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Preface

Excel 2010 for Business Statistics: A Guide to Solving Practical Business Problems 
helps anyone who wants to learn the basics of applying Excel’s powerful statistical 
tools to their business or to their classes. If understanding statistics isn’t your 
strongest suit, you are not mathematically inclined, or you are wary of computers, 
then this is the book for you.

You’ll learn how to perform key statistical tests in Excel without being over­
whelmed by statistical theory. This book clearly and logically shows how to run 
statistical tests to solve practical business problems.

Excel is a widely available computer program for students, instructors, and 
business managers. It is also an effective teaching and learning tool for quantitative 
analyses in business courses. Its powerful computational ability and graphical 
functions make learning statistics much easier than in years past. However, this is 
the first book to showcase Excel’s usefulness in teaching business statistics, and 
it focuses exclusively on this topic in order to render the subject matter applicable 
and practical -  and easy to comprehend and apply.

Unique features of this book:

• Includes 165 color screen shots so you can be sure you are performing Excel 
steps correctly.

• You will be told each step of the way, not only how to use Excel, but also why 
you are doing each step.

• Includes specific objectives embedded in the text for each concept, so you can 
know the purpose of the Excel steps.

• You will learn both how to write statistical formulas using Excel and how to use 
Excel’s drop-down menus that will create the formulas for you.

• Statistical theory and formulas are explained in clear language without bogging 
you down in mathematical fine points.

• Practical examples of problems are taken from several functional areas of 
business, including marketing, management, human resources, and production.
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• Each chapter presents key steps to solve practical business problems using Excel. 
In addition, three practice problems at the end of each chapter enable you to test 
your new knowledge. Answers to these problems appear in Appendix A.

• A “Practice Test” is given in Appendix B to test your knowledge at the end of 
the book. Answers to this test appear in Appendix C.

• This book does not come with a CD of Excel files which you can upload to your 
computer. Instead, you’ll be shown how to create each Excel file yourself. 
In business, your colleagues will not give you an Excel file. You will be expected 
to create your own. This book will give you ample practice in developing this 
important skill.

• This book is a tool that can be used either by itself or along with any good 
statistics book.

This book is appropriate for use in any course -  graduate of undergraduate -  in 
business statistics, as well as for managers who want to improve their Excel skills. 
It will also benefit students who are taking courses in psychology, education, 
sociology, or computer science who want to learn how to use Excel to solve 
statistics problems.

The ideas in this book have been thoroughly tested by its author, Professor 
Tom Quirk, in marketing statistics and marketing research courses. Prof. Quirk 
has written more than 60 textbook supplements in management and marketing, 
published more than 20 articles in professional journals, and presented more than 
20 papers at professional meetings. He holds a B.S. in mathematics from John Carroll 
University, both an M.A. in education and a Ph.D. in educational psychology from 
Stanford University, and an M.B.A. from the University of Missouri, St. Louis.
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Chapter 1
Sample Size, Mean, Standard Deviation, 
and Standard Error of the Mean

This chapter deals with how you can use Excel to find the average (i.e., “mean”) 
of a set of scores, the standard deviation of these scores (STDEV), and the standard 
error of the mean (s.e.) of these scores. All three of these statistics are used 
frequently and form the basis for additional statistical tests.

1.1 Mean

The mean is the “arithmetic average” of a set of scores. When my daughter was in 
the fifth grade, she came home from school with a sad face and said that she didn’t 
get “averages.” The book she was using described how to find the mean of a set of 
scores, and so I said to her:

“Jennifer, you add up all the scores and divide by the number of numbers that you 
have.”

She gave me “that look,” and said: “Dad, this is serious!” She thought I was teasing 
her. So I said:

“See these numbers in your book; add them up. What is the answer?” (She did that.) 
“Now, how many numbers do you have?” (She answered that question.)
“Then, take the number you got when you added up the numbers, and divide that 

number by the number of numbers that you have.”
She did that, and found the correct answer. You will use that same reasoning now, 

but it will be much easier for you because Excel will do all of the steps for you.

We call this average of the scores the “mean,” which we symbolize as: X, and we 
pronounce it as: “Xbar.”

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 
Business Problems, DOI 10.1007/978-1-4419-9934-4_1,
©  Springer Science+Business Media, LLC 2011
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2 1 Sample Size, Mean, Standard Deviation, and Standard Error of the Mean

The formula for finding the mean with your calculator looks like this:

x  =  PX (1.1)
n

The symbol S is the Greek letter sigma, which stands for “sum.” It tells you to 
add up all the scores that are indicated by the letter X, and then to divide your 
answer by n (the number of numbers that you have).

Let’s give a simple example:

Suppose that you had these six scores:

6
4
5 
3 
2 
5

To find the mean of these scores, you add them up, and then divide by the 
number of scores. So, the mean is: 25/6 =  4.17

1.2 Standard Deviation

The standard deviation tells you “how close the scores are to the mean.” If the 
standard deviation is a small number, this tells you that the scores are “bunched 
together” close to the mean. If the standard deviation is a large number, this tells 
you that the scores are “spread out” a greater distance from the mean. The formula 
for the standard deviation (which we will call STDEV) and use the letter, S, 
to symbolize is:

STDEV =  S = y ^ - — r ^  (1.2)V n — 1

The formula look complicated, but what it asks you to do is this:

1. Subtract the mean from each score (X — X).
2. Then, square the resulting number to make it a positive number.
3. Then, add up these squared numbers to get a total score.
4. Then, take this total score and divide it by n — 1 (where n stands for the number 

of numbers that you have).
5. The final step is to take the square root of the number you found in step 4.
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You will not be asked to compute the standard deviation using your calculator in 
this book, but you could see examples of how it is computed in any basic statistics 
book. Instead, we will use Excel to find the standard deviation of a set of scores. 
When we use Excel on the six numbers we gave in the description of the mean 
above, you will find that the STDEV of these numbers, S, is 1.47.

1.3 Standard Error of the Mean

The formula for the standard error of the mean (s.e., which we will use S j  to 
symbolize) is:

s.e. =  S —= (1.3)

To find s.e., all you need to do is to take the standard deviation, STDEV, and 
divide it by the square root of n, where n stands for the “number of numbers” that 
you have in your data set. In the example under the standard deviation description 
above, the s.e. =  0.60. (You can check this on your calculator.)

If you want to learn more about the standard deviation and the standard error of 
the mean, see Weiers (2011).

Fig. 1.1 Worksheet data for 
First-year sales (practical 
example)

Y e a r F ir s t -y e a r  s a le s  ($000)
1 10
2 10

3 12
4 16
5 22
6 29

7 39
8 47

Now, let’s learn how to use Excel to find the sample size, the mean, the standard 
deviation, and the standard error or the mean using a problem from sales:

Suppose that you wanted to estimate the first-year sales of a new product that 
your company was about to launch into the marketplace. You have decided to look 
at the first-year sales of similar products that your company has launched to get an 
idea of what sales are typical for your new product launches.

You decide to use the first-year sales of a similar product over the past 8 years, 
and you have created the table in Fig. 1.1:

Note that the first-year sales are in thousands of dollars ($000), so 10 means that 
the first-year sales of that product were really $10,000.
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1.4 Sample Size, Mean, Standard Deviation, 
and Standard Error of the Mean

Objective: To find the sample size (n), mean, standard deviation (STDEV), 
and standard error of the mean (s.e.) for these data

Start your computer, and click on the Excel 2010 icon to open a blank Excel 
spreadsheet.

Enter the data in this way:

A3: Year
B3: First-year sales ($000)
A4: 1

1.4.1 Using the Fill/Series/Columns Commands

Objective: To add the years 2-8 in a column underneath year 1

Put pointer in A4 
Home (top left of screen)
Fill (top right of screen: click on the down arrow; see Fig. 1.2)

Fig. 1.2 Home/Fill/Series commands
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Series 
Columns 
Step value: 1
Stop value: 8 (see Fig. 1.3)

Fig. 1.3 Example of dialogue box for Fill/Series/Columns/Step value/Stop value commands 

OK

The years should be identified as 1-8, with 8 in cell A11.
Now, enter the first-year sales figures in cells B4: B11 using the above table.
Since your computer screen shows the information in a format that does not 

look professional, you need to learn how to “widen the column width” and how 
to “center the information” in a group of cells. Here is how you can do those 
two steps:

1.4.2 Changing the Width of a Column

Objective: To make a column width wider so that all of the information fits 
inside that column

If you look at your computer screen, you can see that Column B is not wide enough 
so that all of the information fits inside this column. To make Column B wider:

Click on the letter, B, at the top of your computer screen
Place your mouse pointer at the far right corner of B until you create a “cross sign” 

on that corner
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Left-click on your mouse, hold it down, and move this corner to the right until it is 
“wide enough to fit all of the data”

Take your finger off the mouse to set the new column width (see Fig. 1.4)

Fig. 1.4 Example of how to 
widen the column width

Then, click on any empty cell (i.e., any blank cell) to “deselect” column B so that it 
is no longer a darker color on your screen.

When you widen a column, you will make all of the cells in all of the rows of this 
column that same width.

Now, let’s go through the steps to center the information in both Column A and 
Column B.

1.4.3 Centering Information in a Range of Cells

Objective: To center the information in a group of cells

In order to make the information in the cells look “more professional,” you can 
center the information using the following steps:

Left-click your mouse on A3 and drag it to the right and down to highlight cells A3: 
B11 so that these cells appear in a darker color 

At the top of your computer screen, you will see a set of “lines” in which all of the 
lines are “centered” to the same width under “Alignment” (it is the second icon 
at the bottom left of the Alignment box; see Fig. 1.5)
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A3

Page Layout Form ulas Data Review V iew

• 11 * A* a ’  =  K  k  Wrap Text

U '  f£j ’  ^  » A * &  S :  iS  S i Merge & Center -

Font_____________ r*J______________Alignment_______________r

jSr Year

A B C D E F G H
1
2
3 Year First-year sales ($000)
4 1 10
5 2 10
6 3 12
7 4 16
8 5 22
9 6 29
10 7 39
11 8 47
12

Fig. 1.5 Example of how to center information within cells

Click on this icon to center the information in the selected cells (see Fig. 1.6)

Home Insert Page Layout Formulas Data Review View

^  rit Cut
Copy -

Paste
J  Format Painter

Calibri - 11 » A* a ’

b  /  u  * m  ’  à ’  A ’

Alignme

A3 - ç -  * Year

A B C D E F
1
2
3 Year First-year sales ($000)
4 1 10
5 2 10
6 3 12
7 4 16
8 5 22
9 6 29
L0 7 39
LI 8 47

Fig. 1.6 Final result of centering information in the cells



8 1 Sample Size, Mean, Standard Deviation, and Standard Error of the Mean

Since you will need to refer to the first-year sales figures in your formulas, it will 
be much easier to do this if you “name the range of data” with a name instead of 
having to remember the exact cells (B4: B11) in which these figures are located. 
Let’s call that group of cells Product, but we could give them any name that you 
want to use.

1.4.4 Naming a Range of Cells

Objective: To name the range of data for the first-year sales figures with the 
name: Product

Highlight cells B4: B11 by left-clicking your mouse on B4 and dragging it down 
to B11

Formulas (top left of your screen)
Define Name (top center of your screen)
Product (type this name in the top box; see Fig. 1.7)

Home -age Layout Formulas : -d i RCVtCW .’ie.\

-<□ Define Name *

f f 3 Use in  Form ula
AutoSum  Recently F inanc ia l Logica l Text Date & Lookup  «  MathInsert '•’ore Name

Create from Selectionr unction Time* Reference* « T r ig *  Function s Managerused
Function  Library Defined Names

F ir s t - y e a r  s a le s  ($000)Year New Name

Name:

Scope: Workbook

Comment:

Refers to: Sheet 1<S8$4:S8S 11

Caned

Fig. 1.7 Dialogue box for “naming a range of cells” with the name: Product

OK
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Then, click on any cell of your spreadsheet that does not have any information in it 
(i.e., it is an “empty cell”) to deselect cells B4:B11 

Now, add the following terms to your spreadsheet:

E6: n
E9: Mean
E12: STDEV 
E15: s.e. (see Fig. 1.8)

A B C D E F -1
1
2
3 Year First-year sales ($000)
4 1 10
5 2 10 1
6 3 12 n
7 4 16
8 5 22
9 6 29 Mean
10 7 39
11 8 47
12 STDEV
13
14
15 s.e.
16

Fig. 1.8 Example of entering the sample size, Mean, STDEV, and s.e. labels

Note: Whenever you use a formula, you must add an equal sign (=) at the 
beginning of the name of the function so that Excel knows that you intend to use 
a formula.

1.4.5 Finding the Sample Size Using the =COUNT Function

Objective: To find the sample size (n) for these data using the =COUNT 
function
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F6: =COUNT(Product)

This command should insert the number 8 into cell F6 since there are eight first-year 
sales figures.

1.4.6 Finding the Mean Score Using the =AVERAGE 
Function

Objective: To find the mean sales figure using the =AVERAGE function

F9: =AVERAGE(Product)

This command should insert the number 23.125 into cell F9.

1.4.7 Finding the Standard Deviation Using 
the =STDEV Function

Objective: To find the standard deviation (STDEV) using the =STDEV 
function

F12: =  STDEV(Product)

This command should insert the number 14.02485 into cell F12.

