn T P58 Stabstics Pocessor 8 ready | | [Unicoom ON [HL 44, W, 83150




Section 3.5

Use Practice Data Set 2 in Appendix B. Determine the z-score that corresponds to
each employee’s salary. Determine the mean z-scores for salaries of male employees
(ANSWER: .130) and female employees (ANSWER: —.130). Determine the mean z-

score for salaries of the total sample. (ANSWER: 0)

Answer Key 193

@ *dataset2.sav [DataSet17] - IBM SPSS Statistics Data Editor

= [m] X
File Edit View Data Iransform Anahze Graphs Utiiies Extensions Window  Help
|
| &
[13:ZsALARY | |Visible: 6 of 6 Variables
| &smarv] &vos | Ssex [&clasSEY] SEDUC | L ISALARY | var | var | s
1 35000.00 8.00 1.00 2.00 14.00 .02007
2z 18000.00 4.00 2.00 1.09 10.00 -1.00344
K 20000.00 1.00 ] 1.00 3:00 16.00 -.88302
) 50000.00 20.00 2.00‘ ) 3.90 16.00 92316
5 38000.00 6.00 1.00 i 3700. 20.00 .20069
20000.00 6.00 2.00 1.00 12.00 -.88302
) 7 75000.00 17.00 ) ‘!.00 ;.00 29.00 2.42831
) 78 ) 40000.00 4.00 2.00 2.00 12.00 32110
9 | 3000000 8.00 1.00 2.00 14.00 -28096
10 22000.00 15.00 2.00 1.00 12.00 - 76261
11| 2300000 16.00 1.00 1.00 12.00 - 70241
12| 4500000 2.00 2.00 3.00 16.00 62213
13 a5l
Data VSewE Vva
: o [1BM SPSS Statistics Processoris ready| | [UnicodeON| | |
j>ﬁ-ou:pun [Document1] - IBM SPSS Statistics Viewer - a x|
|Ele Edt View Data Transform Insert Fommal Analgze  Graphs  Utiiies Window  Help J]
[ o= o), 7 r P =R g
S HER A '
2 (8 output
8 (E means Case Processing Summary
Qe Cases
+ @ Notes
U Case Processing Summary Included Excluded Total
- = ({9 Report N Percent N Percent N Percent
ARY) * SEX 12 100.0% 0 00% 12 1000%
Report
Zscora(SALARY)
SEX Mean N Std. Dewation
? 1304467 5 1.19894414
“Famale  -1304467 6 84952561
Toll 12 1.00000
l —_— e e EE— _ i ~ IBMSPSS r o is ready | Unicode ON |H: 44, W: 819 pt |
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@ “Output? [Document1] - 1BM SPSS Statisnes Viewer

. 14.2
Sectiof _ :
: ata Set 1 in Appendix B. After you have entered the data, first construct
Us? Fractice d’at represents the mathematics skills scores and displays a normal curve,
2 h;sttlc:g; acr:: structa bar chart that represents the frequencies for the variable AGE.
and then can
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Section 4.4

Use Practice Data Set 2 in Appendix B. Construct a scatterplot to examine the relation-
ship between SALARY and EDUCATION.

€3 *Output? (Document1] - IBM SPSS Statistics Viewer - - . B = a x
Flle. Et Yiew Data Jransform |nset Format Analze Graphs  Utiities Extensions Window  Help
F
HER AWM e » ABE 25 e
a (& output
& ([ GGraph GGraph
Qe
r L% g:;:: Simple Scatter of SALARY by EDUC
8000000
°
70000.00
60000.00 =
>
3 5000000
«
40000 00 e °
°
3000000 °
[ ]
2000000 ° °
| °
|
1000000 00 1200 1400 1600 1800 000
EDUC
T T TINL NG TN G e NN P R ST o lBM SPSS Staistcs Processoris ready | | [UnicodeON H: 22, W: 9395t

Note: It would also be acceptable if the student assigned salary to the X-axis and edu-
cation to the Y-axis.

