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Preface

Introduction

Data Analysis with Microsoft® Excel: Updated for Office 2007® harnesses
the power of Excel and transforms it into a tool for learning basic statistical
analysis. Students learn statistics in the context of analyzing data. We feel
that it is important for students to work with real data, analyzing real-world
problems, so that they understand the subtleties and complexities of analy-
sis that make statistics such an integral part of understanding our world.
The data set topics range from business examples to physiological studies
on NASA astronauts. Because students work with real data, they can appre-
ciate that in statistics no answers are completely final and that intuition and
creativity are as much a part of data analysis as is plugging numbers into
a software package. This text can serve as the core text for an introductory
statistics course or as a supplemental text. It also allows nontraditional stu-
dents outside of the classroom setting to teach themselves how to use Excel
to analyze sets of real data so they can make informed business forecasts
and decisions.

Users of this book need not have any experience with Excel, although
previous experience would be helpful. The first three chapters of the book
cover basic concepts of mouse and Windows operation, data entry, formulas
and functions, charts, and editing and saving workbooks. Chapters 4 through
12 emphasize teaching statistics with Excel as the instrument.

Using Excel in a Statistics Course

Spreadsheets have become one of the most popular forms of computer soft-
ware, second only to word processors. Spreadsheet software allows the user
to combine data, mathematical formulas, text, and graphics together in a
single report or workbook. For this reason, spreadsheets have become indis-
pensable tools for business, as they have also become popular in scientific
research. Excel in particular has won a great deal of acclaim for its ease of
use and power.




As spreadsheets have expanded in power and ease of use, there has been
increased interest in using them in the classroom. There are many advan-
tages to using Excel in an introductory statistics course. An important ad-
vantage is that students, particularly business students, are more likely to
be familiar with spreadsheets and are more comfortable working with data
entered into a spreadsheet. Since spreadsheet software is very common at
colleges and universities, a statistics instructor can teach a course without
requiring students to purchase an additional software package.

Having identified the strengths of Excel for teaching basic statistics, it
would be unfair not to include a few warnings. Spreadsheets are not statistics
packages, and there are limits to what they can do in replacing a full-featured
statistics package. This is why we have included our own downloadable
add-in, StatPlus™. It expands some of Excel’s statistical capabilities. (We
explain the use of StatPlus where appropriate throughout the text.) Using
Excel for anything other than an introductory statistics course would prob-
ably not be appropriate due to its limitations. For example, Excel can easily
perform balanced two-way analysis of variance but not unbalanced two-way
analysis of variance. Spreadsheets are also limited in handling data with
missing values. While we recommend Excel for a basic statistics course, we
feel it is not appropriate for more advanced analysis.

System Information

You will need the following hardware and software to use Data Analysis
with Microsoft® Excel: Updated for Office 2007°:

e A Windows-based PC.

¢ Windows XP or Windows Vista.

e Excel 2007. If you are using an earlier edition of Excel, you will have to
use an earlier edition of Data Analysis with Microsoft® Excel.

e Internet access for downloading the software files accompanying the text.

The Data Analysis with Microsoft® Excel package includes:

e The text, which includes 12 chapters, a reference section for Excel’s
statistical functions, Analysis ToolPak commands, StatPlus Add-In
commands, and a bibliography.

e The companion website at www.cengage.com/statistics/berk contains
92 different data sets from real-life situations plus a summary of what
the data set files cover, ten interactive Concept Tutorials, and installa-
tion files for StatPlus—our statistical application. Chapter 1 of the text
includes instructions for installing the files.

e An Instructor’s Manual with solutions to all the exercises in the text is
available, password-protected on the companion website, to adopting
instructors.
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Excel’s Statistical Tools

Excel comes with 81 statistical functions and 59 mathematical functions.
There are also functions devoted to business and engineering problems. The
statistical functions that basic Excel provides include descriptive statistics
such as means, standard deviations, and rank statistics. There are also
cumulative distribution and probability density functions for a variety of
distributions, both continuous and discrete.

The Analysis ToolPak is an add-in that is included with Excel. If you
have not loaded the Analysis ToolPak, you will have to install it from your
original Excel installation.

The Analysis ToolPak adds the following capabilities to Excel:

e Analysis of variance, including one-way, two-way without replication,
and two-way balanced with replication

Correlation and covariance matrices

Tables of descriptive statistics

One-parameter exponential smoothing

Histograms with user-defined bin values

Moving averages

Random number generation for a variety of distributions

Rank and percentile scores

Multiple linear regression

Random sampling

t tests, including paired and two sample, assuming equal and unequal
variances

* ztests

In this book we make extensive use of the Analysis ToolPak for multiple
linear regression problems and analysis of variance.

StatPlus™

Since the Analysis ToolPak does not do everything that an introductory sta-
tistics course requires, this textbook comes with an additional add-in called
the StatPlus™ Add-In that fills in some of the gaps left by basic Excel 2007
and the Analysis ToolPak.

Additional commands provided by the StatPlus Add-In give users the
ability to:

Create random sets of data

Manipulate data columns

Create random samples from large data sets
Generate tables of univariate statistics

vi
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Create statistical charts including boxplots, histograms, and normal
probability plots

Create quality control charts

Perform one-sample and two-sample ¢ tests and z tests

Perform non-parametric analyses

Perform time series analyses, including exponential and seasonal
smoothing

Manipulate charts by adding data labels and breaking charts down into
categories

Perform non parametric analyses

Create and analyze tabular data

A full description of these commands is included in the Appendix’s

Reference section and through on-line help available with the application.

Concept Tutorials

Included with the StatPlus add-in are ten interactive Excel tutorials that pro-
vide students a visual and hands-on approach to learning statistical concepts.

These tutorials cover:

Boxplots

Probability

Probability distributions
Random samples
Population statistics

The Central Limit Theorem
Confidence intervals
Hypothesis tests
Exponential smoothing
Linear regression
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Chapter I

GETTING STARTED WITH EXCEL

Objectives

In this chapter you will learn to:

Install StatPlus files

Start Excel and recognize elements of the Excel workspace
Work with Excel workbooks, worksheets, and chart sheets
Scroll through the worksheet window

Work with Excel cell references

Print a worksheet

Save a workbook

Install and remove Excel add-ins

Work with Excel add-ins

Use the features of StatPlus



Windows operating system. You’ll be introduced to basic workbook

concepts, including navigating through your worksheets and work-
sheet cells. This chapter also introduces StatPlus, an Excel add-in
supplied with this book and designed to expand Excel’s statistical
capabilities.

In this chapter you’ll learn how to work with Excel 2007 in the

Getting Started

This book does not require prior Excel 2007 experience, but familiarity
with basic features of that program will reduce your start-up time. This
section provides a quick overview of the features of Excel 2007. If you
are using an earlier version of Excel, you should refer to the text Data
Analysis for Excel for Office XP. There are many different versions of
Windows. This text assumes that you’ll be working with Windows Vista
or Windows XP.

Special Files for This Book

This book includes additional files to help you learn statistics. There are
three types of files you’ll work with: StatPlus files, Explore workbooks, and
Data (or Student) files.

Excel has many statistical functions and commands. However, there are
some things that Excel does not do (or does not do easily) that you will need
to do in order to perform a statistical analysis. To solve this problem, this
book includes StatPlus, a software package that provides additional statisti-
cal commands accessible from within Excel.

The Explore workbooks are self-contained tutorials on various statistical
concepts. Each workbook has one or more interactive tools that allow you to
see these concepts in action.

The Data or Student files contain sample data from real-life problems.
In each chapter, you’ll analyze the data in one or more Data file, employing
various statistical techniques along the way. You’ll use other Data files in
the exercises provided at the end of each chapter.

Installing the StatPlus Files

The companion website at www.cengage.com/statistics/berk contains an
installation program that you can use to install StatPlus on your computer.
Install your files now.

2 Excel
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To run the installation routine:

| On the companion website click on the StatPlus link under the Book
Resources section.

Download the ZIP file containing the StatPlus files to your hard
drive.

Extract the ZIP file, which will contain a folder called StatPlus.

W N

Place the StatPlus folder in the desired location on your hard drive.
If you want, you may rename this folder to a different name of your
choice.

The installation folder contains files arranged in three separate subfolders
as shown in Figure 1-1.

Figure 1-1
The Stat Plus
| this folder contains the
folders add-in files required for
StatPlus
e
Addins
.
-~
: i this folder contains the Explore
workboocks used for interactive
! tutorials of statistical concepts
—
statPlus
Explore
Chap 1
these folders contain the
| data files for each
EEee—— Chaptert2 chapter in the book

Data

Later in this chapter, you’ll learn how to access the StatPlus program from
within Excel.

Chapter 1  Getting Started with Excel 3




Excel and Spreadsheets

Excel is a software program designed to help you evaluate and present infor-
mation in a spreadsheet format. Spreadsheets are most often used by busi-
ness for cash-flow analysis, financial reports, and inventory management.
Before the era of computers, a spreadsheet was simply a piece of paper with
a grid of rows and columns to facilitate entering and displaying information

as shown in Figure 1-2.

Figure 1-2
A sample Blue Sky Airlines
Sales Sales Report
spreadsheet
Region January February
North 10111 13 400
you add these South 22,100 24050
numbers East 13270 15,670
: West 10,800 21500
to get this =i ey
number
Computer spreadsheet programs use the old hand-drawn spreadsheets
as their visual model but add a few new elements, as you can see from the
Excel worksheet shown in Figure 1-3.
Figure 1-3
A sample —
spreadsheet Blue Sky Airlines
as formatted Sales Report
el Region
within Excel Nortt
South
East .
West 10,800 :
Total 56,281 74,620

However, Excel is so flexible that its application can extend beyond tradi-
tional spreadsheets into the area of data analysis. You can use Excel to enter
data, analyze the data with basic statistical tests and charts, and then create

reports summarizing your findings.

4 Excel




Launching Excel

When Excel 2007 is installed on your computer, the installation program
automatically inserts a shortcut icon to Excel 2007 in the Programs menu
located under the Windows Start button. You can click this icon to launch
Excel.

To start Excel:

| Click the Start button on the Windows Taskbar and then click All
Programs.

2 Click Microsoft Office and then click Microsoft Office Excel 2007 as
shown in Figure 1-4.

Note: Depending on how Windows has been configured on your
computer, your Start menu may look different from the one shown
in Figure 1-4. Talk to your instructor if you have problems launch-
ing Excel 2007.

Figure 1-4
Starting
Excel 2007

3 Excel starts up, displaying the window shown in Figure 1-5.

Chapter 1  Getting Started with Excel 5



Office Column
button Ribbon tab Title bar Formula bar  headings  Tab group

Figure 1-5 \

Excel 2007 y) - .
Opening 5o - K 3 3 T Y
Window o I s ot
Excel ribbon ——/| , _ — Y

Name box — | — [
Active cell —
Row headings
L Shantt R . - - -..'
Status bar - ———
| |
Sheet tabs Worksheet Horizontal ~ Vertical

Toom controls
scroll bar  scroll bar

Viewing the Excel Window

The Excel window shown in Figure 1-5 is the environment in which you’ll
analyze the data sets used in this textbook. Your window might look differ-
ent depending on how Excel has been set up on your system. Before pro-
ceeding, take time to review the various elements of the Excel window. A
quick description of these elements is provided in Table 1-1.

Table I-1  Excel Elements

Excel Element Purpose

Active cell The cell currently selected in the worksheet
Cells Stores individual text or numeric entries
Column headings Organizes cells into lettered columns

(continued)
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Excel ribbon

Formula bar

Horizontal scroll bar

Name box

Office button
Ribbon tab

Row headings
Sheet tabs

Status bar

Tab group

Title bar

Vertical scroll bar

Worksheet

Zoom controls

A toolbar containing Excel commands broken down into
different topical tabs

Displays the formula or value entered into the currently
selected cell

Used to scroll through the contents of the worksheet in a
horizontal direction

Displays the name or reference of the currently selected
object or cell

Displays a menu of commands related to the operation and
configuration of Excel and Excel documents

A tab containing Excel command buttons for a particular
topical area

Organizes cells into numeric rows

Click to display individual worksheets

Displays messages about current Excel operations

A group of command buttons within a ribbon tab containing
commands focused on the same set of tasks

Displays the name of the application and the current Excel
document

Used to scroll through the contents of the worksheet in a
vertical direction

A collection of cells laid out in a grid where each cell can
contain a single text or numeric entry

Controls used to increase or decrease the magnification
applied to the worksheet

Running Excel Commands

You can run an Excel command either by clicking the icons found on the
Excel ribbon or by clicking the Office button and then clicking one of the
commands from the menu that appears. Figure 1-6 shows how you would
open a file using the Open command available on the menu within the
Office button. Note that some of the commands have keyboard shortcuts—
key combinations that run a command or macro. For example, pressing the
CTRL and keys simultaneously will also run the Open command.

Chapter 1  Getting Started with Excel 7



Office button keyboard shortcut

Figure 1-6 |
Accessing Dy
commands f o P N K o509 ) 4 ;1.
from the e | 8-a ion ) oo e o |y (|G e e
Office button b o (meea) :
= s : . —— -
menu commands = S <
-

The menu commands below the Office button are used to set the proper-
ties of your Excel application and entire Excel documents. If you want to
work with the contents of a document you work with the commands found
on the Excel ribbon.

Each of the tabs on the Excel ribbon contains a rich collection of icons and
buttons providing one-click access to Excel commands. Table 1-2 describes
the different tabs available on the ribbon.

Note that this list of tabs and groups will change on the basis of how Excel
is being used by you. Excel, like other Office 2007 products, is designed to
show only the commands which are pertinent to your current task.

Table 1-2  Excel Ribbon Tabs

Ribbon tab  Description Ribbon Groups

Home Used to format the contents of worksheet Clipboard, Font, Alignment,
cells Number, Styles, Cells, Editing

Insert Used to insert objects into an Excel Tables, Ilustrations, Charts,
workbook Links, Text

Page Used to format the printed version of the Themes, Page Setup, Scale to

Layout Excel workbook and to control how each Fit, Sheet Options, Arrange

worksheet appears in the Excel window

(continued)
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Formulas

Data

Review

View

Develop

Add-Ins

Used to insert formulas into a worksheet
and to audit the effects of your formulas
on cells values

Used to import data from different data
sources and to group data values and
perform what-if analysis on data

Used to proof the contents of a workbook
and to manage the document in a workgroup
environment involving several users
Controls the display of the Excel
worksheet window including the ability
to hide or display Excel elements
Contains tools used to add macros and other
features to extend the capabilities of Excel
Contains user-define menus and tab
groups created from add-ins (note that this
tab will only appear when an add-in has
been installed and activated.)

Function Library, Defined
Names, Formula Auditing,
Calculation

Get External Data,
Connections, Sort & Filter,
Data Tools, Outline

Proofing, Comments, Changes

Workbook Views, Show/
Hide, Zoom, Window, Macros
Code, Controls, XML

various groups depending
upon the add-ins being used.

Each tab is broken up into different topical groups. For example the Home
tab is broken into the following groups: Clipboard, Font, Alignment, Number,
Styles, Cells, and Editing. When you are asked to run a command, you will
be told which button to click from which tab group. For example, to copy the
contents of a worksheet cell you would be given the following command:

| Click the Copy button = from the Clipboard group on the Home tab
to copy the contents of the active cell.

If you are asked to run a command using a keyboard shortcut, the keyboard
combination will be shown in boldface with the keys joined by a plus sign to
indicate that you should press these keys simultaneously. For example,

I Press CTRL+n to create a new blank document.

In addition to the Excel ribbon, you may occasionally see context-
sensitive ribbons. These ribbons only appear when certain items are selected
in the Excel document. For example, when you select an Excel chart, Excel
will display a Chart ribbon containing a collection of tabs and tab groups
designed for use with charts.
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Excel Workbooks and Worksheets

Excel documents are called workbooks. Each workbook is made up of individual
spreadsheets called worksheets and sheets containing charts called chart sheets.

Opening a Workbook

To learn some basic workbook commands, you’ll first look at an Excel work-
book containing public-use data from Kenai Fjords National Park in Alaska.
The data are stored in the Parks workbook, located in the Chapter01 sub-
folder of the Data folder. Open this workbook now.

To open the Park workbook:

| Click the Office button "% and then click Open from the Office menu.

The Open dialog box appears as shown in Figure 1-7. Your dialog
box will display a different folder and file list.

Figure 1-7
The Open > Open ==
dialog - £+ Computer » P m——— = |y L
box m_l
'r ® T = - IR S5 "
Excel ribbon Myl b o

Display only ~ Click to open the
folders and  currently selected
Excel files file in Excel

Locate the folder containing your Chapter01 data files.
Double-click the Park workbook.

W N

Excel opens the workbook as shown in Figure 1-8.
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Figure 1-8
The Park Og) 2
workbook

Active sheet Sheet tabs

A single workbook can have as many as 255 worksheets. The names of
the sheets appear on tabs at the bottom of the workbook window. In the Park
workbook, the first sheet is named Total Usage and contains information on
the number of visitors at each location in the park over the previous year.
The sheet shows both a table of visitor counts and a chart with the same in-
formation. Note that the chart has been placed within the worksheet. Placing
an object like a chart on a worksheet is known as embedding. Glancing over
the table and chart, we see that the peak-usage months were May through
September.

The second tab is named Usage Chart and contains another chart of park
usage. After the first two sheets are worksheets devoted to usage data from
each month of the year. Your next task will be to move between the various
sheets in the Park workbook.

Scrolling through a Workbook
To move from one sheet to another, you can either click the various sheet

tabs in the workbook or use the navigational buttons located at the bottom
of the workbook window. Table 1-3 provides a description of these buttons.
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Table 1-3  Workbook Navigation Buttons

Button e Purpose

First sheet
Previous sheet
Next sheet
Last sheet

Scroll to the first sheet in the workbook
Scroll to the previous sheet

Scroll to the next sheet

Scroll to the last sheet in the workbook

EwmEi

You can also move to a specific sheet by right clicking one of these navi-
gation buttons and selecting the sheet from the resulting pop-up list of sheet
names. Try viewing some of the other sheets in the workbook now.

To view other sheets:

| Click the Usage Chart sheet tab.

2 Excel displays the chart. Click anywhere within the chart to select
it. See Figure 1-9.

Chart Tools ribbon

Figure 1-9
The Usage O e
Chart sheet

ot U

sy
el ’h,_.
R 277 744 e

LI o Conter Oy

S

Active sheet
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Note that when you selected the chart, Excel displayed a new
ribbon—the Chart Tools ribbon containing specific commands for
working with charts. You’ll learn more about Excel charts and work-
ing with this ribbon in Chapter 3.

Click the Jan sheet tab.

The worksheet for the month of January is displayed as shown in
Figure 1-10.

Figure 1-10
The Jan
worksheet

O e
----- Wit Mgrlmed  fermuss Das T wm  Oversge v-=
e - = ebwits X
S ' X - T Gamam tu_ AL -t 9( e ]
""" FRLES = | R | A S e st 2 Tam- et~
fo| Form18-157 l::

US Dupanm.sn! of Interior
Monthly Public Use Report

National Park | Jan 1 A 5843 1 13 n

-Iﬁm'__“

Active sheet

The form that appears in this worksheet resembles the form used by
the Kenai Fjords staff to record usage information. It contains infor-
mation on the park, the number of visits each month, visitor hours,
and other important data. Some of these data are hidden beyond the
boundary of the worksheet window.

Drag the Vertical scrollbar down to move the worksheet down and
view the rest of the January data.
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Clearly, the Park workbook is complex. Its sheets contain many pieces of
information, much of it interrelated. This book will not cover all the tech-
niques used to create a workbook like this one, but you should be aware of
the formatting possibilities that exist.

Worksheet Celis

Each worksheet can be thought of as a grid of cells, where each cell can
contain a numeric or text entry. Cells are referenced by their location on
the grid. For example, the total number of visitors at the park is shown in
cell F17 of the Total Usage worksheet (see Figure 1-11.) As you’ll see later
in Chapter 2, if you were to use this value in a function or Excel command,
you would use the cell reference F17.

Figure 1-11

Excel cell o e M — o
references e u XS E 3 3 Ar
w5, BrD A EEZTE® A8 - Sot . fimd 4
cell address =
appears in the = =
Name box '

Active cell

Selecting a Cell

When you want to enter data or format a particular value, you must first
select the cell containing the data or value. To do this, you simply click
on the cell in the worksheet. Try this now with cell F17 in the Total Usage
worksheet.
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To select a cell from the worksheet:

| Click the Total Usage sheet tab to move back to the front of the
workbook.

2  Click F17 in the worksheet grid.

Cell F17 now has a small box around it, indicating that it is the active
cell (see Figure 1-11.) Moreover, when you selected cell F17, the Name box
displays F17 indicating that this is the active cell. Also, the formula bar
now displayed the formula =SUM(F5:F16). This formula calculates the sum
of the values in cells F5 through F16. You’ll learn more about formulas in
Chapter 2.

If you want to select a group of cells, known as a cell range or range, you
must select one corner of the range and then drag the mouse pointer over
cells. To see how this works in practice, try selecting the usage table located
in the cell range B4:F17 of the Total Usage worksheet.

To select a cell range:

I clickBa.

2 With the mouse button still pressed, drag the mouse pointer over to
cell F17.

3 Release the mouse button.

Now the range of cells from B4 down to F17 is selected. Observe that a
selected cell range is highlighted to differentiate it from unselected cells.
A cell range selected in this fashion is always rectangular in shape and
contiguous. If you want to select a range that is not rectangular or con-
tiguous, you must use the CTRL key on your keyboard and then select the
separate distinct groups that make up the range. For example, if you want
to select only the cells in the range B4:B17 and F4:F17, you must use this
technique.

To select a noncontiguous range:

| Select the range B4:B17.
2  Press the CTRL key on your keyboard.
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3 With the CTRL key still pressed, select the range F4:F17.

The selected range is shown in Figure 1-12.

Figure 1-12

Noncontiguous T
cell range .
g o A Bomai®| D cies E B 5 ’: A7 M
y | e A EES EE s 4 3

M |l=

ranges B4:BI7 and
FA:FIT are selected

The cell reference for this group of cells is B4:B17;F4:F17, where the
semicolon indicates a joining of two distinct ranges.

Moving Cells

Excel allows you to move the contents of your cells around without affect-
ing their values. This is a great help in formatting your worksheets. To move
a cell or range of cells, simply select the cells and then drag the selection
to a new location. Try this now with the table of usage data from the Total
Usage worksheet.

To move a range of cells:

| Select the range B4:F17.

2  Move the mouse pointer to the border of the selected area so that the
pointer changes from a2 to alz.
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3 Drag the selected area down two cells, so that the new range is now
B6:F19, and release the mouse button.

Note that as you moved the selected range, Excel displayed a screen
tip with the new location of the range.

4  Click F19 to deselect the cell range.

When you look at the formula bar for cell F19, note that the formula is
now changed from =SUM(F4:F17) to =SUM(F7:F18). Excel will automati-
cally update the cell references in your formulas to account for the fact that
you moved the cell range.

You can also use the Cut, Copy, and Paste buttons to move a cell range.
These buttons are essential if you want to move a cell range to a new work-
book or worksheet (you can’t use the drag and drop technique to perform
that action). Try using the Cut and Paste method to move the table back to
its original location.

To cut and paste a range of cells:

| Select the range B6:F19.

2  Click the Cut button & from the Clipboard group on the Home tab or
press CTRL+x.

A flashing border appears around the cell range, indicating that it
has been cut or copied from the worksheet.

Click B4.

W

Click the Paste button = ' from the Clipboard group on the Home tab
or press CTRL+v.

The table now appears back in the cell range, B4:F17.
5 Click cell A1 to make A1 the active cell again.

