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Preface to the Fourth
Canadian Edition

Sociology and the other social sciences, including political science, social
work, public administration, criminology, and gerontology, are research-
based disciplines, and statistics are part of their everyday language. To join
the conversation, you must learn the vocabulary of research, data analysis,
and scientific thinking. Knowledge of statistics will enable you to under-
stand the professional research literature of your discipline as well as the
research reports you encounter in everyday life. Knowledge of statistics
will enable you to conduct quantitative research and to contribute to the
growing body of social science knowledge.

Although essential, learning statistics can be a challenge. Students in
statistics courses typically have a wide range of mathematical backgrounds
and an equally diverse set of career goals. They are often puzzled about the
relevance of statistics for them, and, not infrequently, there is some math
anxiety to deal with.

This textbook introduces statistical analysis for the social sciences while
addressing these challenges. The textbook makes minimal assumptions
about mathematical background (the ability to read a simple formula is
sufficient preparation for virtually all of the material in the textbook), and
a variety of special features help students analyze data successfully. The
textbook is sufficiently flexible to be used in any program with a social sci-
ence base.

The textbook is written at a level intermediate between a strictly math-
ematical approach and a mere “cookbook.” We have not sacrificed compre-
hensive coverage or statistical correctness, but theoretical and mathematical
explanations are kept at an elementary level, as is appropriate in a first
exposure to social statistics. For example, we do not treat formal probability
theory per se. Rather, the background necessary for an understanding of
inferential statistics is introduced, informally and intuitively, in Chapters 4
and 5 while considering the concepts of the normal curve and the sampling
distribution. The textbook makes no claim that statistics are “fun” or that
the material can be mastered without considerable effort. At the same time,
students are not overwhelmed with abstract proofs, formula derivations, and
mathematical theory, which can needlessly frustrate the learning experience
at this level.

GOALS AND

FEATURES OF The textbook has three primary goals, which are collectively designed to

THE TEXTBOOK help students to develop the skills necessary to become statistically literate.
The first goal is to develop an appreciation for the role of statistics in the
research process. The second is to cultivate a competence to perform basic
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XVi PREFACE TO THE FOURTH CANADIAN EDITION

statistical calculations. The third is to develop a capability to critically read
statistical information, especially as reported in the professional research
literature. The following discussion considers each goal in more detail and
how it is achieved through the many special features of the textbook.

1. An Appreciation of Statistics. To appreciate statistics is to under-
stand the relevance of statistics for research, to analyze and interpret the
meaning of a statistical test, and to select and use an appropriate statistic
for a given purpose and a given set of variables. This textbook develops
these qualities, within the framework of an introductory course, in the
following ways:

*  The relevance of statistics. The textbook stresses the importance of sta-
tistics as a means of analyzing and manipulating data to answer research
questions. This central theme of relevance is reinforced by a series of
boxes labelled “Applying Statistics,” each of which illustrates some spe-
cific way in which statistics can be used to answer questions.

Furthermore, the end-of-chapter problems are labelled by the
social science discipline or subdiscipline from which they are drawn:

@ for sociology, for social work, for political science,

_C_L| for criminology and criminal justice, for public administra-
tion, and for gerontology. By identifying problems with specific
disciplines, students can more easily see the relevance of statistics to
their own academic interests. (Not incidentally, they will also see that
the disciplines have a large subject matter in common.)

» Interpreting statistics. For most students, interpretation—saying what
statistics mean—is a big challenge. The ability to interpret statistics can
be developed only by exposure and experience. To provide exposure,
we have been careful, in the example problems, to express the mean-
ing of the statistic in terms of the original research question. To provide
experience, the end-of-chapter problems almost always call for an inter-
pretation of the statistic calculated. To provide examples, many of the
answers to odd-numbered computational problems in the back of the
textbook are expressed in words as well as numbers. The “Interpreting
Statistics” sections provide additional, detailed examples of how to ex-
press the meaning of statistics.

*  Using statistics: Ideas for research projects. Appendix E offers ideas for
independent data-analysis projects for students. The projects require
students to use a computerized statistical package to analyze a data
set. They can be assigned at intervals throughout the semester or at the
end of the course. Each project provides an opportunity for students
to practise and apply their statistical skills and, above all, to exercise
their ability to understand and interpret the meaning of the statistics
they produce.
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2. Computational Competence. Students should emerge from their first
course in statistics with the ability to perform elementary forms of data
analysis—to execute a series of calculations and arrive at the correct answer.
To be sure, computers and calculators have made computation less of an
issue today. Yet computation and statistics are inseparable, and since social
science majors frequently do not have strong quantitative backgrounds,
we have included a number of features to help students cope with these
challenges:

»  Step-by-step computational algorithbms are provided for each statistic.