1.4.8 Finding the Standard Error of the Mean

Objective: To find the standard error of the mean using a formula for these 
eight data points

F15: =F12/SQRT(8)

This command should insert the number 4.958533 into cell F15 (see Fig. 1.9).
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A B C 0 E F G
1
2
3 Year First-year sales ($000)
4 1 10
5 2 10
6 3 12 n 8
7 4 16
8 5 22
9 6 29 Mean 23.125
10 7 39
11 8 47
12 STDEV 14.02485
13
14
15 J s.e. 4.958533
1 C

Fig. 1.9 Example of using Excel formulas for sample size, Mean, STDEV, and s.e.

Important note: Throughout this book, be sure to double-check all of the figures in 
your spreadsheet to make sure that they are in the correct cells, or the formulas will 
not work correctly!

1.4.8.1 Formatting Numbers in Number Format (2 Decimal Places)

Objective: To convert the mean, STDEV, and s.e. to two decimal places

Highlight cells F9: F15 
Home (top left of screen)
Look under “Number” at the top center of your screen. In the bottom right corner, 

gently place your mouse pointer on your screen at the bottom of the .00.0 until it 
says: “Decrease Decimals” (see Fig. 1.10)
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Hon« Insert Page layout

' * CU1 C * M  
- ( j  Copy *

J  Format Painter “  *
Clipboard rm Fon

Formulae Data

' U  '  A* a ’  ■  

a • > -  a  • m

Review View

m  m  ? / •  Wrap Ten General * 

8  1  ; g  ; t  •«) Merge &  Center • $  * %  * To?

Alignment rm | M u t e r  1«;

is m m
Conditional Format Cell 
Formatting • at Table * Styles *

Stylet

F9 -  / .  IAVERAGE( Product) Decrease Decimal

Snow lets precise values byA  B c D E F G  H 1
showing fewer decimal places.

Year F irs t-yea r sa le s  ($000)

1 10

2 10

3 12 n 8
4 16

5 22
6 29 M ean 23.125
7 39
8 47

STDEV 14.02485

s.e. 4.958533

Fig. 1.10 Using the “Decrease Decimal Icon” to convert numbers to fewer decimal places

Click on this icon once and notice that the cells F9:F15 are now all in just two 
decimal places (see Fig. 1.11)

Year First-year sales ($000)
1 10
2 10
3 12 n 8
4 16
5 22
6 29 Mean 23.13
7 39
8 47

STDEV 14.02

s.e. 4.96

Fig. 1.11 Example of converting numbers to two decimal places

Important note: The sales figures are in thousands of dollars ($000), so that the 
mean is $23,130, the standard deviation is $14,020, and the standard error of 
the mean is $4,960.

Now, click on any “empty cell” on your spreadsheet to deselect cells F9 : F15.
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1.5 Saving a Spreadsheet

Objective: To save this spreadsheet with the name: Product3

In order to save your spreadsheet so that you can retrieve it sometime in the future, 
your first decision is to decide “where” you want to save it. That is your decision 
and you have several choices. If it is your own computer, you can save it onto 
your hard drive (you need to ask someone how to do that on your computer). 
Or, you can save it onto a “CD” or onto a “flash drive.” You then need to complete 
these steps:

File
Save as

(select the place where you want to save the file by scrolling either down or up 
the bar on the left, and click on the place where you want to save the file; for 
example: Documents: My Documents location)

File name: Product3 (enter this name to the right of File name; see Fig. 1.12)

Cancel

[ t j  Save As

P© O ’  «  Documents ► My Documents ►

O rganize  " New fo ld e r

* D ocu m en ts Documents library
Arrange by: Fo lder^  Music Number

Docum ents
pinuris

N am e Date m od ified TypeB  V ideos

T Q S n a g itte sti 2/2/2011 2:49 P M File fc ld e

H o m e g ro u p TQSnagittest2 2/2/2011 2:50 P M File fo ld e

S n a gitBB sam pleTEST l 2 2 '2011 2:50 P M File fo ld e

C o m p u ter Snagit 2/15/2011 12:26 P M File fo lde

&  O S  (G ) sm aple  S N A G IT  im a g e  -- d o es it woric_files 12/29/2010 1:22 P M File fo ld e

Lexar (E:) O u irk -C h a D terlS A M P L E fia u re im a a es 2/15/2011 10:36 A M File fo ld e

File nam e:

Save as type: Excel W o rkb oo k

Authors: T o m Tags: A d d  a tag

Save T h u m b n a il

Too s*■ H ide  Felders

Fig. 1.12 Dialogue box of saving an Excel Workbook file as “Product3” in Documents: My 
Documents location

Save
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Important note: Be very careful to save your Excel file spreadsheet every few 
minutes so that you do not lose your information!

1.6 Printing a Spreadsheet

Objective: To print the spreadsheet

Use the following procedure when printing any spreadsheet.

File
Print
Print Active Sheets (see Fig. 1.13)

Fig. 1.13 Example of how to print an Excel worksheet using the File/Print/Print Active Sheets 
commands

Print (top of your screen)

The final spreadsheet is given in Fig 1.14
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Year First-year sales ($000)
1 10
2 10
3 12 n 8
4 16
5 22
6 29 Mean 23.13
7 39
8 47

STDEV 14.02

] j |  1|

s.e. 4.96

Fig. 1.14 Final result of printing an Excel spreadsheet

Before you leave this chapter, let’s practice changing the format of the figures on 
a spreadsheet with two examples: (1) using two decimal places for figures that are 
dollar amounts, and (2) using three decimal places for figures.

Close your spreadsheet by: File/Close, and open a blank Excel spreadsheet by 
using File/New/Create (on the far right of your screen).

1.7 Formatting Numbers in Currency Format 
(2 Decimal Places)

Objective: To change the format of figures to dollar format with two decimal 
places

A3: Price
A4: 1.25
A5: 3.45
A6: 12.95

Home
Highlight cells A4:A6 by left-clicking your mouse on A4 and dragging it down so 

that these three cells are highlighted in a darker color 
Number (top center of screen: click on the down arrow on the right; see Fig. 1.15)
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Fig. 1.15 Dialogue box for number format choices

Category: Currency
Decimal places: 2 (then see Fig. 1.16)

Fig. 1.16 Dialogue box for currency (2 decimal places) format for numbers 

OK

The three cells should have a dollar sign in them and be in two decimal places. 

Next, let’s practice formatting figures in number format, three decimal places.
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1.8 Formatting Numbers in Number Format 
(3 Decimal Places)

Objective: To format figures in number format, three decimal places

Home
Highlight cells A4:A6 on your computer screen 
Number (click on the down arrow on the right)
Category: number
At the right of the box, change two decimal places to three decimal places by 

clicking on the “up arrow” once 
OK

The three figures should now be in number format, each with three decimals.

Now, click on any blank cell to deselect cells A4:A6. Then, close this file by File/ 
Close/Don’t Save (since there is no need to save this practice problem).

You can use these same commands to format a range of cells in percentage 
format (and many other formats) to whatever number of decimal places you want to 
specify.

1.9 End-of-Chapter Practice Problems

1. Suppose that you have selected a random sample from last week’s customers at 
Wal-Mart. You then created Fig. 1.17:
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DO LLAR SALES PER C UST O M E R  LAST W EEK
127.12
140.45
104.64
80.06

114.07
109.35
117.28
72.84
67.67
79.85

109.96
117.13
85.25

149.36
147.57
153.54
118.76
69.86

154.47
154.88
109.44
97.36
87.55

154.85
143.82
145.55
142.33
122.57
128.75

Fig. 1.17 Worksheet data for Chap. 1: Practice Problem #1

(a) Use Excel to the right of the table to find the sample size, mean, standard 
deviation, and standard error of the mean for these data. Label your answers, 
and round off the mean, standard deviation, and standard error of the mean to 
two decimal places; use currency format for these three figures.

(b) Print the result on a separate page.
(c) Save the file as: WAL6

2. Suppose that the Human Resources department of your company has administered 
a “Morale Survey” to all middle-level managers and that you have been asked to 
summarize the results of the survey. You have decided to test your Excel skills on 
one item to see if you can do this assignment correctly, and you have selected item 
#21 to test out your skills. The data are given in Fig. 1.18.
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Fig. 1.18 Worksheet data for Chap. 1: Practice Problem #2

(a) Use Excel to create a table of these ratings, and at the right of the table use 
Excel to find the sample size, mean, standard deviation, and standard error 
of the mean for these data. Label your answers, and round off the mean, 
standard deviation, and standard error of the mean to two decimal places 
using number format.

(b) Print the result on a separate page.
(c) Save the file as: MORALE4
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3. Suppose that you have been hired to do analysis of data from the previous 
18 days at a Ford assembly plant that produces Ford Focus automobiles. The 
plant manager wants you to summarize the number of defects per day of this car 
produced during this 3-week period. A “defect” is defined as any irregularity of 
the car at the end of the production line that requires the car to be brought off the 
line and repaired before it is shipped to a dealer. The data from the previous 
3 weeks are given in Fig. 1.19:

Fig. 1.19 Worksheet data for Ford Motor Co.
Chap. 1 : Practice Problem #3

N u m b e r  o f  d e fe c ts  p e r  d a y  fo r  th e  F o rd  F o cu s

D ay N o . o f  d e fe c ts

1 6
2 8
3 14

4 12
5 6
6 8
7 23

8 17

9 14

10 16

11 18

12 12
13 13
14 15

15 8
16 6
17 9

18 10

(a) Use Excel to create a table for these data, and at the right of the table, use 
Excel to find the sample size, mean, standard deviation, and standard error 
of the mean for these data. Label your answers, and round off the mean, 
standard deviation, and standard error of the mean to three decimal places 
using number format.

(b) Print the result on a separate page.
(c) Save the file as: DEFECTS4

Reference

Weiers, R.M. Introduction to Business Statistics (7th ed.). Mason, OH: South-Western Cengage 
Learning, 2011.



Chapter 2
Random Number Generator

Suppose that you wanted to take a random sample of five of your company’s 
32 salespeople using Excel so that you could interview these five salespeople 
about their job satisfaction at your company.

To do that, you need to define a “sampling frame.” A sampling frame is a list of 
people from which you want to select a random sample. This frame starts with the 
identification code (ID) of the number 1 that is assigned to the name of the first 
salesperson in your list of 32 salespeople in your company. The second salesperson 
has a code number of 2, the third a code number of 3, and so forth until the last 
salesperson has a code number of 32.

Since your company has 32 salespeople, your sampling frame would go from 
1 to 32 with each salesperson having a unique ID number.

We will first create the frame numbers as follows in a new Excel worksheet:

2.1 Creating Frame Numbers for Generating 
Random Numbers

Objective: To create the frame numbers for generating random numbers

A3: FRAME NO.
A4: 1

Now, create the frame numbers in column A with the Home/Fill commands that 
were explained in the first chapter of this book (see Sect. 1.4.1), so that the frame 
numbers go from 1 to 32, with the number 32 in cell A35. If you need to be 
reminded about how to do that, here are the steps:

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 
Business Problems, DOI 10.1007/978-1-4419-9934-4_2,
©  Springer Science+Business Media, LLC 2011

21
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Click on cell A4 to select this cell 
Home
Fill (then click on the “down arrow” next to this command and select) 
Series (see Fig. 2.1)

Fig. 2.1 Dialogue Box for Fill/Series commands

Columns 
Step value: 1
Stop value: 32 (see Fig. 2.2)

Fig. 2.2 Dialogue box for Fill/Series/Columns/Step value/ Stop value commands 

OK

Then, save this file as: Random2. You should obtain the result in Fig. 2.3.
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Fig. 2.3 Frame numbers 
from 1 to 32

F R A M E  N O

1

2
3

4

5

6
7

8
9

10

11
12

13

14

15

16

17

18

19

20
21
22

23

2 4

2 5

2 6

2 7

2 8

2 9

3 0

31

3 2

Now, create a column next to these frame numbers in this manner:

B3: DUPLICATE FRAME NO.
B4: 1

Next, use the Home/Fill command again, so that the 32 frame numbers begin in 
cell B4 and end in cell B35. Be sure to widen the columns A and B so that all of 
the information in these columns fits inside the column width. Then, center the 
information inside both Column A and Column B on your spreadsheet. You should 
obtain the information given in Fig. 2.4.
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F R A M E  N O D U P L IC A T E  F R A M E  N O .

1

2 2
3 3

4 4

5 5

6 6
7 7

8 8
9 9

10 10
11 11

12 12
13 13

14 14

15 15

16 16

17 17

18 18

19 19

20 20
21 21

22 22
23 23

2 4 2 4

2 5 25

2 6 2 6

2 7 2 7

2 8 28

2 9 2 9

3 0 3 0

31 31

3 2 32

Fig. 2.4 Duplicate frame numbers from 1 to 32

Save this file as: Random3
You are probably wondering why you created the same information in both 

Column A and Column B of your spreadsheet. This is to make sure that before you 
sort the frame numbers that you have exactly 32 of them when you finish sorting 
them into a random sequence of 32 numbers.

Now, let’s add a random number to each of the duplicate frame numbers as follows:
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2.2 Creating Random Numbers in an Excel Worksheet

C3: RANDOM NO.
(then widen columns A, B, C so that their labels fit inside the 
columns; then center the information in A3:C35)

C4: =RAND()
Next, hit the Enter key to add a random number to cell C4.