If you want to copy a cell range rather than move it, you can use the Copy
button “4 in the above steps, or if you prefer the drag and drop technique,
hold down the CTRL key while dragging the cell range to its new location;
this will create a copy of the original cell range at the new location. You can
refer to Excel’s online Help for more information.

Chapter 1  Getting Started with Excel 17



Printing from Excel

It would be useful for the chief of interpretation at Kenai Fjords National
Park to have a hard copy of some of the worksheets and charts in the Park
workbook. To do this, you can print out selected portions of the workbook.

Previewing the Print Job

Before sending a job to the printer, it’s usually a good idea to preview the
output. With Excel’s Print Preview window, you can view your job before
it’s printed, as well as set up the page margins, orientation, and headers and
footers. Try this now with the Total Usage worksheet.

To preview a print job:
| Verify that Total Usage is still the active worksheet.

2 Click the Office button, then click Print, and then click Print Preview.

The Print Preview opens as displayed in Figure 1-13.

Figure 1-13
The Print bg) 2
Preview
Window

Print Preview
tab

Juomin

Loom controls to increase/decrease the
magnification of the previewed document
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Table 1-4 describes the variety of options available to you from the Print
Preview tab in the Print Preview window.

Table 1-4  Print Preview Options

Button Description

Print Send the document to the printer

Page Setup Set up the properties of the printed page
Zoom Zoom in and out of the Preview window
Next Page View the next page in the print job
Previous Page View the previous page in the print job
Show Margins Display margins in the Preview window
Close Print Preview Close the Print Preview window

Setting Up the Page

The Preview window opens with the default print settings for the work-
book. You can change these settings for each print job. You may add a
header or footer to each page, change the orientation from portrait to land-
scape, and modify many other features. To see how this works, adjust the
settings for the current print job by adding a header and changing the page
layout.

To add a header to a print job:

Click the Page Setup button from the Print Preview tab.
Click the Header/Footer dialog sheet tab.

WN=—

Excel provides a list of built-in headers that you can select from
the Header drop-down list. You can also write your own; you’ll do
this now.

Click the Custom Header button.

(%2 I N

Type Yearly Usage Report in the Center section of the Header dialog
box as shown in Figure 1-14.
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Figure 1-14
Adding a header B .
to the printed B L R, B
page Wk e | 130
Page Setup / e il
button
Page Setup Header dialog box

dialog box

6 Click the OK button.

Because the print job is more horizontal than vertical, it would be a good
idea to change the orientation from portrait to landscape.

To change the page orientation:

| Click the Page dialog sheet tab within the Page Setup dialog box.
2  Clickthe Landscape option button.
3  Click the OK button.

Figure 1-15 shows the new layout of the print job with a header and
landscape orientation.
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Figure 1-15
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4  Click the Close Print Preview button from the Preview group on the
Print Preview tab to close the Preview window.

There are many other printing features available to you in Excel. Check
the online Help for more information.

Printing the Page

To print your worksheet, you can select the Print command from the Office
menu. Try printing the Total Usage worksheet now.

To print the Total Usage worksheet:

| Click the Office button ™ and then click Print from the Office
menu.

The Print Dialog box appears. See Figure 1-16.
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Figure 1-16

Print Print (o ==l
dialog box Printer
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Status: Idl
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Comment:
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to print 1 _' Ignore print areas
| Preview | OK | | Cancel

open the Print Preview
window

Notice that you can print a selection of the active worksheet (in other
words, you can select a cell range and print only that part of the work-
sheet), the entire active sheet or sheets, or the entire workbook. You can
also select the number of copies to print and the range of pages. The
other options let you select your printer from a list (if you have access
to more than one) and set the properties for that particular printer. You
can also click the Preview button to go to the Print Preview window.

2  Click OK to start the print job.

Your printer should soon start printing the Total Usage worksheet.

If you were to hand this printout to the chief of interpretation of the park,
he or she would be able to use the information contained in it to determine
when to hire extra help at the various stations in the park.

Saving Your Work

You should periodically save your work when you make changes to a work-
book or when you are entering a lot of data so that you won’t lose much
work if your computer or Excel crashes. Excel offers two options for saving
your work: the Save command, which saves the file; and the Save As com-
mand, which allows you to save the file under a new name.
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Figure 1-17
Save As
dialog

box

new workbook name

So that you do not change the original files (and can go through the chap-
ters again with unchanged files if necessary), you’ll be instructed through-
out this book to save your work under new file names. To save the changes
you made to the Park workbook, save the file as Park Usage Report. If using
your own computer, you can save the workbook to your hard drive. If you
are using a computer on the school network, you may be asked to save your
work to your own floppy disk. This book assumes that you’ll save your work
to the same folder containing the original data workbook.

To save the Park workbook as Park Usage Report:
| Click the Office button “* and then click Save As from the Office
menu to open the Save As dialog box.

2 Navigate to and select the folder in which you want to save the file,
or save the file in the same folder as the Park workbook.

3 Type Park Usage Report in the File name box. See Figure 1-17.
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Chapter 04

Chapter 05
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Data
Chapter(l
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File narne: Park Usage Repori] -
Save as type: | Excel Workbook (*xlsd) "
Authors: Ken Berk; Patrick Carey Tags: pfark, kenal, visitor
[ Save Thumbnail
= Hide Folders Tpols - [ Save ] | Cancel
dick to save the workbook under a
different document format
4 click OK.
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Excel then saves the workbook under the name Park Usage Report. Note
that if you can save the workbook under a variety of formats by clicking the
Save as type list box and choosing a file type.

Excel Add-Ins

Excel’s capabilities can be expanded through the use of special programs
called add-ins. These add-ins tie into Excel’s special features, almost look-
ing like a part of Excel itself. Various add-ins that allow you to easily gen-
erate reports, explore multiple scenarios, or access databases are supplied
with Excel. To use these add-ins, you have to go through a process of saving
the add-in files to a location on your computer, and then telling Excel where
to find the add-in file.

Excel comes with an add-in called Analysis ToolPak that provides some
of the statistical commands you’ll need for this book. Another add-in, Stat-
Plus, you have already copied to your hard disk. Now you will install the
add-in in Excel.

Loading the StatPlus Add-In

The add-ins on your computer are stored in a list in Excel. From this list,
you can activate the add-in or browse for new ones. First you’ll browse for
the StatPlus add-in.

To browse and install the StatPlus add-in:

| Click the Office button “* and then click Excel Options located at
the bottom of the pop-up menu.

2  Click Add-Ins from the list of Excel options as shown in Figure 1-18.
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Figure 1-18
Excel
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Click the Manage list box at the bottom of the window, select Excel
Add-Ins and then click the Go button.

The Add-Ins dialog box opens as shown in Figure 1-19.
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Figure 1-19
List of currently
available add-ins
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Each available add-in is shown in Figure 1-19 along with a checkbox
indicating whether that add-in is currently loaded in Excel.

Click the Browse button.

Locate the installation folder on your hard drive where you placed
the StatPlus files, and open the folder.

Open the Addins subfolder.
Click StatPlus.xla and click OK.

StatPlus Version 3.0 now appears in the Add-Ins dialog box. If it is
not checked, click the checkbox. See Figure 1-20.
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Figure 1-20
The StatPlus
add-in
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Click the OK button.

After clicking the OK button, the Add-Ins dialog box closes and
a new tab named Add-Ins should be added to the Excel ribbon.

Click the Add-Ins tab on the Excel ribbon and then click StatPlus
from the Menu Commands group on the tab.

The menu commands offered by StatPlus are shown in Figure 1-21.
You’ll have a chance to work with these commands later in the book.
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Add-lrlls tab

Figure 1-21
The StatPlus Ogy ™ 2
menu I
StatPlus menu
commands R

Loading the Data Analysis ToolPak

Now that you’ve seen how to load the StatPlus add-in, you can load the Data
Analysis ToolPak. Since the Data Analysis ToolPak comes with Excel, you
may need to have your Excel or Office installation disks handy.

To load the Data Analysis ToolPak:

| Click the Office button “* and then click Excel Options. Click Add-
Ins from the Excel options dialog box and then click Go next to the
Manage Excel Add-Ins list box.

Click the checkbox for the Analysis ToolPak and click OK.

W N

At this point, Excel may prompt you for the installation CD; if so,
insert the CD into your CD-ROM drive and follow the installation
instructions.
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When activated, the Data Analysis ToolPak appears in a new group named
Analysis on the Data tab. View the Data Analysis ToolPak now.

To access commands for the Data Analysis ToolPak:

| Click the Data tab and then click Data Analysis from the Analysis
group.
The Data Analysis dialog box appears as shown in Figure 1-22.

The Analysis group is
added to the Data tab

Figure 1-22
Viewing the Data ) ; gl
Analysis ToolPak R T e —

Data Analysis ToolPak commands

The list of commands available with the Data Analysis ToolPak is
shown in the Analysis Tools list box. To run one of these commands,
select it from the list box and then click the OK button. You’ll have
an opportunity to use some of the Data Analysis ToolPak’s com-
mands later in this book.

2  Click Cancel to close the Data Analysis dialog box.
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Unloading an Add-In

If at any time, you want to unload the Data Analysis ToolPak or StatPlus,
you can do so by returning to the list of available add-ins dialog box shown
in Figure 1-19, and then deselecting the checkbox for the specific add-in.
Unloading an add-in is like closing a workbook; it does not affect the add-in
file. If you want to use the add-in again, simply reopen the Add-Ins dialog
box and reselect the checkbox. If you exit Excel with an add-in loaded, Excel
will assume that you want to run the add-in the next time you run Excel, so
it will load it for you automatically.

Features of StatPlus

StatPlus has several special features that you should be aware of. These
include modules and hidden data.

Using StatPlus Modules

StatPlus is made up of a series of add-in files, called modules. Each module
handles a specific statistical task, such as creating a quality control chart
or selecting a random sample of data. StatPlus will load the modules you
need on demand (this way, you do not have to use up more system memory
than needed). After using StatPlus for a while, you may have a great many
modules loaded. If you want to reduce this number, you can view the list of
currently opened modules and unload those you’re no longer using.

To view a list of StatPlus modules:

| Click Unload Modules from the StatPlus menu on the Add-Ins tab.

StatPlus displays a list of loaded modules. A sample list is shown in
Figure 1-23. Yours will be different.
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Figure 1-23
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If you want to unload all of the modules, click the Remove All
checkbox. If you want to remove individual modules, click the
checkbox in front of the module name. Once you unload a module,
it’s removed from Excel, but it will be automatically reloaded the
next time you try to use a command supported by the module.

2 Click OK to close the Remove StatPlus Modules dialog box.

Hidden Data

Several StatPlus commands employ hidden worksheets. A hidden work-
sheet is a worksheet in your workbook that is hidden from view. Hidden
worksheets are used in creating histograms, boxplots, and normal probabil-
ity plots (don’t worry, you’ll learn about these topics in later chapters). You
can view these hidden worksheets if you need to troubleshoot a problem
with one of these charts. There are three hidden worksheet commands in
StatPlus (see Table 1-5; they are available in the General Utilities submenu).

Table 1-5 Hidden Worksheet Commands

Command Description

View hidden data Unhides a hidden StatPlus worksheet

Rehide hidden data Rehides a StatPlus worksheet

Remove unlinked hidden data Removes extraneous data, like hidden data for a

deleted chart, from the hidden worksheet
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Linked Formulas

Many of the StatPlus commands use custom formulas to calculate statistical
and mathematical values. One advantage of these formulas is that if the
source data in your statistical analysis is changed, the formulas will reflect
the changed data. A disadvantage is that if your workbook is moved to an-
other computer in which StatPlus is not installed (or installed in a different
folder), those formulas will no longer work.

If you decide to move your workbook to a new location, you can freeze
the data in your workbook, removing the custom formulas but keeping the
values. Once a formula has been frozen, the value will not be updated if the
source data changes. A frozen workbook can be opened on other computers
running Excel without error.

If the other computer also has the StatPlus add-in installed but in a differ-
ent folder, you can still use the custom formulas by pointing the workbook
to the new location of the StatPlus add-in file. Table 1-6 describes the vari-
ous linked formula commands (available in the StatPlus General Utilities
submenu).

Table 1-6 Linked Formula Commands
Command Description
Resolve StatPlus links Find the location of the StatPlus add-in on the current
computer and attach custom formulas to the new location
Freeze data in worksheet Freeze all data on the current worksheet
Freeze hidden data Freeze all data on hidden worksheets
Freeze data in workbook Freeze all data in the current workbook

Setup Options

If you want to control how StatPlus operates in Excel, you can open the
StatPlus Options dialog box from the StatPlus menu. The dialog box, shown
in Figure 1-24 is divided into the four dialog sheets: Input, Output, Charts,
Hidden Data.
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Figure 1-24
StatPlus
Options
dialog box

StatPius Options e

ot

[}
1
»

Nl | MO Dats
ats oSt cmmg

* Wange naemed darce reiererues

W I Carcel i

The Input sheet allows you to specify the default method used for ref-
erencing the data in your workbook. The two options are (1) using range
names and (2) using range references. You'll learn about range names and
range references in Chapter 2.

The Output sheet allows you to specify the default format for your output.
You can choose between creating dynamic and static output. Dynamic out-
put uses custom formulas which you’ll have to adjust if you want to move
your workbook to a new computer. Static output only displays the output
values and does not update if the input data are changed. You can also
choose the default location for your output, from among (1) a cell on the cur-
rent worksheet, (2) a new worksheet in the current workbook, or (3) a new
workbook.

The Charts sheet allows you to specify the default format for chart output.
You can choose between creating charts as embedded objects in worksheets
or as separate chart sheets. This will be discussed in Chapter 3.

The Hidden Data sheet allows you to specify whether to hide worksheets
used for the background calculations involved in creating charts and statistical
calculations.

All of the options specified in the StatPlus Options dialog box are default
options. You can override any of these options in a specific dialog box as
you perform your analysis.

You can learn more about StatPlus and its features by viewing the online
Help file. Help buttons are included in every dialog box. You can also open
the Help file by clicking About StatPlus from the StatPlus menu.
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Exiting Excel

When you are finished with an Excel session, you should exit the program
so that all the program-related files are properly closed.

To exit Excel:

I Click the Office button * and then click the Exit Excel button from
the bottom of the menu.

If you have unsaved work, Excel asks whether you want to save it before
exiting. If you click No, Excel closes and you lose your work. If you click
Yes, Excel opens the Save As dialog box and allows you to save your work.
Once you have closed Excel, you are returned to the Windows desktop or to
another active application.
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Chapter 2

WORKING WITH DATA

Objectives

In this chapter you will learn to:

Enter data into Excel from the keyboard

Work with Excel formulas and functions

Work with cell references and range names

Query and sort data using the AutoFilter and Advanced Filter

Import data from text files and databases
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keyboard and by importing data from text files and databases. You’ll

learn how to create Excel formulas and functions to perform simple
calculations.

You’ll be introduced to cell references and learn how to refer to cell
ranges using range names. Finally, you’ll learn how to examine your data
through the use of queries and sorting.

In this chapter you’ll learn how to enter data in Excel through the

Data Entry

One of the many uses of Excel is to facilitate data entry. Error-free data
entry is essential to accurate data analysis. Excel provides several methods
for entering your data. Data sets can be entered manually from the key-
board or retrieved from a text file, database, or online Web sources. You
can also have Excel automatically enter patterns of data for you, saving you
the trouble of creating these data values yourself. You’ll study all of these
techniques in this chapter, but first you’ll work on entering data from the
keyboard.

Entering Data from the Keyboard

Table 2-1

Table 2-1 displays average daily gasoline sales and other (nongasoline)
sales for each of nine service station/convenience franchises in a store
chain in a western city. There are three columns in this data set: Station,
Gas, and Other. The Station column contains an id number for each of the
nine stations.

The Gas column displays the gasoline sales for each station. The Other
column displays sales for nongasoline items.

Service Station Sales

Station Gas Other

1 $8,415 $7,211
2 $8,499 $7,500
3 $8,831 $7,899
4 $8,587 $7,488
5 $8,719 $7,111
6 $8,001 $6,281
7 $9,567 $13,712
8 $9,218 $12,056
9 $8,215 $7,508
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To practice entering data, you’ll insert this information into a blank work-
sheet. To enter data, you first select the cell corresponding to the upper left
corner of the table, making it the active cell. You then type the value or text
you want placed in the cell. To move between cells, you can either press the
Tab key to move to the next column in the same row or press the Enter key
to move to the next row in the same column. If you are entering data into
several columns, the Enter key will move you to the next row in the first
column of the data set.

To enter the first row of the service station data set:

| Launch Excel as described in Chapter 1.

Excel shows an empty workbook with the name Book1 in the title bar.
Click cell A1 to make it the active cell.

Type Station and then press Tab.

Type Gas in cell B1 and press Tab.

1L WDN

Type Other in cell C1 and press Enter.

Excel moves you to cell A2, making it the active cell.

(= )]

Using the same technique, type the next two rows of the table, so
that data for the first two stations are displayed. Your worksheet
should appear as in Figure 2-1.

Figure 2-1
The first Oq) :
rows of e e i T e
the service ; mIE A EETEE E (4o WA :
station - F
data set : :

Entering Data with Autofill

If you’re inserting a column or row of values that follow some sequential
pattern, you can save yourself time by using Excel’s Autofill feature. The Au-
tofill feature allows you to fill up a range of values with a series of numbers
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Figure 2-2
Using
Autofill to
insert a
sequence of
data values

drag the fill
handle down to
generate a linear
sequence of
numbers
automatically

or dates. You can use Autofill to generate automatically columns containing
data values such as:

1,2,3,4,...9,10;

1,2,4,8,...128, 256;

Jan, Feb, Mar, Apr, . . ., Nov, Dec;
and so forth.

In the service station data, you have a sequence of numbers, 1-9, that
represent the service stations. You could enter the values by hand, but this
is also an opportunity to use the Autofill feature.

To use Autofill to fill in the rest of the service station numbers:

| Select the range A2:A3.

Notice the small black box at the lower right corner of the double
border around the selected range. This is called a fill handle. To cre-
ate a simple sequence of numbers, you’ll drag this fill handle over a
selected range of cells.

2  Move the mouse pointer over the fill handle until the pointer
changes from a 7 to a +. Click and hold down the mouse button.

3 Drag the fill handle down to cell A10 and release the mouse button.

Note that as you drag the fill handle down, a screen is displayed
showing the value that will be placed in the active cell if you release
the mouse button at that point.

4 Figure 2-2 shows the service station numbers placed in the cell
range A2:A10.

S A BB I ER D $-% + WA
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EXCEL TIPS

x> e If you want to create a geometric sequence of numbers, drag the
. fill handle with your right mouse button and then select Growth
Trend from the pop-up menu.

e If you want to create a customized sequence of numbers or
dates, drag the fill handle with your right mouse button and
select Series... from the pop-up menu. Fill in details about
your customized series in the Series dialog box.

With the service station numbers entered, you can add the rest of the sales
figures to complete the data set.

To finish entering data:

| Select the range B4:C10.

2  With B4 the active cell, start typing in the remaining values, using
Table 2-1 as your guide.

Note that when you’re entering data into a selected range, pressing
the Tab key at the end of the range moves you to the next row.

3 Click cell A1 to remove the selection.

The completed worksheet should appear as shown in Figure 2-3.

Figure 2-3
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Inserting New Data

Sometimes you will want to add new data to your data set. For example,
you discover that there is a tenth service station with the following
sales data:

Table 2-2  Additional Service Station Sales

Station Gas Other

0

$8,995 $6,938

You could simply append this information to the table you’ve already

created, covering the cell range A11:C11. On the other hand, in order to
maintain the sequential order of the station numbers, it might be better to
place this information in the range A2:C2 and then have the other stations
shifted down in the worksheet. You can accomplish this using Excel’s Insert
command.

Figure 2-4
Running
the Insert
command
from the
shortcut
menu

To insert new data into your worksheet:

Select the cell range A2:C2.

Right-click the selected range and then click Insert from the pop-up
menu. See Figure 2-4.
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Verify that the Shift cells down option button is selected.
Click OK.

Excel shifts the values in cells A2:C10 down to A3:C11 and inserts a
new blank row in the range A2:C2.

H W

Enter the data for Station 0 from Table 2-2 in the cell range A2:C2.

(< N, |

Click A1 to make it the active cell.

Data Formats

Now that you’ve entered your first data set, you're ready to work with
data formats. Data formats are the fonts and styles that Excel applies
to your data’s appearance. Formats are applied to either text or numbers.
Excel has already applied a currency format to the sales data you’ve entered.
For example, if you click cell B2, note that the value in the formula bar is
8995, but the value displayed in the cell is $8,995. The extra dollar sign and
comma separator are aspects of the currency format. You can modify this
format if you wish by inserting additional digits to the value shown in the
cell (for example, $8,995.00). You may do this if you want dollars and cents
displayed to the user.

For the text displayed in the range A1:C1, Excel has applied a very basic
format. The text is left justified within its cell and displayed in 11-point
Calibri font (depending on how Excel has been configured on your system,
a different font or font size may be used). You can modify this format
as well.

Try it now, applying a boldface font to the column titles in A1:C1. In
addition, center each column title within its cell.

To apply a boldface font and center the column titles:

| Select the range A1:C1.

2 Click the Bold button » from the Font group on the Home tab.

3  Click the Center button = from the Alignment group on the
Home tab.

4 Click cell A1 to remove the selection.
Your data set should look like Figure 2-5.
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Figure 2-5
Applying a
boldface
font and
centering
the column
titles

column titles are centered within each
column and displayed in a bold font
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Table 2-3 Data Format Buttons

The Bold and Center buttons on the Home tab give you one-click access
to two of Excel’s popular formatting commands. Other format buttons are
shown in Table 2-3.

Button

Font

Font Size
Bold

Italic
Underline
Align Left
Align Center
Align Right
Percent Style
Currency Style

Icon

* gy

o e e s e

Purpose

Apply the font type.

Change the size of the font (in points).
Apply a boldface font.

Apply an italic font.

Underline the selected text.

Left-justify the text.

Center the text.

Right-justify the text.

Display values as percents (i.e., 0.05 = 5%).
Display values as currency (i.e., 5.25 = $5.25).

(continued)
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Add comma separators to values
(i.e., 43215 = 43,215).

Comma Style

Increase Decimal o Increase the number of decimal points
(i.e., 4.3 = 4.300).
Decrease Decimal - Decrease the number of decimal points
(i.e., 4.321 = 4.3).
Fill Color = Change the cell’s background color.
Font Color R\ Change the color of the selected text.
Merge and Center 2 Merge the selected cells and center the text across

the merged cells.

You can access all of the possible formatting options for a particular cell
by opening the Format Cells dialog box. To see this feature of Excel, you’ll
use it to continue formatting the column titles, changing the font color
to red.

To open the Format Cells dialog box:

I Select the cell range, A1:C1.

2 Right-click the selection and click Format Cells from the shortcut
menu.

The Format Cells dialog box contains six dialog sheets labeled

Number, Alignment, Font, Border, Patterns, and Protection. Each
deals with a specific aspect of the cell’s appearance or behavior in
the workbook. You’ll first change the font color to red. This option is
located in the Font dialog sheet.

Click the Font tab.

Click the Color drop-down list box and click the Red checkbox
(located as the second entry in the list of standard colors.) See
Figure 2-6.

W
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Figure 2-6
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Click OK to close the Format Cells dialog box.
Click cell D1 to unselect the cells.
Figure 2-7 displays the final format of the column titles.
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text in a red-colored font

Figure 2-7 |
Formatted A : K
column i E

titles 2 0 $899%5 6,938

Before going further, this would be a good time to save your work.

To save your work:

| Click the Office button and then click Save.
2 Save the workbook as Gas Sales Data in your student folder.