*  Extensive problem sets are provided at the end of each chapter. Most
of these problems use fictitious data and are designed for ease of
computation.

*  Cumulative exercises are included at the end of each part to provide
practice in choosing, computing, and analyzing statistics. These ex-
ercises present only data sets and research questions. Students must
choose appropriate statistics as part of the exercise. The Cumulative
exercises can be found at nelson.com/students.

*  Solutions to odd-numbered computational problems are provided so
that students may check their answers.

3. Critically Read Statistical Information. A statistically literate
person can comprehend and critically evaluate statistical information
reported in research written by others. The development of this quality
is a particular problem at the introductory level since (1) the vocabulary
of professional researchers is so much more concise than the language
of the textbook, and (2) the statistics featured in the literature are gener-
ally more advanced than those covered at the introductory level. To help
bridge this gap, we have included a series of boxes labelled “Reading
Statistics,” beginning in Chapter 1. In each box, we briefly describe the
reporting style typically used for the statistic in question and try to alert
students about what to expect when they approach the professional
literature. These inserts include excerpts from the Canadian research
literature and illustrate how statistics are actually applied and interpreted
by social scientists.

Additional Features. A number of other features make the textbook
more meaningful for students and more useful for instructors as they help
develop students’ statistical literacy:

* Readability and clarity. The writing style is informal and accessible to
students without ignoring the traditional vocabulary of statistics. Prob-
lems and examples have been written to maximize student interest and
to focus on issues of concern and significance. For the more difficult
material (such as hypothesis testing), students are first walked through
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an example problem before being confronted by formal terminology
and concepts. Each chapter ends with a summary of major points and
formulas and a glossary of important concepts. A list of frequently used
formulas inside the front cover and a glossary of symbols inside the back
cover can be used for quick reference.

*  Organization and coverage. The textbook is divided into four parts.
Overview sections have been included with each of the four parts of
the textbook. These provide a “road map” of the material that follows
and help students see why the chapters are organized as they are. Most
of the coverage is devoted to the first three parts of the textbook: de-
scriptive statistics, estimation, and hypothesis testing. Estimation and
hypothesis testing are the two main applications of inferential statis-
tics. The distinction between description and inference is introduced
in Chapter 1 and maintained throughout the textbook. In selecting sta-
tistics for inclusion, we have tried to strike a balance between the es-
sential concepts with which students must be familiar and the amount
of material students can reasonably be expected to learn in their first
(and perhaps only) statistics course, while bearing in mind that different
instructors will naturally wish to stress different aspects of the subject.
Thus, the textbook covers the full gamut of the usual statistics, with
each chapter broken into subsections so that instructors may choose
the particular statistics they wish to include.

e Flow charts. Flow charts that help students select appropriate statistics
are provided in the textbook. The flow charts depict the selection pro-
cess in detailed form at the beginning of each chapter.

* [Learning objectives. Learning objectives are stated at the beginning of
each chapter. These are intended to serve as “study guides” and to help
students identify and focus on the most important material.

*  Review of mathematical skills. A comprehensive review of all of the
mathematical skills that will be used in this textbook (Prologue) is in-
cluded. Students who are inexperienced or out of practice with math-
ematics may want to study this review early in the course and/or refer
to it as needed. A self-test is included so that students may check their
level of preparation for the course.

* Statistical techniques and end-of-chapter problems are explicitly linked.
After a technique is introduced, students are directed to specific prob-
lems for practice and review. The “how-to-do-it” aspects of calculation
are reinforced immediately and clearly.

* End-of-chapter problems are organized progressively. Simpler problems
with small data sets are presented first. Often, explicit instructions or
hints accompany the first several problems in a set. The problems gradu-
ally become more challenging and require more decision making by
the student (e.g., choosing the most appropriate statistic for a certain
situation). Thus, each problem set develops problem-solving abilities
gradually and progressively.
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*  Computer applications. To help students take advantage of the power
of the computer, this textbook integrates Version 24 of IBM SPSS
Statistics for Windows, though Versions 10 through 23 are completely
compatible with the textbook. IBM SPSS Statistics, colloquially re-
ferred to here as “SPSS,” is a leading, state-of-the-art computerized
statistical package. Alternatively, students can download a full work-
ing evaluation copy of SPSS. This free 14-day trialware can be down-
loaded after registering at the IBM SPSS website.