Note that you need both an open parenthesis and a closed parenthesis after 
=RAND(). The RAND command “looks to the left of the cell with the RAND() 
COMMAND in it” and assigns a random number to that cell.

Now, put the pointer using your mouse in cell C4 and then move the pointer to 
the bottom right corner of that cell until you see a “plus sign” in that cell. Then, 
click and drag the pointer down to cell C35 to add a random number to all 32 ID 
frame numbers (see Fig. 2.5).
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F R A M E  N O D U P L IC A T E  F R A M E  N O . R A N D O M  N O

1 1 0 .6 9 0 3 3 2 9 3 1
2 2 0 .0 2 2 3 3 4 6 0 3

3 3 0 .8 9 4 5 2 1 8 4

4 4 0 .9 8 1 5 7 3 8 4 9

5 5 0 .6 9 8 3 8 1 2 2 8

6 6 0  6 1 1 4 1 3 6 2 8

7 7 0 .0 1 3 5 5 1 3 9 1

8 8 0 .0 3 6 8 6 2 4 7 9

9 9 0 .4 1 2 9 3 2 3 2 8

10 10 0 .4 6 0 8 0 8 3 7 3

11 11 0 .5 3 3 4 1 6 1 3 6

12 12 0 .9 8 8 4 7 0 3 7 8

13 13 0 .0 9 7 8 2 1 3 5 8

14 14 0 .8 8 1 4 8 1 6 6 1

15 15 0 .3 5 2 2 8 7 5 0 7

16 16 0 .3 4 4 0 1 4 1 3 9

17 17 0 .0 8 4 5 7 0 1 6 8

18 18 0 .4 6 7 9 0 9 5 0 7

19 19 0 .9 0 4 9 1 7 1 5 3

20 20 0 .2 5 2 4 8 2 4 3 6

21 21 0 .7 8 8 7 8 3 6 3 4
22 22 0 .5 9 2 9 6 4 9 9 9

23 23 0 .9 4 6 6 6 5 1 8 7

24 24 0 .2 1 4 2 4 9 6 1 6

25 25 0 .5 0 9 3 4 0 7 9 1

26 2 6 0 .4 3 9 1 0 5 5 1 9

27 27 0 .0 8 6 3 7 8 6 6 2

28 28 0 .9 7 5 4 8 9 9 2 3

29 2 9 0 .1 2 0 0 7 7 9 2 4

30 3 0 0 .2 1 6 0 6 2 0 4 3

31 31 0 .3 5 3 9 9 5 8 8 4

3 2 32 0 .5 5 8 1 7 1 2 4 8

Fig. 2.5 Example of random numbers assigned to the duplicate frame numbers
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Then, click on any empty cell to deselect C4:C35 to remove the dark color 
highlighting these cells.

Save this file as: Random3A
Now, let’s sort these duplicate frame numbers into a random sequence:

2.3 Sorting Frame Numbers into a Random Sequence

Objective: To sort the duplicate frame numbers into a random sequence

Highlight cells B3: C35 (include the labels at the top of columns B and C) 
Data (top of screen)
Sort (click on this word at the top center of your screen; see Fig. 2.6)

| File Home Insert Page Layout Formulas Data Review View

- à  L à  I I |  u i I ' l l
(^ Connections

Properties
* 1 td Y

f c  Clear 

' £ >  Reapply
From From From From Other Existing Refresh 5 1 Sort Filter 'S/ AdvancedAccess Web Text Sources» Connections A ll * «  Edit Links

Get External Data Connections Sort &  Filter

B3 - f*  D U P L I C A T E  F R A M E  N O . Sort

Sh ow  th e  Sort d ia lo g  box to  sc 
data based  o n  several criteria a

A B c
1

2

3 F R A M E  N O . D U P L IC A T E  F R A M E  N O . R A N D O M Q  Press FI  for m ore  help.

4 1 1 0 .6 9 0 3 3 2 9 3 1

5 2 2 0 .0 2 2 3 3 4 6 0 3

6 3 3 0 .8 9 4 5 2 1 8 4

7 4 4 0 .9 8 1 5 7 3 8 4 9

a 5 5 0 .6 9 8 3 8 1 2 2 8

9 6 6 0  6 1 1 4 1 3 6 2 8

10 7
t 7 0 .0 1 3 5 5 1 3 9 1

11 8 8 0 .0 3 6 8 6 2 4 7 9

12 9 9 0 .4 1 2 9 3 2 3 2 8

13 10 10 0 .4 6 0 8 0 8 3 7 3

14 11 11 0 .5 3 3 4 1 6 1 3 6

15 12 12 0 .9 8 8 4 7 0 3 7 8

i 6 13 13 0 .0 9 7 8 2 1 3 5 8
17 14 14 0 .8 8 1 4 8 1 6 6 1

Fig. 2.6 Dialogue box for Data/Sort commands
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Sort by: RANDOM NO. (click on the down arrow) 
Smallest to Largest (see Fig. 2.7)

Fig. 2.7 Dialogue box for Data/Sort/RANDOM NO./Smallest to Largest commands 

OK

Click on any empty cell to deselect B3:C35.
Save this file as: Random4 
Print this file now.

These steps will produce Fig. 2.8 with the DUPLICATE FRAME NUMBERS 
sorted into a random order:

Important note: Because Excel randomly assigns these random numbers, your 
Excel commands will produce a different sequence of random numbers from 
everyone else who reads this book!
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F R A M E  N O D U P L IC A T E  F R A M E  N O . R A N D O M  N O

1 ■ 7 0 .3 4 3 2 6 1 2 8 3

2 2 0 .9 2 9 6 0 7 2 9 1

3 8 0 .9 1 4 3 0 4 2 1 2

4 17 0 .9 0 3 6 1 8 3 2 4

5 2 7 0 .2 5 7 2 2 8 1 8 2

6 13 0 .4 5 6 2 0 4 0 3 6

7 29 0 .3 9 0 6 2 2 9 8 6

8 24 0 .2 2 2 2 1 0 1 1 6

9 3 0 0  4 3 2 1 5 5 4 8 3

10 20 0 .2 1 9 9 8 2 2 6 6

11 16 0 .8 4 2 4 6 1 3 9 8

12 15 0 .3 7 8 1 5 0 8

13 31 0 .6 9 4 0 4 9 0 8 9

14 9 0 .9 3 9 7 6 4 5 6 4

15 2 6 0 .0 7 5 6 8 9 6 6 7

16 10 0 .3 0 2 2 2 7 7 1 4

17 18 0 .4 6 8 6 8 7 7 9 4

18 25 0 .1 4 8 5 0 2 0 3 6

19 11 0 .4 9 4 6 2 3 7 1

20 32 0 .8 7 7 1 9 3 7 2

21 22 0 .4 1 3 1 5 1 7 6 6

22 6 0 .0 9 4 3 1 0 7 9 3

23 1 0 .9 6 2 1 1 5 3 4 2

24 5 0 .5 2 8 9 6 4 9 6 7

25 21 0 .4 0 1 1 4 0 4 9 6

26 14 0 .4 0 3 3 2 7 0 1 3

2 7 3 0 .8 6 5 0 2 5 6 3 8

28 19 0 .5 1 7 3 3 2 3 9 3

29 23 0 .9 6 8 0 8 5 8 2 1

30 28 0 .6 4 7 6 0 9 3 7 5

31 4 0 .6 7 0 1 4 3 4 0 3

3 2 12 0 .0 9 4 8 3 3 5 2

Fig. 2.8 Duplicate frame numbers sorted by random number

Because your objective at the beginning of this chapter was to select randomly 5 of 
your company’s 32 salespeople for a personal interview, you now can do that by 
selecting the first five ID numbers in DUPLICATE FRAME NO. column after the sort.

Although your first five random numbers will be different from those we have 
selected in the random sort that we did in this chapter, we would select these five 
IDs of salespeople to interview using Fig. 2.9.

7, 2, 8, 17, 27
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F R A M E  N O D U P L IC A T E  F R A M E  N O . R A N D O M  N O

1 ■ 7 0 .3 4 3 2 6 1 2 8 3

2 2 0  9 2 9 6 0 7 2 9 1

3 8 0 .9 1 4 3 0 4 2 1 2

4 17 0 .9 0 3 6 1 8 3 2 4

5 27 0 .2 5 7 2 2 8 1 8 2

6 13 0 .4 5 6 2 0 4 0 3 6
7 2 9 0 .3 9 0 6 2 2 9 8 6

8 24 0 .2 2 2 2 1 0 1 1 6

9 3 0 0  4 3 2 1 5 5 4 8 3

10 20 0 .2 1 9 9 8 2 2 6 6

11 16 0 .8 4 2 4 6 1 3 9 8

12 15 0 .3 7 8 1 5 0 8

13 31 0 .6 9 4 0 4 9 0 8 9

14 9 0 .9 3 9 7 6 4 5 6 4

15 2 6 0 .0 7 5 6 8 9 6 6 7

16 10 0 .3 0 2 2 2 7 7 1 4

17 18 0 .4 6 8 6 8 7 7 9 4

18 25 0 .1 4 8 5 0 2 0 3 6

19 11 0 .4 9 4 6 2 3 7 1

20 32 0 .8 7 7 1 9 3 7 2

21 22 0  4 1 3 1 5 1 7 6 6

22 6 0  0 9 4 3 1 0 7 9 3

23 1 0 .9 6 2 1 1 5 3 4 2

24 5 0 .5 2 8 9 6 4 9 6 7

25 21 0 .4 0 1 1 4 0 4 9 6

2 6 14 0 .4 0 3 3 2 7 0 1 3

27 3 0 .8 6 5 0 2 5 6 3 8

28 19 0 .5 1 7 3 3 2 3 9 3

2 9 23 0 .9 6 8 0 8 5 8 2 1

3 0 28 0 .6 4 7 6 0 9 3 7 5

^ 3 1 ^ _ 4 0 .6 7 0 1 4 3 4 0 3
3 2 12 0 .0 9 4 8 3 3 5 2

Fig. 2.9 First five salespeople selected randomly

Remember, your five ID numbers selected after your random sort will be 
different from the five ID numbers in Fig. 2.9 because Excel assigns a different 
random number each time the =RAND() command is given.

Before we leave this chapter, you need to learn how to print a file so that all of 
the information on that file fits onto a single page without “dribbling over” onto a 
second or third page.
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2.4 Printing an Excel File So That All of the Information 
Fits onto One Page

Objective: To print a file so that all of the information fits onto one page

Note that the three practice problems at the end of this chapter require you to sort 
random numbers when the files contain 63 customers, 114 counties of the state of 
Missouri, and 76 key accounts, respectively. These files will be “too big” to fit onto 
one page when you print them unless you format these files so that they fit onto a 
single page when you print them.

Let’s create a situation where the file does not fit onto one printed page unless 
you format it first to do that.

Go back to the file you just created, Random 4, and enter the name: Jennifer into 
cell: A50.

If you printed this file now, the name, Jennifer, would be printed onto a 
second page because it “dribbles over” outside of the page rage for this file in its 
current format.

So, you would need to change the page format so that all of the information, 
including the name, Jennifer, fits onto just one page when you print this file by using 
the following steps:

Page Layout (top left of the computer screen)
(Notice the “Scale to Fit” section in the center of your screen; see Fig. 2.10)

At  * *___  fir

A B C O E

2

3 FR A M E  N O . D U PL IC A TE  FR A M E  N O . R A N D O M  N O
4 1 7 0 .449458386
5 2 2 0 .393795703
6 3 8 0 .4 29071822
7 4 17 0 .037112211
8 5 27 0 .23465142
9 6 13 0.89011181
10 7 29 0.063857181
11 8 24 0 .555967593
12 9 30 0 .88888934
13 10 20 0 .456567636

Fig. 2.10 Dialogue box for page Layout/Scale-to-Fit commands
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Hit the down arrow to the right of 100% once to reduce the size of the page to 95% 
Now, note that the name, Jennifer, is still on a second page on your screen 

because her name is below the horizontal dotted line on your screen in Fig. 2.11 
(the dotted lines tell you outline dimensions of the file if you printed it now).

Insert Page Layout Formulas Data Review View

£  Colors v

[Â1Fonts "
fo ]  Effects * 

Themes

â  id
Margins Orientation Size Print Breaks Background Print

» * * Area w * Titles t_S Scale:
_______________________Page Setup______________________

Width: Automatic * Gri< 

£[] Height: Automatic » 0

95% :  □

Scale to Fit r ,  SI

A43 »  f*

A B C 0 E
35 32 12 0 .477723853
36

37

38

39

40
41

42

43
44

45

46

47

48

49

50 J e n n ife r
51

Fig. 2.11 Example of scale reduced to 95% with “Jennifer” to be printed on a second page

So, you need to repeat the “scale change steps” by hitting the down arrow on the 
right once more to reduce the size of the worksheet to 90% of its normal size.
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Notice that the “dotted lines” on your computer screen in Fig. 2.12 are now 
below Jennifer’s name to indicate that all of the information, including her name, is 
now formatted to fit onto just one page when you print this file.