Formulas and Functions

Not all of the values displayed in a workbook come from data entry. Some
values are calculated using formulas and functions. A formula always begins
with an equals sign (=) followed by a function name, number, text string,
or cell reference. Most functions contain mathematical operators such as +
or —. A list of mathematical operators is shown in Table 2-4.

Chapter 2 Working with Data 45



Table 2-4  Mathematical Operators

Operator Description

+ Addition

- Subtraction

/ Division

* Multiplication
A Exponentiation

Inserting a Simple Formula

To see how to enter a simple formula, add a new column to your data set
displaying the total sales from both gasoline and other sources for each of
the ten service stations.

S W

To add a formula:

Type Total in cell D1 and press Enter.
Type =b2+c2 in cell D2 and press Enter.

Note that cells B2 and C2 contain the gas and other sales for
Station 0.

The value displayed in D2 is $15,933—the sum of these two values.

At this point you could enter formulas for the remaining cells in
the data set, but it’s quicker to use Excel’s Autofill capability to add
those formulas for you.

Click cell D2 to make it the active cell.

Click the fill handle and drag it down to cell D11. Release the mouse
button.

Excel automatically inserts the formulas for the cells in the range
D3:D11. Thus, the formula in cell D11 is =b11+c11, to calculate the
total sales for Station 9. Note that Excel has also applied the same
currency format it used for the values in column B and C to values
in column D. See Figure 2-8.
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Figure 2-8
Adding new
formulas
with Autofill

formulas automatically
entered by Excel

This example illustrates a simple formula involving the addition of two
numbers. What if you wanted to find the total gas and other sales for all ten
of the service stations? In that case, you would be better off using one of
Excel’s built-in functions.

Inserting an Excel Function

Excel has a library containing hundreds of functions covering most finan-
cial, statistical, and mathematical needs. Users can also create their own
custom functions using Excel’s programming language. StatPlus contains
its own library of functions, supplementing those offered by Excel. A list
of statistics-related functions is included in the Appendix at the end of
this book.

A function is composed of the function name and a list of arguments—
values required by the function. For example to calculate the sum of a set of
cells, you would use the SUM function. The general form or syntax of the
SUM function is

= SUM(number1, number2, . ..)

where number1 and number2 are numbers or cell references. Note that the
SUM function allows multiple numbers of cell references. Thus to calculate
the sum of the cells in the range B2:B11, you could enter the formula

= SUM(B2:B11).
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Figure 2-9
Accessing
Math & Trig
functions

Although you can type in functions directly, you may find it easier to use
the commands located in the Function Library group on the Formulas tab.
These commands provide information on the parameters required for cal-
culating the function value as well as giving one-click access to online help
regarding each function.

To calculate total sales figures for all ten service stations:

| Type Total in cell A13 and press Tab.

2 Click the Math & Trig button located in the Function Library group
on the Formulas tab.

Excel displays a scroll box listing all of the Excel functions related
to mathematics and trigonometry.

3 Scroll down the scroll box and click SUM from the list as shown in
Figure 2-9.

list of Math & Trig
functions

Next, Excel displays a dialog box with the arguments for the SUM
function. Excel has already inserted the cell reference B2:B12 for
you in the first argument, but if this is not the reference you want,
you can select a different one yourself. Try this now.
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Click the Collapse Dialog button % next to the number1 argument.
Drag your mouse pointer over the range B2:B11.

Click the Restore Dialog button &

o~ U1 A

The cell range B2:B11 is entered into the number1 argument. See

Figure 2-10.
Figure 2-10
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The total gasoline sales value of $87,047 is now displayed in cell B13. You
can easily add total sales for other individual products and for all products
together using the same Autofill technique used earlier.

To add the remaining total sales calculations:

Select B13.
Click the fill handle and drag it to cell D13.

WN=—

Release the mouse button.

Total sales figures are now shown in the range B13:D13. See
Figure 2-11.
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Figure 2-11

All sales
totals

Cell References

When Excel calculated the total sales for column C and column D on
your worksheet, it inserted the following formulas into C13 and D13,
respectively:

=SUM(C2:C11)
and

=SUM(D2:D11)

At this point you may wonder how Excel knew to copy everything except
the cell reference from cell B13 and, in place of the original B2:B11 refer-
ence, to shift the cell reference one and two columns to the right. Excel does
this automatically when you use relative references in your formulas. A rel-
ative reference identifies a cell range on the basis of its position relative to
the cell containing the formula. One advantage of using relative references,
as you've seen, is that you can fill up a row or column with a formula and
the cell references in the new formulas will shift along with the cell.

Now what if you didn’t want Excel to shift the cell reference when you
copied the formula into other cells? What if you wanted the formula always
to point to a specific cell in your worksheet? In that case you would need
an absolute reference. In an absolute reference, the cell reference is prefixed
with dollar signs. For example, the formula
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=SUM($C$2:$C$11)

is an absolute reference to the range C2:C11. If you copied this formula into
other cells, it would still point to C2:C11 and would not be shifted.

You can also create formulas that use mixed references, combining both
absolute and relative references. For example, the formulas

=SUM($C2:$C11)
and

=SUM(C$2:C$11)

use mixed references. In the first example, the column is absolute but
the row is relative, and in the second example, the column is relative
but the row is absolute. This means that in the first example, Excel will shift
the row references but not the column references, and in the second exam-
ple, Excel will shift the column references but not the row references. You
can learn more about reference types and how to use them in Excel’s online
Help. In most situations in this book, you’ll use relative references, unless
otherwise noted.

Range Names

Another way of referencing a cell in your workbook is with a range name.
Range names are names given to specific cells or cells ranges. For ex-
ample, you can define the range name Gas to refer to cells B2:B11 in
your worksheet. To calculate the total gasoline sales, you could use the
formula

=SUM(B2:B11)
or

=SUM(Gas).

Range names have the advantage of making your formulas easier to
write and interpret. Without range names you would have to know some-
thing about the worksheet before you could determine what the formula
=SUM(B2:B11) calculates.

Excel provides several tools to create range names. You’'ll find it easier to
perform data analysis on your data set if you’ve defined range names for all
of the columns. A simple way to create range names is to select the range
of data including a row or column of titles. You can then use the titles from
the worksheet to define the range name. Try it now with the service station
data.
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Figure 2-12
Creating
range names
from a
selection

To create range names for the service station data:

Select the range A1:D11.

Click the Create from Selection button located in the Defined Names
group on the Formulas tab.

Excel will create range names based on where you have entered the
data labels. In this case, you’ll use the labels you entered in the top
row as the basis for the range names.

Verify that the Top row checkbox is selected as shown in
Figure 2-12.

Click OK.

Four range names have been created for you: Station, Gas, Other,
and Total. You can use Excel’s Name Box to select those ranges
automatically.

To select the Total range:

Click the Name Box (the drop-down list box) located directly above
and to the left of the worksheet’s row and column headers.
Click Total from the Name Box.

The cell range D2:D11 is automatically selected. See Figure 2-13.
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Figure 2-13
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All of the workbooks you’ll use in this book will contain range names for
each of their data columns.

EXCEL TIPS

Xz e Another way to create range names is by first selecting the cell
. range and then typing the range name directly into the Name Box.

* You can view and organize all of the range names in the current
workbook by clicking the Name Manager button located in the
Defined Names group on the Formulas tab.

e Range names have a property called scope that determines
where they are recognized in the workbook. Scope can be lim-
ited to the current worksheet only, allowing you to duplicate
the same range name on different worksheets. If you wish to
reference that a range name with a scope limited to a particular
worksheet, you’ll have to specify which worksheet you want to
use. For example, you must use the reference ‘Sheet 1’!Gas for
the cell range “Gas” located on the Sheet 1 worksheet.

* You replace cell references with their range names by clicking
the Define Name list button from the Defined Names group on
the Formulas tab and then selecting Apply Names from the list
box. You will then be prompted to apply the already-defined
range names to formulas in the workbook.
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Sorting Data

Figure 2-14
The Sort
dialog box

dick to add a
level of
sorting values

select a data
value to sort by

Once you’ve entered your data into Excel, you're ready to start analyzing
it. One of the simplest analyses is to determine the range of the data values.
Which values are largest? Which are smallest? To answer questions of this
type, you can use Excel to sort the data. For example, you can sort the gas
station data in descending order, displaying first the station that has shown
the greatest total revenue down through the station that has had the lowest
revenue. Try this now with the data you’ve entered.

To sort the data by Total amount:

| Select the cell range A1:D11.

The range A1:D11 contains the range you want to sort. Note that you
do not include the cells in the range A13:D13, because these are the
column totals and not individual service stations.

2 Click the Sort & Filter button located in the Editing group on the
Home tab and then click Custom Sort.

Excel opens the Sort dialog box. From this dialog box you can select
multiple sorting levels. You can sort each level in an ascending or
descending order.

3 Click the Sort by list box and select Total from the list range names
found in the selected worksheet cells.

4 Clck Largest to Smallest from the Order list box and shown in Figure 2-14.

| A4S L X Dsiete Leve y SO0y Ll Comar Mty BT Pt Db S

select the direction
of sorting
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Click the OK button.

(= NS, |

Deselect the cell range by clicking cell A1.

The stations are now sorted in order from Station 7, showing the
largest total revenue, to Station 6 with the lowest revenue. See

Figure 2-15.
Figure 2-15
The gas A 8
station data 1
. &5 8T &137 £33 7%
sorted in o WS IAS | A
. 8 55,218 512056 521,274
descending P - e— - ——
i 58531 57,899 16, 730
order to 4 $8587 $7488 $1607S
Total ' 2 S849 S7.500 515,999
revenue ] 0 S8 99% €69318 S1%,933
8§ <8 &7.111 515830
3  S8.21% ST508 515,713
1 S8415 S7.211 515,626
6§ S$8.001 S6.281 S14.282
1 D4 S83,704 £170,751
EXCEL TIPS
X2 e If you want to sort your list in nonnumeric order (in terms of

days of the week or months of the year), click Custom List from
the Order list box and then select one of the custom lists defined
for your workbook.

e To sort your data by multiple levels, click the Add Level button
in the Sort dialog box and then specify the data values corre-
sponding to the next level.

Querying Data

In some cases you may be interested in a subset of your data rather than in
the complete list. For instance, a manufacturing company trying to analyze
quality control data from three work shifts might be interested in looking
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only at the night shift. A firm interested in salary data might want to con-
sider just the subset of those making between $55,000 and $85,000. Excel
allows you to specify the criteria for creating these subsets in the following
two ways:

e Comparison criteria, which compares data values to specified values or
constants
¢ Calculated criteria, which compares data values to a calculated value

For the gas station data, an example of a comparison criterion would be one
that determines which service stations have gas sales exceeding $5,000. On
the other hand, a calculated criterion would be one that determines which
service stations have gas sales that exceed the average of gas sales of all sta-
tions in the data sample.

Once you have determined your criteria for creating a subset of the data
values, you select worksheet cells that fulfill these criteria by filtering
or querying the data. Excel provides two ways of filtering data. The first
method, called the AutoFilter, is primarily used for simple queries employ-
ing comparison criteria. For more complicated queries and those involving
calculated values, Excel provides the Advanced Filter. You’ll have a chance
to use both methods in exploring the gas station data.

Using the AutoFilter

Let’s say the service station company plans a massive advertising campaign
to boost sales for the service stations that are reporting gas sales of less than
$8,500. You can construct a simple query using comparison criteria to have
Excel display only service stations with gas sales <$8,500.

To query the service station list:

| Click the Sort & Filter button from the Editing group on the Home
tab and then click Filter from the drop-down menu.

Excel adds drop-down arrows to each of the column titles in the
data list. By clicking these drop-down arrows you can filter the data
list on the basis of the values in the selected column.

2  Click the Gas drop-down arrow to display the shortcut menu. Click
Number Filters and then Less Than as shown in Figure 2-16.
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Autofill drop-down arrows

Figure 2-16
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Excel opens the Custom AutoFilter dialog box. From this dialog box
you can specify the criteria used to filter the values in the data list.

3 Type 8500 in the input box as shown in Figure 2-17.

Figure 2-17
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Figure 2-18
Stations
with

gas sales

< $8,500

4 Click OK.

Excel modifies the list of service stations to show stations 1, 2, 6,
and 9. See Figure 2-18.
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The service station data for the other stations has not been lost, merely
hidden. You can retrieve the data by choosing the All option from the Gas
drop-down list.

Let’s say that you need to add a second filter that also filters out those
service stations selling less than $7,500 worth of other products. This filter
does not negate the one you just created; it adds to it.

To add a second filter:
| Click the Other drop-down filter arrow, click Number Filters and
then click Less Than Or Equal to.
Type 7500 in the Custom AutoFilter dialog box.
Click OK.

W N

Excel reduces the number of displayed stations to Stations 1, 2, and 6.

Stations 1, 2, and 6 are the only stations that have <$8,500 in gasoline
sales and <= $7,500 in other sales. Combining filters in this way is known
as an And condition because only stations that fulfill both criteria are
displayed.

You can also create filters using Or conditions in which only one of the
criteria must be true.

To remove the AutoFilter from your data set, you can either stop running
the AutoFilter or remove each filter individually. Try both methods now.
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To remove the filters:

| Click the Other drop-down filter arrow and click Clear Filter from
“Other”.

The second filter is removed, and now only the results of the first
filter are displayed.

2  Click the Sort & Filter button from the Editing group on the Home
tab and then click Filter from the drop-down menu.

Excel stops running AutoFilter altogether and removes the filter drop-
down arrows from the worksheet.

Using the Advanced Filter

There might be situations where you want to use more complicated criteria
to filter your data. Such situations include criteria that

e Require several And/Or conditions
e Involve formulas and functions

Such cases are often beyond the capability of Excel’s AutoFilter, but you
can still do them using the Advanced Filter. To use the Advanced Filter,
you must first enter your selection criteria into cells on the worksheet.
Once those criteria are entered, you can use them in the Advanced Filter
command.

Try this technique by recreating the pair of criteria you just entered; only
now you’ll use Excel’s Advanced Filter.

To create a query for use with the Advanced Filter:

| Click cell B15, type Advanced Filter Criteria, and press Enter.

2 Type Gas in cell B16 and press Tab. Type Other in cell C16 and
press Enter.

3 Type < 8500 in cell B17 and press Tab. Type <= 7500 in cell C17
and press Enter.

If two criteria occupy the same row in the worksheet, Excel assumes that
an And condition exists between them. In the example you just typed in,
both criteria were entered into row 17, and Excel assumed that you wanted
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Figure 2-19
The Advanced
Filter dialog
box

gas sales < $8,500 and other sales <= $7,500. Thus, these criteria match
what you created earlier using the AutoFilter. Now apply these criteria to
the service station data. To do this, open the Advanced Filter dialog box and
specify both the range of the data you want filtered and the range containing
the filter criteria.

To run the Advanced Filter command:

Select the cell range A1:D11.

Click the Advanced button from the Sort & Filter group on the Data
tab. Excel opens the Advanced Filter dialog box.

Make sure that the Filter the list, in-place option button is selected
and that $A$1:$D$11 is displayed in the List range box.

S W N=-

Enter B16:C17 in the Criteria range box. This is the cell range con-
taining the filter criteria you just typed in. See Figure 2-19.
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5 Click OK.

As before, only Stations 1, 2, and 6 are displayed. Note that the column
totals displayed in row 12 are not adjusted for the hidden values. You have
to be careful when filtering data in Excel because formulas will still be based
on the entire data set, including hidden values.

What if you wanted to look at only those service stations with either
gasoline sales < $8,500 or other sales <= $7,500? Entering an Or condition
between two different columns in your data set is not possible with the
AutoFilter, but you can do it with the Advanced Filter. You do this by plac-
ing the different criteria in different rows in the worksheet.
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Figure 2-20
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To create an Or condition with the Advanced Filter:

Delete the criteria in cell C17.
Enter the criterion <= 7500 in cell C18.

Once again, click the Advanced button from the Sort & Filter group
on the Data tab to open the Advanced Filter dialog box.

Enter the cell range A11:D11 into the List range box.

Change the cell reference in the Criteria range box to B16:C18 to
reflect the changes you made to the criteria.

Click OK.

Excel now displays Stations 0, 1, 2, 4, 5, 6, and 9. Each station has
gas sales < $8,500 or sales of other items <= $7,500. See Figure 2-20.

=

7

criteria specifying
gas sales < $8500
or
Other sales <= $7500

To view all stations again, click the Clear button from the Sort &
Filter group on the Data tab.
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Using Calculated Values

Figure 2-21
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You decide to reward service station managers whose daily gasoline sales
were higher than average. How would you determine which service stations
qualified? You could calculate average gasoline sales and enter this number
explicitly into a filter (either an AutoFilter or an Advanced Filter). One prob-
lem with this approach however, is that every time you update your service
station data, you have to recalculate this number and rewrite the query.

However, Excel’s AutoFilter allows you to include this information in
your query automatically.

To select stations with higher-than-average gas sales:

| Select the cell range A11:D11 again.

2  Click the Filter button from the Sort & Filter group on the Data tab to
display the AutoFilter drop-down arrows.

3  Click the Gas drop-down list arrow, click Number Filters, and then
click Above Average.

As shown in Figure 2-21, the data list is filtered again, showing only
the data from Service Stations 0, 3, 5, 7, and 8. Those are five service
stations whose daily gas sales are higher than the average from all
stations in the data list.

4  Click the Filter button again from the Sort & Filter group on the Data
tab to turn off the filter of the service station data.
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For more complicated formulas, you can enter the expressions using an
Advanced Filter.

You’ve completed your analysis of the service station data. Save and close
the workbook now.

To finish your work:

| Click the Office button and then click Save.
2  Click the Office button again and then click Close.

Importing Data from Text Files

Often your data will be created using applications other than Excel. In that
case, you’ll want to go through a process of bringing that data into Excel
called importing. Excel provides many tools for importing data. In this
chapter you’ll explore two of the more common sources of external data:
text files and databases.

A text file contains only text and numbers, without any of the formulas,
graphics, special fonts, or formatted text that you would find in a workbook.
Text files are one of the simplest and most widely used methods of stor-
ing data, and most software programs can both save and retrieve data in a
text file format. Thus, although text files contain only raw, unformatted data,
they are very useful in situations where you want to share data with others.

Because a text file doesn’t contain formatting codes to give it structure,
there must be some other way of making it understandable to a program that
will read it. If a text file contains only numbers, how will the importing pro-
gram know where one column of numbers ends and another begins? When
you import or create a text file, you have to know how the values are orga-
nized within the file. One way to structure text files is to use a delimiter,
which is a symbol, usually a space, a comma, or a tab, that separates one
column of data from another. The delimiter tells a program that retrieves the
text file where columns begin and end. Text that is separated by delimiters
is called delimited text.

In addition to delimited text, you can also organize data with a fixed-
width file. In a fixed-width text file, each column will start at the same loca-
tion in the file. For example, the first column will start at the first space in
the file, the second column will start at the tenth space, and so forth.

When Excel starts to open a text file, it automatically starts the Text
Import Wizard to determine whether the contents are organized in a fixed-
width format or a delimited format and, if it’s delimited, what delimiter is
used. If necessary, you can also intervene and tell it how to interpret the
text file.
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Having seen some of the issues involved in using a text file, you are ready
to try importing data from a text file. In this example, a family-owned bagel
shop has gathered data on wheat products that people eat as snacks or for
breakfast. The family members intend to compare these products with the
products that they sell. The data have been stored in a text file, Wheat.txt,
shown in Table 2-5. The file was obtained from the nutritional information
on the packages of the competing wheat products.

Table 2-5 Wheat Data

Brand

SNYDER
LENDERS
BAYS

THOMAS

QUAKER

NABISCO

WHEATIES
WONDER
BROWNBERRY
PEPPERIDGE

Food Price Total Serving Calories Protein Carbo Fiber Sugar Fat
Oz. Grams

PRETZEL 2.19 9.0 31.0 120 3 25 1 1 1.0
BAGEL 1.39 17.1 81.0 210 7 43 2 3 1.5
ENG 2.27 12.0 57.0 140 5 27 1 2 1.5
MUFFIN

ENG 294 12.0 57.0 120 4 25 1 1 1.0
MUFFIN

OAT 5.49 24.0 57.0 210 6 44 5 10 2.5
SQUARES

CEREAL

GRAH 3.17 14.4 31.0 130 2 24 1 7 3.0
CRACKER

CEREAL 5.09 15.6 27.0 100 3 22 3 4 1.5
BREAD 0.99 20.0 26.0 60 2 13 0 2 1.5
BREAD 3.49 24.0 43.0 120 4 23 1 3 2.0
BREAD 2.89 16.0 25.5 70 2 13 1 2 1.0

To start importing Wheat.txt into an Excel workbook:

| Click the Office button and then click Open.

2 Navigate to the Chapter02 data folder and change the file type to
Text Files (*.pm; *.txt; *.csv).

Excel displays the file wheat.txt from the list of text files in the
Chapter02 folder.

3 Double-click the wheat.txt file.

Excel displays the Text Import Wizard to help you select the text to
import. See Figure 2-22.
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Figure 2-22
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The wizard has automatically determined that the wheat.txt file is orga-
nized as a fixed-width text file. By moving the horizontal and vertical scroll
bars, you can see the whole data set. Once you’ve started the Text Import
Wizard, you can define where various data columns begin and end. You can
also have the wizard skip entire columns.

To define the columns you intend to import:

| Click the Next button.

The wizard has already placed borders between the various columns
in the text file. You can remove a border by double-clicking it, you
can add a border by clicking a blank space in the Data Preview win-
dow, or you can move a border by dragging it to a new location. Try
moving a border now.

2  Click and drag the right border for TotalOZ further to the right so
that it aligns with the left edge of the ServingGrams column. See
Figure 2-23.
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Figure 2-23
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Click the Next button.

The third step of the wizard allows you to define column formats
and to exclude specific columns from your import. By default, the
wizard applies the General format to your data, which will work in

most cases.

Click the Finish button to close the wizard.

Excel imports the wheat data and places it into a new workbook.

See Figure 2-24.
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Figure 2-24
Wheat data
imported
into Excel
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Notice that the data for the first two columns appear to be cut off, but
don’t worry. When Excel imports a file, it formats the new workbook with a
standard column width of about nine characters, regardless of column con-
tent. The data are still there but are hidden.

%2 I N

To format the column widths to show all the data:

Press CTRL+a twice to select all cells in the worksheet.

Move the mouse pointer to the border of one of the column head-
ers until the pointer changes to a ** and double-click the column
border.

Excel changes the column widths to match the width of the longest
cell in each column.

Click cell A1 to remove the selection.
Save and close the workbook.
Click the Office button and then click Save As.

Type Wheat Data in the File Name box and select Excel Workbook
(*.xIsx) from the Save As Type list box.
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6 Click the Save button.
7 Click the Office button and then click Close to close the workbook.

Importing Data from Databases

Excel allows the user to create connections to a variety of data sources.
You’ve already seen how to create a connection to a text file; now you’ll
learn how to create a connection to a database file.

A database is a program that stores and retrieves large amounts of data
and creates reports describing that data. Excel can retrieve data stored in
most database programs, including Microsoft® Access, Borland dBASE®,
Borland Paradox®, and Microsoft FoxPro®.

Databases store information in tables, organized in rows and columns,
much like a worksheet. Each column of the table, called a field, stores infor-
mation about a specific characteristic of a person, place, or thing. Each row,
called a record, displays the collection of characteristics of a particular per-
son, place, or thing. A database can contain several such tables; therefore, you
need some way of relating information in one table to information in another.
You relate tables to one another by using common fields, which are the fields
that are the same in each table. When you want to retrieve information from
two tables linked by a common field, Excel matches the value of the field in
one table with the same value of the field in the second table. Because the field
values match, a new table is created containing records from both tables.