Section 4.5

Use Practice Data Set 1 in Appendix B. Construct a clustered bar graph examining the
relationship between MATHEMATICS SKILLS scores (as the dependent variable) and
MARITAL STATUS and SEX (as independent variables). Make sure you classify both
SEX and MARITAL STATUS as nominal variables.
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= o X

| @ "Output? [Document1] - IBM SPSS Statistics Viewer

Window Help

agh
() Twe
> h m Clustered Bar Mean of SKILL by MARITAL by SEX
SEX
M Male
B Female

Mean SKILL

Sing'e Mamed Divorced
MARITAL

Dot cickeates ) ) T iBusPssSusucs Processoristeady | | Unicods.ON H 22.W.938pL

Section 5.1
Use Practice Data Set 2 in Appendix B. Determine the value of the Pearson correlation
coefficient for the relationship between SALARY and YEARS OF EDUCATION, and

phrase your results.

. = B X
Fgrmat  Anshze Graphs  LAWses  Extensions . Window' . Help
=rm a ¥ X
3 A Mgl = o M.
Correlations
Correlations
SAARY  EDUC
SALARY  Pearson Cormeigson 1 e
8g (2-tateq) (]
N 12 12
EDUC Paarson Correlaton a4 1
Sig. (taked) 009
N 12 12
= Corretason is sxgraficant at the O 01 level (-
taied)
i L D - i IBM SPSS Statistics Processoris ready | | |Unicode:ON |

A Pearson correlation coefficient was calculated for the relationship between
subjects’ educations and salaries. A strong positive correlation was found
(r(10) = .714, p = .009), indicating a significant linear relationship between the two
variables. Better-educated individuals tended to be paid more.
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Section 5.2

Use Practice Data Set 2 in Appendix B. Determine the strength of the relationship
between salary and job classification by calculating the Spearman rho correlation.

'Outpuu [Document1] - IBM SPSS Statistics Viewer = 7 a X ;
|ple EG View Daia  Ianstorm jnsedt Famal Anazs Graphs (iies  Egensions  Window

SEHER NM e A =

.l E °é";‘mmmm ——— Nonparametric Correlations
e
4 %:::." . Correlations ;.
SALARY  CLASSIFY ]
Spearman'stho  SALARY  Comelation Coefficient 1000 681 ,‘
Sig. (2-tailed) . 015
il Caadl 12 12
CLASSIFY  Coelation Cosfficient 681" 1.000
Sig. (2-tailed) 015 5
N 12 12
. Correlation Is significant at the 0 05 level (2-tailed).
| - i ; s I - inM PSS Stalistics Processoris ready | | |UnicodeON (H 84, W: 936 pt.

A Spearman rho correlation coefficient was calculated for the relationship
between the subjects’ salaries and their job classifications. A strong positive cor-
relation was found (rho (10) = .681, p = .015), indicating a significant relationship
between the two variables. Subjects with higher job classifications tended to be
paid more.

Section 5.3

Use Practice Data Set 2 in Appendix B. If we want to predict salary from years of edu-
cation, what salary would you predict for someone with 12 years of education? What
salary would you predict for someone with a college education (16 years)?
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.Wl[poam‘ - ujl_susPSSSiam» Viewer - - o X

< Regression
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3 Dependent Vaniable SALARY
b All requasted vanabdles entered
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b Predictors (Constand, EDUC

Coefficients®
Standaraced
Unstandardled CoeMcients Coefaients
Mose E S'3 Enor Beta 1 Sig
X (Constant -18570 501 17010145 1115 P
EOUC 3653115 1147 654 714 3223 009

2 Depandentvaratis SALARY

81 SPSS Stabstics Processoris ready | | Unicod

Salary’ = -18970.5 + 12(3699.115) = $25,418.88

Salarv’ = -18970.5 + 16(3699.115) = $40,215.34

A simple linear regression was calculated to predict a participant’s salary
on the basis of education level. A significant regression equation was found
(F(1,10) = 10.388, p = .009), with an R? of .510. Participant’s predicted salary is equal
to ~18970.5 + 3699.115 (years of education). Participant’s average salary increased
by $3,699 for every vear of education.

Section 5.4

Use Practice Data Set 2 in Appendix B. Determine the prediction equation for predicting
salary based on education, years of service, and sex. Which variables are significant
predictors? If you believe that men were paid more than women, what would you con-
clude after conducting this analysis?

Salary’ = —46257.7 + 4175.856(Education) + 8856.781(Sex) + 795.054(Years of
Service)

Only education is a significant predictor.



When controlling for education and years of service, men do not get paid signifi-
cantly more than women do.