The last part of each chapter, labelled “You Are the Researcher,”
offers demonstrations and exercises in using SPSS to produce the
statistics presented in the chapter. All SPSS outputs from the demonstra-
tions are shown in the textbook and are unedited. Students choosing to
replicate the demonstration will see the same output on their computer
screen. SPSS exercises are provided below the demonstrations and give
students the opportunity to actually use SPSS to compute statistics.
Appendix E provides additional SPSS exercises, and Appendix F gives
a general introduction to SPSS.

Overall, detailed instructions and demonstrations on how to use
SPSS for each exercise are provided in this textbook. SPSS can be
taught at a basic level from this textbook without the aid of an SPSS
supplementary text.

A manual for Stata (Version 15 for Windows), another commonly
used statistical software package, is also available for the textbook. Like
SPSS, Stata provides a variety of tools for statistical analyses that are
easy to learn and use. The manual can be downloaded for free from
the textbook’s website. The manual is accompanied by two databases,
allowing students to practise their statistical skills in a Stata computing
environment.

* Real data. Four databases for SPSS application give students a wide
range of opportunities to practise their statistical skills on “real-life”
data: (1) a shortened version of the 2013 Canadian General Social
Survey (labelled 2013_GSS_Shortened.sav); (2) a shortened version of
the 2012 Canadian Community Health Survey (2012_CCHS_Shortened.
sav); (3) the full version of the 2013 Canadian General Social Survey
(2013_GSS_Full.sav); and (4) the full version of the 2012 Canadian
Community Health Survey (2012_CCHS_Full.sav). The databases are
described in Appendix G and are available in SPSS format (i.e., the
“.sav” file format) on the website for the textbook.

KEY CHANGES

IN THE FOURTH
CANADIAN EDITION This edition of the textbook remains focused on developing the skills nec-

essary for students to become statistically literate. It is written for students
with varying levels of mathematical proficiency, providing an accessible yet
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comprehensive examination of statistics, and continues to expose students
to statistics from a uniquely Canadian perspective. With this in mind, various
changes were made in the fourth edition. The following are the most impor-
tant changes:

* The textbook has been reorganized to better integrate the discussion of
hypothesis tests and measures of association.

* New statistics and methods—index of qualitative variation, five-number
summary, measures of central tendency/dispersion for grouped data,
and eta-squared—have been added.

* The “Reading Statistics” inserts have been updated. Likewise, data cited
in the text have been updated.

* The textbook, at the time of printing, uses the latest version of IBM SPSS
Statistics for Windows (Version 24), along with the new 2013 Canadian
General Social Survey data set.

ANCILLARIES
INSTRUCTOR
RESOURCES The Nelson Education Teaching Advantage (NETA) program delivers
research-based instructor resources that promote student engagement and
@ n QTG higher-order thinking to enable the success of Canadian students and educa-
e e tors. Visit Nelson Education’s Inspired Instruction website at nelson.com
- /inspired/ to find out more about NETA.
The following instructor resources have been created for Statistics: A
Tool for Social Research, Fourth Canadian Edition. Access these ultimate
tools for customizing lectures and presentations at nelson.com/instructor.
NETA TEST BANK This resource was written by Markus Schafer of the University of Toronto.

It includes over 500 multiple-choice questions written according to NETA
guidelines for effective construction and development of higher-order ques-
tions. Also included are more than 40 problems.
cog : The NETA test bank is available in a new, cloud-based platform.
Full-Circle Assessment”  Nelson Testing Powered by Cognero® is a secure online testing system
that allows instructors to author, edit, and manage test bank content
from anywhere Internet access is available. No special installations or
downloads are needed, and the desktop-inspired interface, with its drop-
down menus and familiar, intuitive tools, allows instructors to create
and manage tests with ease. Multiple test versions can be created in an
instant, and content can be imported or exported into other systems. Tests
can be delivered from a learning management system, the classroom, or
wherever an instructor chooses. Nelson Testing Powered by Cognero
for Statistics: A Tool for Social Research, Fourth Canadian Edition, can be
accessed through nelson.com/instructor.
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Microsoft® PowerPoint® lecture slides for every chapter have been created
by Irene Boeckmann University of Toronto. There is an average of 25 slides
per chapter, many featuring key figures, and tables, from Statistics: A Tool
Jfor Social Research, Fourth Canadian Edition. NETA principles of clear
design and engaging content have been incorporated throughout, making it
simple for instructors to customize the deck of their courses.