Page Layout Formulas

[ Â a l  B C 0 l 0 , S '
*****  ̂ a J Fonts *

£ 3  Width: Automatic * 

Height: Automatic *

Gridlii

0  Vi
Themes ,— ,

-  \O j  Effects -
Margins Orientation Size Print Breaks Background Print 

* * * Area * * Titles 4 J  Scale: 90%  ; □  Pi

Themes Page Setup (■ Scale to Fit r* She*

A43 - f*
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Fig. 2.12 Example of scale reduced to 90% with “Jennifer” to be printed on the first page (note the 
dotted line below Jennifer on your screen)

Save the file as: Random4A
Print the file. Does it all fit onto one page? It should (see Fig. 2.13).
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FRA M E N O . D U PLIC A TE FRA M E N O . R A N D O M  N O
1 7 0.661660768
2 2 0 .408218127

3 8 0.360146461
4 17 0 .547997374
5 27 0.821419485
6 13 0.654126828
7 29 0.704348993
8 24 0.687297652
9 30 0 .577967707
10 20 0.0981433
11 16 0 .609199142
12 15 0.287862572
13 31 0 .435789306
14 9 0 .104459646
15 26 0 .805430237
16 10 0.039516242
17 18 0 .734135176
18 25 0 566571959
19 11 0.381795818
20 32 0 .11660887

21 22 0.891887278
22 6 0.370903093
23 1 0 .109567029
24 5 0 .94724966
25 21 0.650861462
26 14 0.678153692
27 3 0 .081214079
28 19 0.421424271
29 23 0 .817358479
30 28 0 .573849656
31 4 0.597010138
32 12 0.853493587

J en n ifer

Fig. 2.13 Final spreadsheet of 90% scale to fit
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2.5 End-of-Chapter Practice Problems

1. Suppose that you wanted to do a “customer satisfaction phone survey” of 15 of 
63 customers who purchased at least $1,000 worth of merchandise from your 
company during the last 60 days.

(a) Set up a spreadsheet of frame numbers for these customers with the heading: 
FRAME NUMBERS using the Home/Fill commands.

(b) Then, create a separate column to the right of these frame numbers which 
duplicates these frame numbers with the title: Duplicate frame numbers

(c) Then, create a separate column to the right of these duplicate frame numbers 
and use the =RAND() function to assign random numbers to all of the frame 
numbers in the duplicate frame numbers column, and change this column 
format so that 3 decimal places appear for each random number

(d) Sort the duplicate frame numbers and random numbers into a random order
(e) Print the result so that the spreadsheet fits onto one page
(f) Circle on your printout the I.D. number of the first 15 customers that you 

would call in your phone survey
(g) Save the file as: RAND9

Important note: Note that everyone who does this problem will generate a 
different random order of customer ID numbers since Excel assigns a different 
random number each time the RAND() command is used. For this reason, the 
answer to this problem given in this Excel Guide will have a completely different 
sequence of random numbers from the random sequence that you generate. This 
is normal and what is to be expected.

2. Suppose that you wanted to do a random sample of 10 of the 114 counties in the 
state of Missouri as requested by a political pollster who wants to select 
registered voters by county in Missouri for a phone survey of their voting 
preferences in the next election. You know that there are 114 counties in 
Missouri because you have accessed the Web site for the U.S. census (U.S. 
Census Bureau 2000). For your information, the United States has a total of 
3,140 counties in its 50 states (U.S. Census Bureau 2000).

(a) Set up a spreadsheet of frame numbers for these counties with the heading: 
FRAME NO.

(b) Then, create a separate column to the right of these frame numbers which 
duplicates these frame numbers with the title: Duplicate frame no.

(c) Then, create a separate column to the right of these duplicate frame numbers 
entitled “Random number” and use the =RAND() function to assign ran­
dom numbers to all of the frame numbers in the duplicate frame numbers 
column. Then, change this column format so that 3 decimal places appear 
for each random number

(d) Sort the duplicate frame numbers and random numbers into a random order
(e) Print the result so that the spreadsheet fits onto one page
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(f) Circle on your printout the I.D. number of the first ten counties that the 
pollster would call in his phone survey

(g) Save the file as: RANDOM6

3. Suppose that your Sales department at your company wants to do a “customer 
satisfaction survey” of 20 of your company’s 76 “key accounts.” Suppose, 
further, that your Sales Vice President has defined a key account as a customer 
who purchased at least $30,000 worth of merchandise from your company in the 
past 90 days.

(a) Set up a spreadsheet of frame numbers for these customers with the heading: 
FRAME NUMBERS.

(b) Then, create a separate column to the right of these frame numbers which 
duplicates these frame numbers with the title: Duplicate frame numbers

(c) Then, create a separate column to the right of these duplicate frame numbers 
entitled “Random number” and use the =RAND() function to assign ran­
dom numbers to all of the frame numbers in the duplicate frame numbers 
column. Then, change this column format so that 3 decimal places appear 
for each random number

(d) Sort the duplicate frame numbers and random numbers into a random order
(e) Print the result so that the spreadsheet fits onto one page
(f) Circle on your printout the I.D. number of the first 20 customers that your 

Sales Vice President would call for his phone survey
(g) Save the file as: RAND5

Reference

U.S. Census Bureau Census 2000 PHC-T-4. Ranking tables for counties 1990 and 2000. Retrieved 
from http://www.census.gov/population/www/cen2000/briefs/phc-t4/tables/tab01.pdf

http://www.census.gov/population/www/cen2000/briefs/phc-t4/tables/tab01.pdf


Chapter 3
Confidence Interval About the Mean Using 
the TINV Function and Hypothesis Testing

This chapter focuses on two ideas: (1) finding the 95% confidence interval about the 
mean, and (2) hypothesis testing.

Let’s talk about the confidence interval first.

3.1 Confidence Interval About the Mean

In statistics, we are always interested in estimating the population mean. How do 
we do that?

3.1.1 How to Estimate the Population Mean

Objective: To estimate the population mean, m

Remember that the population mean is the average of all of the people in the target 
population. For example, if we were interested in how well adults aged 25-44 liked 
a new flavor of Ben & Jerry’s ice cream, we could never ask this question to all of 
the people in the U.S. who were in that age group. Such a research study would take 
way too much time to complete and the cost of doing that study would be 
prohibitive.

So, instead of testing everyone in the population, we take a sample of people in 
the population and use the results of this sample to estimate the mean of the entire 
population. This saves both time and money. When we use the results of a sample to 
estimate the population mean, this is called “inferential statistics” because we are 
inferring the population mean from the sample mean.

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 
Business Problems, DOI 10.1007/978-1-4419-9934-4_3,
©  Springer Science+Business Media, LLC 2011
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When we study a sample of people in business research, we know the size of our 
sample (n), the mean of our sample (X), and the standard deviation of our sample 
(STDEV). We use these figures to estimate the population mean with a test called 
the “confidence interval about the mean.”

3.1.2 Estimating the Lower Limit and the Upper Limit 
of the 95%c Confidence Interval About the Mean

The theoretical background of this test is beyond the scope of this book, and you can 
learn more about this test from studying any good statistics textbook (e.g., Levine 
2011), but the basic ideas are as follows.

We assume that the population mean is somewhere in an interval, which has a 
“lower limit” and an “upper limit” to it. We also assume in this book that we want to 
be “95% confident” that the population mean is inside this interval somewhere. So, 
we intend to make the following type of statement:

“We are 95% confident that the population mean in miles per gallon (mpg) for the Chevy 
Impala automobile is between 26.92 and 29.42 mpg.”

If we want to create a billboard for this car that claims that this car gets 28 miles per 
gallon (mpg), we can do that because 28 is inside the 95% confidence interval in our 
research study in the above example. We do not know exactly what the population 
mean is, only that it is somewhere between 26.92 and 29.42 mpg, and 28 is inside 
this interval.

But we are only 95% confident that the population mean is inside this interval, 
and 5% of the time we will be wrong in assuming that the population mean is 28 mpg.

But, for our purposes in business research, we are happy to be 95% confident that 
our assumption is accurate. We should also point out that 95% is an arbitrary level 
of confidence for our results. We could choose to be 80% confident, or 90% 
confident, or even 99% confident in our results if we wanted to do that. But, in 
this book, we will always assume that we want to be 95% confident of our results. 
That way, you will not have to guess on how confident you want to be in any of the 
problems in this book. We will always want to be 95% confident of our results in 
this book.

So, how do we find the 95% confidence interval about the mean for our data? 
In words, we will find this interval this way:
“Take the sample mean (X), and add to it 1.96 times the standard error of the mean (s.e.) to 
get the upper limit of the confidence interval. Then, take the sample mean, and subtract 
from it 1.96 times the standard error of the mean to get the lower limit of the confidence 
interval.”

You will remember (see Sect. 1.3) that the standard error of the mean (s.e.) is found 
by dividing the standard deviation of our sample (STDEV) by the square root of our 
sample size, n.
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In mathematical terms, the formula for the 95% confidence interval about the 
mean is:

X ±  1.96 s.e. (3.1)

Note that the “±  sign” stands for “plus or minus,” and this means that you first add 
1.96 times the s.e. to the mean to get the upper limit of the confidence interval, and then 
subtract 1.96 times the s.e. from the mean to get the lower limit of the confidence 
interval. Also, the symbol 1.96 s.e. means that you multiply 1.96 times the standard 
error of the mean to get this part of the formula for the confidence interval.

Note: We will explain shortly where the number 1.96 came from.

Let’s try a simple example to illustrate this formula.

3.1.3 Estimating the Confidence Interval for the Chevy
Impala in Miles Per Gallon

Let’s suppose that you asked owners of the Chevy Impala to keep track of their 
mileage and the number of gallons used for two tanks of gas. Let’s suppose that 49 
owners did this, and that they average 27.83 miles per gallon (mpg) with a standard 
deviation of 3.01 mpg. The standard error (s.e.) would be 3.01 divided by the square 
root of 49 (i.e., 7) which gives a s.e. equal to 0.43.

The 95% confidence interval for these data would be:

27.83 ±  1.96(0.43)

The upper limit of this confidence interval uses the plus sign of the ±  sign in the 
formula. Therefore, the upper limit would be:

27.83 +  1.96(0.43) =  27.83 +  0.84 =  28.67 mpg

Similarly, the lower limit of this confidence interval uses the minus sign of 
the ±  sign in the formula. Therefore, the lower limit would be:

27.83 -  1.96(0.43) =  27.83 -  0.84 =  26.99 mpg

The result of our research study would, therefore, be the following:
“We are 95% confident that the population mean for the Chevy Impala is somewhere 
between 26.99 and 28.67 mpg.”

If we were planning to create a billboard that claimed that this car got 28 mpg, we 
would be able to do that based on our data, since 28 is inside of this 95% confidence 
interval for the population mean.

You are probably asking yourself: “Where did that 1.96 in the formula 
come from?”
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3.1.4 Where Did the Number “1.96” Come From?

A detailed mathematical answer to that question is beyond the scope of this book, 
but here is the basic idea.

We make an assumption that the data in the population are “normally 
distributed” in the sense that the population data would take the shape of a “normal 
curve” if we could test all of the people in the population. The normal curve looks 
like the outline of the Liberty Bell that sits in front of Independence Hall in 
Philadelphia, Pennsylvania. The normal curve is “symmetric” in the sense that if 
we cut it down the middle, and folded it over to one side, the half that we folded 
over would fit perfectly onto the half on the other side.

A discussion of integral calculus is beyond the scope of this book, but essentially 
we want to find the lower limit and the upper limit of the population data in the 
normal curve so that 95% of the area under this curve is between these two limits. 
I f we have more than 40 people in our research study, the value of these limits is 
plus or minus 1.96 times the standard error of the mean (s.e.) of our sample. 
The number 1.96 times the s.e. of our sample gives us the upper limit and the 
lower limit of our confidence interval. If you want to learn more about this idea, you 
can consult a good statistics book (e.g., Salkind 2010).

The number 1.96 would change if we wanted to be confident of our results at a 
different level from 95% as long as we have more than 40 people in our research study. 

For example:

1. If we wanted to be 80% confident of our results, this number would be 1.282.
2. If we wanted to be 90% confident of our results, this number would be 1.645.
3. If we wanted to be 99% confident of our results, this number would be 2.576.

But since we always want to be 95% confident of our results in this book, we will
always use 1.96 in this book whenever we have more than 40 people in our research 
study.

By now, you are probably asking yourself: “Is this number in the confidence 
interval about the mean always 1.96?” The answer is: “No!”, and we will explain 
why this is true now.

3.1.5 Finding the Value for t in the Confidence 
Interval Formula

Objective: To find the value for t in the confidence interval formula
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The correct formula for the confidence interval about the mean for different sample 
sizes is the following:

X ±  t s.e. (3.2)

To use this formula, you find the sample mean, X, and add to it the value of 
t times the s.e. to get the upper limit of this 95% confidence interval. Also, you take 
the sample mean, X, and subtract from it the value o ft times the s.e. to get the lower 
limit of this 95% confidence interval. And, you find the value of t in the table given 
in Appendix E of this book in the following way:

Objective: To find the value of t in the t-table in Appendix E

Before we get into an explanation of what is meant by “the value of t,” let’s give 
you practice in finding the value of t by using the t-table in Appendix E.