A large database can have many tables, and each table can have several
fields and thousands of records, so you need a way to choose only the infor-
mation that you most want to see. When you want to look only at specific in-
formation from a database, you create a database query. A database query is
a question you ask about the data in the database. In response to your query,
the database finds the records and fields that meet the requirements of your
question and then extracts only that data. When you query a database, you
might want to extract only selected records. In this case, your query would
contain criteria similar to the criteria you used earlier in selecting data from
an Excel workbook.

Using Excel’s Database Query Wizard

You can import data from a database file directly, as you did with the wheat
text file. You can also write a query to retrieve only portions of data from
selected tables within the database file.
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To see how this works, you’ll import another data set containing nutri-
tional data located in an Access database file named wheat.mdb. The database
contains two tables: Product, a table containing descriptive information about
each product (the name, manufacturer, serving size, price, and so on), and
Nutrition, a table of nutritional information (calories, proteins, etc.). You’ll
import the data by creating a connection to the database file using Microsoft
Query, a small application installed with most Office 2007 products.

To access Microsoft Query:

Click the Office button and then click New to open a new blank
worksheet in Excel.

Click the From Other Sources button from the Get External Data
group on the Data tab and then click From Microsoft Query.

Verify that the Databases dialog sheet tab is selected.

At this point, you’ll choose a data source. Excel provides several
choices from such possible sources as Access, dBase, FoxPro, and
other Excel workbooks. You can also create your own customized
data source. In this case, you’ll use the Access data source because
this data comes from an Access database.

Click MS Access Database* from the list of data sources in the Data-
bases dialog sheet and click the OK button.

Navigate to the folder containing your Chapter02 data files and se-
lect the wheat.mdb database file. Click the OK button.

Excel opens the Query Wizard dialog box shown in Figure 2-25.
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Now that you've started the Query Wizard, you are free to select the vari-
ous fields that you’ll import into Excel. The box on the left of the wizard
shown in Figure 2-25 shows the tables in the database. As you expected,
there are two: Nutrition and Product. By clicking the plus box in front of
each table name, you can view and select the specific fields that you’ll im-
port into Excel. Try this now by selecting fields from both tables.

To select fields for your query:

| Click the plus box [+] in front of the Product table name.

A space opens beneath the table name displaying the names of each
of the fields in the table.

2  Double-click the following names in the list:

Brand
Food
Price
Package oz
Serving oz

As you double-click each field name, the name appears in the box
on the right, indicating that they are part of your selection in the
query. Note that you do not select the Product ID field. This field is
the common field between the two tables and contains a unique id
number for each wheat product. You don’t have to include this in
your query.

3 Click the plus box [+] in front of the Nutrition table name and then
double-click the following field names:

Calories
Protein
Carbohydrates
Fat

Once again, you do not select the common field, Product ID. Your
dialog box should appear as shown in Figure 2-26.
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Figure 2-26
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4 Click the Next button.

After specifying which fields you’ll import, you’ll now have the opportu-
nity to control which records to import and how your data will be sorted.

Specifying Criteria and Sorting Data

You can apply criteria to the data you import with the Query Wizard. At this
point, your query will import all of the records from the Wheat database,
but you can modify that. Say you want to import only those wheat products
whose price is $1.25 or greater. You can do that at this point in the wizard.
You can specify several levels of And/Or conditions for each of the many
fields in your query.

To add criteria to your query:
| Click Price from the list of columns to filter in the box at the left of
the Query Filter dialog box.

2 Inthe highlighted drop-down list box at the right, click is greater
than or equal to.

3 Type 1.25 in the drop-down list box to the immediate right. See
Figure 2-27.
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Figure 2-27
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This criterion selects only those records whose price is greater than
or equal to $1.25.

4 Click the Next button.

The last step in defining your query is to add any sorting options. You can
specify up to three different fields to sort by. In this example, you decide to
sort the wheat products by the amount of calories they contain, starting with
the highest-calorie product first and going down to the lowest.

To specify a sort order:

| Select Calories from the Sort by list box.
2 Clickthe Descending option button. See Figure 2-28.
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3 Click the Next button.

The last step in the Query Wizard is to choose where you want to send
the data. You can

1. Import the data into your Excel workbook.

2. Open the results of your query in Microsoft Query. Microsoft Query is a
program included on your installation disk with several tools that allow
you to create even more complex queries.

You can learn more about these two options in Excel’s online Help. In this
example, you’ll simply retrieve the data into your Excel workbook.

To finish retrieving the data:

| Click the Return Data to Microsoft Excel option button.
2  Click the Finish button.

You can now specify where the data will be placed. The default will
be to place the data in the active cell of the current worksheet. In
this case, that is cell A1. Accept this default.

3 Click the OK button.

Excel connects to the Wheat database and retrieves the data shown
in Figure 2-29. Note that these include only those wheat products
whose price is $1.25 or greater and that the data are sorted in de-
scending order of calories. Also note that Excel has automatically
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Figure 2-29
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Unlike importing from a text file, you can have Excel automatically re-
fresh the data it imports from a database. Thus, if the source database
changes at some point, you can automatically retrieve the new data without
recreating the query. Commands like refreshing imported data are available
from the Connections group on the Data tab. Table 2-6 describes some of
these commands.

Table 2-6 (ommands on the Data tab

Button
Refresh All

Connections

Properties

Icon Purpose

Refresh all data queries located in the
current workbook

View and modify the properties of all the
data connections in the workbook

" P Opeiliey View and modify the properties of the
currently selected data range

Having seen how one would import data from a database into Excel, you
are ready to save and close the workbook.

To save and close the Wheat workbook:

Click the Office button and then click Save As

Type Wheat Database in the File name box, verify that Excel Workbook
(*.xIsx) is displayed in the Save as type box, and then click Save.
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3 Click the Office button and then click Close.
4 Click the Office button and then click Exit Excel.

Exercises

1. Air quality data had been collected from
the Environmental Protection Agency
(EPA) and stored in an Excel workbook.
The workbook displays the number of
unhealthful days (heavy levels of pollution)
per year for 14 major U.S. cities in the year
1980 and then from 2000 through 2006.
Open this workbook and examine the data.

a. Open the Pollution workbook from
the Chapter02 folder and save it as
Pollution Report.

b. Create a new column named
AVERO00_06 that uses Excel’s average()
function to calculate the average
pollution days for each city from 2000
through 2006.

c. Create a new column named DIFF06_
80 that calculates the difference
between the average number of pollu-
tion days from 2000 through 2006 and
the number of pollution days in 1980
for each of the 14 cities.

d. Sort the data in ascending order of the
DIFF80_06 column you just created.
Which cities showed an increase in
the number of pollution days? Which
cities showed a decrease? Which city
showed the greatest improvement in
terms of the decline in the number of
unhealthy days?

e. Create a new column that calculates
the ratio of unhealthy days between
the average from 2000 through 2006
and the value for 1980. Name the col-
umn RATIO06_80.

f. Format the values in the RATIO06_80
column as a percentage to two deci-
mal places.

g. Sort the data in ascending order of
the RATIO06_80 column. Which city
showed the greatest improvement in
the terms of the ratio of the 2006 aver-
age to the 1980 value?

h. Create range names for all of the col-
umns in your workbook.

i. Save your workbook and write a re-
port summarizing your observations.
Does the data prove any conclusions
you might have reached? What kind
of information might be missing from
this data set? Remember that you only
have one year’s worth of data from the
1980s versus seven years data from
2000 to 2006. In what way could the
average value from those seven years
not be comparable to a single year’s
value from 19807

. Data on soft drink sales shown in

Table 2-7 have been saved in a text file.
The file has five variables and ten cases.
The first variable is the name of the soft
drink brand; the next three variables are
company sales in millions of 192-ounce
cases for the years 2000, 2001, and
2002. (Source: http://www.bevnet.com/
news/2002/03-01-2002-softdrink.asp,
Beverage Marketing Corporation.) The
final column indicates the year of origin
for each brand.
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Table 2-7

Soft Drink Sales Data

Brand
Coca-Cola
Pepsi
Mountain Dew
Dr Pepper
Sprite
Gatorade

7 Up
Tropicana
Minute Maid
Aquafina

Cases2000

3198.0

2188.0
810.3
747 .4
713.9
355.8
276.0
301.2
218.0
105.0

Cases2001 Cases2002 Origin
3189.6 3288.9 1886
2163.9 2156.4 1898
853.7 862.7 1946
740.0 737.4 1885
703.3 687.9 1961
375.0 422.8 1965
261.6 243.4 1929
307.7 292.9 1954
226.5 285.3 1946
151.4 203.0 1994

a. Import the Drinks.txt file from the
Chapter02 data folder into an Excel
workbook (note that columns are
delimited by tabs).

b. Create range names for each of the
five data columns in the workbook.

c. Create two new columns displaying
the change in sales from 2000 to 2002
and the ratio of the 2000 sales to the
2002 sales. Assign range names to
these two new columns.
Sort the list in descending order of
the difference in sales.

d. Is there any relationship between the
year in which the brand was founded
and the change in sales? (Hint: Are
the older brands showing less growth
than the new brands?)

e. Repeat your analysis using the ratio of

sales.

Table 2-8 Big Ten Graduation Data

f. Save the workbook in Excel format
to the Chapter02 folder under the
name Soft Drinks Sales Report and
write a report summarizing your
observations.

. The NCAA requires schools to submit

information on graduation rates for its
student athletes. Table 2-8 shows the
data for the 11 schools in the Big Ten,
covering the years 1997 through 2000,
indicating the graduation percentage
(within six years.) The overall gradua-
tion percentage for all undergraduates
is shown in the Graduated column and
then is broken down by race and gender
in the remaining four columns of the
table for those who received athletic

University Graduated White Males

ILL
IND
IOWA
MICH
MSU
MINN
NU

81
72
66
86
72
58
93

70
61
61
79
61
63
87

scholarships.
Black Males White Females
52 77
45 76
51 81
44 88
33 87
39 70
79 94

Black Females
83

82

50

67

63

56

100

(continued)
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OSU 66 60 42
PSU 84 76 69
PU 67 66 48
WIS 77 65 50

77 83
91 93
84 80
79 64

a. Enter the data from Table 2-8 into a
blank workbook and save the work-
book as Big Ten Graduation to the
Chapter02 folder.

b. Create two new columns displaying
the difference between white male
and white female graduation rates
and the ratio between white male and
white female graduation rates. How
do graduation rates compare?

c. Create two more columns calculating
the difference and ratio of the white
female graduation rate to the overall
rate from 1997 to 2000.

d. What do you observe from the data?
Does one university stand out from
the others?

e. Sort the data files in descending order
of the ratio of white male to white
female graduation rate. Create range
names for all of the columns in the
workbook.

f. Save your changes to the work-
book and write a summary of your
observations.

. Over 4,000 television viewers were
interviewed in 1984 to determine which
television ads were remembered for being
significant and interesting. The level of
retained impressions were then compared
to the advertising budgets from each firm.
(Source: Wall Street Journal, 1984.)

a. Open the TV Ads workbook from the
Chapter02 folder and save it as TV
Ads Analysis.

b. Calculate the ratio of the retained
impressions per week to the advertising
budget.

c. Create range names for the three
columns in the worksheet.

d. Sort the list in descending order of
ratio values. Which firm showed the
greatest bang for the buck from their
advertising dollars? Print the sorted
data values.

e. Filter the data list, showing only
those firms with a higher-than-average
ratio of retained impressions to adver-
tising dollars. Print the filtered values.

f. Save your changes to your workbook
and then write a report summarizing
your observations.

. The Teacher.txt file contains the aver-

age public teacher pay and spending
on public schools per pupil in 1985 for
50 states and the District of Columbia
as reported by the National Education
Association.

a. Open the Teacher.txt file from the
Chapter02 data folder as a tab-
delimited text file. There are four
columns in the text file. The State col-
umn contains the abbreviations of the
50 states and the District of Columbia.
The Pay column contains the average
annual salary of public school teachers
in each state and district. The Spend
column contains the public school
spending per pupil for each state and
district. The Area column contains the
area in the country for each state or
district. Import all of these columns
except the Area column.

b. Create a new column calculating the
ratio of the Pay column to the Spend
column.
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c. Create range names for all of the col-
umns in the worksheet.

d. Sort the data in ascending order of the

Ratio column.

e. Filter the data values, showing only
those states or districts that have a
ratio value of less than 6.

f. Save your workbook as Teacher
Salary Analysis to the Chapter02
folder in Excel workbook format and
summarize your observations.

. Working in groups in a high school

chemistry lab, students measured the
mass (grams) and volume (cubic cen-
timeters) of eight aluminum chunks.

Both the mass in grams and the volume

in cubic centimeters were measured

for each chunk. Analyze the data from

the lab.

a. Open the Aluminum workbook from
the Chapter02 folder and save it as
Aluminum Density Analysis.

b. Create a new column in the work-
sheet, computing the density of each
chunk (the ratio of mass to volume).
Apply a range name to the new
column.

c. Sort the data from the chunk with
the highest density to that with the
lowest.

d. Calculate the average density for all
chunks.

. Open the Economy workbook from

the Chapter02 data folder. The
Deflator variable is a measure of the
inflation of the dollar; arbitrarily set
to 100 for 1954. The GNP column
contains the Gross National Product
for each year (in millions). The
UnEmploy column contains the num-
ber unemployed in thousands, and
the Arm Force column has the num-
ber in the armed forces in thousands.
The Population column contains the
population in thousands. The Total
Emp contains the total employment
in thousands. Save the workbook as
Economy Data.

. Create range names for each column

in the worksheet.

. Notice that values in the Population

column increase each year. Use the
Sort command to find out for which
other columns this is true.

. There is an upward trend to the GNP,

although it does not increase each
year. Create a new column that cal-
culates the GNP per person for each
year. Name this new column GNPPOP
and create a range name for the values
it contains.

. Save your changes to the workbook

and write a report summarizing your
observations.

. Is there an extreme value (an observa-

tion that stands out as being different
from the others)? Calculate the aver-
age density for all chunks aside from
the outlier. Print your results.

Which of the two averages gives the
best approximation of the density of
aluminum? Why?

. Save your changes to the workbook

and summarize your results.

. The Economy workbook has seven vari-

ables related to the US economy from
1947 to 1962.

. An analyst has collected 2007 data in-

cluding salary and batting average for
major league players. Examine the data
that have been collected.

a. Open the Baseball workbook from the
Chapter02 folder and save it as Base-
ball Salary Analysis.

b. Create range names for all of the
columns in the workbook.

c. Sort the data values in descending
order of batting average.

d. Display only those players whose
career batting average is 0.310 or
greater. List these players.
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. Remove the filter, displaying all val-

ues in the workbook again.

Add a new column to the worksheet,
displaying the batting average divided
by the player’s salary and multiplied
by 1,000,000.

. Sort the worksheet in descending or-

der of the new column you created.
Who are the top-ten players in terms
of batting average per dollar? Print
your results.

. Examine the number of years played

in your sorted list. Where does it ap-
pear that most of the first-year players
lie? What would account for that?
(Hint: What are some of the other fac-
tors besides batting average that may
account for a player’s high salary?)
Save your workbook and write a re-
port summarizing your observations.

. An analyst has collected data on the
death rates for diabetes and influenza-
pneumonia for the year 2003. The data
have been saved in the Health work-
book. Your job is to examine the data
values from the workbook.

a.

Open the Health workbook from the
Chapter02 folder and save it as Health
Report Analysis.

. Sort the data by ascending order of

diabetes-related deaths. Then do a
sort on influenza-pneumonia related

Table 2-9 (ar Data

10.

deaths. Which states have the highest
and lowest values in those categories?

c. Use the AutoFilter to list the top-ten
states in each category. Print your fil-
tered worksheet.

d. Turn off the filter and create a new
column calculating the ratio of the
diabetes-related death rate to the
pneumonia-related death rate in each
of the 50 states. Create a range name
for the new column.

e. Format the ratio values in the new
column as percentages to two decimal
places.

f. Sort the data in ascending order of the
new column. Which state or region
has the highest ratio of diabetes-
related deaths? African-Americans
have a much higher rate of diabetes
than whites. Discuss how this ex-
plains your observation of the state
or region with the highest rate of
diabetes-related death.

g. Create range names for the all of the
columns in your workbook.

h. Save your changes to the workbook
and write a summary of your
observations.

The Cars workbook contains data from
Consumer Reports.org®, February 1,
2008, on 275 different car models, as
described in the following table:

Field Description

Model ID Number from 1 to 275
Model Make and model
Type Type of vehicle

Price Price in dollars

HP Horsepower

Eng size Engine size in liters
Cyl Number of cylinders
Eng Type Type of engine

(continued)
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MPG Overall miles per gallon

Original location of manufacturer

Time0-60 0-60 time in seconds
Weight Weight in pounds
Date Date of Issue

Region

Eng type01

1 if hybrid or diesel, 0 otherwise

(Source: Copyright 2008 by Consumers Union of U.S., Inc. Yonkers, NY 10703-1057, a nonprofit organization.
Reprinted with permission from the February 2008 posting of ConsumerReport.org <http://www.consumerreports
.org/> ® for educational purposes only. No commercial use or reproduction permitted.)

. Open the Cars workbook from the

Chapter02 folder.

. Create range names for all of the data

columns you retrieved.

Using techniques that you’ve learned
in this chapter, answer the following
questions:

. How many cars come from the model

year 20077

. Which car has the highest horsepower?
. Which car has the highest horsepower

relative to its weight?

. Which car has the highest miles per

gallon (MPG)?

g. Which car has the highest MPG rela-

tive to its 0—60 time? Note that this
car will have fast acceleration and
pretty good MPG.

. If you sort the data by the ratio of

MPG to 0-60 time, what is the Region
of most of the cars with low values?
What kind of vehicles are these? What
are the Regions of most of the highest
models, and what kind of vehicles do
you find high on this scale? Discuss
the relationship of this scale to Weight.

. Save your workbook as Cars Perfor-

mance Analysis.
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Chapter 3

WORKING WITH CHARTS

Objectives

In this chapter you will learn to:

Identify the different types of charts created by Excel
Create a scatter plot with the Chart Wizard

Edit the appearance of your chart

Label points on your scatter plot

Break a scatter plot down by categories

Create a bubble plot

Create a scatter plot containing several data series
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In this chapter you’ll learn how to display those data with charts. This

chapter focuses primarily on two types of charts: scatter plots and
bubble charts. Both are important tools in the field of statistics. You'll also
learn how to use some features of StatPlus that give you additional tools in
working with and interpreting your charts.

In Chapter 2, you learned how to work with data in an Excel worksheet.

Introducing Excel Charts

A picture is worth a thousand words. Properly designed and presented, a
graph can be worth a thousand words of description. Concepts difficult to
describe through a recitation of numbers can be easily displayed in a chart
or plot. Charts can quickly show general trends, unusual observations, and
important relationships between variables. In Table 3-1, a table of monthly
sales values is displayed. How do sales vary during the year? Which month
in the table displays an unusual sales result? Can you easily tell?

Table 3-1  Monthly Sales Values

Date Sales

Jan. 2010 $16,800
Feb. 2010 $19,300
Mar. 2010 $21,100
Apr. 2010 $21,200
May 2010 $20,700
Jun. 2010 $19,200
Jul. 2010 $16,100
Aug. 2010 $14,900
Sep. 2010 $12,100
Oct. 2010 $11,900
Nov. 2010 $12,500
Dec. 2010 $14,300
Jan. 2011 $17,500
Feb. 2011 $19,600
Mar. 2011 $20,900
Apr. 2011 $18,200
May 2011 $20,600
Jun. 2011 $18,800
Jul. 2011 $17,100
Aug. 2011 $14,100
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Figure 3-1
Plotted
sales data

April 2011 sales
figures do

not follow the
general pattern

It’s difficult to answer those questions by examining the table. Now let’s
plot those values in Figure 3-1.

Sales

The chart clarifies things for us. We notice immediately that the sales
figures seem to follow a classic seasonal curve with the highest sales occur-
ring during the late winter—early spring months. However, the sales figures
for April 2011 seem to be too low. Perhaps something occurred during this
time period that should be investigated, or perhaps an erroneous value was
entered. In any case, the chart has provided insights that would have been
difficult to immediately grasp from a table of values alone.

Excel supports several different chart types for different situations.
Table 3-2 shows a partial list of these.

Table 3-2  Excel Chart Types

Name
Area

Column

Icon Description
An area chart displays the magnitude of change over
4 time or between categories. You can also display the

sum of group values, showing the relationship of each

part to the whole.

A column chart shows how data change over time or
il between categories. Values are displayed vertically,

categories horizontally.

(continued)
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Bar

Line

Pie

Doughnut

Stock

XY(Scatter)

Bubble

Radar

Surface

Cone, Cylinder,
and Pyramid

A bar chart shows how data change over time or
between categories. Values are displayed horizontally,
categories vertically.

A line chart shows trends in data, spaced at equal
intervals. It can also be used to compare values
between groups.

A pie chart shows the proportional size of items that
make up the whole. The chart is limited to one data
series.

A doughnut chart, like the pie chart, shows the
proportional size of items relative to the whole; it can
also display more than one data series at a time.

The stock chart is used to display stock market data,
including opening, closing, low, and high daily
values.

An XY (scatter) chart displays the relationship between
numeric values in several data series. The chart is
commonly used for scientific data and is also known
as a scatter plot.

A bubble chart is a type of scatter plot in which the size
of the bubbles is proportional to the value of a third
data series.

A radar chart shows values from different categories
radiating from a center point. Lines connect the values
within each data series.

A surface chart shows the value of a data series in
relation to the combination of the values of two

other data series. Surface charts are often used in
topographical maps.

Cone, cylinder, and pyramid charts are similar to

bar and column charts except that they use cones,
cylinders, and pyramids for the markers.

I

Le

Excel includes variations of each of these chart types. For example, the
column charts can display values across categories or the percentage that
each value contributes to the whole across categories. Many of the charts
can be displayed in 3D as well.

Most of the charts you’ll create in this book will be of the XY(scatter) type.
Other chart types, like stock charts, are designed for specific types of data
(like stock market data), and they are not as useful for general data analysis.
In addition, the StatPlus add-in included with this book gives you the capa-
bility of creating other types of charts not part of Excel’s library of built-in
charts. You’ll learn about these charts as you read through these chapters.

Excel charts are placed in workbooks in one of two ways: either as
embedded chart objects, which appear as objects within worksheets, or as
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chart sheets, which appear as separate sheets in the workbook. Figure 3-2
shows examples of both ways of displaying a chart.

Figure 3-2
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Introducing Scatter Plots

In this chapter, we’ll examine athletic graduation rates for a group of uni-
versities. The Big Ten workbook contains information on graduation rates
of student athletes (with athletic scholarships) who enrolled as freshmen at
Big Ten universities in 1997, 1998, 1999, and 2000. Each NCAA Division I
college or university is required to distribute this information to prospective
student-athletes and parents, so that potential recruits have a way of com-
paring the education environment between different universities. Table 3-3
describes the range names used in the workbook.

Table 3-3  Big Ten Graduation Rates

Range Name
University
SAT

ACT

SAT Calc

Graduated

White Males
Black Males
White Females
Black Females
Enrollment
Top_25

Top_25_Rate

Range Description

A2:A12 Name of the university

B2:B12 Average SAT scores of all freshmen
C2:C12 Average ACT scores of all freshmen

D2:D12 SAT calculated from ACT based on a formula from
the College Board

E2:E12 Percentage of all freshmen graduating within 6 years
of enrolling.

F2:F12 Six-year graduation rates for white male athletes

G2:G12 Six-year graduation rates for black male athletes

H2:H12 Six-year graduation rates for white female athletes

12:112 Six-year graduation rates for black female athletes

J2:J12 Total enrollment at the university

K2:K12 Percentage of incoming students graduating in the top
25% of their high school class

L2:L12 Indicates whether more than 80% or less than 80% of

the incoming freshmen graduated in the upper quarter of
their class

To open the Big Ten workbook:

| Start Excel and open the Big Ten workbook from the Chapter03
folder.