J'_G -;u{pun [Document1] - 1BM SPSS Statistics Viewer
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OHER M e~ GFdl =% Il

& (¢ output
Log = Regression
8 (g Regression
1
~@roe Variables Entered/Removed®
@ Notes
- L{g vaniables EnteredRemof Vanables Vanables
() Model Summary Moda! Enterad Removed Method
+ (g anova 1 SEX, YOS, Enter
Lf Coeflicients eouc®
a. Dependent Variable: SALARY
b_All requested variables entered.
i
] Model Summary
{ Adjusted R Std Error of
1 Model R R Square Square the Estmate
1 813* 861 53¢ 11334.16409
a Predictors: (Constan), SEX, YOS, EDUC
ANOVA®
Sum of
Model Squares ar Mzan Square F Sig
1 Regression 2008960483 3 6689868208 5208 028*
Residual 1027706204 8 1284632755
B Total 3034666667 11
i 3. Dependent Variable: SALARY
. b_Pradictors. (Constany, SEX, YOS, EDUC
Coefficients®
Standardzed
! C o
Model B Std Error Beta 1 S,
1 (Constanf)  -46257.655 25544 945 . -1811 108
EDUC 4175856 1232166 808 3389 010
Yos 795054 538159 307 1417 a18
SEX 8856 781 7501 024 278 1181 272
a DependentVanable SALARY
: n— p————l -— — - - -

{184 SPSS Statistics Processor is ready | |

Unicode ON |H: 84.W 936 pt_

Note: At this point, you would repeat the analysis using only the significant
predictors to obtain your final answer.

Section 6.2

The mean salary in the United States is a hypothetical average of $25,000. Determine
if the average salary of the participants in Practice Data Set 2 in Appendix B is signifi-
cantly greater than this value. Note that this is a one-tailed hypothesis.

Because this is a one-tailed test, we take the significance level given and divide it
by 2. Thus, we have a p of .035, and we conclude that the sample mean is significantly
greater than the population mean.



200 Appendix G

B e e I — = = @ ¥
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A single-sample  test was calculated to determine if the average salary of our
sample is significantly higher than $25,000. A significant difference was found
(#(11) = 2.016, p = .035). The sample had a significantly higher average salary (M =
$34,666.67, sd = $16,609.60) than the population.
Section 6.3
Use Practice Data Set 1 in Appendix B to solve this problem. We believe that young
individuals have lower mathematics skills than older individuals. We would test
this hvpothesis by comparing participants 25 or younger (the “young” group) with
participants 26 or older (the “old” group). Hint: You may need to create a new variable
that represents each age group. See Chapter 2 for help.
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There is no significant difference. Note that we use .925/2 = .463 as the actual sig-

Nificance Jevel because this is a one-tailed test.

alculated to determine whether the math
skills of subjects 25 or younger were lower than the skills of those 26 or 'older. No
significant difference was found (£(21) = -.095, p = .463). The math skills of the
Yyounger group (M = 35.18, sd = 9.11) were not significantly lower than the math
skills of the older group (M = 35.58, sd = 10.96).

An independent-samples { test was ¢

Section 6.4

Use the same GRADES.sav data file, and compute a paired-samples  test to determine
if scores increased from midterm to final.

8 *Oututt [Documentt] - (BM SPSS Statistics Viewer
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B EGt View pats [set  Format  Analze  Graphs  Umities Window _ Help
T
@ Notes
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L{y Paired Sampies Cormetay Std Emor
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A paired-samples t test was calculated to determine if scores increased from mid-
term to final. A significant increase was found (#(20) = —4.952, p < .001). The final
scores were significantly higher (M = 86.00, sd = 9.61) than the midterm scores
(M = 78.62, sd = 9.66).

Section 7.2

Use Practice Data Set 1 in Appendix B. Determine if the average math scores of single,
married, and divorced participants are significantly different. Write a statement of
results.
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A one-way ANOVA was calculated comparing the math scores of subjects who
differed in marital status. No significant differences were found (F(2,20) = .196,
p = .823). Single subjects (M = 36.17, sd = 9.33) were not significantly different from
married subjects (M = 35.71, sd = 12.31) or divorced subjects (M = 32.50, sd = 9.00).