Keep your finger on Appendix E as we explain how you need to “read” that table.
Since the test in this chapter is called the “confidence interval about the mean 

test,” you will use the first column on the left in Appendix E to find the critical value 
of t for your research study (note that this column is headed: “sample size n”).

To find the value of t, you go down this first column until you find the sample 
size in your research study, and then you go to the right and read the value of t for 
that sample size in the “critical t column” of the table (note that this column is the 
column that you would use for the 95% confidence interval about the mean).

For example, if you have 14 people in your research study, the value of t is 2.160.
If you have 26 people in your research study, the value of t is 2.060.
If you have more than 40 people in your research study, the value of t is 

always 1.96.
Note that the “critical t column” in Appendix E represents the value of t that you 

need to use to obtain to be 95% confident of your results as “significant” results.
Throughout this book, we are assuming that you want to be 95% confident in the 

results of your statistical tests. Therefore, the value for t in the t-table in Appendix E 
tells you which value you should use for t when you use the formula for the 95% 
confidence interval about the mean.

Now that you know how to find the value of t in the formula for the confidence interval 
about the mean, let’s explore how you find this confidence interval using Excel.

3.1.6 Using Excel’s TINV Function to Find the Confidence 
Interval About the Mean

Objective: To use the TINV function in Excel to find the confidence interval 
about the mean
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When you use Excel, the formulas for finding the confidence interval are:

Lower limit: =  X — TINV(1 — 0.95, n — 1) * s.e.
(no spaces between these symbols)

Upper limit: =  X +  TINV(1 — 0.95, n — 1) * s.e.
(no spaces between these symbols)

(3.3)

(3.4)

Note that the “* symbol” in this formula tells Excel to use the multiplication step 
in the formula, and it stands for “times” in the way we talk about multiplication.

You will recall from Chap. 1 that n stands for the sample size, and so n — 1 
stands for the sample size minus one.

You will also recall from Chap. 1 that the standard error of the mean, s.e., equals 
the STDEV divided by the square root of the sample size, n (See Sect. 1.3).

Let’s try a sample problem using Excel to find the 95% confidence interval about 
the mean for a problem.

General Motors claimed that its Chevy Impala (Anonymous 2005) achieved 28 
miles per gallon (mpg) on the highway. A billboard in St. Louis at the Vandeventer 
entrance to Route 44 soon after this proclaimed: “The new Chevy Impala gets 
28 miles to the gallon.” This same advertisement claim also appeared in Time 
magazine over a several month period. Let’s call 28 mpg the “reference value” for 
this car.

Suppose that you work for Ford Motor Co. and that you want to check this 
claim to see if it holds up based on some research evidence. You decide to collect 
some data and to use a two-side 95% confidence interval about the mean to test 
your results:

3.1.7 Using Excel to Find the 95% Confidence Interval 
for a Car’s Miles Per Gallon Claim

Objective: To analyze the data using a two-side 95% confidence interval 
about the mean

You select a sample of new car owners for this car and they agree to keep track of 
their mileage for two tanks of gas and to record the average miles per gallon they 
achieve on these two tanks of gas. Your research study produces the results given in 
Fig. 3.1:
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Ch«vv  Impala

M ile s  per gallon
30.9
24.S
31.2
28.7
35.1
29.0
28.8
23.1
31.0
30.2
28.4
29.3
24.2
27.0
26.7
31.0
23.5
29.4
26.3
27.5
28.2
28.4
29.1
21.9
30.9

Fig. 3.1 Worksheet data for Chevy Impala (practical example)

Create a spreadsheet with these data and use Excel to find the sample size (n), the 
mean, the standard deviation (STDEV), and the standard error of the mean (s.e.) for 
these data using the following cell references.

A3: Chevy Impala
A5: Miles per gallon
A6: 30.9
Enter the other mpg data in cells A7:A30

Now, highlight cells A6:A30 and format these numbers in number format 
(one decimal place). Center these numbers in Column A. Then, widen 
columns A and B by making both of them twice as wide as the original 
width of column A. Then, widen column C so that it is three times as wide as 
the original width of column A so that your table looks more professional.

C7: n 
C10: Mean 
C13: STDEV 
C16: s.e.
C19: 95% confidence interval 
D21: Lower limit:
D23: Upper limit: (see Fig. 3.2)
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C h e v y  Im p a la

M ile s  p e r  gallon
30 .9

24.5 n

31.2
28.7

35.1 M e a n

29 .0
28.8
23.1 S T D E Y

31 .0
30.2
28 .4 s .e
29.3
24.2
27.0 9 5 %  co n fid en ce  in te rv a l
26.7
31 .0 L o w er lim it:

23 .5
29 .4 U p p e r  L im it:

26.3
27 .5
28.2
28 .4

29.1
21 .9
30 .9

Fig. 3.2 Example of Chevy Impala format for the confidence interval about the mean labels

B26: Draw a picture below this confidence interval 
B28: 26.92 
B29: lower 
B30: limit
C28: ‘-------------28 --------------28.17 ------------------ (note that you need to begin

cell C28 with a single quotation mark (‘) to tell Excel that this is a label, and 
not a number)

E28: ‘29.42 (note the single quotation mark)
C29: ref. Mean 
C30: value 
E29: upper 
E30: limit 
B33: Conclusion:

Now, align the labels underneath the picture of the confidence interval so that 
they look like Fig. 3.3.
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C h e v y  Im p a la

M ile s  p e r  gallon
30 .9

24.5 n

31.2
28.7

35.1 M e a n
29.0
28.8
23.1 S T D E V

31 .0
30.2
28 .4 s .e
29.3
24.2

27.0 9 5 %  co n fid en ce  in te rv a l
26.7

31 .0 L o w er lim it:
23 .5
29 .4 U p p e r  L im it:

26.3
27 .5
28.2 D raw  a  p ic tu re  below  th is  co n fid en ce  in te rv a l
28 .4

29.1 26.92 ............... ........................7# 1 7 ____________ 29.42
21 .9 low er re f. M e a n u p p e r

30 .9 lim it v a lu e lim it

C onc lusion :

Fig. 3.3 Example of drawing a picture of a confidence interval about the mean result

Next, name the range of data from A6:A30 as: miles

D7: Use Excel to find the sample size 
D10: Use Excel to find the mean 
D13: Use Excel to find the STDEV 
D16: Use Excel to find the s.e.

Now, you need to find the lower limit and the upper limit of the 95% confidence 
interval for this study.

We will use Excel’s TINV function to do this. We will assume that you want to 
be 95% confident of your results.

F21: = D10 -  TINV(1 -  .95,24)*D16
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Note that this TINV formula uses 24 since 24 is one less than the sample size of 
25 (i.e., 24 is n — 1). Note that D10 is the mean, while D16 is the standard error of 
the mean. The above formula gives the lower limit of the confidence interval, 26.92.

F23: = D10 +  TINV(1 — .95,24)*D16

The above formula gives the upper limit of the confidence interval, 29.42.
Now, use number format (two decimal places) in your Excel spreadsheet for the 

mean, standard deviation, standard error of the mean, and for both the lower limit 
and the upper limit of your confidence interval. If you printed this spreadsheet now, 
the lower limit of the confidence interval (26.92) and the upper limit of the 
confidence interval (29.42) would “dribble over” onto a second printed page 
because the information on the spreadsheet is too large to fit onto one page in its 
present format.

So, you need to use Excel’s “Scale to Fit” commands that we discussed in 
Chap. 2 (see Sect. 2.4) to reduce the size of the spreadsheet to 95% of its current 
size using the Page Layout/Scale-to-Fit function. Do that now, and notice that the 
dotted line to the right of 26.92 and 29.42 indicates that these numbers would now 
fit onto one page when the spreadsheet is printed out (see Fig. 3.4)

F21__________ f*  =D10-TINV( 1-0.95,24) "016

A B c D *  1 F G
31.2
28.7
35.1 M e an 28.17
29.0
28.8
23.1 STD EV 3.03
31.0
30.2
28.4 s.e 0.61
29.3
24.2
27.0 9 5 %  confidence in terval
26.7
31.0 L ow er limit: 26.921|
23.5
29.4 U pper Limit: 29.42
26.3
27.5
28.2 Draw  a p ic tu re  below  th is confidence in te rva l
28.4
29.1 26.92 ............... 28 — -......... 28.17 .......... ............ 29.42
21.9 low er ref. M e an upper
^ A A f* •• t r- •.

Fig. 3.4 Result of using the TINV function to find the confidence interval about the mean
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Note that you have drawn a picture of the 95% confidence interval beneath cell 
B26, including the lower limit, the upper limit, the mean, and the reference value of 
28 mpg given in the claim that the company wants to make about the car’s miles per 
gallon performance.

Now, let’s write the conclusion to your research study on your spreadsheet:

C33: Since the reference value of 28 is inside 
C34: the confidence interval, we accept that 
C35: the Chevy Impala does get 28 mpg.

Your research study accepted the claim that the Chevy Impala did get 28 mpg. 
The average miles per gallon in your study was 28.17 (see Fig. 3.5).

Save your resulting spreadsheet as: CHEVY7

Fig. 3.5 Final spreadsheet for the Chevy Impala confidence interval about the mean
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3.2 Hypothesis Testing

One of the important activities of researchers, whether they are in business research, 
marketing research, psychological research, educational research, or in any of the 
social sciences is that they attempt to “check” their assumptions about the world by 
testing these assumptions in the form of hypotheses.

A typical hypothesis is in the form: “If x, then y.”
Some examples would be:

1. “If we raise our price by 5%, then our sales dollars for our product will decrease 
by 8%.”

2. “If we increase our advertising budget by $400,000 for our product, then our 
market share will go up by two points.”

3. “If we use this new method of teaching mathematics to ninth graders in algebra, 
then our math achievement scores will go up by 10%.”

4. “If we change the raw materials for this product, then our production cost per 
unit will decrease by 5%.”

A hypothesis, then, to a social science researcher, is a “guess” about what we 
think is true in the real world. We can test these guesses using statistical formulas to 
see if our predictions come true in the real world.

So, in order to perform these statistical tests, we must first state our hypotheses 
so that we can test our results against our hypotheses to see if our hypotheses match 
reality.

So, how do we generate hypotheses in business?

3.2.1 Hypotheses Always Refer to the Population of People 
or Events That You Are Studying

The first step is to understand that our hypotheses always refer to the population of 
people under study.

For example, if we are interested in studying 18-24 year-olds in St. Louis as our 
target market, and we select a sample of people in this age group in St. Louis, 
depending on how we select our sample, we are hoping that our results of this study 
are useful in generalizing our findings to all 18-24 year-olds in St. Louis, and not 
just to the particular people in our sample.

The entire group of 18-24 year-olds in St. Louis would be the population that we 
are interested in studying, while the particular group of people in our study is called 
the sample from this population.

Since our sample sizes typically contain only a few people, we interested in the 
results of our sample only insofar as the results of our sample can be “generalized” 
to the population in which we are really interested.
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That is why our hypotheses always refer to the population, and never to the 
sample of people in our study.

You will recall from Chap. 1 that we used the symbol: X to refer to the mean of 
the sample we use in our research study (See Sect. 1.1).

We will use the symbol: m (the Greek letter “mu”) to refer to the population mean.
In testing our hypotheses, we are trying to decide which one of two competing 

hypotheses about the population mean we should accept given our data set.

3.2.2 The Null Hypothesis and the Research 
(Alternative) Hypothesis

These two hypotheses are called the null hypothesis and the research hypothesis. 
Statistics textbooks typically refer to the null hypothesis with the notation: H0. 
The research hypothesis is typically referred to with the notation: H1, and it is 

sometimes called the alternative hypothesis.
Let’s explain first what is meant by the null hypothesis and the research hypothesis:

1. The null hypothesis is what we accept as true unless we have compelling 
evidence that it is not true.

2. The research hypothesis is what we accept as true whenever we reject the null 
hypothesis as true.

This is similar to our legal system in America where we assume that a supposed 
criminal is innocent until he or she is proven guilty in the eyes of a jury. Our null 
hypothesis is that this defendant is innocent, while the research hypothesis is that he 
or she is guilty.

In the great state of Missouri, every license plate has the state slogan: “Show 
me.” This means that people in Missouri think of themselves as not gullible enough 
to accept everything that someone says as true unless that person's actions indicate 
the truth of his or her claim. In other words, people in Missouri believe strongly that 
a person’s actions speak much louder than that person’s words.

Since both the null hypothesis and the research hypothesis cannot both be true, 
the task of hypothesis testing using statistical formulas is to decide which one you 
will accept as true, and which one you will reject as true.

Sometimes in business research, a series of rating scales is used to measure 
people's attitudes toward a company, toward one of its products, or toward 
their intention to buy that company's products. These rating scales are typically 
5-point, 7-point, or 10-point scales, although other scale values are often used 
as well.
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3.2.2.1 Determining the Null Hypothesis and the Research Hypothesis 
When Rating Scales Are Used

Here is a typical example of a 7-point scale in attitude research in customer 
satisfaction studies (see Fig. 3.6):

How would you rate your overall experience in purchasing your new car?

1 2 3 4 5 6 7
P o o r  E x c e l le n t

Fig. 3.6 Example of a rating scale item for a new car purchase (practical example)

So, how do we decide what to use as the null hypothesis and the research 
hypothesis whenever rating scales are used?

Objective: To decide on the null hypothesis and the research hypothesis 
whenever rating scales are used.