The workbook opens to a sheet displaying graduation data from the
11 universities in the Big Ten. See Figure 3-3. Range names based
on the column labels of each column have already been created for
you. There are some missing values in the worksheet, such as the
SAT value for the University of lowa in row 4. However for univer-
sities that do not collect SATs, a calculated estimate of the SAT is
displayed in column E.
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Figure 3-3
The Big Ten
workbook
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2 Save the file as Big Ten Graduation Chart.

A school with a low graduation rate among its student-athletes is vulner-
able to investigation and possible sanctions on the part of the NCAA. We’re
going to explore the relationship between the average SAT score from classes
of incoming first-year students and the percentage of those students in those
classes who eventually graduate within six years of entering college.

One question we might ask is: Do incoming classes with high average
SAT scores have higher rates of graduation? Is this true for all universities?
We’ll get a visual picture of this relationship by producing a scatter plot.

A scatter plot is a chart in which observations are represented by points
on a rectangular coordinate system. Each observation consists of two values:
One value is plotted against the vertical or y axis, and the second value is
plotted against the horizontal or x axis (see Figure 3-4). In Figure 3-4 we are
plotting a point with x = 3 and y = 5.
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Figure 3-4
The
rectangular
coordinate
system of a
scatter plot

Figure 3-5
Scatter plot
displays a
general
relation
between
two sets of
values

y axis

Scatterplot

point corresponds to an

observation with the pair
of values (3, 5)

X axis

By observing the placement of the points on the scatter plot, you can get
a general impression of the relationship between the two sets of values. For
example, the scatter plot of Figure 3-5 shows that high values of Variable 1
are associated with low values of Variable 2. This is not a perfect associa-

tion; rather, there is some scatter in the points.

Scatterplot

high y values are
associated with
low x values

The scatter plot you’ll create will have the graduation rate for each uni-
versity on the y axis and the university’s average SAT score on the x axis.
To create a chart, you insert a chart object on the worksheet using the Excel

Insert tab.
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To insert a chart:

| Select the cell range D1:E12.
Click the Scatter button from the Charts group on the Insert tab

and then click the Scatter with only markers option as shown in
Figure 3-6.

Insert tab

Figure 3-6 ‘
Inserting a e
scatter plot

o
g
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Excel inserts an embedded chart object containing the scatter

plot of the Graduated values versus the SAT calculated values
(see Figure 3-7).
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Chart Tools ribbon appears when chart is selected

Figure 3-7
Embedded Oy 4
scatter plot o "

University SAT ACT SAT Calc _ Giaduated |White Males  Black Wales White Females Black Females Enrollment Top 75% Top 25 Rate

Graduated

TN

selected plot

Once you’ve created the basic scatter plot, you can format its appearance
using the commands on the Chart Tools ribbon. Note that the Chart Tools
ribbon is a contextual ribbon and will appear within the Excel window
whenever a chart object is selected in the new workbook. Newly created
charts are selected by default.

EXCEL TIPS

o e When you insert a scatter plot using Excel, the column of data
- values to the left will be used for the x values, the column on the
right will be used for the y values. If your columns are not laid
out this way, then do the following:

a. Generate the scatter plot with the two columns as they are
currently laid out.

b. Click the Select Data button from the Data group on the
Design tab of the Chart Tools ribbon to open the Select Data
Source dialog box.
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¢. Click the Edit button within the dialog box, and then select
a different data range for the Series X values and the Series
Y values and the Series name.

If you don’t want to manually edit your scatter plot this way,
you can also create scatter plots using StatPlus. Simply click the
StatPlus menu, click Single Variable Charts, and then click Fast
Scatterplot. From the dialog box that appears, you can select the
x axis and y axis values without regard to their column order.

e Excel supports five built-in scatter plots, allowing the user to
connect the scatter plot points with straight or smoothed lines.

Editing a Chart

Using Excel’s editing tools, you can modify the symbols, fonts, colors, and
borders used in your chart. You can change the scale of the horizontal and
vertical axes and insert additional data into the chart. To start, you’ll edit the
size and location of the embedded chart object you just created with Excel.

Resizing and Moving an Embedded Chart

Newly created charts are inserted as embedded objects with selection han-
dles around the chart. When a chart is selected, you can move and resize it
on the worksheet. The chart you’ve just created covers some of the data on
the Grad Percents worksheet. Move it to a different location.

To move the embedded chart:

| Click an empty area within the embedded chart, either above or to
the right of the chart area, and hold down the mouse button. As you

press the mouse button down, the pointer changes to a d

Note: If you click the title or other chart element, that element will
have a selection border around it. If this happens, click elsewhere
within the chart, holding down the mouse button. You don’t want to
select individual chart elements yet.

2 With the mouse button still pressed down, move the chart down so
that the upper-left corner of the chart covers cell B14 and release the
mouse button (see Figure 3-8.)
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Figure 3-8
Moving an
embedded

chart

Graduated

Around the selected chart object at the four corners and four sides are
selection handles that you can use to resize the embedded chart. As you
move the pointer arrow over the handles, you’ll see the pointer change to
a double-headed arrow of various orientations. Each pointer allows you
to resize the chart in the direction indicated. Try using the selection handles
to make the chart a little larger.

To enlarge the chart:

| Move your mouse pointer over the handle on the right edge of the

chart until the pointer changes to a *

2 Drag the pointer to the right so that the embedded chart covers
column L

3  Move the pointer to bottom edge of the chart object and drag the
selection handle so that the border edge covers row 35 (see Figure 3-9).
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Figure 3-9
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Moving a Chart to a Chart Sheet

To move an embedded chart to its own chart sheet, you can use the Move
Chart button from the Chart Tools ribbon. Try this now by moving the
embedded chart you just created to a chart sheet.

To move an embedded chart to a chart sheet:

I With the embedded chart still selected, click the Move Chart button
located in the Location group of the Design tab of the Chart Tools ribbon.

2 Excel opens the Move Chart dialog box. Click the New sheet option
button and type Graduation Chart in the accompanying text box as
shown in Figure 3-10.

Figure 3-10
Move Chart Mgt Chan 7 5|
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s, LAE
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3 Click the OK button.

As shown in Figure 3-11, the chart is moved to a chart sheet named
Graduation Chart.

Move Chart button

Figure 3-11
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Working with Chart and Axis Titles

To make your charts easier to interpret, you should add titles to both axes
and over the entire chart area. By default, Excel will display the name used
for the y axis data values as the chart title. In this case the chart title is
Graduated since the y axis values come from the Graduated column, which
is column G on the Grad Percents worksheet.

To insert different titles, use the Chart Title and Axis Title buttons from
the Chart Tools ribbon or you can select the titles from the chart and type
over the current titles. Try this by changing the chart title to Big Ten Gradu-
ation Percentages.
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To change the chart title:

| Click the Graduated title located directly above the scatter plot.

Selection handles appear around the chart title indicating that it is
selected.

2 Type Big Ten Graduation Percentages and press Enter. As shown in
Figure 3-12, the title changes to reflect the new text.

Figure 3-12
Changing the . .
chart title S A

Big Ten Graduation Percentages

chart title with
selection handles

Next, add titles to both the y axis and x axis. Since these titles are not
currently displayed on the chart you have to add them with the Axis Titles
button.

To insert the axis titles:

| Click the Axis Titles button from the Labels group on the Layout tab
of the Chart Tools ribbon, click Primary Horizontal Axis Title, and
then click Title Below Axis.

Excel inserts the text Axis Title below the horizontal, or x, axis. The
Axis Title text is surrounded with selection boxes indicating that it
is the currently selected object in the chart.

Type Calculated SAT Values and press Enter.

W N

Click the Axis Titles button again, click Primary Vertical Axis Title,
and then click Rotated Title.

4 Type Graduation Percentage and press Enter. Figure 3-13 shows the
newly added axis titles.
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Chart Title and Axis Titles

buttons Layout tab
Figure 3-13 ‘ ‘
Inserting T
axis titles g Adl | (& fal
Big Ten Graduation Percentages |
'L *
y axis title i

X axis title

The chart and axis titles you’ve entered can be formatted using the same
formatting buttons found on the Home tab that you use for formatting cell
text. Try using these buttons now to increase the font size of the two axes
titles.

To format the axis titles:

| Click the Home tab with the Graduation Percentage title still

selected; then click the Font Size button - , changing the font
size to 16.

2 Click the Calculated SAT Values x axis title and change the font size
to 14 using the same technique.
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X2 ¢ You can also use the format buttons on the Home tab to change
- the font color, font style, alignment, and fill color of chart and
axes titles.

* You can further format chart and axes titles by selecting the title
and then clicking the Format Selection button from the Current
Selection group on the Layout tab of the Chart Tools ribbon. The
button opens a Format Axis Title dialog box containing several
formatting options.

Editing the Chart Axes

Next you’ll look at editing the values displayed in the chart. Even though
all of the Big Ten graduation rates are 50% or greater in this chart, Excel
uses a range of 0 to 100%; and even though the lowest SAT score is 1105,
Excel uses a lower range of 0 in the chart. The effect of this is that all of the
data are clustered in the upper right edge of the chart, leaving a large blank
space to the left and below. There are some situations where you want your
charts to show the complete range of possible values and other situations
where you want to concentrate on the range of observed values. In that case,
you rescale the axes so that the scales more closely match the range of the
observed values. You can change the scale of the axes by clicking the Axes
button on the Chart Tools ribbon. Start with changing the scale on the x axis
to better match the range of calculated SAT scores for the 11 schools in the
data sample.

To change the scale of the x axis:

| Click the Axes button from the Axes group on the Layout tab of the
Chart Tools ribbon, click Primary Horizontal Axis and then click
More Primary Horizontal Axis Options. Excel opens the Format
Axis dialog box.

2 Verify that the Axis Options tab is selected. On this tab the options
for the axis scale are shown. By default, Excel automatically selects
the minimum and maximum range of the axis values. You want to
change the minimum from 0 to 1000, set the maximum at 1500, and
set the interval between tick marks on the axis to 50 units. To make
this change, do the following steps:

3 Click the Fixed option button for the Axis minimum and enter 1000
in the accompanying text box.
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Figure 3-14
Setting the
axis scale

Click the Fixed option button for the Axis maximum and enter 1500

in the accompanying text box.

Click the Fixed option button for the Axis major unit and enter 50
in the accompanying text box. Figure 3-14 shows the completed
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6  Click the Close button. Figure 3-15 shows the appearance of the
chart with the revised scale for the x axis.
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Figure 3-15
Revised scale
for the x axis
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axis scale goes from 1000 to 1500 in steps of 50

Now the data points are only compressed near the top of the chart. You
can change this by setting the scale of the graduation percentages on the
y axis to go from 50 to 100% in steps of 5%.

To change the scale of the y axis:

| Click the Axes button from the Axes group on the Layout tab of the
Chart Tools ribbon, click Primary Vertical Axis and then click More
Primary Vertical Axis Options. Excel opens the Format Axis dialog
box for the vertical axis.

2 Click the Fixed option buttons for the Axis minimum, maximum,
and major units and change the minimum value to 50, the maximum
value to 100, and the major unit to 5.

3 Click the Close button. Figure 3-16 shows the revised scale for the
vertical axis on the chart.
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Figure 3-16
Revised scale
for the y axis
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EXCEL TIPS
o * You can display the axis scale in units of thousands, millions,
. and billions by selecting the appropriate options from the Axes
button.

* You can display values on a log scale by selecting the Show Axis
with Log Scale option on the Axes button.

Working with Gridlines and Legends

Another chart object that appears in the graduation scatter plot is gridlines.
Gridlines are vertical or horizontal lines that match up with the major and
minor units on the x and y axes. Gridlines can make it easier to line up data
values within the scatter plot. By default, Excel will open a scatter plot with
horizontal gridlines matching the major units on the y axis. You can add or
remove major and minor gridlines from scatter plots using the commands
on the Chart Tools ribbon. Try this by adding vertical gridlines to the gradu-
ation percentage scatter plot.
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Figure 3-17
Adding vertical
gridlines

To add vertical gridlines:

I With the chart still selected, click the Gridlines button from the Axes
group on the Layout tab of the Chart Tools ribbon, click Primary
Vertical Gridlines and then click Major Gridlines.

As shown in Figure 3-17, vertical gridlines are added to the scatter plot.

Big Ten Graduation Percentages

Graduation Percentage

Calculate d SAT Values

You can edit the format of the gridlines by clicking More Primary Grid-
lines Options command found on the menu of commands for each gridline.
By modifying the format, you can change the gridline’s color and style as
well as add drop shadows to each gridline.

The graduation percentage scatter plot also contains a legend. A legend
is a box that identifies the patterns or colors that are assigned to the data
points in a chart. When you insert a chart, Excel automatically adds a leg-
end. In the graduation percentage chart, the legend appears on the right edge
of the chart, providing the name of the y values (in this case values from the
Graduated column). If there is only one set of data values in the chart you
usually do not need a legend.
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To remove the legend:

| Click the Legend button from the Labels group in the Layout tab of
the Chart Tools ribbon and then click None.

Excel removes the legend from the scatter plot

From the Legend button you can also choose commands to move the
legend to different locations relative to the chart area and to format the
legend’s appearance including its size, fill color, and font styles.

Editing Plot Symbols

As with other parts of the chart, Excel allows the user to modify the display
of the plot symbols. By default, Excel uses a blue diamond as the plot sym-
bol. You’ll change this to an empty circle. There is no button on the Chart
Tools ribbon to modify the appearance of the symbols; instead you must se-
lect the symbols and format them using the Format Selection button on the
Layout tab. Try this by changing the appearance of the scatter plot points to
empty circles.

To change the plot symbol:

| Click any of the plot symbols in the scatter plot. Selection handles
will appear around all of the scatter plot data points.

2 Click the Format Selection button from the Current Selection group
on the Layout tab of the Chart Tools ribbon. Excel opens the Format
Data Series dialog box.

The Format Data Series dialog box is divided into different tabs that
allow you to format the appearance of the plot symbols used in the
selected data series.

3  Click the Marker Options tab and then click the Built-in option but-
ton. Click the Type drop-down list box and select the circle symbol.

4  Click the Size list box and increase the circle size to 10. Figure 3-18
shows the selected options from the dialog box.
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Figure 3-18
Selecting a
plot symbol

~N oMt

Click the Marker Fill tab and then click the No fill option button.
Click the Close button to accept the changes to the plot symbols.

Click outside of the chart sheet to deselect. Figure 3-19 shows the
revised appearance of the graduation chart.

Chapter 3 Working with Charts 103



Figure 3-19

Revised

symbols for the
graduation chart
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EXCEL TIPS

X3 e Excel has several different built-in chart layouts for making
. quick changes to several chart objects at the same time. You can
view a gallery of the chart layouts by clicking the Chart Layouts
button located on the Design tab of the Chart Tools ribbon.

¢ You can change the type of chart displayed by Excel by selecting
a chart and then clicking the Change Chart Type button located
in the Type group of the Design tab in the Chart Tools ribbon.
The Change Chart Type will then display a list of all chart types
and chart templates stored on your computer.

e If you want to reuse all of the formatting choices you made for
your chart in future charts, you can save your chart as a template
by clicking the Save As Template button from the Type group on
the Design tab of the Chart Tools ribbon.

Now that you’ve formatted the chart, interpret the scatter plot you’ve
created. One of the questions you were asking was What is the relation-
ship (if any) between the average SAT score of a freshman class and its
eventual graduation rate? You can now put forward one hypothesis:
Higher average SAT scores seem to be associated with higher graduation
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rates. That’s not surprising, but there are a couple of exceptions to that
relationship. For example, a freshman class of students at one univer-
sity showed an average SAT score of 1140 with a graduation percentage
of 58%, which might be lower than would be expected on the basis of
the graduation rates for the other universities with similar average SAT
scores. Which university is it?

Identifying Data Points

Figure 3-20
Screen tip
identifying

a data point

When you plot data, you often want to be able to identify individual points.
This is particularly important for values that seem unusual. In those cases, you
might want to go back to the source of the data and check to see whether there
were any anomalies in how the data were collected and entered. You may have
already noticed that if you pass your mouse cursor over the selected data points
in the BigTen scatter plot, a screen tip appears to identify the data series name
as well as the pair of values used in plotting the point (see Figure 3-20).

Big Ten Graduation Percentages

Graduation Percent age

Calculated SAT Values

Although this information is interesting and potentially helpful, it doesn’t
tell you more about the source of the data point. For example, which uni-
versity supplied this particular combination of SAT score and graduation
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percentage? One way to find out is to compare the values given in the pop-
up label with the values in the worksheet. For example, you could return to
the Grad Percents worksheet to see that the point identified in Figure 3-20
is from the University of Minnesota (MINN), whose freshman class had an
SAT average of 1140 and an eventual graduation rate of 58%. In this fashion
you could continue to compare values between the chart and the worksheet,
finding out which university is associated with which data point. Of course,
this is time consuming and impractical, especially for larger data sets. Excel
doesn’t provide any other method of identifying specific points, but the Stat-
Plus add-in that comes with this book does provide some additional com-
mands for this purpose (if you haven’t installed StatPlus, please read the
material in Chapter 1 about StatPlus and installing add-ins).

Selecting a Data Row

One of the StatPlus commands you can use to identify a particular row is
the Select Row command. This command works only if your data values
are organized into columns. To use this command, you select a single point
from the chart and then click Select Row from the StatPlus menu. Try this
now and identify the university that had the highest graduation percentage
in the Big Ten.

To select a data row:

| Click a data point in the scatter plot in order to select the entire data
series.

2 Click the plot symbol highlighted in Figure 3-20 where the SAT
value is equal to 1140 and the graduation percentage is equal to 58.
Now only that plot symbol should be selected and none of the other
symbols.

3  Click StatPlus from the Menu Commands group on the Adds-Ins
tab.

4 Click Select Row from the StatPlus menu.

The eighth row should now be highlighted, indicating that the Uni-
versity of Minnesota (MINN) is the university that had the highest
graduation percentage in the Big Ten (see Figure 3-21).
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Figure 3-21
Selecting

the data row
for a plot
point

5

Click cell A1 to remove the highlighting.

Labeling Data Points

You can also use the StatPlus add-in to attach labels to all of the points in
the data series. These labels can be linked to text in the worksheet so that if
the text changes, the labels are automatically updated. Use StatPlus now to
add the university name to each point in the chart.

To add labels to the chart:

Return to the Graduation Chart chart sheet and then click outside of
the chart to deselect it.

Click a plot symbol from the chart again to reselect all of the plot
symbols.

Click Label series points from the StatPlus menu located in the
Menu Commands group on the Adds-Ins tab. Excel opens the Label
Point(s) dialog box.

Most StatPlus commands give you the choice of entering range
names or range references. Because range names have already been
created for this workbook, you can select the appropriate range
name from a list box. In this case, you’ll use the text entered into the
University column from the worksheet.

Click the Labels button to open the Input Options dialog box and then
click the Use Range Names option button, if necessary, to select it.

Scroll down the list box and click University and then click the OK
button.

Click the Link to label cells checkbox.
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By linking to the label cells, you ensure that any changes you make
to text in the University column will be automatically reflected in
the labels in the scatter plot.

Click the OK button.

Click outside the chart to deselect. Your chart should resemble the
one shown in Figure 3-22.

0 N

Figure 3-22
|dentifying Big Ten Graduation Percentages
plot points by
university
5
[ .
E L
|
L
Caltulited SAT Values
STATPLUS TIPS

e If you want to use the same text font and format in the worksheet
and in the labels, click the Copy label cell format checkbox in
the Label Point(s) dialog box.

e If you want to replace the plot symbols with labels, click the
Replace points with labels checkbox in the Label Point(s) dialog
box. Be aware, however, that once you do this, you cannot go
back to displaying the plot symbols.

e To label a single point rather than all of the points in the data
series, select only a single plot symbol and then apply the Label
Point(s) command from the StatPlus menu.
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When you label every data point, there is often a problem with overcrowd-
ing. Points that are close together tend to have their labels overlap, as is the
case with the Iowa, Ohio State, and Purdue labels in Figure 3-22. This is not
necessarily bad if you're interested mainly in points that lie outside the norm.

Formatting Labels

You’ve learned that the Big Ten university that has a low graduation rate
for its students relative to the average SAT score of its freshman class is
Minnesota. You might wonder why its graduation rate is so much lower
than the rates for the other universities. On the basis of the values in the
chart, you would expect a graduation rate between 65 and 75% for an aver-
age SAT score of around 1140, not one as low as 58%. Perhaps it is because
Minneapolis—St. Paul is the largest city among Big Ten towns, and students
might have more distractions there, or the composition of the student body
might be different. Columbus is the next largest city, and Ohio State is next
to last in graduation rate with 66%, which seems to verify this hypothesis.
On the other hand, Northwestern is in Evanston, right next door to Chicago,
the biggest midwestern city, so you might expect it to have a low graduation
rate too. However, Northwestern is also a private school with an elite stu-
dent body and high admission standards and has a graduation rate of 93%.
Minnesota’s graduation rate still seems curious. You decide to mark this
point for further study by changing the color of the label to boldface red.

To format a label:

| Click any label in the chart to select all of the labels in the data
series.

Note that selection handles appear around each label. If you wanted to
format all of the labels simultaneously, you could do this by applying
any of Excel’s formatting commands to this selected group. To format a
single label, you have to select it again from the group of labels.

2 Click the MINN label.

The selection label is now limited to only the Minnesota point.

3 Click the Font Color button ' from the Font group on the Home
tab and change the font color to red (the second entry in the list of
standard colors).

Click the Bold button » from the Font group.

Click outside the chart to deselect it. The format of the MINN data
label should now be boldface red.

%2 I N
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o * You can also select and format your data labels by clicking the
- Data Labels button located in the Labels group of the Chart Lay-
out tab.

Creating Bubble Plots

Let’s examine another possible impact on the graduation rate. The data set
also includes the percentage of all freshmen who graduated in the top 25%
of their high school class. We could create a scatter plot of the Graduated
column values versus the Top 25% column values. However it may be more
instructive to include the calculated SAT values in the chart. One way of
observing the relationship among the three variables is through a bubble
plot. A bubble plot is similar to a scatter plot, except that the size of each
point in the plot is proportional to the size of a third value. In this case,
we’ll create a bubble plot of graduation rate versus SAT average, the size
of each plot symbol being determined by the percentage of incoming fresh-
men who graduate in the top 25% of their class. Note that we won’t prove
that this value affects the graduation rate; we are merely exploring whether
there is graphical evidence to suggest such a relationship. Bubble plots are
another chart type supported by Excel and can be easily created using the
Insert tab.

To insert a bubble plot:

| Return to the Grad Percents worksheet and select the nonadjacent
cell range D1:E12;K1:K12.

The order of the columns is important in a bubble plot. The values
for the x axis should be listed first, then the values for the y axis, fol-
lowed by the values that determine the size of the plot bubbles.

2  Click the Insert tab and then click the Other Charts button from the
Charts group on the ribbon; then as shown in Figure 3-23, select the
first Bubble chart option from the menu.
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Figure 3-23
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Excel inserts the unformatted bubble plot as an embedded chart on
the Grad Percents worksheet (see Figure 3-24).