Section 7.3

Use Practice Data Set 2 in Appendix B. Determine if salaries are influenced by sex, job
classification, or an interaction between sex and job classification. Write a statement of

results.
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A 2 (sex) x 3 (job classification) between-subjects ANOVA was calculated com-
paring the salaries of men and women of different job classifications. No significant
differences were found. The main effect for sex was not significant (F(1,6) = .060,
p = .815). The main effect for job classification was not significant (F(2,6) = 2.057,
p = .209). The sex x job classification interaction was not significant (F(2,6) = .075,
p =.929).

Section 7.4

Use Practice Data Set 3 in Appendix B. Determine if the anxiety level of participants
changed over time (regardless of which treatment they received) using a one-way
repeated-measures ANOVA and protected dependent ¢ tests. Write a statement of
results.
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A one-way repeated-measures ANOVA was calculated to determine whether anx-
iety changed over time. A significant effect was found (F(2,28) = 16.694, p < .001).
Anxiety before treatment was higher (M = 8.20, sd = 1.37) than at one hour after
(M = 6.07, sd = 2.02) and at four hours after treatment (M = 5.40, sd = 2.23).

Section 7.5

Use Practice Data Set 3 in Appendix B. Determine if anxiety levels changed over time
for each of the treatment (CONDITION) types. How did time change anxiety levels for
each treatment? Write a statement of results.
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A 3 (TIME) x 3 (CONDITION) mixed-design ANOVA was calculated to determine
if either time or type of treatment influenced anxiety levels. The main effect for
tvpe of treatment was not significant (F(2,12) = 2.762, p = .103). The main effect
for time was significant (F(2,24) = 90.25, p < .001). The TIME x CONDITION inter-
action was also significant (F(4,24) = 31.844, p < .001).

Section 7.6

Use Practice Data Set 2 in Appendix B. Determine if salaries are different for males
and females. Repeat the analysis, statistically controlling for years of service. Write a
statement of results for each. Compare and contrast your two answers.
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Without Controlling for Years of Service

An independent samples  test calculated to determine if the salaries of men and
women differ. No significant difference was found (¢(10) = .435, p = .673). The mean
salaries of men are not significantly different from the mean salaries of women.

ANCOVA results

A one-way ANCOVA was calculated to determine if the salaries of men and women
are different when controlling for years of service. Years of service was not signifi-
cantly related to salary (F(1,9) = 1.708, p = .224). Salaries did not differ between men
and women even when controlling for years of service (F(1,9) = .130, p = .727).

Section 8.1

Use Practice Data Set 2 in Appendix B. In the population from which the sample was
drawn, 20 percent of employees are clerical, 50 percent are technical, and 30 percent are
professional. Determine whether or not the sample drawn conforms to these values.
Hint: You will need to customize expected probabilities and enter the category values (1,
2, 3) and relative percentages (20, 50, 30). Also, be sure you have entered the variable
CLASSIFY as nominal.
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A chi-square goodness of fit test was calculated to determine if the sample fit with
the hypothesized distribution of 20% clerical, 50% technical, and 30% professional.
No significant deviation from the hypothesized values was found (*(2) = 3.11, p
> .05). The observed distribution (4/12 clerical, 3/12 technical, 5/12 professional)
did not vary significantly from the hypothesized values.

Section 8.2

Aresearcher wants to know if individuals are more likely to help in an emergency when
they are indoors or when they are outdoors. Of 28 participants who were outdoors, 19
helped and 9 did not. Of 23 participants who were indoors, 8 helped and 15 did not.
Enter these data, and find out if helping behavior is affected by the environment. The
key to this problem is in the data entry. (Hint: How many participants were there, and
how many pieces of information do we know about each? Having SPSS give you cell
percentages will help you with interpretation of this problem.)
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A chi-square test of independence was calculated comparing the frequency of
helping behavior for subjects inside and outside. A significant interaction was
found (x*(1) =5.545, p <.05). Subjects were more likely to help outside (67.9%) than

thev were inside (34.8%).

Section 8.3

L.Ise .P_ractice Data Set 1 in Appendix B. Determine if younger participants (< 26) have
significantly lower mathematics scores than older participants. (Note: You will need to
create a new ordinal variable representing each age group. See Section 2.2 if you need

a refresher on how to do that.)
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A Mann-Whitney U test was calculated examining the math skills scores of older
and younger subjects. No significant difference was found (U = 65.5, p > .05).
Younger subjects had a mean rank of 11.95 while older subjects had a mean rank

of 12.04.