This resource consists of digital copies of figures and short tables, used in
the book. Instructors may use these jpegs to customize the NETA PowerPoint
or create their own PowerPoint presentations. An Image Library Key
describes the images and lists the codes under which the jpegs are saved.

The Instructor’s Manual to accompany Statistics: A Tool for Social Research,
Fourth Canadian Edition, contains answers to even-numbered end-of-chapter
problems and detailed answers to selected textbook problems. It also provides
a “What can I do in class?” feature that includes 2-3 lesson ideas per chapter,
and a “What can I do online?” feature, which includes 2-3 suggestions per
chapter for engaging and instructing students using Web resources.

Aplia™ is a Cengage Learning online homework system dedicated to
improving learning by increasing student effort and engagement. Aplia
makes it easy for instructors to assign frequent online homework assign-
ments. Aplia provides students with prompt and detailed feedback to help
them learn as they work through the questions, and features interactive
tutorials to fully engage them in learning course concepts. Automatic grading
and powerful assessment tools give instructors real-time reports of student
progress, participation, and performance, and while Aplia’s easy-to-use
course to management features let instructors flexibly administer course
announcements and materials online. With Aplia, students will show up to
class fully engaged and prepared, and instructors will have more time to do
what they do best . . . teach.

Founded in 2000 by economist and Stanford professor Paul Romer, Aplia™
is an educational technology company dedicated to improving learning by
increasing student effort and engagement. Currently, Aplia products have
been used by more than a million students at over 1,300 institutions. Aplia
offers a way for you to stay on top of your coursework with regularly
scheduled homework assignments that increase your time on task and give
you prompt feedback. Interactive tools and additional content are provided
to further increase your engagement and understanding. See Aplia.com
for more information. If Aplia isn’t bundled with your copy of Statistics:
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A Tool for Social Research, Fourth Canadian Edition, you can purchase access
separately at NELSONbrain.com. Be better prepared for class with Aplia!
The Aplia course for Statistic: A Tool for Social Research, Fourth Canadian
Edition, was prepared by text author Steven Prus.

The Student Companion Site for Statistics at nelson.com/student is a com-

Q prehensive, resource-rich location for students to find pertinent information.
As well as SPSS data sets used for the end-of-chapter SPSS demonstra-
tions and exercises in the textbook, they’ll find additional review and study
materials, including online chapters, tables of frequently used formulas and
random numbers, and more! It contains:

* Data Sets and Code Books: These data sets were written for use with
Version 24 of IBM SPSS Statistics for Windows, but Versions 10 through
23 are completely compatible.

* Cumulative exercises at the end of each part provides practice in
choosing, computing, and analyzing statistics. These exercises present
only data sets and research questions. Students must choose appropriate
statistics as part of the exercise.

* Online Chapters: Several online chapters to accompany the text.
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Prologue: Basic
Mathematics Review

You will probably be relieved to hear that first courses in statistics are not
particularly mathematical and do not stress computation per se. While you
will encounter many numbers to work with and numerous formulas to use,
the major emphasis will be on understanding the role of statistics in research
and the logic by which we attempt to answer research questions empiri-
cally. You will also find that, at least in this textbook, the example problems
and many of the homework problems have been intentionally simplified so
that the computations will not unduly distract you from the task of under-
standing the statistics themselves.

On the other hand, you may regret to learn that there is, inevitably,
some arithmetic that you simply cannot avoid if you want to master this
material. It is likely that some of you haven’t had any math in a long time,
others have convinced themselves that they just cannot do math under any
circumstances, and still others are just rusty and out of practice. However,
you will find that even the most complex and intimidating operations and
formulas can be broken down into simple steps. For those of you who have
forgotten how to cope with some of these steps or are unfamiliar with these
operations, this section is designed to ease you into the skills you will need
to do all of the computation in this textbook.

CALCULATORS
AND COMPUTERS A calculator is a virtual necessity for this textbook. While you could do

all the arithmetic by hand, a calculator will save you time and effort. Fur-
thermore, calculator applications are conveniently available on most smart-
phones. While standard functions of addition, subtraction, multiplication,
division, and square root are all you really need, you may want the learn
additional features on your calculator including the memory and some pre-
programmed functions.