Figure 3-24
The initial .'.-'. - g 1o Geadudbon Chast siss - ML fscel it Tt . -. =
bubble

plot as an
embedded
chart object

¥
[ G H | 4 K L "]
White Males  Black Uales White Fernales Black Females Enroliment Top 25% Top 25 Raw I
o 2 n 3]

ms2 6 = 80% |
&1 % % [ -3 F1R ] 57 < B0 |
61 ] " S K 8 < B0% |
™ ] ] & M 9 2= 0% |
1] n L1 & nmns &7 « % |
(31 n n 55 26189 M« 0% |
10,083 7 »= b |
ated LRTR] B < BO% |
Gradu 1284 8 2= 0% |

™ B89 61 < B0%

a5 a1 »u 0%

* Gradusted |

i
u

Arprage S0 00000N1  Count M um 4RI

Chapter 3 Working with Charts 111



As you did earlier in creating the scatter plot, you now have to format the
appearance of the chart to make it easier to interpret and understand. You’ll
move the chart to its own chart sheet, add titles, and change the axis scales.

To format the bubble plot:

With the chart still selected click the Move Chart button located in
the Location group of the Design tab under the Chart Tools ribbon.

Click the New Sheet option button in the Move Chart dialog box,
enter Bubble Chart in the New Sheet text box and then click the OK
button.

Click the chart title and change it from Graduated to Graduation
Rates for Different Top 25 Percent Rates.

Click the Legend button from the Labels group on the Layout tab
of the Chart Tools ribbon and then click None to remove the chart
legend.

Click the Axis Title button from the Labels group, click Primary
Horizontal Axis and then click Title Below Axis. Type Calcu-
lated SAT Values for the horizontal axis title. Set the font size to
14 points.

Click the Axis Title button again from the Labels group, click
Primary Vertical Axis, and then click Rotated Title. Type Graduation
Percentages for the vertical axis title. Set the font size to 16 points.

Now change the scale of the horizontal axis to go from 1000 to 1500
in intervals of 50 points.

Click the Axes button from the Axes group on the Layout tab of the
Chart Tools ribbon and then click More Primary Horizontal Axis
Options.

Within the Axis Options tab, set the Minimum fixed value to 1000,
the Maximum fixed value to 1500, and the Major Unit value to 50.
Click the Close button.

Change the scale of the vertical axis to range from 50 to 100 in steps
of 5.

Click the Axes button and then click More Primary Vertical Axis
Options. Within the Axis Options tag of the Format Axis button set
the Minimum value to 50, the Maximum value to 100, and the Major
Unit value to 5. Click the Close button.
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Figure 3-25

The initial
bubble plot as an
embedded chart
object

Figure 3-25 shows the current appearance of the bubble plot.

Graduation Percentages

Graduation Percentages for Different Top 25 Percent Rates

1 1159 ] n 1m0 me 1400 e HES

Calculated SAT Vialues

The default appearance of the bubble symbols makes it difficult to sepa-
rate one bubble from another. You can modify the plot symbols to make the
chart easier to read and interpret.

To format the bubble symbols:

Click one of the bubbles in the chart to select all of the bubble
symbols.

Click the Format tab from the Chart Tools ribbon and then click the
Format Selection button from the Current Selection group.

Excel opens the Format Data series dialog box. Click the Fill tab and
then click the Color button s - and select Yellow from the list of
standard colors.

Fill colors are, by default, solid; but you can allow them to become
partially transparent so that overlapping bubbles can be distin-
guished from one another. Drag the Transparency slider located
below the Color button to the value 66%. Figure 3-26 shows the
modified fill color scheme for the bubbles.
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5 You still need to specify a border color for the different bubbles so
that you can see where one bubble begins and the others end. Click
the Border Color tab and then click the Solid line option button.

6 Click the Close button and then deselect the chart. The revised chart
appears in Figure 3-27.
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Figure 3-27
Revised
bubble plot
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The area of each bubble in the plot is proportional to the percentage of in-
coming freshman-athletes who graduated in the top 25% of their class. You
can change this so that the width of each bubble is proportional to that value.
In some situations, this works better in displaying differences between one
data point and another. You can also make the bubbles smaller so that there
is less overlap. Investigate the effect of changing the bubble symbol size on
the appearance of your chart.

To change the bubble size:

| Click one of the bubbles in the chart to select all of the bubble
symbols again.

2  Return to the Format Data series dialog box by clicking the Format
tab from the Chart Tools ribbon and then click the Format Selection
button from the Current Selection group.

3 1t necessary click the Series Options tab and then click the Width
of bubbles option button and enter 50 in the Scale bubble size to
input box. This will reduce the width of the bubbles to 50% of their
default size (see Figure 3-28).
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4 Click the Close button and then deselect the chart. The final appear-
ance of the bubble chart is shown in Figure 3-29.
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Figure 3-29
Final Graduation Percentages for Different Top 25% Rates
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Let’s evaluate what we’ve created. In interpreting bubble plots, the stat-
istician looks for a pattern in the distribution of the bubbles. Are bubbles of
similar size all clustered in one area on the plot? Is there a progression in
the size of the bubbles? For example, do the bubbles increase in size as we
proceed from left to right across the plot? Is there a bubble that is markedly
different from the others? In this plot, we notice immediately that the smaller
bubbles seem to be clustered more toward the left end of the plot. This would
indicate that schools which have a lower percentage of incoming freshmen
that graduate in the top quarter of their class also tend to have a lower ulti-
mate graduation rate. However, it’s also interesting that the bubble represent-
ing Minnesota is slightly larger than its surrounding bubbles indicating that
we probably cannot argue that Minnesota’s lower graduation rate is due to a
lower number of incoming students who graduated in the top quarter of their
class. We would probably have to do further research to discover a reason
from Minnesota’s slightly lower graduation rate.

Breaking a Scatter Plot into Categories

Bubble plots have the problem that it is not always easy to compare the
relative sizes of different bubbles, so another approach we can take is to
divide the universities into categories, plotting universities from different
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Figure 3-30
Moving or

copying a
chart sheet

categories with different symbols. For example we can divide the universi-
ties into two groups: one in which the percentage of freshmen who gradu-
ated in the upper quarter of their class is less than 80% and another group
consisting of schools in which 80% or more of freshmen graduated in the
upper quarter of their high school class.

To do this with Excel, you have to copy the values for these universities
into two separate columns and then recreate the scatter plot, plotting two data
series instead of one. That can be a time-consuming process. To save time, you
can use StatPlus to break the scatter plot into categories for you. You'll try this
now, using the Top 25 Rate column to determine the category values (<80% or
>=80%). First, you’ll make a copy of the scatter plot you created earlier.

To copy the scatter plot:

| Right-click the Graduation Chart sheet tab and select Move or Copy

from the pop-up menu that appears. Excel opens the Move or Copy
dialog box.

2 Click the Create a copy checkbox and select Bubble Chart from the
list of chart sheets as shown in Figure 3-30.
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3 Click the OK button.

Excel inserts a new chart sheet named Graduation Chart (2) directly
before the Bubble Chart chart sheet.

4 Click anv one of the plot symbol labels to select them all and then
y p y
press the Delete key.
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The plot labels disappear (you won’t be using them in the plot you’ll cre-
ate next). Now, break the points in the scatter plot into two categories on the
basis of the values in the Size column.

To break the scatter plot into categories:
| Click Display series by category from the StatPlus menu located in
the Menu Commands group on the Add-Ins tab.
Click the Categories button.

Verify that the Use Range Names option button is selected, click
Top_25_Rate from the list of range names, and click OK.

Click the Bottom option button to display the categories’ legend at
the bottom of the scatter plot.

vi Hh WN

Click the OK button. Figure 3-31 displays the scatter plot broken
down by categories.

Figure 3-31
Breaking Big Ten Graduation Percentages
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¢ Once you break a scatter plot into categories, you cannot go back
to the original scatter plot (without the categories). If this is a prob-
lem, create a copy of the scatter plot before you break it down.

e If your chart contains several data series, you can choose which
series to break down into categories by selecting the series name
from the Select a Series drop-down list box in the Display by
Series Category dialog box.

With the data series now broken down into categories, we can compare
the universities’ graduation rates on the basis of the high school perfor-
mance of its incoming freshman students. On the basis of the chart, we
quickly see that schools in which 80% or more of the incoming freshmen
graduate in the upper quarter of their high school have higher graduation
percentages whereas those schools in which less than 80% of incoming
freshmen graduate in the upper quarter see a lower percentage of those stu-
dents graduate.

So we have two predictors of graduation percentage. One is the calculated
SAT score, and the other is percentage of incoming freshmen that graduate
in the upper 25% of their class. Notice, however, that within each category
(<80% and >=80%), there does not seem to be a clear trend based on cal-
culated SAT values.

Essentially both measures are telling us the same general thing: uni-
versities that attract better student athletes will also have higher gradua-
tion percentages. That’s not surprising. What might be useful, however, is
determining which of the calculated SAT score or the high school gradu-
ation ranking is the better predictor. That is not something we can easily
determine from the chart. To answer that question, we have to perform a
statistical analysis of the data, which we’ll do in a future chapter.

There are other factors which we haven’t investigated. Does the size or
the location of the school matter? Does it make a difference if the university
is a public or private institution? And we have to be aware that we are only
looking at a sample of 11 universities; we don’t know if any of our conclu-
sions can apply to another sample of schools. All of these are questions for
future study.

Plotting Several Variables

Before finishing, let’s explore one more question. The data include gradu-
ation rates for the athletes in the freshman class broken down by gender
and race. How do these graduation rates compare? A scatter plot displaying
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Figure 3-32
Plotting
the white
male and
female
graduation
rates

these results needs to have several data series. You can create such a scatter
plot by simply selecting additional columns of data to be plotted on the
y axis of the chart. In this example you’ll plot the graduation rates for white
male and female athletes.

To create the scatter plot:

| Return to the Grad Percents worksheet and select the nonadjacent
cell range D1:D12;F1:F12;H1:H12.

2  Click the Scatter button from the Charts group on the Insert tab and
then click the first Scatter subtype, displaying a scatter plot with
only markers. Excel inserts an embedded scatter plot as shown in
Figure 3-32.

3 Move the scatter plot to its own chart sheet named Graduation Chart
by Gender.

4  Excel does not automatically add a chart title when there is more
than one data series being plotted. To insert a title, click the Chart
Title button located in the Labels group of the Layout tab on the
Chart Tools ribbon and then click Above Chart. Enter Graduation
Percentage by Gender for the title.
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Figure 3-33
Breaking the
scatter plot
into categories

5 as you did for the other scatter plots, change the title of the x axis to
Calculated SAT Values and the title of the y axis to Graduation Percent-
ages. Set the font size of the titles to 14 points and 16 points respectively.

6 Change the scale of the x axis to range from 1000 to 1500 in intervals
of 50 points. Change the scale of the y axis to range from 50 to 100 in
intervals of 5 points.

7  Click the Gridlines button from the Axes group on the Layout tab
of the Chart Tools ribbon and then click Primary Vertical Gridlines
and Major Gridlines to add gridlines to the chart. Figure 3-33 shows
the final formatted version of the scatter plot.

Graduation Percentage by Gender

Graduation Percentages
I

Caleulatied SAT Values

The scatter plot shows that the white female athletes generally have higher
graduation rates than the white male athletes. Does this tell us something
about white female and male athletes? Perhaps, but we should bear in mind
that this chart plots the average graduation rates for these two groups against
the average SAT score for the entire class of incoming freshmen. We don’t
have data on the average SAT score for incoming freshman male athletes or
incoming freshman female athletes. It’s possible that the female athletes also
had higher SAT scores than their male counterparts, and thus we would ex-
pect them to have higher graduation rates. On the other hand, if their SAT
scores are comparable, we might look at the college experiences of male and
female athletes at these universities to see whether this would have an effect
on graduation rates. Are the demands on male athletes different from those
on female athletes, and does this affect the graduation rates?
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STATPLUS TIPS

* You can quickly create your own scatter plots using StatPlus. To
create a scatter plot with the add-in, click Single Variable Charts
and then Fast Scatterplot from the StatPlus menu.

e In the same way you can quickly create your own bubble plots
using StatPlus. To create a bubble plot, click Multi-Variable
Charts and then Fast Bubble Plot from the StatPlus menu.

You've completed your work on the Big Ten scatter plots. You can now
close the workbook, saving your changes.

Exercises

1. You decide to investigate whether there
is any relationship between the gradu-
ation rate for student athletes and the
race of the athlete. To do this, open the
Big Ten workbook you examined in
this chapter and perform the following
analyses:

a. Open the Big Ten workbook from the
Chapter02 folder and save it as Big
Ten Graduation by Race.

b. Create a scatter plot with the calcu-
lated SAT score on the x axis and the
white male and black male gradua-
tion rates on the y axis. Title the chart
Graduation Percentages by Race.
Title the y axis Graduation Percent-
ages and the x axis Calculated SAT
Values. Move your scatter plot to a
chart sheet named Male Graduation
by Race.

c. Edit the scale of the x and y axes to
reflect the range of data values.

d. Add labels to the scatter plot, iden-
tifying each university. Compare the
black male graduation rate for each
university to the corresponding white
male graduation rate. What do you
observe?

e. Repeat your analysis, this time
comparing female graduation rates
by race. Save your graph on a chart
sheet named Female Graduation
by Race.

f. Save your workbook and write
a brief report summarizing your
observations.

.In the 1980s female professors at a

junior college sought help from statisti-
cians to show that they were underpaid
relative to their male counterparts. The
legal action was eventually settled out
of court. Investigate their claim by creat-
ing scatter plots of the salary data they
acquired for their case.

a. Open the Junior College workbook
from the Chapter02 folder and save it
as Junior College Salary Charts.

b. Create a scatter plot with Salary on
the y-axis and Years on the x-axis.
Title the scatter plot Employee
Salaries. Title the y axis Salary and
the x axis Years Employed. Remove
the legend and gridlines from the
plot. Save the plot as a chart sheet
named Salary by Gender Chart.
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c. Break the scatter plot points into
two categories on the basis of gen-
der. Does the plot suggest that male
salaries tend to be higher than female
salaries for comparable years of
employment?

d. Examine the list of other variables
in the workbook. Are there other
variables in that list which should be
taken into account before coming to
a conclusion about the relationship
between gender and salary?

e. Save your workbook and write
a report summarizing your
observations.

. Admission decisions to colleges
are often partly based on ACT math
scores and high school rank with the
expectation that these scores are related
to success in college. Is this always the
case and is gender a factor? You’ve been
provided with a data set to investigate
this question. The data set contains
columns for gender, high school rank
(HS Rank), American College Testing
Mathematics test score (ACT Math), and
an algebra placement test score (Alg
Place) from the first week of class and
the final first semester calculus grades
(Calc) for a group of students [see Edge
and Friedberg (1984)]. Graph the data to
investigate what kind of relationships
appear to exist between the variables.

a. Open the Calculus workbook from
the Chapter03 folder and save it as
Calculus ACT Charts.

b. Create a scatter plot, on a separate
chart sheet, plotting Calc on the y axis
and ACT Math on the x axis. Label
the axis appropriately. How strong
does the relationship between the
ACT Math score and the first semester
calculus score appear to you?

c. Break down the scatter plot by gender.
Is there evidence of a difference in
calculus scores based on gender?

d. Repeat steps a through c for a scatter
plot relating calculus grades to the
algebra placement test.

e. Save your workbook and then write
a report summarizing your findings.

. You've been given a data set contain-

ing the mass and volume measurements
from eight chunks of aluminum as
recorded in a high school chemistry lab.
Graph and examine their findings.

a. Open the Aluminum workbook from
the Chapter03 folder and save it as
Aluminum Chart.

b. Create a scatter plot with mass values
on the y axis and volume values on
the x axis. Add major gridlines for
both the x axis and the y axis.

c. Examine your chart. There should be
a data value that appears out of place.
Mark this point by changing the plot
symbol used for that point to a differ-
ent color from the rest of the points.

d. Do the other points seem to form
a nearly straight line? The ratio of
mass to volume is supposed to be a
constant (the density of aluminum),
so the points should fall on a line
through the origin. Draw the line,
and estimate the slope (the ratio of
the vertical change to the horizontal
change) along the line. What is your
estimate for the density of aluminum?

e. Save your workbook and write a
report summarizing your findings.

. You've been asked to investigate the

relationship between protein and carbo-
hydrates in several brands of wheat cere-
als and breads. Data taken from a trip to
a local grocery store has been recorded
and saved for you.

a. Open the Wheat workbook from the
Chapter03 folder and save it as Wheat
Charts.

b. Create a scatter plot with Protein on
the y axis and Carbo on the x axis.
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Label the axes appropriately. Save the
chart into a chart sheet named Protein
Chart.

. Label each point in the scatter plot

with its food name.

. Create a bubble plot of protein versus

carbohydrates with the size of the
bubble determined by the amount

of sugar contained in each product.
Format the chart to make it easy to
read and interpret. Which plot points
show the largest bubbles (and thus the
largest sugar content) and what food
do they represent?

. Sugar does not contain protein.

Explain how this fact is reflected in
the placement of the two food prod-
ucts with the largest sugar content in
the bubble plot you just created.

Save your workbook and write a
report summarizing your observations
from the graph you created.

.How well does a player’s salary match
up with his career batting average?
You’ve been given performance and
salary data of major league players from
the beginning of the 2007 season (non-
pitchers only). Analyze the relationship
between performance and pay.

a.

Open the Baseball workbook from
the Chapter03 folder and save it as
Baseball Salaries Chart.

. Create a scatter plot with salary on

the y axis and career batting average
(AVG) on the x axis. Label the axis
appropriately and save the plot in a
chart sheet named Salary Chart

vs. AVG.

. Change the lower range of the x axis

scale to 0.15.

. Identify on the plot the last name of

the player with the highest salary.
How does this player’s batting average
compare to the other players in the
sample?

e. Salary values can vary in magnitude

from around 200,000 up to more

than 20,000,000. You can adjust for
this scatter by plotting the data on a
logarithmic chart. Copy your chart
sheet to a new sheet named Salary Log
Chart and then change the property of
the vertical axis to show the axis with a
log scale over a range from 300,000 up
to 30,000,000. How does the log scale
affect the vertical scatter of the data?

. Create a scatter plot of salary vs. home

runs (HR). Save the chart on a chart
sheet named Salary Chart vs. HRs.
Compare this chart to the one you
created in the Salary Chart vs. AVG
sheet. Which chart shows the stron-
ger relationship? Which do owners
appear to value more: batting average
or homeruns?

. There is a player in your chart who

appears to be underpaid for the
number of homeruns hit. Identify this
player. Examine how many seasons
the player has been in the league.
Explain how this could have affected
his salary value.

. Create a bubble plot of salary vs. bat-

ting average on a new chart sheet
named Salary vs. Avg Bubble Chart
with the values of the HR column

to determine the size of each bubble
(Note: Due to the order of the columns
in the Player Data worksheet, you can
more easily create the bubble plot
using the StatPlus Fast Bubble Plot
command available under Multi-
variable Charts menu). Set the scale of
the x-axis to range from 0.15 to 0.35

in intervals of 0.05. Display the y-axis
on a log scale ranging from 300,000 to
30,000,000. Make the bubble symbols
partly transparent with the width of
the bubble scaled down to 25. Based
on your bubble plot where are the larg-
est bubbles (and thus the players with
the most home runs) concentrated?
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i. There appears to be a player whose
reported salary is lower than expected
for his combination of batting average
and homeruns. Identify that player.

j. Save your workbook and write a
report summarizing your observa-
tions. Which is more important
in determining the player salary:
homeruns or batting average?

7. Working at the Bureau of Labor
Statistics, James Longley tracked several
variables related to the United States
economy from 1947 to 1962. Study the
data he collected.

a. Open the Longley workbook from the
Chapter03 folder and save the work-
book as Longley Graph.

b. The workbook has seven columns
related to the economy. The Total col-
umn displays the total U.S.
employment in thousands. The Arm-
force column displays the total number
of people in the armed forces, listed
again in thousands. Create a scatter
plot of Total versus Armforce. Label
and scale the chart appropriately.

c. Add labels to each plot point indicat-
ing the year in which the datum was
recorded.

d. Four points on the lower left of the
scatter plot stand out. Examine the
economic and political history of the
era to explain why these values are so
distinct from all of the others.

e. Aside from the four points in the
lower left corner of the plot, describe
the general relationship between
total employment and the number of
people in the armed forces.

f. Save your workbook and write
a report summarizing your
observations.

. What is the relationship between race
results and reaction time (the time it
takes for the runner to leave the starting

block after hearing the sound of the
starting gun)? You’ve been given a work-
book containing the race results and
reaction times from the first round of
the 100-meter heats at the 1996 Summer
Olympic games in Atlanta. Graph the
data to investigate the effect that reac-
tion time has on race results.

a. Open the Race workbook from the
Chapter03 folder and save it as Race
Graphs.

b. Create a scatter plot of race time
versus reaction time. Label and scale
the chart appropriately. Do you see a
trend that would indicate that runners
with faster reaction times have faster
race times?

c. There is a point that lies away from
the others. Identify the runner corre-
sponding to this point.

d. Copy your chart to another chart sheet
and then rescale the axes, setting the
x axis range to 0.12 to 0.24 seconds
and the y axis scale to 9.5 to 12.5
seconds. Is there any more indication
that a relationship exists between
reaction time and race time?

e. Save your workbook and write a
summary including a comment on
how the scale used in plotting data
can affect your perception of the
results.

. The Cars workbook contains informa-

tion on car models from Consumer
Reports®, 2003—2008. Data in the
workbook include the miles per gallon
(MPG) of each car as well as the time to
accelerate from 0 to 60, weight, horse-
power, price, etc. See Exercise 10 of
Chapter 2.

a. Open the Cars workbook from the
Chapter03 folder and save it as Car
Graphs.

b. Create a scatter plot on a separate
chart sheet of MPG (on the y-axis)
versus horsepower (on the x-axis).
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10.

c. Label the points that are highest
in MPG as measured by the height
above the average MPG for those with
around the same horsepower. Label
each of these points with the Model
(make sure that you select only these
points rather than all of the points—
or else you’ll wait a long time for all
of the labels to be added to the scatter
plot). What do these cars have in com-
mon? (Hint: Each does not have just
a traditional gasoline engine). Print
your chart.

d. Copy your scatter plot to a second
chart sheet. Break down the plot
by company region. Do you see a
relationship between Region and
MPG? Which region has lowest
MPG, on the average, for each given
horsepower?

e. Create a bubble plot on a separate
chart sheet with MPG on the y-axis,
horsepower on the x-axis and the size
of each bubble determined by the
price of the car.

f. Rescale the bubbles to 50% of the
default and relate the size of the price
column to the width of the bubbles.
Print the chart.

g. Is the price of the car related to the
horsepower and the gas mileage?
How? Describe the relationship and
explain why it should be expected.
Print the rescaled chart. Save your
changes to the workbook.

Voting results for two presidential elec-
tions have been recorded for you in an
Excel workbook. The workbook contains
the percentage of the vote won by the
Democratic candidate in 1980 and 1984,

broken down by state. Graph and ana-
lyze the results.

a.

Open the Voting workbook from the
Chapter03 folder and save it as Voting
Graphs.

. Create a scatter plot of Dem1984

versus Dem1980 on a separate chart
sheet.

. Rescale the axes so that the minimum

value for the x-axis and the y-axis is
20 and the maximum value is 60.

. Examine the scatter plot. Does the

voting percentage in 1984 generally
follow the voting percentage from
19807 In other words, if the Demo-
cratic candidate received a large per-
centage of the vote from a particular
state in 1980, did he or she do as well
in 19847

. In one state, the candidate had a large

percentage of the vote in 1980 (above
55%) but a small percentage of the vote
in 1984 (about 40%). Identify this state.

. Create a copy of the scatter plot on a

separate chart sheet. Break down this
new scatter plot by region.

Examine the location of the southern
states in the scatter plot. Do they fol-
low the general pattern shown by

the other points in the plot? Interpret
your answer in light of what you
know of the 1980 and 1984 elections.
(Hint: Consider whether the fact that the
1980 election involved a southern Dem-
ocratic candidate and the 1984 election
involved a midwestern Democratic
candidate caused a change in the voting
percentages of the southern states.)