In order to make this determination, we will use a simple rule:

Rule: Whenever rating scales are used, we will use the “middle” of the scale as the 
null hypothesis and the research hypothesis.

In the above example, since 4 is the number in the middle of the scale (i.e., three 
numbers are below it, and three numbers are above it), our hypotheses become:

Null hypothesis: m =  4
Research hypothesis: m ^  4

In the above rating scale example, if the result of our statistical test for this one 
attitude scale item indicates that our population mean is “close to 4,” we say that we 
accept the null hypothesis that our new car purchase experience was neither positive 
nor negative.

In the above example, if the result of our statistical test indicates that the 
population mean is significantly different from 4, we reject the null hypothesis 
and accept the research hypothesis by stating either that:

“The new car purchase experience was significantly positive” (this is true whenever 
our sample mean is significantly greater than our expected population mean of 4).

or

“The new car purchase experience was significantly negative” (this is accepted 
as true whenever our sample mean is significantly less than our expected 
population mean of 4).
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Both of these conclusions cannot be true. We accept one of the hypotheses as 
“true” based on the data set in our research study, and the other one as “not true” 
based on our data set.

The job of the business researcher, then, is to decide which of these two 
hypotheses, the null hypothesis or the research hypothesis, he or she will accept 
as true given the data set in the research study.

Let’s try some examples of rating scales so that you can practice figuring out 
what the null hypothesis and the research hypothesis are for each rating scale.

In the spaces in Fig. 3.7, write in the null hypothesis and the research hypothesis 
for the rating scales:

1. Webster University is an excellent university.

1 2 3 4 5
Strongly Disagree Undecided Agree Strongly
Disagree Agree

Null hypothesis: b  =

Research hypothesis: b *

2. How would you rate the quality of teaching at Webster University?

poor 1 2 3 4 5 6 7 excellent

Null hypothesis: b  =

Research hypothesis: b t

3. How would you rate the quality of the faculty at Webster University?

i 2 3 4 5 6 7 8 9 10
very very’
poor good

Null hypothesis: b =

Research hypothesis: b *

Fig. 3.7 Examples of rating scales for determining the null hypothesis and the research hypothesis 

How did you do?
Here are the answers to these three questions:

1. The null hypothesis is 3, and the research hypothesis is not equal to 3 on this 
5-point scale (i.e., the “middle” of the scale is 3).
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2. The null hypothesis is 4, and the research hypothesis is not equal to 4 on this 
7-point scale (i.e., the “middle” of the scale is 4).

3. The null hypothesis is 5.5, and the research hypothesis is not equal to 5.5 on this 
10-point scale (i.e., the “middle” of the scale is 5.5 since there are five numbers 
below 5.5 and five numbers above 5.5).

As another example, Holiday Inn Express in its Stay Smart Experience Survey uses 
4-point scales where:

1 =  Not So Good
2 =  Average
3 =  Very Good
4 =  Great

On this scale, the null hypothesis is: m =  2.5 and the research hypothesis is: 
m =  2.5, because there are two numbers below 2.5, and two numbers above 2.5 on 
that rating scale.

Now, let’s discuss the seven steps of hypothesis testing for using the confidence 
interval about the mean.

3.2.3 The Seven Steps for Hypothesis-Testing Using 
the Confidence Interval About the Mean

Objective: To learn the seven steps of hypothesis-testing using the confi­
dence interval about the mean

There are seven basic steps of hypothesis-testing for this statistical test.

3.2.3.1 Step 1: State the Null Hypothesis and the Research Hypothesis

If you are using numerical scales in your survey, you need to remember that these 
hypotheses refer to the “middle” of the numerical scale. For example, if you are 
using 7-point scales with 1 =  poor and 7 =  excellent, these hypotheses would refer 
to the middle of these scales and would be:

Null hypothesis Ho: m =  4
Research hypothesis H1 : m =  4
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3.2.3.2 Step 2: Select the Appropriate Statistical Test

In this chapter, we are studying the confidence interval about the mean, and so we 
select that test.

3.2.3.3 Step 3: Calculate the Formula for the Statistical Test

You will recall (see Sect. 3.1.5) that the formula for the confidence interval about 
the mean is:

X ±  t s.e. (3.2)

We discussed the procedure for computing this formula for the confidence 
interval about the mean using Excel earlier in this chapter, and the steps involved 
in using that formula are:

1. Use Excel’s =count function to find the sample size.
2. Use Excel’s =average function to find the sample mean, X.
3. Use Excel’s =STDEV function to find the standard deviation, STDEV.
4. Find the standard error of the mean (s.e.) by dividing the standard deviation 

(STDEV) by the square root of the sample size, n.
5. Use Excel’s TINV function to find the lower limit of the confidence interval.
6. Use Excel’s TINV function to find the upper limit of the confidence interval.

3.2.3.4 Step 4: Draw a Picture of the Confidence Interval About
the Mean, Including the Mean, the Lower Limit of the Interval, 
the Upper Limit of the Interval, and the Reference Value Given 
in the Null Hypothesis, H0

3.2.3.5 Step 5: Decide on a Decision Rule

(a) I f the reference value is inside the confidence interval, accept the null hypothe­
sis, H0

(b) If the reference value is outside the confidence interval, reject the null hypothe­
sis, H0, and accept the research hypothesis, H1

3.2.3.6 Step 6: State the Result of Your Statistical Test

There are two possible results when you use the confidence interval about the mean, 
and only one of them can be accepted as “true.” So your result would be one of the 
following:
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Either. Since the reference value is inside the confidence interval, we accept the 
null hypothesis, H0

Or. Since the reference value is outside the confidence interval, we reject the 
null hypothesis, H0, and accept the research hypothesis, H1

3.2.3.7 Step 7: State the Conclusion of Your Statistical Test in Plain English!

In practice, this is more difficult than it sounds because you are trying to summarize 
the result of your statistical test in simple English that is both concise and accurate 
so that someone who has never had a statistics course (such as your boss, perhaps) 
can understand the conclusion of your test. This is a difficult task, and we will give 
you lots of practice doing this last and most important step throughout this book.

Objective: To write the conclusion of the confidence interval about the mean 
test

Let’s set some basic rules for stating the conclusion of a hypothesis test.

Rule #1. Whenever you reject H0 and accept H1, you must use the word “signifi­
cantly” in the conclusion to alert the reader that this test found an 
important result.

Rule #2. Create an outline in words of the “key terms” you want to include in your 
conclusion so that you do not forget to include some of them.

Rule #3. Write the conclusion in plain English so that the reader can understand it 
even if that reader has never taken a statistics course.

Let’s practice these rules using the Chevy Impala Excel spreadsheet that you 
created earlier in this chapter, but first we need to state the hypotheses for that car.

Since the billboard wants to claim that the Chevy Impala gets 28 mpg, the 
hypotheses would be.

Ho: m =  28 mpg
H i: m =  28 mpg

You will remember that the reference value of 28 mpg was inside the 95% 
confidence interval about the mean for your data, so we would accept Ho for the 
Chevy Impala that the car does get 28 mpg.

Objective: To state the result when you accept H0
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Result: Since the reference value of 28 mpg is inside the confidence interval, we 
accept the null hypothesis, H0 

Let’s try our three rules now:

Objective: To write the conclusion when you accept H0

Rule #1: Since the reference value was inside the confidence interval, we cannot 
use the word “significantly” in the conclusion. This is a basic rule we are 
using in this chapter for every problem.

Rule #2: The key terms in the conclusion would be:

-  Chevy Impala
-  Reference value of 28 mpg

Rule #3: The Chevy Impala did get 28 mpg.

The process of writing the conclusion when you accept H0 is relatively straight­
forward since you put into words what you said when you wrote the null hypothesis.

However, the process of stating the conclusion when you reject H0 and accept Hj 
is more difficult, so let’s practice writing that type of conclusion with three practice 
case examples:

Objective: To write the result and conclusion when you reject H0

Case #1: An ad in Business Week claimed that the Ford Escape Hybrid got 34 mpg. 
The hypotheses would be:

Ho: m =  34 mpg
Ho: m =  34 mpg

Suppose that your research yields the following confidence interval:

30_________ 31_________ 32__________ 34
lower Mean upper Ref.
limit limit Value

Result: Since the reference value is outside the confidence interval, we reject the 
null hypothesis and accept the research hypothesis

The three rules for stating the conclusion would be:

Rule #1: We must include the word “significantly” since the reference value of 34 
is outside the confidence interval.
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Rule #2: The key terms would be:

-  Ford Escape Hybrid
-  Significantly
-  Either “more than” or “less than”
-  And probably closer to

Rule #3: The Ford Escape Hybrid got significantly less than 34 mpg, and it was 
probably closer to 31 mpg.

Note that this conclusion says that the mpg was less than 34 mpg because the 
sample mean was only 31 mpg. Note, also, that when you find a significant result by 
rejecting the null hypothesis, it is not sufficient to say only: “significantly less than 
34 mpg,” because that does not tell the reader “how much less than 34 mpg” the 
sample mean was from 34 mpg. To make the conclusion clear, you need to add: 
“probably closer to 31 mpg” since the sample mean was only 31 mpg.

Case #2: Suppose that you have been hired as a consultant by the St. Louis 
Symphony Orchestra (SLSO) to analyze the data from an Internet survey 
of attendees for a concert in Powell Symphony Hall in St. Louis 
last month. You have decided to practice your data analysis skills on 
Question #7 given in Fig. 3.8:

Question #7: "Overall, how satisfied have you been with your experience(s) at SLSO concerts?"

1 2 3 4 5 6 7

E x t r e m e l y E x t r e m e l y

d i s s a t i s f i e d s a t i s f i e d

Fig. 3.8 Example of a survey item used by the St. Louis Symphony Orchestra (SLSO)

The hypotheses for this one item would be:

Ho: m =  4 
H1: m =  4

Essentially, the null hypothesis equal to 4 states that if the obtained mean score 
for this question is not significantly different from 4 on the rating scale, then 
attendees, overall, were neither satisfied nor dissatisfied with their SLSO concerts.

Suppose that your analysis produced the following confidence interval for this 
item on the survey.

1.8_________ 2.8_________ 3.8_________ 4
lower Mean upper Ref.
limit limit Value

Result: Since the reference value is outside the confidence interval, we reject the 
null hypothesis and accept the research hypothesis.

Rule #1: You must include the word “significantly” since the reference value is 
outside the confidence interval
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Rule #2: The key terms would be:

-  Attendees
-  SLSO Internet survey
-  Significantly
-  Last month
-  Either satisfied or dissatisfied (since the result is significant)
-  Experiences at concerts
-  Overall

Rule #3: Attendees were significantly dissatisfied, overall, on last month’s Internet 
survey with their experiences at concerts of the SLSO.

Note that you need to use the word “dissatisfied” since the sample mean of 2.8 
was on the dissatisfied side of the middle of the rating scale.

Case #3: Suppose that Marriott Hotel at the St. Louis Airport location had the 
results of one item in its Guest Satisfaction Survey from last week’s 
customers that was the following (see Fig. 3.9):

Fig. 3.9 Example of a survey item from Marriott Hotels 

This item would have the following hypotheses:

H0: m =  5-5
Hi: m + 5-5

Suppose that your research produced the following confidence interval for this 
item on the survey:

5.5_________ 5.7_________ 5.8_________ 5.9
Ref. lower Mean upper
Value limit limit

Result: Since the reference value is outside the confidence interval, we reject the 
null hypothesis and accept the research hypothesis

The three rules for stating the conclusion would be:

Rule #1: You must include the word “significantly” since the reference value is 
outside the confidence interval
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Rule #2: The key terms would be:

-  Marriott Hotel
-  St. Louis Airport
-  Significantly
-  Check-in speed
-  Survey
-  Last week
-  Customers
-  Either “positive” or “negative” (we will explain this)

Rule #3: Customers at the St. Louis Airport Marriott Hotel last week rated their
check-in speed in a survey as significantly positive.

Note two important things about this conclusion above: (1) people when 
speaking English do not normally say “significantly excellent” since something is 
either excellent or is not excellent without any modifier, and (2) since the mean 
rating of the check-in speed (5.8) was significantly greater than 5.5 on the positive 
side of the scale, we would say “significantly positive” to indicate this fact.

The three practice problems at the end of this chapter will give you additional 
practice in stating the conclusion of your result, and this book will include many 
more examples that will help you to write a clear and accurate conclusion to your 
research findings.

3.3 Alternative Ways to Summarize the Result 
of a Hypothesis Test

It is important for you to understand that in this book we are summarizing 
a hypothesis test in one of two ways: (1) We accept the null hypothesis, or 
(2) We reject the null hypothesis and accept the research hypothesis. We are 
consistent in the use of these words so that you can understand the concept 
underlying hypothesis testing.

However, there are many other ways to summarize the result of a hypothesis test, 
and all of them are correct theoretically, even though the terminology differs. If you 
are taking a course with a professor who wants you to summarize the results of a 
statistical test of hypotheses in language, which is different from the language we are 
using in this book, do not panic! If you understand the concept of hypothesis testing as 
described in this book, you can then translate your understanding to use the terms that 
your professor wants you to use to reach the same conclusion to the hypothesis test.