Along the same lines, many of you probably have access to computers
and statistical packages. If so, take the time now to learn how to use
them, because they will eventually save you time and effort. This text-
book includes a guide to a statistical package called IBM SPSS Statistics,
but many other programs are available that will help you accomplish the
goals of saving time and avoiding drudgery while generating precise and
accurate results.

In summary, you should find a way at the beginning of this course—
with a calculator, a statistical package, or both—to minimize the tedium and
hassle of mere computing. This will permit you to devote maximum effort
to the truly important goal of increasing your understanding of the meaning
of statistics in particular and social research in general.
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2 PROLOGUE: BASIC MATHEMATICS REVIEW

VARIABLES Statistics are a set of techniques by which we can describe, analyze, and
AND SYMBOLS manipulate variables. A variable is a trait that can change values from case
to case or from time to time. Examples of variables include height, weight,
level of education, and political party preference. The possible values asso-
ciated with a given variable might be numerous (e.g., income) or relatively
few (e.g., gender). We will often use symbols, usually the letter X, to refer
to variables in general or to a specific variable.
Sometimes we will need to refer to a specific value or set of values of
a variable. This is usually done with the aid of subscripts. So, the symbol
X, (read “X-sub-one”) would refer to the first score in a set of scores, X,
(“X-sub-two0”) to the second score, and so forth. Also, we will use the
subscript i to refer to all the scores in a set. Thus, the symbol X, (read
“X-sub-eye”) refers to all of the scores associated with a given variable
(e.g., the test grades of a particular class).

OPERATIONS You are all familiar with the four basic mathematical operations of addition,
subtraction, multiplication, and division and the standard symbols (+, —,
X, +) used to denote them. Some of you may not be aware, however,
that the latter two operations can be symbolized in a variety of ways. For
example, the operation of multiplying some number a by some number b
may be symbolized in (at least) six different ways:

aXxXb
a-b
axb
ab
a(b)
(a)(b)

In this textbook, we will commonly use the “adjacent symbols” format (i.e.,
ab), the conventional times sign (X), or adjacent parentheses to indicate
multiplication. On most calculators and computers, the asterisk (*) is the
symbol for multiplication.

The operation of division can also be expressed in several different
ways. In this textbook, we will use either of these two methods:

a
b _
a/b or 3

Several of the formulas with which we will be working require us to find
the square of a number. To do this, simply multiply the number by itself.
This operation is symbolized as X* (read “X squared”), which is the same
thing as (XD(X). If X has a value of 4, then

X=X = @@ = 16

or we could say that “4 squared is 16.”
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PROLOGUE: BASIC MATHEMATICS REVEW 3

The square root of a number is the value that, when multiplied by itself,
results in the original number. So the square root of 16 is 4 because (4)(4)
is 16. The operation of finding the square root of a number is symbolized as

VX

Be sure you have access to a calculator with a built-in square root function.

A final operation with which you should be familiar is summation, or
the addition of the scores associated with a particular variable. When a
formula requires the addition of a series of scores, this operation is usually
symbolized as 2X;. The symbol 2 is the uppercase Greek letter sigma and
stands for “the summation of.” So the combination of symbols 2X; means
“the summation of all the scores” and directs us to add the value of all the
scores for that variable. If four people had family sizes of 2, 4, 5, and 7, then
the summation of these four scores for this variable could be symbolized as

SX,=2+4+5+7=18

The symbol X is an operator, just like the + or X signs. It directs us to
add all of the scores on the variable indicated by the X symbol.

There are two other common uses of the summation sign, and unfor-
tunately, the symbols denoting these uses are not, at first glance, sharply
different from each other or from the symbol used above. A little practice
and some careful attention to these various meanings should minimize the
confusion. The first set of symbols is %X, which means “the sum of the
squared scores.” This quantity is found by first squaring each of the scores
and then adding the squared scores together. A second common set of
symbols will be (2X,)*, which means “the sum of the scores, squared.” This
quantity is found by first summing the scores and then squaring the total.