. Save your workbook and write a

report summarizing your conclusions.
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Chapter 4

DESCRIBING YOUR DATA

Objectives

In this chapter you will learn:

About different types of variables

How to create tables of frequency, cumulative frequency, percentages,
and cumulative percentages

How to create histograms and break histograms down by groups
About creating and interpreting stem and leaf plots
How to calculate descriptive statistics for your data

How to create and interpret box plots
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describe and summarize the values in a data set. You’ll work with
frequency tables in order to see the range of values in your data.
You’ll use graphical tools like histograms, stem and leaf plots, and

boxplots to get a visual picture of how the data values are distributed.
You’ll learn about descriptive statistics that reduce the contents of your
data to a few values, such as the mean and standard deviation. Applying
these tools is the first step in the process of evaluating and interpreting
the contents of your data set.

C hapter 4 introduces the different tools that statisticians use to

Variables and Descriptive Statistics

In this chapter you’ll learn about a branch of statistics called descriptive
statistics. In descriptive statistics we use various mathematical tools to
summarize the values of a data set. Our goal is to take data that may con-
tain thousands of observations and reduce it to a few calculated values. For
example, we might calculate the average salaries of employees at several
companies in order to get a general impression about which companies pay
the most, or we might calculate the range of salaries at those companies to
convey the same idea.

Note that we should be very careful in drawing any general conclusions
or making any predictions on the basis of our descriptive statistics. Those
tasks belong to a different branch of statistics called inferential statistics,
a topic we’ll discuss in later chapters. The goal of descriptive statistics is
to describe the contents of a specific data set, and we don’t have the tools
yet to evaluate any conclusions that might arise from examining those
statistics.

When descriptive statistics involve only a single variable, as they will
in this chapter, we are employing a branch of statistics called univariate
statistics. Now we’ve used the term variable several times in this book.
What is a variable?

A variable is a single characteristic of any object or event. In the last
chapter, you looked at data sets that contained several variables describing
graduation rates of the Big Ten universities. Each column in that worksheet
contained information on one characteristic, such as the university’s name
or total enrollment, and thus was a single variable.

Variables can be classified as quantitative and qualitative. Quantitative
variables involve values that come in meaningful (not arbitrary) num-
bers. Examples of quantitative variables include age, weight, and annual
income—anything that can be measured in terms of a number. The number
itself can be either discrete or continuous. Discrete variables are quantita-
tive variables that assume values from a defined list of numbers. The num-
bers on a die come in discrete values (1, 2, 3, 4, 5, or 6). The number of
children in a household is discrete, consisting of positive integers and zero.
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Continuous variables, on the other hand, have values from a wide range of
possible values. An individual’s weight could be 185, 185.5, or 185.5627
pounds. To be sure, there is some blurring in the distinction between dis-
crete and continuous variables. Is salary a discrete variable or a continu-
ous variable? From one point of view, it’s discrete: The values are limited
to dollars and cents, and there is a practical upper limit to how high a
specific salary could go. However, it’s more natural to think of salary as
continuous.

The second type of variable is the qualitative variable. Qualitative or
categorical variables are variables whose values fall into some category,
indicating a quality or property of an object. Gender, ethnicity, and prod-
uct name are all examples of qualitative variables. Qualitative variables are
generally expressed in text strings, but not always. Sometimes a qualita-
tive variable will be coded using numerical values. A common “gotcha”
for people new to statistics is to analyze these coded values as quantitative
variables. Consider the qualitative data values from Table 4-1.

Table 4-1 Qualitative Variables

ID

3458924065
4891029494
3489109294

Gender (0 = male; Ethnicity (0 = Caucasian, 1 = African
1 = female) American; 2 = Asian; 3 = Other)

1 0

0 3

0 1

Now all of these values were entered as numbers, but does it make sense
to say that the average gender is 1?7 Or that the sum of the ethnicities is 47
Of course not, but if you’re not careful, you may find yourself doing things
like that in other, more subtle cases. The point is that you should always un-
derstand what type of variables your data set contains before applying any
descriptive statistic.

Qualitative variables can be classified as ordinal and nominal. An
ordinal variable is a qualitative variable whose categories can be put into
some natural order. For example, users asked to fill out a survey ranking
their product satisfaction may enter values from “Not satisfied” all the way
up to “Extremely satisfied.” These values are categorical values, but they
have a clear order of ascendancy. Nominal variables are qualitative vari-
ables without any such natural order. Ethnicity, state of residence, and gen-
der are all examples of nominal variables. Table 4-2 summarizes properties
of the different types of variables we’ve been discussing.
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Table 4-2  Summary of variable properties

Quantitative
Variables whose values come in
meaningful (not arbitrary) numbers

Qualitative
Variables whose values fall
into categories

Discrete
Quantitative variables whose values derive
from a list of specific numbers

Continuous
Quantitative variables that can assume values from
within a continuous range of possible values

Ordinal
Qualitative variables whose categories can be
assigned some natural order

Nominal
Qualitative variables whose categories cannot be
put into any natural order

In this chapter, we’ll work primarily with continuous quantitative vari-
ables. You’ll learn how to work with qualitative variables in Chapter 7,
where you work with tables and categorical data.

Frequency Tables

You’ve been asked to analyze the history of housing prices in the Southwest
and have been given a random sample from the records of resales of homes in
Albuquerque, New Mexico, from 2/15/1993 through 4/30/1993 (Albuquerque
Board of Realtors). The variables in this data set have been placed in an Excel
workbook with the range names and descriptions shown in Table 4-3.

Table 4-3  Housing Data Set

Range Name Range
Price A2:A118
Square_Feet B2:B118
Age C2:C118
Features D2:D118
NE_Sector E2:E118
Corner_Lot F2:F118
Offer_Pending G2:G118
Annual Tax H2:H118

Description

The selling price of each home

The square footage of the home

The age of the home in years

The number of features available in the home
(dishwasher, refrigerator, microwave, disposal,
washer, intercom, skylight(s), compactor, dryer,
handicapped-accessible, cable TV access)
Located in the northeast sector of the city (Yes or No)
Located on a corner lot (Yes or No)

Offer pending on the home (Yes or No)
Estimated annual tax paid on the home
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Figure 4-1
The Housing
workbook

To view the Housing workbook:

I Start Excel.

2 Open the Housing workbook from the Chapter04 folder.

The workbook appears as shown in Figure 4-1.

3 Save the workbook as Housing Statistics.

Creating a Frequency Table

One of the first things we’ll examine when studying this data set is the dis-
tribution of its values. The distribution is the spread of the data across a
range of possible values. If you were thinking about moving to Albuquerque
during the time these data were recorded, you might be interested in the
distribution of home prices in the area. What is the range of housing prices
in the area? What percentage of houses list for under $125,000?
As a first step in answering these types of questions, we’ll create a fre-
quency table of the home prices. A frequency table is a table that tabulates
the number of occurrences or counts of a specific value of a given variable.
Excel does not have a built-in command to create such a frequency table,
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Figure 4-2
Frequency of
housing prices

but you can use the one supplied with the StatPlus add-in. Use StatPlus
now to create a frequency table of the home prices in the Housing Statistics
workbook.

To create a frequency table of home prices:

Click Descriptive Statistics from the StatPlus menu on the Add-Ins
tab and then click Frequency Tables.

Click the Data Values button, click the Use Range Names option
button, and click Price. Click the OK button.

The Frequency Table command gives you three options for organiz-
ing your table. You can use discrete values so that the table is tabu-
lated over individual price values, or you can organize the values
into bins (you’ll learn about bins shortly). For now, leave Discrete as
the selected option.

Click the Output button, click the New Worksheet option button,
and type Price Table in the New Worksheet name box. Click the OK
button.

Click OK to start generating the frequency table. Figure 4-2 displays
the completed table.
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Using Bins

The table contains five columns. The first column, Price, lists in ascend-
ing order each home price in the sample of 117 homes. Prices in this sample
range from a minimum of $54,000 to a maximum of $215,000. The second
column, Freq, counts the frequency, or number of occurrences, for each
value in the price column. Many prices are unique and have frequencies
of 1, but other prices (such as $75,000) occur for multiple homes. The third
column contains the cumulative frequency, counting the total number of
homes at or less than a given price. By examining the table, you can quickly
see that 24 of the homes in the sample have a price of $75,000 or less. The
fourth column lists the percentage occurrence of each home price out of
the total sample. For example, 1.71% of the homes are listed for exactly
$75,000. Finally, the fifth and last column of the table calculates the cu-
mulative percentage for the home prices. In this case, 24.79%—almost one-
quarter of the homes—Ilist for $77,300 or less. A table of this kind can help
you in evaluating the market. For example, if you were interested in homes
that list for $125,000 or less, you could quickly determine that almost 80%
of the homes in this database, or 93 different listings, met that criterion.

EXCEL TIPS

X2 e If you don’t have StatPlus handy, Excel comes with an add-in
- called the Data Analysis ToolPak which you can use to create
a frequency table. The ToolPak does not have all the frequency
table options that StatPlus contains.

e If you want to count how many values in a column are equal to a
specific value, you can use Excel’s COUNTIF function.

* You can also create a frequency table using Excel’s FREQUENCY
function. This function uses Excel’s array feature, which you can
learn about by using the online Help.

in a Frequency Table

By creating a frequency table, you got a clear picture of the distribution of prices
in the Albuquerque area back in 1993. However, displaying individual values
would be cumbersome if the sample contained 1,000 or 10,000 observations.

Rather than list individual prices, you can have the frequency table group the
values by placing them in bins, where each bin covers a particular range of val-
ues. The frequency table would then count the number of values that fall in each
bin. There are three ways of counting values in bins as shown in Figure 4-3.

1. Count those values which are = the bin value and < the next bin value.

2. Count those values which are centered around the bin value (in the case
of mid-point values, start counting from the lower mid-point).

3. Count those values that are =< the bin value but > the previous bin value.
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Figure 4-3
Counting Counted values are >

within a bin bin value and < next bin
value

Bin| Bin2 Bin3 Bin4

around the bin value (mid-points
below the bin value are counted) .
Bin Bin2 Bin3 Bin4

Binl Bin2 Bin3 Bin4

Counted values are centered | ‘

Counted values are < bin ‘
value and > previous bin value

To interpret a frequency table that involves bins correctly, you need to
know which of these methods is used in calculating the counts. We’ll cre-
ate another frequency table of the housing prices in the workbook, this time
breaking the data down into 15 equally spaced bins.

To create a frequency table with bins:

| Click Descriptive Statistics from the StatPlus menu and then click
Frequency Tables.

2 Click the Data Values button and select Price as the data variable.
Click OK.

3 Click the Create 15 equally spaced bins option button.

Note that the first option button has been selected, so that counts can
be calculated for values that are > the bin value and < the succeeding
bin value.

4  Click the Output button and click the New Worksheet option but-
ton. Type Price Table with Bins as the worksheet name and click the
OK button.

5 Click the OK button to start generating the frequency table with bins.
Figure 4-4 shows the resulting frequency table.
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Figure 4-4
Frequency
table with
equally
spaced bins

This frequency table gives us a little clearer picture of the distribution of
housing prices back in 1993. Note that almost 80% of the prices are clus-
tered within the first seven bins of the table (representing homes costing
about $129,000 or less). Moreover, there are relatively few homes in the
$160,000-$200,000 price range (only about 4% of the sample). There is,
however, a small group of homes priced above $205,000.

Defining Your Own Bin Values

The bin values shown in Figure 4-4 were generated by dividing the range of
prices into 15 equally spaced intervals. This resulted in cutoff values like
64,733 and 75,467. However, in an analysis of pricing we are usually more
interested in even cutoff values like 60,000 and 70,000. The StatPlus Fre-
quency Table dialog box allows you to specify your own bin values in place
of automatically generated ones. Try this now, by creating a frequency table
of housing prices in $10,000 increments, starting at $50,000. You will first
have to enter the bin values into cells in the workbook.

To create your own bin values:

| Click cell G1, type Price, and press Enter.

2 IncellG2 type 50,000 and press Enter. Type 60,000 in cell G3 and
press Enter.

136 Fundamentals of Statistics



o vV ® Nou &

Select the range G2:G3, drag the fill handle down to cell G20, and
release the mouse button.

The values 50,000—-230,000, should be now entered into the cell
range G2:G20.

Click Descriptive Statistics from the StatPlus menu and then click
Frequency Tables.

Click the Data Values button and select Price as the data variable.
Click the Bin Values button.

Click the Use Range References option button, select the range
G1:G20, and then click OK.

Click the <= bin and > previous bin option button to control how
the bin counts are determined.

Click the Output button, click the Cells option button, and select
cell G1. Click the OK button.

Click the OK button to start generating the frequency table with your
customized bin values. Figure 4-5 displays the new frequency table.

Figure 4-5
Frequency
table with
user-defined
bin values
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This table is a lot easier to interpret than that of Figure 4-4. Looking at the
table, it’s easy to discover that there were only two houses in the sample in
the $140,000-$150,000 price range.

STATPLUS TIPS

® You can use the Frequency Table command to create tables that
are broken down into categories on the basis of a qualitative
variable. To do so, click the By button in the Frequency Table
dialog box and choose the range name or range reference con-
taining the values of the qualitative variable.

e If you forget how the bin counts are determined, place your cur-
sor over the column title for the bin value. A pop-up comment
box will appear indicating the method used.

Working with Histograms

Frequency tables are good at conveying specific information about a dis-
tribution, but they often lack visual impact. It’s hard to get a good impres-
sion about how the values are clustered from the counts in the frequency
table. Many statisticians prefer a visual picture of the distribution in the
form of a histogram. A histogram is a bar chart in which each bar represents
a particular bin and the height of the bar is proportional to the number of
counts in that bin. Histograms can be used to display frequencies, cumula-
tive frequencies, percentages, and cumulative percentages. Most histograms
display the frequency or counts of the observations.

Creating a Histogram

Excel does not have a chart type for the histogram, but you can create one us-
ing either the Data Analysis ToolPak supplied with Excel or using the com-
mand from the StatPlus add-in. Create a histogram of the price data from the
Housing workbook using the StatPlus histogram command.

To create a histogram of the home prices:

| Click Single Variable Charts from the StatPlus menu and then click
Histograms.

2  Click the Data Values button and select Price from the list of range names.

As with the Frequency Table command, you can specify the number
and type of bins used to construct the bars of the histogram.
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Figure 4-6
Specifying
bin options
for the
histogram

Click the Chart Options dialog tab.

H W

Click the Values button and then click the Use Range References
button. Select the range G1:G20 in the Price Table with Bins work-
sheet. Click the OK button.

5 Click the Right option button to control how bin counts are deter-
mined. See Figure 4-6.
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Click the Input dialog tab to view other options for the histogram.
Click the Output button.

0N O

Verify that the As a new chart sheet option button is selected and
then type Price Histogram in the accompanying text box.

This will send the histogram to a chart sheet named Price
Histogram.

9 Click the OK button.

Figure 4-7 shows the completed Histogram dialog box. Note that this
command allows you to create histograms of the frequency, cumula-
tive frequency, percentage, or cumulative percentage. In most cases,
histograms display the frequency of a particular variable.
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Figure 4-7
Completed
histogram
dialog box

you can create
four different
types of histograms
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Click the OK button to create the histogram. Figure 4-8 shows the

completed histogram.

Price

£
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The histogram gives us the strong visual picture that most of the home
prices in this 1993 sample were <130,000 and that most were in the $70,000—
$100,000 range. There does not seem to be any clustering of values beyond
$130,000; rather, the data values are clustered toward the lower end of the
price scale.

STATPLUS TIPS

* You can also create separate histograms for the different levels
of a categorical variable (or for different variables) by using the
StatPlus > Multivariable Charts > Multiple Histograms command.

e The Histogram command includes a Chart Titles button located
on the Chart Options dialog sheet. By clicking this button, you
can enter titles for the chart, x axis, and y axis. You can also con-
trol some of the appearance of the x axis and y axis.

e The Left option button for the bin intervals in the Histogram com-
mand is equivalent to counting observations that are = bin value
and < next bin value. The Center option button counts observations
that are centered around the bin value (counting from the lower
mid-point). The Right option button counts observations that
are > bin value and = next bin value.

* You can add a table to the output of the Histogram command by
clicking the Table checkbox in the dialog box. This table contains
count values, similar to what you would see in the corresponding
frequency table.

Shapes of Distributions

The visual picture presented by the histogram is often referred to as the distri-
bution’s shape. Statisticians classify various distributions on the basis of their
shape. These classifications will become important later on as we look for an
appropriate statistic to summarize the distribution and its values. Some statis-
tics are appropriate for one distribution shape but not for another.

A distribution is skewed if most of the values are clustered toward either
the left or the right edge of the histogram. If the values are clustered to-
ward the left edge of the histogram, this shows positive skewness; clustering
toward the right edge of the histogram shows negative skewness. Skewed
distributions often occur where the variable is constrained to have positive
values. In those cases, values may cluster near zero, but because the vari-
able cannot have a negative value, the distribution is positively skewed.
A distribution is symmetric if the values are clustered in the middle with no
skewness toward either the positive or the negative side. See Figure 4-9 for
examples of these three types of shapes.
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Figure 4-9
Distribution
shapes

Negative Skewness
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Another important component of a distribution’s shape is the distribu-
tion’s tails—the values located to the extreme left orright edge. A distribution
with very extreme observations is said to be a heavy-tailed distribution.

The historic sample of home prices we’'ve examined appears to be posi-
tively skewed with a heavy tail (because there are a number of houses lo-
cated at the high end of the price scale). This is not surprising, because there
is a practical lower limit for housing prices (around $50,000 in this sample)
and an exceedingly large upper limit.

Breaking a Histogram into Categories

You can gain a great deal of insight by breaking your histogram into catego-
ries. In the current example, we may be interested in knowing how the 1993
Albuquerque prices compared when broken down by location: Were certain
locations more expensive than others? One of the more desirable locations
in Albuquerque at the time was the northeast sector. Was this reflected in a
histogram of the sample home prices? Let’s find out.

To create a histogram broken down by categories:

[ Click the Housing Data worksheet tab to return to the price data.

2 Click Single Variable Charts from the StatPlus menu and then click
Histograms. Click the Data Values button, select Price from the list
of range names as the source for the histogram, and click OK.

3  Click the Break down the histogram by categories checkbox.

The various categories can be displayed in a histogram as stacked on
top of each other, side by side, or in three dimensions. You’ll see the
effect of these choices on the histogram’s appearance in a moment.
For now, accept the default, Stack.

4  Click the Categories button, click the Use Range Names option but-
ton, select NE Sector, and then click the OK button.

The NE Sector variable is a qualitative variable that is equal to Yes if
the home is located in the northeast sector and is equal to No other-
wise. Now, define the options for the histogram’s bins.

Click the Chart Options dialog tab.

~N O

Click the Values button, click the Use Range References option but-
ton, and then select the range G1:G20 on the Price Table with Bins
worksheet. Click the OK button.

8 Click the Right option button to set how bin values will be counted
in the histogram.
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9 Click the Output button and type Price Histogram by NE Sector in
the Chart Sheet name box. Click the OK button.

10 Click the OK button to start creating the histogram. The completed
chart appears in Figure 4-10.

Figure 4-10
The price
histogram

broken
down by the
NE Sector
variable

Northeast sector
homes

homes outside the
Northeast sector

In this histogram, the height of each bar is still equal to the total count of
values within that bin, but each bar is further broken down by the counts for
the various levels of the categorical variable. The counts are stacked on top
of each other. The chart makes it clear that many higher-priced homes are
located in the northeast sector, though there are still plenty of northeast sec-
tor homes in the $70,000-$100,000 range.

How do the shapes of the distributions compare for the two types of
homes? We can’t tell from this chart, because the northeast sector homes
are all stacked at uneven levels. To compare the distribution shapes, we can
compare histograms side by side. We can change the orientation of the his-
togram by modifying the chart type employed by Excel.

To compare histograms side by side:

| Click anywhere within the chart to select it.
2  Clickthe Design tab from the Chart Tools ribbon.
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3  Click the Change Chart Type button on the Type group on the
Design tab.

4  Excel opens the Change Chart Type dialog box. From within the
dialog box click the Column chart type and then click the first sub-
type, Clustered Column, in the dialog box (see Figure 4-11).

stacked chart type 3-D chart sub-types
Figure 4-11
Changing the Change Chart Type i
chart type Coumn
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5 Click the OK button. As shown in Figure 4-12, Excel changes the
chart type, displaying the histogram bars side by side rather than
stacked.
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Figure 4-12
Histogram bars "
displayed

side by side

This chart shows us that the distribution of home prices is positively
skewed (as we would expect) for both northeast sector and nonnortheast
sector homes. The primary difference is that in the northeast sector there
are more homes at the high end. By selecting the appropriate chart subtype,
we can switch back and forth between side by side and stacked views of the
histogram; we can even view the histogram in three dimensions.

Working with Stem and Leaf Plots

Stem and leaf plots are another way of displaying a distribution, while at

the same time retaining some information about individual values from the

data sample. The stem and leaf plot originally was used by statisticians as

a quick way of generating a plot of a distribution using only pen and paper,

but still has application even when graphical plots are so readily available.
To create a stem and leaf plot, follow these steps:

[y

. Sort the data values in ascending order.

2. Truncate all but the first two digits from the values (i.e., change 64,828
to 64,000, change 14,048 to 14,000, and so forth). The first of the two
digits is the stem and the second the leaf. In the case of a number like
64,000, the stem is 6 and the leaf is 4.

3. List the stems in ascending order vertically on a sheet and place a

vertical dividing line to the right of the stems.
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4. Match each leaf to its stem, placing the leaf values in ascending order
horizontally to the right of the vertical dividing line.

For example, take the following numbers:

125, 189, 232, 241, 248, 275, 291, 311, 324, 351, 411, 412, 558, 713
Truncating all but the first two digits from the list, leaves us with

120, 180, 230, 240, 240, 270, 290, 310, 320, 350, 410, 410, 550, 710
The stem and leaf pairs are therefore

(12) (18) (23) (24) (24) (27) (29) (31) (32), (35) (41) (41) (55) and (71).

Now, we list just the stems in ascending order vertically as follows:

100X

N O Ol W N

At the top of the stem list, we’ve included a multiplier, so we know our
data values go from 100 to 700. Note that we’ve added a stem for the value 6.
We include this to preserve continuity in the stem list. Now we add a leaf to
the right of each stem. The first stem and leaf pair is (12), so we add 2 to the
right of the stem value 1, and so on. The final stem and leaf plot appears, as
follows:

100X

|

| 28

| 34479
| 125

| 11
|
|
|

N O Ok wN =

The stem and leaf plot resembles a histogram turned on its side. The plot
has some advantages over the histogram. From the stem and leaf plot, you
can generate the approximate values of all the observations in the data set
by combining each stem with its leaves. Looking at the plot above, you can
quickly see that the first two stem and leaf pairs are (1.2) and (1.8). Multi-
plying these values by 100 yields approximate data values of 120 and 180.
An added advantage is that the stem and leaf plot can be quickly generated
by hand—useful if you don’t have a computer handy.
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This stem and leaf plot is at a disadvantage compared to the histogram
in that the size of each bin is directly determined by the data values them-
selves. Stem and leaf plots also don’t work well for large data sets where
each stem will need to display a large number of leaves. One way of modi-
tying a stem and leaf plot is to split the stems into subgroups. For example
you can split a stem into two groups: those with leaves having values from
0 to 4 and those with leaves from 5 to 9. Doing this for the above chart yields
the following stem and leaf plot:

NN O O OOl bW W NN -

Another modification to the stem and leaf plot is to truncate lower and
upper values in order to reduce the range of stems in the plot. This is use-
ful in situations where you have an extreme value whose presence would
greatly elongate the plot’s appearance. For example, if the value 2,420 is
added to the above data set, then the resulting stem and leaf plot will have
a long stem with a long list of empty leafs. In this case, removing this value
from the stem and leaf plot, but noting its value elsewhere, might be the best
course of action. The plot might look as follows:

100X |
1128
2 | 34479
31125
4111
515
6 |
711
2400

Excel does not have a command to create stem and leaf plots, but you can
create one using StatPlus. Let’s create a stem and leaf plot for the home price
data and compare it to the histogram we created earlier. As before, we’ll break
the stem and leaf plot down using the values of the NE Sector variable.
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Figure 4-13
The completed
stem and leaf
dialog box
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To create a stem and leaf plot:

Return to the data set by clicking the Housing Data worksheet tab.