Statisticians and professors of business statistics all have their own language that 
they like to use to summarize the results of a hypothesis test. There is no one set of 
words that these statisticians and professors will ever agree on, and so we have 
chosen the one that we believe to be easier to understand in terms of the concept of 
hypothesis testing.
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To convince you that there are many ways to summarize the results of a 
hypothesis test, we present the following quotes from prominent statistics and 
research books to give you an idea of the different ways that are possible.

3.3.1 Different Ways to Accept the Null Hypothesis

The following quotes are typical of the language used in statistics and research 
books when the null hypothesis is accepted:

“The null hypothesis is not rejected.” (Black 2010, p. 310)

“The null hypothesis cannot be rejected.” (McDaniel and Gates 2010, p. 545)

“The null hypothesis . . .  claims that there is no difference between groups.” (Salkind 2010, 
p. 193)

“The difference is not statistically significant.” (McDaniel and Gates 2010, p. 545)

“. . .  the obtained value is not extreme enough for us to say that the difference between 
Groups 1 and 2 occurred by anything other than chance.” (Salkind 2010, p. 225)

“If we do not reject the null hypothesis, we conclude that there is not enough statistical 
evidence to infer that the alternative (hypothesis) is true.” (Keller 2009, p. 358)

“The research hypothesis is not supported.” (Zikmund and Babin 2010, p. 552)

3.3.2 Different Ways to Reject the Null Hypothesis

The following quotes are typical of the quotes used in statistics and research books 
when the null hypothesis is rejected:

“The null hypothesis is rejected.” (McDaniel and Gates 2010, p. 546)

“If we reject the null hypothesis, we conclude that there is enough statistical evidence to 
infer that the alternative hypothesis is true.” (Keller 2009, p. 358)

“If the test statistic’s value is inconsistent with the null hypothesis, we reject the null 
hypothesis and infer that the alternative hypothesis is true.” (Keller 2009, p. 348)

“Because the observed value . . .  is greater than the critical value . . . ,  the decision is to reject 
the null hypothesis.” (Black 2010, p. 359)

“If the obtained value is more extreme than the critical value, the null hypothesis cannot be 
accepted.” (Salkind 2010, p. 243)

“The critical t-value . . .  must be surpassed by the observed t-value if the hypothesis test is 
to be statistically significant . . . .” (Zikmund and Babin 2010, p. 567)

“The calculated test statistic . . .  exceeds the upper boundary and falls into this rejection 
region. The null hypothesis is rejected.” (Weiers 2011, p. 330)

You should note that all of the above quotes are used by statisticians and 
professors when discussing the results of an hypothesis test, and so you should 
not be surprised if someone asks you to summarize the results of a statistical test 
using a different language than the one we are using in this book.
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3.4 End-of-Chapter Practice Problems

1. Suppose that you have been asked by the manager of the St. Louis Post-Dispatch 
to analyze the data from a recent survey of past subscribers who have canceled 
their newspaper subscription in the past 3 months. A random sample of this 
group was called by phone and asked a series of questions about the newspaper. 
The hypothetical data for survey question #4 appear in Fig. 3.10:

Fig. 3.10 Worksheet data for Chap. 3: Practice Problem #1

Suppose, further, that top management wants to charge $3.80 for this new 
subscription price. Is this a reasonable price to charge based on the results of this 
survey question? (Hint: $3.80 is the null hypothesis for this price.)

(a) To the right of this table, use Excel to find the sample size, mean, standard 
deviation, and standard error of the mean for the price figures. Label your 
answers. Use currency format (two decimal places) for the mean, standard 
deviation, and standard error of the mean.
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(b) Enter the null hypothesis and the research hypothesis onto your 
spreadsheet.

(c) Use Excel’s TINV function to find the 95% confidence interval about the 
mean for these figures. Label your answers. Use currency format (two 
decimal places).

(d) Enter your result onto your spreadsheet.
(e) Enter your conclusion in plain English onto your spreadsheet.
(f) Print the final spreadsheet to fit onto one page (if you need help 

remembering how to do this, see the objectives at the end of Chap. 2 in 
Sect. 2.4)

(g) On your printout, draw a diagram of this 95% confidence interval by hand
(h) Save the file as: POST9

2. Suppose that you have been asked by the Human Resources department (HR) at 
your company to analyze the data from a recent “morale survey” of its managers 
to find out how managers think about working at your company. You want to test 
out your Excel skills on a small sample of managers with one item from the 
survey. You select a random sample of managers and the hypothetical data from 
Item #24 are given in Fig. 3.11.
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H U M A N  R ESO U RCES D E P A R T M E N T

M O R A L E  SURVEY O F M A N A G E R S

Item #24: "How would you rate the quality of leadership shown by top management 
in this company?”

1 2 3 4 5 6 7
very very
weak strong

Rating
5
6
3
4
7
2
3
4
2
5
3
4
2
2
3
6
5
7
4
6
4
3
4
2
3
5
4

Fig. 3.11 Worksheet data for Chap. 3: Practice Problem #2

Create an Excel spreadsheet with these data.

(a) Use Excel to the right of the table to find the sample size, mean, standard 
deviation, and standard error of the mean for these data. Label your 
answers, and use two decimal places for the mean, standard deviation, 
and standard error of the mean

(b) Enter the null hypothesis and the research hypothesis for this item on your 
spreadsheet.
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(c) Use Excel’s TINV function to find the 95% confidence interval about 
the mean for these data. Label your answers on your spreadsheet. Use 
two decimal places for the lower limit and the upper limit of the confidence 
interval.

(d) Enter the result of the test on your spreadsheet.
(e) Enter the conclusion of the test in plain English on your spreadsheet.
(f) Print your final spreadsheet so that it fits onto one page (if you need help 

remembering how to do this, see the objectives at the end of Chap. 2 in 
Sect. 2.4).

(g) Draw a picture of the confidence interval, including the reference value, 
onto your spreadsheet.

(h) Save the final spreadsheet as: top8

3. Suppose that you have been asked to conduct three focus groups in different 
cities with adult women (ages 25-44) to determine how much they liked a new 
design of a blouse that was created by a well-known designer. The designer is 
hoping to sell this blouse in department stores at a retail price of $68.00. You 
conduct a 1-hour focus group discussion with three groups of adult women in 
this age range, and the last question on the survey at the end of the discussion 
period produced the hypothetical results given in Fig. 3.12:
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FOCUS GROUP PRICING STUDY

Question #10: "Hon much would you be willing to pay for this blouse?"

s

Groups 1,2,3 in S
62
55
73
53
46
48
57
59
65
68
64
72
62
67
59
71
65
63
69
71
70
58
67
65
63
59
70
67
64
65

Fig. 3.12 Worksheet data for Chap. 3: Practice Problem #3

Create an Excel spreadsheet with these data.

(a) Use Excel to the right of the table to find the sample size, mean, standard 
deviation, and standard error of the mean for these data. Label your 
answers, and use two decimal places and currency format for the mean, 
standard deviation, and standard error of the mean

(b) Enter the null hypothesis and the research hypothesis for this item onto your 
spreadsheet.

(c) Use Excel’s TINV function to find the 95% confidence interval about the 
mean for these data. Label your answers on your spreadsheet. Use two
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decimal places in currency format for the lower limit and the upper limit of 
the confidence interval.

(d) Enter the result of the test on your spreadsheet.
(e) Enter the conclusion of the test in plain English on your spreadsheet.
(f) Print your final spreadsheet so that it fits onto one page (if you need 

help remembering how to do this, see the objectives at the end of Chap. 2 
in Sect. 2.4).

(g) Draw a picture of the confidence interval, including the reference value, 
onto your spreadsheet.

(h) Save the final spreadsheet as: blouse9
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Chapter 4
One-Group t-Test for the Mean

In this chapter, you will learn how to use one of the most popular and most helpful 
statistical tests in business research: the one-group t-test for the mean.

The formula for the one-group t-test is as follows:

X -  m
SX

s.e. =  Sx

where (4.1)

S= ---- (4.2)
n

This formula asks you to take the mean (X) and subtract the population mean (m) 
from it, and then divide the answer by the standard error of the mean (s.e.). 
The standard error of the mean equals the standard deviation divided by the square 
root of n (the sample size).

Let’s discuss the seven steps of hypothesis testing using the one-group t-test so 
that you can understand how this test is used.

4.1 The Seven Steps for Hypothesis-Testing Using 
the One-Group t-Test

Objective: To learn the seven steps of hypothesis-testing using the one- 
group t-test

Before you can try out your Excel skills on the one-group t-test, you need to learn 
the basic steps of hypothesis-testing for this statistical test. There are seven steps in 
this process:

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 
Business Problems, DOI 10.1007/978-1-4419-9934-4_4,
©  Springer Science+Business Media, LLC 2011
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4.1.1 Step 1: State the Null Hypothesis and the Research 
Hypothesis

If you are using numerical scales in your survey, you need to remember that these 
hypotheses refer to the “middle” of the numerical scale. For example, if you are 
using 7-point scales with 1 =  poor and 7 =  excellent, these hypotheses would refer 
to the middle of these scales and would be:

Null hypothesis Ho: m =  4 
Research hypothesis H1: m =  4

As a second example, suppose that you worked for Honda Motor Company and that 
you wanted to place a magazine ad that claimed that the new Honda Fit got 35 miles 
per gallon (mpg). The hypotheses for testing this claim on actual data would be:

Ho: m =  35 mpg 
Hi: m =  35 mpg

4.1.2 Step 2: Select the Appropriate Statistical Test

In this chapter, we will be studying the one-group t-test, and so we will select that test.

4.1.3 Step3: Decide on a Decision Rule for the One-Group t-Test

(a) If the absolute value of t is less than the critical value of t, accept the null 
hypothesis.

(b) If the absolute value of t is greater than the critical value of t, reject the null 
hypothesis and accept the research hypothesis.

You are probably saying to yourself: “That sounds fine, but how do I find the 
absolute value of t?”

4.1.3.1 Finding the Absolute Value of a Number

To do that, we need another objective:

Objective: To find the absolute value of a number
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If you took a basic algebra course in high school, you may remember the concept 
of “absolute value.” In mathematical terms, the absolute value of any number is 
always that number expressed as a positive number.

For example, the absolute value of 2.35 is +2.35.
And the absolute value of minus 2.35 (i.e., —2.35) is also +2.35.
This becomes important when you are using the t-table in Appendix E of this 

book. We will discuss this table later when we get to Step 5 of the one-group t-test 
where we explain how to find the critical value of t using Appendix E.

4.1.4 Step 4: Calculate the Formula for the One-Group t-Test

Objective: To learn how to use the formula for the one-group t-test

The formula for the one-group t-test is as follows:

X -  m
' = —

s.e. =  Sx

where (4.1)

S= ---- (4.2)
sfn

This formula makes the following assumptions about the data (Foster et al. 
1998): (1) The data are independent of each other (i.e., each person receives only 
one score), (2) the population of the data is normally distributed, and (3) the data 
have a constant variance (note that the standard deviation is the square root of the 
variance).

To use this formula, you need to follow these steps:

1. Take the sample mean in your research study and subtract the population mean m 
from it (remember that the population mean for a study involving numerical 
rating scales is the “middle” number in the scale).

2. Then take your answer from the above step, and divide your answer by the 
standard error of the mean for your research study (you will remember that you 
learned how to find the standard error of the mean in Chap. 1; to find the standard 
error of the mean, just take the standard deviation of your research study and 
divide it by the square root of n, where n is the number of people used in your 
research study).

3. The number you get after you complete the above step is the value for t that 
results when you use the formula stated above.
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4.1.5 Step 5: Find the Critical Value o ft in the t-Table 
in Appendix E

Objective: To find the critical value of t in the t-table in Appendix E

Before we get into an explanation of what is meant by “the critical value of t,” let’s 
give you practice in finding the critical value of t by using the t-table in Appendix E.

Keep your finger on Appendix E as we explain how you need to “read” that table.
Since the test in this chapter is called the “one-group t-test,” you will use the first 

column on the left in Appendix E to find the critical value of t for your research 
study (note that this column is headed: “n”).

To find the critical value of t, you go down this first column until you find the 
sample size in your research study, and then you go to the right and read the critical 
value of t for that sample size in the critical t column in the table (note that this is 
the column that you would use for both the one-group t-test and the 95% confidence 
interval about the mean).

For example, if you have 27 people in your research study, the critical value of t 
is 2.056.

If you have 38 people in your research study, the critical value of t is 2.026.
If you have more than 40 people in your research study, the critical value of t is 

always 1.96.
Note that the “critical t column” in Appendix E represents the value of t that you 

need to obtain to be 95% confident of your results as “significant” results.
The critical value of t is the value that tells you whether or not you have found a 

“significant result” in your statistical test.
The t-table in Appendix E represents a series of “bell-shaped normal curves” 

(they are called bell-shaped because they look like the outline of the Liberty Bell 
that you can see in Philadelphia outside of Independence Hall).

The “middle” of these normal curves is treated as if it were zero point on the 
x-axis (the technical explanation of this fact is beyond the scope of this book, but 
any good statistics book (e.g., Zikmund and Babin 2010) will explain this concept 
to you if you are interested in learning more about it).

Thus, values of t that are to the right of this zero point are positive values that use 
a plus sign before them, and values of t that are to the left of this zero point 
are negative values that use a minus sign before them. Thus, some values of t are 
positive, and some are negative.