These distinctions might be confusing at first, so let’s see if an example
helps clarify the situation. Suppose we had a set of three scores: 10, 12, and
13. So,

X, =10, 12, 13
The sum of these scores would be indicated as
SX, =10+ 12+ 13 = 35
The sum of the squared scores would be
>X2=(10)* + (12)* + (13)* = 100 + 144 + 169 = 413

Take careful note of the order of operations here. First, the scores are squared
one at a time and then the squared scores are added. This is a completely
different operation from squaring the sum of the scores:

(SX)* = (10 + 12 + 13)* = (35)* = 1,225
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4 PROLOGUE: BASIC MATHEMATICS REVIEW

To find this quantity, first the scores are summed and then the total of all the
scores is squared. The value of the sum of the scores squared (1,225) is not
the same as the value of the sum of the squared scores (413). In summary,
the operations associated with each set of symbols are as follows:

Symbols Operations

X Add the scores

SX? First square the scores and then add the squared scores
CX)? First add the scores and then square the total

OPERATIONS WITH

NEGATIVE NUMBERS A number can be either positive (if it is preceded by a + sign or by no
sign at alD) or negative (if it is preceded by a — sign). Positive numbers
are greater than zero, and negative numbers are less than zero. It is very
important to keep track of signs because they will affect the outcome of
virtually every mathematical operation. This section will briefly summarize
the relevant rules for dealing with negative numbers. First, adding a nega-
tive number is the same as subtraction. For example,

3+(-D=3-1=2
Second, subtraction changes the sign of a negative number:
3—-(-1)=3+1=4

Note the importance of keeping track of signs here. If you neglected to
change the sign of the negative number in the second expression, you
would arrive at the wrong answer.

For multiplication and division, there are various combinations of nega-
tive and positive numbers you should be aware of. For purposes of this text-
book, you will rarely have to multiply or divide more than two numbers at a
time, and we will confine our attention to this situation. Ignoring the case of
all positive numbers, this leaves several possible combinations. A negative
number multiplied by a positive number results in a negative value:

(=3)(4) = —12

or
G)(=4D = —12

A negative number multiplied by a negative number is always positive:
(=3)(=4) =12

Division follows the same patterns. If there is a single negative number in
the calculations, the answer will be negative. If both numbers are negative,
the answer will be positive. So,
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PROLOGUE: BASIC MATHEMATICS REVIEW 5

and

but
—4
— =2
-2
Note that negative numbers do not have square roots, because multiplying
a number by itself cannot result in a negative value. Squaring a negative
number always results in a positive value (see the multiplication rules above).

ACCURACY AND

ROUNDING OFF A possible source of confusion in computation involves the issues of accu-
racy and rounding off. People work at different levels of accuracy and
precision and, for this reason alone, may arrive at different answers to prob-
lems. This is important, because if you work at one level of precision and
the textbook (or your instructor or your study partner) works at another,
the resulting solutions will be at least slightly different. You may sometimes
think you’ve gotten the wrong answer when all you’ve really done is round
off at a different place in the calculations or in a different way.

There are two issues here: when to round off and how to round off. In
this textbook, we have followed the convention of working with as much
accuracy as our calculator or statistics package will allow and then rounding
off to two places of accuracy (two places beyond the decimal point) at the
very end. If a set of calculations is lengthy and requires the reporting of
intermediate sums or subtotals, we will round the subtotals off to two places
also.

In terms of how to round off, begin by looking at the digit immediately
to the right of the last digit you want to retain. If you want to round off
to 100ths (two places beyond the decimal point), look at the digit in the
1000ths place (three places beyond the decimal point). If that digit is greater
than 5, round up. For example, 23.346 would round off to 23.35. If the digit
to the right is less than 5, round down. So, 23.343 would become 23.34. If
the digit to the right is 5, round up if the digit immediately to the left is even
and round down if the digit is odd. So, 23.345 would become 23.35 and
23.355 would round to 23.35.

Let’s look at some more examples of how to follow the rounding rules
stated above. If you are calculating the mean value of a set of test scores
and your calculator shows a final value of 83.459067, and you want to round
off to two places beyond the decimal point, look at the digit three places
beyond the decimal point. In this case the value is 9 (greater than 5), so we
would round the second digit beyond the decimal point up and report the
mean as 83.406. If the value had been 83.453067, we would have reported
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6 PROLOGUE: BASIC MATHEMATICS REVIEW

our final answer as 83.45. A value of 83.455067 would round to 83.45, and
a value of 83.445067 would be 83.45.