Click Single Variable Charts from the StatPlus menu and then click
Stem and Leaf.

This command allows you to create plots of variables located in dif-
ferent columns or within a single column, broken down by category
levels. You’ll do the latter in this case.

Verify that the Use column of category levels option button is se-
lected and then click the Data Values button and select Price from
the list of range names. Click OK.

Click the Categories button and select NE_Sector from the list of
range names. Click OK.

Click the Apply uniform stem values checkbox. This will apply the same
stem values to home prices both in the northeast sector and elsewhere.

Click the Add a summary plot checkbox. This will create a stem
and leaf plot of prices for all of the homes, regardless of location.

Click the Output button, click the New Worksheet option button, and type
Price StemLeaf in the New Worksheet name box. Click the OK button.

Figure 4-13 shows the completed Stem and Leaf dialog box.
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Figure 4-14
Stem and leaf
plot of the
housing data

8  Click the OK button. Excel generates the stem and leaf plot shown
in Figure 4-14.

stem multiplier

-
‘ \ J

stem values leaf values

In this plot, the stem values occupy the first column and the leaf values
are placed in the following three columns for homes outside the northeast
sector, in the northeast sector, and over all sectors. Note that cell A1 identi-
fies the stem multiplier, indicating that each stem value must be multiplied
by 10,000 in order to calculate the underlying data values.

Let’s see how this works. The first stem value is 5; this represents 50,000.
The first leaf value is 4 (where the NE_Sector variable equals No), which
would represent a value one decimal place lower, or 4,000. Thus the first
data value in this plot equals the stem value plus the leaf value, or 54,000,
which is equal to the value of the lowest-priced home in the sample. Using
the same method, you can calculate the value of the highest-priced home
to be $215,000. You can also see at a glance that there are no homes in the
$170,000—-$179,000 price range, though there is one home priced at about
$169,000 (actually $169,500). In addition to this information, you can also
use the stem and leaf plot to make the same observations about the shape of
the distribution that you did earlier with the histogram.
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Distribution Statistics

You should always create a chart of the distribution when analyzing a data
set, but once you’ve done that, you’ll probably look for statistics that sum-
marize key elements of the distribution. These values are sometimes called
landmark summaries because they are used as landmarks, comparing indi-
vidual values to whole populations, or whole populations to each other.

Percentiles and Quartiles

One of these landmark summaries is the pth percentile, which is a value
such that roughly p% of the data are smaller than that value. You may have
seen percentiles used in growth statistics, where the progress of a newborn
child will place him or her in the 75th percentile or 90th percentile, meaning
that the child’s weight is equal to or above 75 or 90% of the population. In
the Albuquerque data, percentiles could be used as a benchmark to compare
one community of that era to another. If you knew the 10th and 90th percen-
tiles for home price, you would have a basis for comparison between the two
communities.

Perhaps the most important percentiles are the quartiles, which are the
values located at the 25th, 50th, and 75th percentiles (the quarters). These
are commonly referred to as the first, second, and third quartiles. Statisti-
cians are also interested in the interquartile range, which is the difference
between the first and third quartiles. Because the central 50% of the data
lie within the interquartile range, the size of this value gives statisticians an
idea of the width of the distribution.

One way of calculating the percentiles and quartiles of a given distribution
is to create a frequency table like the one shown earlier in Figure 4-2. From the
column of cumulative percents, you can determine which values correspond
to the 10th, 25th, 50th, 75th, and 90th, and so on, percentiles. However, if
your data set is large, this can be a cumbersome and time-consuming process.
To save time, Excel has several functions that will calculate these values for
you. A list of these functions is shown in Table 4-4.

Table 4-4  Excel functions to calculate percentiles and quartiles

Function Description

PERCENTILE (array, k) Returns the kth percentile of an array of values or
range reference, where k is a value between 0 and 1.

PERCENTRANK (array, x, Returns the percentile of a value taken from an array

significance) of values or range reference. The number of digits is

determined by the significance parameter.

(continued)

Chapter 4 DescribingYour Data 151



QUARTILE(array, quart) Returns the quartile of an array of values or range

IQR(array)

reference, where quart is either 1, 2, or 3 for the first,
second, or third quartile.

Calculates the interquartile range of the values in an
array or range reference. StatPlus required.

Excel allows you to work with percentiles in two different ways. You can
use the PERCENTILE function to take a percentile and determine the corre-
sponding data value, or, given the data value, you can use the PERCENTRANK
function to determine its percentile.

You can create a table of percentile and quartile values by typing in
the above Excel formulas, or you can have StatPlus do it for you with the
Univariate Statistics command. The Univariate Statistics command also
allows you to break down the variable into different levels of a categorical
variable.

In this example you’ll limit yourself to percentiles and quartiles. Create
such a table now of the housing prices broken down by location.

W N

(= Y, |

To create a table of percentile and quartile values:

Click Descriptive Statistics from the StatPlus menu and then click
Univariate Statistics.

Click the Input button and select Price from the list of range names.

Click the Output button, click the New Worksheet option but-
ton, and type Percentiles in the New Worksheet box. Click the OK
button.

Click the By button and select NE_Sector from the list of range
names.

Click the Distribution dialog tab.

Click each of the checkboxes for the different percentiles. See
Figure 4-15.
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Figure 4-15
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7  Click the OK button to create the table of percentiles. Figure 4-16
shows the completed table.

Figure 4-16
Table of [ 4| A i 2] ] c D E
percentiles 3 r— Univeriste Statstics
. <
for the price ] NE Sector = "No” NE Sector = “Yes" Owral
variable 4 1st Percentile 55,520 65 827 58 320
§ Sth Percentie 59,800 69850 &6 B0O
§ 10th Percentie 65,200 72.350 70,600
] 25th Percentde 76,800 0 806250 78.0000
B S0th Percentie 94 0000 985000 960000
§ 75th Percentile 105,000.0 125,000.0 120,000.0
10 90th Parcantis 130,200 172650 158,760
11 95th Padcentie 160,640 205450 200.920
12 %5th Percentle 200272 215000 215000
13

The table of percentiles gives us some additional information about
the housing prices. The values are pretty close between the two locations
up to the 50th percentile, after which large differences begin to appear.
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It’s particularly striking to note that the 90th percentile for home prices out-
side the northeast sector was $130,200, whereas for northeast sector homes
it was $172,650—$40,000 more. We noted earlier that there are more high-
priced homes in the northeast sector.

EXCEL TIPS
X2 * You can also get a table of cumulative percents using the Rank
= and Percentile command in the Data Analysis ToolPak, an add-
in packaged with Excel.

¢ You use the Data Analysis ToolPak to also create a table of
descriptive statistics.

Measures of the Center: Means, Medians, and the Mode

Another way to summarize a data set would be to calculate a statistic that
summarized the contents into a single value that we would think of as the
typical or most representative value. The table of percentiles suggests one
such value: the 50th percentile, or median. Because the median is located at
the 50th percentile, it represents the middle of the distribution: Half of the
values are less than the median, and half are greater than the median. Based
on the results from Figure 4-16, the median house price in the Albuquerque
sample from 1993 was $94,000 for nonnortheast sector homes, $98,000 for
northeast sector homes, and $96,000 overall.

The exact calculation of the median depends on the number of observa-
tions in the data set. If there is an odd number of values, the median is the
middle value, but if there is an even number of values, the median is equal
to the sum of the two central values divided by 2.

Another commonly used summary measure is the average. The average,
or mean, is equal to the sum of the values divided by the number of ob-
servations. This value is usually represented by the symbol x (pronounced
“x-bar”), a convention we’ll repeat throughout the course of this book.
Expressed as a formula, this is

Sum of values

X = :
Number of observations

X+ X, + 0+ X,

n

n
E Xi
i=1

n

154

Fundamentals of Statistics



Figure 4-17
Distribution
of baseball
salaries

The total number of observations in the sample is represented by the
symbol n, and each individual value is represented by x followed by a sub-
script. The first value is x,, the second value is x,, and so forth, up to the last
value (the nth value), which is represented by x . The formula calls for us
to sum all of these values, an operation represented by the Greek symbol X,
(pronounced “sigma”), a summation symbol. In this case, we’re instructed
to sum the values of x,, where i changes in value from 1 up to n; in other
words, the formula tells us to calculate the value of x, + x, + - + x,. The
average, or mean, is equal to this expression divided by the total number of
observations.

How do these two measures, the median and the mean, compare? One weak-
ness of the mean is that it can be influenced by extreme values. Figure 4-17
shows a distribution of professional baseball salaries. Note that most of the
salaries are less than $1 million per year, but there are a couple of players
who make more than $20 million per year. What, then, is a typical salary?
The median value for this distribution is about $3,500,000, but the mean sal-
ary is almost $4,700,000. The median seems more representative of what the
typical player makes, whereas the mean salary is higher as a result of the
influence of a couple of much larger salaries. If you were a union representa-
tive negotiating a new contract, which figure would you quote? If you repre-
sented management, which value better reflects your expenses in salaries?

Baseball Salaries

Count

The lesson from this example is that you should not blindly accept any
single summary measure. The mean is sensitive to extreme values; the me-
dian overcomes this problem by ignoring the magnitude of the upper and
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lower values. Both approaches have their limitations, and the best approach
is to examine the data, create a histogram or stem and leaf plot of the dis-
tribution, and thoroughly understand your data before attempting to sum-
marize it. Even then, it may be best to include several summary measures to
compare.

The mean and median are the most common summary statistics, but there
are others. Let’s examine those now.

One method of reducing the effect of extreme values on the mean is to
calculate the trimmed mean. The trimmed mean is the mean of the data val-
ues calculated after excluding a percentage of the values from the lower and
upper tails of the distribution. For example, the 10% trimmed mean would
be equal to the average of the middle 90% of the data after exclusion of val-
ues from the lower and upper 5% of the range. The trimmed mean can be
thought of as a compromise between the mean and the median.

Another commonly used measure of the center is the geometric mean.
The geometric mean is the nth root of the product of the data values.

Geometric mean = \H/(X1) (xy) . (xp)

Once again, the symbols x, to x_  represent the individual data values from
a data set with n observations. The geometric mean is most often used when
the data come in the form of ratios or percentages. Certain drug experiments
are recorded as percentage changes in chemical levels relative to a baseline
value, and those values are best summarized by the geometric mean. The
geometric mean can also be used in situations where the distribution of the
values is highly skewed in the positive or negative direction. The geometric
mean cannot be used if any of the data values are negative or zero.

Another measure, not widely used today (though the ancient Greeks used it
extensively), is the harmonic mean. The formula for the harmonic mean H is

S -
[ =

n

1_
H

>

1

i=1

The harmonic mean can be used to calculate the mean values of rates. For
example, a car traveling at a rate of S miles per hour to a destination and
then at a rate of T'miles per hour on the return trip, travels at an average rate
equal to the harmonic mean of S and T.

Our final measure of the center is the mode. The mode is the most fre-
quently occurring value in a distribution. The mode is most often used when
we are working with qualitative data or discrete quantitative data, basically
any data in which there are a limited number of possible values. The mode
is not as useful in continuous quantitative data, because if the data are truly
continuous, we would expect few, if any, repeat values.

Table 4-5 displays the Excel functions used to calculate the various mea-
sures of the distribution’s center.
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Table 4-5

Excel functions to calculate the distribution’s center

Function Description
AVERAGE(array) Returns the average or mean of the

values in an array or data range.

GEOMEAN(array) Returns the geometric mean of the values

in an array or data range.

HARMEAN(array) Returns the harmonic mean of the values

in an array or data range.

MEDIAN(array) Returns the median of the values in an

array or data range.

MODE(array) Returns the most frequently occurring

value in an array or data range.

TRIMMEAN(array, percent) Returns the trimmed mean of the values

in array or data range, excluding the
lower and upper values where percent is
the fractional number of data points to
exclude. The function rounds the number
of excluded data points down to the
nearest multiple of 2. If percent = 0.3

and array contains 30 data points, 30
percent of 30 equals 9 and thus 8 points
are excluded: four from the upper range
and four from the lower range.

Now that you’ve learned a little about these functions, use the Univari-
ate Statistics command from the StatPlus add-in to generate a table of their

values.

(< NS, | S WN

To create a table of mean and median values:

Click Descriptive Statistics from the StatPlus menu and then click
Univariate Statistics.

Click the Input button and select Price from the list of range names.

Click the Output button, click the New Worksheet option button,
and type Means in the New Worksheet box. Click the OK button.

Click the By button and select NE_Sector from the list of range
names.

Click the Summary dialog tab.

Click the Show all summary statistics checkbox. Figure 4-18 shows
the completed dialog box.
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7 Click the OK button to create the table of values (see Figure 4-19).

Figure 4-19
Summary
statistics for i Univariate Statistics
the Price ; =
variable

As we would expect, the average price of a home in Albuquerque from
our historic sample is higher than the median value. This effect is more no-
ticeable in the northeast sector homes because of the group of high-priced
homes in that location. The mean home price was almost $12,000 greater
than the median due to the positive skewness in the data.
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Measures of Variability

Figure 4-20
Distributions
with low and

high variability

The mean and median do not tell the whole story about a distribution. It’s also
important to take into account the variability of the data. Variability is a measure
of how much data values differ from one another, or equivalently, how widely
the data values are spread out around the center. Consider the pair of histograms
shown in Figure 4-20. The mean and median are the same for both distributions,
but the variability of the data is much greater for the second figure.

Low Variability

High Variability

The simplest measure of variability is the range, which is the difference
between the maximum value in the distribution and the minimum value.
A large variability usually results in a large range of values. However,
the range can be a poor and misleading measure of variability. As shown in
Figure 4-21, two distributions can have the same range but be very different
in the variability of their data.
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Figure 4-21
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The most common measure of variability depends on the deviation of
each data value from the sample average. For each data value x,, calculate
the deviation d, which is the difference between sample value and the sam-
ple average, or

di:Xj_}

Some of these deviations will be negative (where the data value is less than
the mean), and some will be positive, so we cannot simply take the average
of the deviations because the positive and negative values would cancel each
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other out. In fact, the sum of the deviations between each sample value and
the sample mean equals zero, so the average deviation is also zero.

Instead of averaging the deviations, we’ll square each deviation (to make
it positive) and then sum those values and divide by the number of observa-
tions minus 1. This value, known as the variance, is represented by s*. The
formula for calculating s? is

) Sum of squared deviations

"~ Number of observations — 1

1

One measure of variability, the standard deviation (represented by the sym-
bol s), is calculated by taking the square root of the variance. The complete
formula for the standard deviation s is

Why do we divide the total of the squared deviations by n— 1, rather than n?
Recall that the sum of the deviations is known to be zero, so given the first
n—1deviations, we can always calculate the remaining deviation. This means
only n — 1 of the deviations can vary freely; the last value is constrained by
the values of the preceding deviations. This figure, n — 1, is known as the
degrees of freedom and is a value that will become more important in the
chapters that follow.

The standard deviation represents the typical deviation of values from the
average. A large value of s indicates a high degree of variability in the data.
High is a relative term, and we usually speak about high degrees of variability
only when comparing one distribution with another. Table 4-6 summarizes
the different functions supported by Excel to describe the variability of data.

Table 4-6 Formulas to calculate variability of values in data sets

Function
AVEDEV (array)

DEVSQ(array)
MAX(array)
MIN(array)
STDEV(array)
VAR (array)
RANGEVALUE
(array)

Description

Returns the average of the absolute value of the deviations in an array
or data range.

Returns the sum of the squared deviations in an array or data range.
Returns the maximum value in an array or data range.

Returns the minimum value in an array or data range.

Returns the standard deviation of the values in an array or data range.
Returns the variance of the values in an array or data range.

Returns the range of the values in an array or range reference.
StatPlus required.
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Measures of Shape: Skewness and Kurtosis

You've seen that different distributions can be characterized by their shape.
For example, a distribution may be skewed positively or negatively or may
be symmetric about its midpoint. These visual judgments we make of a dis-
tribution’s shape also can be quantified with a statistic. One of these is the
skewness statistic. Skewness is a measure of the lack of symmetry in the
distribution of the data values.

A positive skewness value indicates a distribution with values clustered
toward the lower range of values with a long tail extending toward the up-
per values’ range. A negative skewness indicates just the opposite, with the
long tail extending toward the values lower in the data range. A skewness of
zero indicates a symmetric distribution.

Another statistic, kurtosis, measures the heaviness of the tails in the dis-
tribution. A positive kurtosis indicates more extreme values than expected
in the distribution. A negative kurtosis indicates fewer extreme values than
expected. Table 4-7 shows the Excel functions used to calculate skewness
and kurtosis.

Table 4-7  Excel functions to calculate skewness and kurtosis
Function Description
KURT/(array) Returns the kurtosis of the values in an array
or data range.
SKEW!(array) Returns the skewness of the values in an array
or data range.
Use the Univariate Statistics command from the StatPlus menu to
calculate the variability and shape statistics for the prices of homes in the
Albuquerque sample.
To create a table of variability and shape statistics:
| Click Descriptive Statistics from the StatPlus menu and then click
Univariate Statistics.
2  Click the Input button and select Price from the list of range names.
3 Click the Output button, click the New Worksheet option button,
and type Price Variances in the New Worksheet box. Click the OK
button.
4  Click the By button and select NE_Sector from the list of range names.
5 Click the Variability dialog tab.
6  Click the Show all variability statistics checkbox. See Figure 4-22.
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7  Click the OK button to create the table. Figure 4-23 shows the vari-
ability statistics generated from the Univariate Statistics command.

Figure 4-23
Variability . -
statistics - = Univariate Statistics

i
L L]

On the basis of the output from Figure 4-23, we note that the variability of
the 1993 Albuquerque home prices was higher in the northeast sector than

outside of it (though it’s interesting to note that the range of home prices
was higher for nonnortheast sector homes).
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Outliers

STATPLUS TIPS

* You can select all summary, variability, or distribution statistics
by clicking the appropriate checkboxes in the General dialog
sheet of the Univariate Statistics dialog box.

e The Univariate Statistics command can display the table with
statistics displayed in rows or in columns.

* You can add your own custom title to the output from the
Univariate Statistics command by typing a title in the Table
Title box in the General dialog sheet.

As the earlier discussion on means and medians showed, distribution sta-
tistics can be heavily affected by extreme values. It’s difficult to analyze a
data set in which a single observation dominates all of the others, skewing
the results. These values, known as outliers, don’t seem to belong with the
others because they’re too small, too large, or don’t match the properties one
would expect for them. As you’ve seen, a large salary can affect an analysis
of salary values, pushing the average salary value upward. An outlier need
not be an extreme value. If you were to analyze fitness data, the records of
an extremely fit 75-year-old might not be remarkable compared to all of the
values in the distribution, but it might be unusual compared to the values of
others in his or her age group.

Outliers are caused by either mistakes in data entry or an unusual or
unique situation. A mistake in data entry is easier to deal with: You discover
and correct the mistake and then redo the analysis. If there is no mistake,
you have a bigger problem. In that case you have to study the outlier and
decide whether it really belongs with the other data values. For example,
in a study of Big Ten universities, we might decide to remove the results
from Northwestern because that school, unlike the other schools, is a small,
private institution. In the Albuquerque data, we might remove a high-
priced home from the sample if that house were a public landmark and thus
uniquely expensive.

However, and this point cannot be emphasized too strongly, merely being
an extreme value is not sufficient grounds to remove an observation. Many
advances have been made by scientists studying the observations that didn’t
seem to fit the expected distribution. Extreme values may be a natural part
of the data (as with some salary structures). By removing those values, you
are removing an important aspect of the distribution.

One possible solution to the problem of outliers is to perform two analy-
ses: one with the outliers and one without. If your conclusions are the same,
you can be confident that the outlier had no effect. If the results are ex-
tremely different, you can report both answers with an explanation of the
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differences involved. In any case, you should not remove an observation
without good cause and documentation of what you did and why.

What constitutes an outlier? How large (or small) must a value be be-
fore it can be considered an outlier? One accepted definition depends on
the interquartile range (IQR; recall that the interquartile range is equal to
the difference between the third and first quartiles).

1. If a value is greater than the third quartile plus 1.5 X IQR or less than
the first quartile minus 1.5 X IQR, it’s a moderate outlier.

2. If a value is greater than the third quartile plus 3 X IQR or less than the
first quartile minus 3 X IQR, it’s an extreme outlier.

A diagram displaying the boundaries for moderate and extreme outliers
is shown in Figure 4-24.

Figure 4-24
The range of i : :
moderate extreme moderate moderate extreme

and extreme outliers outliers | 4 4 l outliers outliers

outliers Q-3 XEIQR)QI — (15X IQR) QI median 03 Q3 + (15X IQR) Q3 + (3 X IQER)
N

interquartile range (IQR)

For example, if the first quartile equals 30 and the third quartile equals
80, the interquartile range is 50. Any value above 80 + (1.5 X 50), or 155,
would be considered a moderate outlier. Any value above 80 + 150, or 230,
would be considered an extreme outlier. The lower ranges for outliers would
be calculated similarly.

This definition of the outlier plays an important role in constructing one
of the most useful tools of descriptive statistics—the boxplot.

Working with Boxplots

In this section, we’ll explore one of the more important tools of descriptive
statistics, the boxplot. You’ll learn about boxplots interactively with Excel,
and then you’ll apply what you’ve learned to the Albuquerque price data.
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CONCEPT TUTORIALS:
Boxplots

The files available with this book contain several instructional workbooks.
The instructional workbooks provide interactive worksheets and macros to
allow you to explore various statistical concepts on your own. The first of
these workbooks that you will examine concerns the box plot. Open this
workbook now.

To start the Boxplots instructional workbook:

| Open the file Boxplots, located in the Explore folder.

The workbook opens to the Contents page, describing the workbook.
To the left side of the display area is a column of subject titles. You
can move between subject titles either by clicking an entry in the
column or by clicking the arrow icon located at the top of the page.

2  Click What is a boxplot? from the list of subject titles. The page
shown in Figure 4-25 appears.

Figure 4-25

Initial Explore with Excel: Boxplots
worksheet
from the What is a Boxplot?
Boxplots A boxplotis a plot which displays several of the importast
Explore desciptive stahistics in one compactimage Developed by
John Tukey in hisinfluential 1977 book,
workbook Exploratory Data Amalysis, the box plot displays the
following descriptive stahstics and features

The first quartile, medh an, third quamle and
interquartil e range

2 Theminimum and maximum values
3. Moderate and extreme outliers

T
.

The boxplot also gives a good visual representation

of the vanability of the data, and the skewne ss or symmetry of

the & stribution

Boxplots are designed to display in a single chart several of the
important descriptive statistics, including the quartiles of the dis-
tribution as well as the minimum and the maximum. They will
also identify any moderate or extreme outliers (using the definition
supplied above).
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Figure 4-26
The “box”
from the
boxplot

Click The interquartile from the list of subject titles.

The box part of the boxplot displays the interquartile range of the
distribution, ranging from the first quartile to the third. The median
is shown as a horizontal line within the box. Note that the median
need not be in the center of the box. The box tells you where the
central 50% of the data is located. By observing the placement of
the median within the b