Section 8.4

Use the RACE.sav data file to determine whether or not the outcome of short-distance
races is different from that of medium-distance races. Phrase your results.
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A Wilcoxon test examined the results of medium-distance and short-distance races.
No significant difference was found in the results (Z = -0.775, p > .05). Medium-
distance results were not significantly different from short-distance results.



Section 8.6

Use the data in Practice Data Set 3 in Appendix B. If anxiety is measured on an ordinal
scale, determine if anxiety levels changed over time. Phrase your results.
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A Friedman test was conducted comparing the average anxiety ranking of subjects
before, one hour after, and four hours after treatment. A significant difference was
found (}3(2) = 20.694, p < .05). Student anxiety was significantly reduced from the
pretest value at both one hour and four hours.
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data window 1, 9

degrees of freedom 54, 57, 61, 66, 70,
73,76,77,81, 83, 86,87,91, 97, 103,
107,119, 122

dependent variables 31, 33, 47

descriptive statistics: central
tendency, measures of 28-35;
dispersion, measures of 28-35;
frequency distributions 21-7;
standard scores 35-7

Descriptives dialog box 8-9

dichotomous variables 58, 63

dispersion, measures of 28-35, 59

Edit — Options — General
command 9

editing graphs 50

effect size 53, 153-8

Elements Properties window 44, 46

entering data 1-2

equations 18

Eta squared (n?) 157-8

extensions of SPSS files 7, 10

F ratio 86
factorial ANOVA 88-94, 106
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filenames 6

filters 17

Frequencies command 214, 28, 29,
38, 40, 47

frequency distributions 21-7, 29

Friedman test 1414

General Linear Model (GLM)
command 96, 106, 157

glossary 174-5

goodness of fit test 114-120

graphing data: bar charts 3842,
47-9; benefits of 38; Chart Builder
command 42-3; editing graphs 50;
histograms 38—42; pie charts 38—42;
scatterplots 43-6

grouping variables 32, 75

Groups/Point ID tab 43

H test 13541
histograms 3842
hypothesis testing 68-71

If button 16

independence of variables,
chi-square test of 120—4

Independent List box 32

independent-samples  tests
74-7,154-5

independent variables 31, 33-5, 44,
47,58, 59, 60, 63

inferential tests: selection of 176-88;
see also nonparametric inferential
statistics; parametric inferential
statistics

inter-rater reliability 150-2

interaction between variables 88,
904, 103, 107

internal consistency of datasets
145, 147-8

interquartile range 29, 31

interval scales 13

italics, use of 71

item-total analysis 145-7

Kappa values 151
Koch, G.G. 151
Kruskal-Wallis H test 135-41

labels of variables 4

Landis, J.R. 151

linear regression: multiple 62-7;
simple 58-62

loading data files 7
logical statements 16

MacOS version of SPSS 1

Mann-Whitney U test 124-30

margins of error 65

mean values 8-9, 13-14, 17, 28-30

Means command 31-2

Measure column 13

measurement scales 13-14

median values 24, 28, 29

missing data 14

mixed-design ANOVA models 100-5

mode values 24, 28

Model Summary 59, 65

modification of data files 11-12

multiple linear regression 62—7

multivariate analysis of variance
(MANOVA) 108-13

names of variables 2

nominal scales 13, 21, 25, 29

nonparametric inferential statistics:
chi-square goodness of fit test
114-120; chi-square test of
independence 120—4; Friedman
test 141-4; Kruskal-Wallis H test
135-41; Mann-Whitney U test
124-30; Wilcoxon test 130—4

Nonparametric Tests command
114, 115

normal distribution 70, 71, 75;
standard 35

null hypothesis 68, 69, 70, 117

Nuimeric Expression 18

One-Sample Nonparametric Tests
command 115-16

one-tailed tests 70

one-way ANOVA models 83-8

ordinal scales 13-14, 21, 25, 28, 29, 38

outliers 21

output window 1, 9-10

paired-samples t tests 78-82, 155-6

parametric inferential statistics:
hypothesis testing 68-71;
independent-samples ¢ tests 74-7;
inferences 68; paired-samples
I tests 78-82; single-sample ¢
tests 714