FORMULAS,

COMPLEX

%_ITE %AF;FI;OEESO,? ND A mathematical formula is a set of directions, stated in general symbols,
OPERATIONS for calculating a particular statistic. To “solve a formula” means that you

must replace the symbols with the proper values and then manipulate the
values through a series of calculations. Even the most complex formula can
be rendered manageable if it is broken down into smaller steps. Working
through these steps requires some knowledge of general procedure and the
rules of precedence of mathematical operations. This is because the order
in which you perform calculations may affect your final answer. Consider
the following expression:

2+ 34
Note that if you do the addition first, you will evaluate the expression as
5(4) = 20
but if you do the multiplication first, the expression becomes
2+ 12 =14

Obviously, it is crucial to complete the steps of a calculation in the correct
order.

The basic rules of precedence are to find all squares and square roots
first, then do all multiplication and division, and finally complete all addition
and subtraction. So the following expression:

8 + 2 X 22/2

would be evaluated as
4 8
8+2XE:8+E=8+4=12

The rules of precedence may be overridden when an expression contains
parentheses. Solve all expressions within parentheses before applying the
rules stated above. For most of the complex formulas in this textbook,
the order of calculations will be controlled by the parentheses. Consider
the following expression:

(8 +2) — 438 -0
Resolving the parenthetical expressions first, we would have

(10) — 4 X 9/(2) =10 — 36/2 =10 — 18 = —8
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PROLOGUE: BASIC MATHEMATICS REVIEW 7

Without the parentheses, the same expression would be evaluated as

8+2—4X3/8-6
=8+4+42—-4X9/8—-06
=8+2—-36/8—6
=8+2—-45-6
=10 —10.5
= —0.5

A final operation you will encounter in some formulas in this textbook
involves denominators of fractions that themselves contain fractions. In this
situation, solve the fraction in the denominator first and then complete the
division. For example,

15—-9
6/2
would become
15-9_6_,
6/2 3

When you are confronted with complex expressions such as these,
don’t be intimidated. If you're patient with yourself and work through them
step by step, beginning with the parenthetical expression, even the most
imposing formulas can be managed.

EXERCISES You can use the problems below as a “self-test” on the material presented
in this review. If you can handle these problems, you're ready to do all of
the arithmetic in this textbook. If you have difficulty with any of these prob-
lems, please review the appropriate section of this prologue. You might
also want to use this section as an opportunity to become more familiar
with your calculator. Answers are given on the next page, along with some
commentary and some reminders.

1. Complete each of the following:

a. 17 X3 =
b. 17(3) =
c. ANHQB) =
d. 17/3 =
e. (42 =
f. V113 =
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8 PROLOGUE: BASIC MATHEMATICS REVIEW

ANSWERS TO
EXERCISES

. For the set of scores (X)) of 50, 55, 60, 65, and 70, evaluate each of the

expressions below:
2X, =

22X =

x)? =

. Complete each of the following:

17+ (=3 + @ + (=2) =
15=-3-(3>+2=
(=27(64D =

113)(—2) =

(—149(—100) =

—34/-2 =

322/—11 =

O N

. Round oft each of the following to two places beyond the decimal point:

a. 17.17532
43.119
1,076.77337
32.4651152301
32.4751152301

o a0 T

. Evaluate each of the following:

a. 3+ 7)/10 =

b. 3 + 7/10 =
G-3+T+206) _
(4 + 5)(10)

. a. 51 b. 51 c. 51 (The obvious purpose of these first three

problems is to remind you that there are several different ways of
expressing multiplication.)
d. 5.67 (Note the rounding off.) e. 1,764 f. 10.63

. The first expression translates to “the sum of the scores,” so this opera-

tion would be

2X, =50+ 55+ 60 + 65 + 70 = 300
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PROLOGUE: BASIC MATHEMATICS REVEW 9

The second expression is the “sum of the squared scores.” So
SX2 = (500 + (55 + (60)* + (65)* + (70)?
2X? = 2,500 + 3,025 + 3,600 + 4,225 + 4,900
2X; = 18,250
The third expression is “the sum of the scores, squared”:
(IX)* = (50 + 55 + 60 + 65 + 70)°
(2x)? = (300)*
(2X)? = 90,000

Remember that 2X;> and (2X;)* are two completely different expres-
sions with very different values.

3. a. 16 b. 19 (Remember to change the sign of —5.) c. —1,458
d. —226 e. 1,400 f. 17 g. —29.27

4. a. 17.17 b. 43.12 c. 1,076.77
d. 32.47 e. 32.47

5. a. 1 b. 3.7 (Note again the importance of parentheses.) c. 0.31
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