Pearson correlation coefficient
51-5, 81



percentile ranks 23-7

phrasing results: analysis of
covariance 107-8; ANOVA
models 92-3; chi-square goodness
of fit test 119-120; chi-square
test of independence 122-4;
Friedman test 143—4; hypothesis
testing 70-1; independent-samples
t tests 77; Kruskal-Wallis H
test 140-1; Mann-Whitney U test
129-30; mixed-design ANOVA
models 103-5; multiple linear
regression 65-7; multivariate
analysis of variance (MANOVA)
111-13; one-way ANOVA
models 87-8; paired-samples
f tests 81-2; Pearson correlation
coefficient 54; repeated-measures
ANOVA 97-9; simple linear
regression 61; single-sample
I tests 73—4; Spearman correlation
coefficient 56-7; Wilcoxon
test 133-4

pie charts 38—42

Plots option 103

pooled standard deviation 154-5

post-hoc analysis 85, 87, 90, 97,
102-3, 107, 137

practical significance of test
values 156

prediction: multiple linear
regression 62-7; Pearson
correlation coefficient 51-5; simple
linear regression 58-62; Spearman
correlation coefficient 55-8

prime (‘) notation 60

printing output 10

protected dependent ¢ tests 97-8

quartiles 23

R square (R?) 59, 65, 1567

random assignment into groups
75,105

random errors 69

range measures 28-9, 31

ratio scales 13, 28, 51

Recode into Different Variables,
dialog box 19

recoding variables 18-20

regression: effect size for 156;
multiple linear regression 62-7;
simple linear regression 58-62

reliability tests: inter-rater
reliability 150-2; test-retest
reliability 149

repeated-measures designs 47, 94-9

robustness of tests 71, 75

rows of data 2, 4

sample mean 73

sample size 153, 156

“.sav” file extension 6

saving: data files 6-7; output files 10

scatterplots 43-6

scientific notation 4

Select Cases command 15

selection of data 15-20

significance levels 53, 59, 65, 70,
71,76,77,81, 103; versus critical
values 69-70; one/two-tailed
tests 70

simple linear regression 58-62

single-sample f tests 714, 1534

skewness 21

source tables 83, 86, 91

Spearman correlation coefficient 55-8

Spearman’s rho 51, 56-8, 145, 150

split-plot design ANOVA
models 100-5

spreadsheets, copying output to 10

“.spv” extension 6, 10

standard deviation 21, 28-9, 30, 31,
35, 81; pooled 154-5

standard error of estimate 59, 61, 65

standard normal distribution 35

standard scores 35-7

standardized mean differences 153

starting SPSS 1

statement of results 71

statistical symbols 71

subsets, selection of 15-17

summarizing data see descriptive
statistics

syntax 171-3

t tests: Cohen'’s d 153-6; effect size
for 153-6; independent-samples
74-7, 154-5; paired-samples 78-82,
155-6; protected dependent 97-7;
single-sample 714, 153+

Target Variable field 18

temporal stability 149

test construction: criterion-related
validity 149-50; Cronbach’s
alpha 147-9; inter-rater
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reliability 150-2; item-total
analysis 145-7; test-retest
reliability 149

test-retest reliability 149

Tests of Between-Subjects Effects 102

Tests of Within-Subjects Effects
96-7, 102

Title/Footnotes tab 43

Tukey’s HSD 85, 86

two-tailed tests 70

Type I errors 68-9, 70, 83, 85, 86, 108

Type Il errors 68-9

U test 129-30
Unix version of SPSS 1

validity: criterion-related 149-50;
of tests 145, 147

value labels 4-6

variability between and within
groups 83

Variable View screen 4

variables: adding 11-12;
computing new 17-18;

defining 2-6; dependent
31, 33, 47; frequency
distributions 21-7; grouping
32, 75; independent 31, 33, 47;
interaction between 88, 904,
103, 107; labels 4; measurement
scales 13-14; percentile ranks
23-7; recoding 18-20; types 4;
Variable View window 3, 4
variance analysis: covariance
analysis 105-8; effect size for 157-8;
multivariate analysis of variance
(MANOVA) 108-13; see also
ANOVA models
versions of SPSS vii

Wilcoxon test 1304

Wilk’s Lambda 110

Windows version of SPSS 1

within-groups variability 83

word processors, copying
output to 10

z-scores 35-7
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