However, every statistics book that includes a t-table only reprints the positive 
side of the t-curves because the negative side is the mirror image of the positive side; 
this means that the negative side contains the exact same numbers as the positive 
side, but the negative numbers all have a minus sign in front of them.

Therefore, to use the t-table in Appendix E, you need to take the absolute value 
of the t-value you found when you use the t-test formula since the t-table in 
Appendix E only has the values of t that are the positive values for t.

Throughout this book, we are assuming that you want to be 95% confident in the 
results of your statistical tests. Therefore, the value for t in the t-table in Appendix E
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tells you whether or not the t-value you obtained when you used the formula for the 
one-group t-test is within the 95% interval of the t-curve range that that t-value 
would be expected to occur with 95% confidence.

If the t-value you obtained when you used the formula for the one-group t-test is 
inside of the 95% confidence range, we say that the result you found is not 
significant (note that this is equivalent to accepting the null hypothesis!).

If the t-value you found when you used the formula for the one-group t-test 
is outside of this 95% confidence range, we say that you have found a significant 
result that would be expected to occur less than 5% of the time (note that this is 
equivalent to rejecting the null hypothesis and accepting the research hypothesis).

4.1.6 Step 6: State the Result of Your Statistical Test

There are two possible results when you use the one-group t-test, and only one of 
them can be accepted as “true.”

Either: Since the absolute value of t that you found in the t-test formula is less
than the critical value o ft in Appendix E, you accept the null hypothesis. 

Or: Since the absolute value of t that you found in the t-test formula is greater
than the critical value o ft  in Appendix E, you reject the null hypothesis, 
and accept the research hypothesis.

4.1.7 Step 7: State the Conclusion of Your Statistical Test 
in Plain English!

In practice, this is more difficult than it sounds because you are trying to summarize 
the result of your statistical test in simple English that is both concise and accurate 
so that someone who has never had a statistics course (such as your boss, perhaps) 
can understand the result of your test. This is a difficult task, and we will give you 
lots of practice doing this last and most important step throughout this book.

If you have read this far, you are ready to sit down at your computer and perform 
the one-group t-test using Excel on some hypothetical data from the Guest Satis­
faction Survey used by Marriott Hotels.

Let’s give this a try.

4.2 One-Group t-Test for the Mean

Suppose that you have been hired as a statistical consultant by Marriott Hotel in 
St. Louis to analyze the data from a Guest Satisfaction survey that they give to all 
customers to determine the degree of satisfaction of these customers for various 
activities of the hotel.
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The survey contains a number of items, but suppose item #7 is the one in Fig. 4.1:

Hon- would you rate the Front Desk Clerk Friendliness?

1 2 3 4 5 6 7 3 9 10
P o o r ! Excellent

1 !

Fig. 4.1 Sample survey item for Marriot Hotel (practical example)

Suppose further, that you have decided to analyze the data from last week’s 
customers using the one-group t-test.

Important note: You would need to use this test for each of the survey items 
separately.

Suppose that the hypothetical data for Item #7 from last week at the St. Louis 
Marriott Hotel were based on a sample size of 124 guests who had a mean score on 
this item of 6.58 and a standard deviation on this item of 2.44.

Objective: To analyze the data for each question separately using the one- 
group t-test for each survey item.

Create an Excel spreadsheet with the following information:

B11: Null hypothesis:
B14: Research hypothesis:

Note: Remember that when you are using a rating scale item, both the null 
hypothesis and the research hypothesis refer to the “middle of the scale." In the 
10-point scale in this example, the middle of the scale is 5.5 since five numbers are 
below 5.5 (i.e., 1-5) and five numbers are above 5.5 (i.e. 6-10). Therefore, the 
hypotheses for this rating scale item are:

H0: m =  5.5

H1: m =  5.5

B17: n 
B20: mean 
B23: STDEV 
B26: s.e.
B29: critical t
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B32: t-test
B36: Result:
B41: Conclusion:

Now, use Excel:

D17: enter the sample size
D20: enter the mean
D23: enter the STDEV (see Fig. 4.2)
D26: compute the standard error using the formula in Chap. 1 
D29: find the critical t value of t in the t-table in Appendix E

N u ll  h y p o th e s is :

R e s e a r c h  h y p o th e s is :

n 1 2 4

mean 6.58

STDEV 2 .4 4

s.e.

critical t

t-test

R e s u l t :

C o n c lu s io n :

Fig. 4.2 Basic data table for 
Front Desk Clerk Friendliness
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Now, enter the following formula in cell D32 to find the t-test result:

=(D20 -  5.5)/D26

This formula takes the sample mean (D20) and subtracts the population 
hypothesized mean of 5.5 from the sample mean, and THEN divides the answer 
by the standard error of the mean (D26). Note that you need to enter D20 — 5.5 with 
an open-parenthesis before D20 and a closed-parenthesis after 5.5 so that the answer 
of 1.08 is THEN divided by the standard error of 0.22 to get the t-test result of 4.93. 

Now, use two decimal places for both the s.e. and the t-test result (see Fig. 4.3). 
Now, write the following sentence in D36-D39 to summarize the result of the t-test:

D36: Since the absolute value of t of 4.93 is 
D37: greater than the critical t of 1.96, we

Fig. 4.3 t-test formula result 
for Front Desk Clerk 
Friendliness

N u ll  h y p o th e s is :

R e s e a r c h  h y p o th e s is :

n 1 2 4

m e a n 6 .5 8

S T D E V 2 .4 4

s .e . 0.22

c r i t ic a l  t 1 .9 6

t - t e s t 4 .9 3

R e s u l t :

C o n c lu s io n :
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D38: reject the null hypothesis and accept 
D39: the research hypothesis

Lastly, write the following sentence in D41-D43 to summarize the conclusion of 
the result for Item #7 of the Marriott Guest Satisfaction Survey:

D41: St. Louis Marriott Hotel guests rated the 
D42: Front Desk Clerks as significantly 
D43: friendlylast week

Save your file as: MARRIOTT3
Print the final spreadsheet so that it fits onto one page as given in Fig. 4.4. Enter 

the null hypothesis and the research hypothesis by hand on your spreadsheet

N u ll h y p o th e s is : p  =  5.,5

R e s e a r c h  h y p o th e s is : | i  *  5 .5

n 124

m e a n 6 .5 8

S T D E V 2 .4 4

s .e . 0.22

c r i t ic a l  t 1 .9 6

t - t e s t 4 .9 3

R e s u l t : S in c e  th e  a b s o lu te  v a lu e  o f  t  o f  4 .9 3  is

g r e a t e r  th a n  th e  c r i t ic a l  t  o f  1 .9 6 , w e

r e je c t  th e  n u ll h y p o th e s is  a n d  a c c e p t

th e  r e s e a r c h  h y p o th e s is .

C o n c lu s io n : S t. L o u is  M a r r i o t t  H o te l  g u e s t s  r a te d  th e  

F ro n t  D e s k  C le r k s  a s  s ig n if ic a n tly

f r ie n d ly  l a s t  w e e k .

Fig. 4.4 Final spreadsheet for Front Desk Clerk Friendliness
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Important note: It is important for you to understand that “technically” the above 
conclusion in statistical terms should state:

St. Louis Marriott Hotel Guests rated the Front Desk Clerks as friendly last week, and this 
result was probably not obtained by chance.

However, throughout this book, we are using the term “significantly”’ in writing the 
conclusion o f statistical tests to alert the reader that the result o f the statistical test was 
probably not a chance finding, but instead o f writing all o f those words each time, we use 
the word “significantly”’ as a shorthand to the longer explanation. This makes it much 
easier fo r the reader to understand the conclusion when it is written “in plain English,”’ 
instead o f technical, statistical language.

4.3 Can You Use Either the 95% Confidence Interval About the 
Mean OR the One-Group t-Test When Testing Hypotheses?

You are probably asking yourself:

“It sounds like you could use either the 95% confidence interval about the mean 
or the one-group t-test to analyze the results of the types of problems described 
so far in this book? Is this a correct statement?”

The answer is a resounding: “Yes!”
Both the confidence interval about the mean and the one-group t-test are used 

often in business research on the types of problems described so far in this book.
Both of these tests produce the same result and the same conclusion from the data 
set!

Both of these tests are explained in this book because some managers prefer the 
confidence interval about the mean test, others prefer the one-group t-test, and still 
others prefer to use both tests on the same data to make their results and conclusions 
clearer to the reader of their research reports. Since we do not know which of these 
tests your manager prefers, we have explained both of them so that you are 
competent in the use of both tests in the analysis of statistical data.

Now, let’s try your Excel skills on the one-group t-test on these three problems 
at the end of this chapter.

4.4 End-of-Chapter Practice Problems

1. Subaru of America rates the customer satisfaction of its dealers on a weekly 
basis on its Purchase Experience Survey, and demands that dealers achieve a 
93% satisfaction score, or the dealers are required to take additional training to 
improve their customer satisfaction scores. Suppose that you have selected a 
random sample of rating forms submitted by new car purchasers (either online or 
through the mail) for the St. Louis Subaru dealer in the past week and that you 
have prepared the hypothetical table in Fig. 4.5 for Question #1d:
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S U B A R U  C u s t o m e r  S a t i s f a c t i o n  S u r v e y

R e s u l t s  f o r  t h e  w e e k  o f  O c t o b e r  2 ,  2 0 1 1

S t. L o u is  S u b a r u  d e a l e r  o n  B ig  B e n d

I t e m  # l d :  " T h e  s a l e s p e r s o n  w a s  k n o w le d g e a b le  a b o u t  th e  S u b a r u  m o d e l  l in e ."

S c o r e  R a t i n g

1 C o m p le te ly  D i s a g r e e

2  D i s a g r e e

3  S o m e w h a t  D i s a g r e e

4  N e i t h e r  A g r e e  n o r  D i s a g r e e

5  S o m e w h a t  A g r e e

6 A g r e e

7  C o m p le te ly  A g r e e

R a t in g

5 
7
6
4

3
5
6 
7 
2
3
5 
7
4 

7 
7
5
6
6
4

3
5 
5

Fig. 4.5 Worksheet data for Chap. 4 : Practice Problem #1

(a) Write the null hypothesis and the research hypothesis on your spreadsheet
(b) Use Excel to find the sample size, mean, standard deviation, and standard 

error of the mean to the right of the data set. Use number format (2 decimal 
places) for the mean, standard deviation, and standard error of the mean.

(c) Enter the critical t from the t-table in Appendix E onto your spreadsheet, and 
label it.
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(d) Use Excel to compute the t-value for these data (use 2 decimal places) and 
label it on your spreadsheet

(e) Type the result on your spreadsheet, and then type the conclusion in plain 
English on your spreadsheet

(f) Save the file as: subaru4

2. Suppose that you work in the Human Resources department of your company and 
that top management has asked your department to conduct a Morale Survey of 
managers to determine their attitude toward working in this company. To check 
your Excel skills, you have drawn a random sample of the results of the survey 
from the managers on one question, and the data from Item #35 appear in Fig. 4.6:

H U M A N  R E S O U R C E S  D E P A R T M E N T

M O R A L E  S U R V E Y  O F  M A N A G E R S

I te m  # 3 5 : " H o w  w o u ld  y o u  r a t e  th e  in te l l e c tu a l  c h a l le n g e  p r o v id e d  b y  y o u r  j o b ? "

1 2 3 4 5 6 7 8 9
v e r y v e r y

low h ig h

R a t in g

5

6
4

7
8
2
4

3

6

4

7

9

2
4

3

5

3

4

6
5

7

4

3

5

2

Fig. 4.6 Worksheet data for Chap. 4 : Practice Problem #2
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(a) On your Excel spreadsheet, write the null hypothesis and the research 
hypothesis for these data.

(b) Use Excel to find the sample size, mean, standard deviation, and standard 
error of the mean for these data (two decimal places for the mean, standard 
deviation, and standard error of the mean).

(c) Use Excel to perform a one-group t-test on these data (two decimal places).
(d) On your printout, type the critical value o ft (0.05 level) given in your t-table 

in Appendix E.
(e) On your spreadsheet, type the result of the t-test.
(f) On your spreadsheet, type the conclusion of your study in plain English.
(g) Save the file as: challenge4

3. Suppose that you have been hired as a marketing consultant by the Missouri 
Botanical Garden and have been asked to redesign the Comment Card survey 
that they have been asking visitors to The Garden to fill out after their visit. The 
Garden has been using a 5-point rating scale with 1 =  poor and 5 =  excellent. 
Suppose, further, that you have convinced The Garden staff to change to a 
9-point scale with 1 =  poor and 9 =  excellent so that the data will have a larger 
standard deviation. The hypothetical results of a recent week for Question #10 
of your revised survey appear in Fig. 4.7.

(a) Write the null hypothesis and the research hypothesis on your spreadsheet
(b) Use Excel to find the sample size, mean, standard deviation, and standard 

error of the mean to the right of the data set. Use number format (2 decimal 
places) for the mean, standard deviation, and standard error of the mean.

(c) Enter the critical t from the t-table in Appendix E onto your spreadsheet, and 
label it.

(d) Use Excel to compute the t-value for these data (use 2 decimal places) and 
label it on your spreadsheet

(e) Type the result on your spreadsheet, and then type the conclusion in plain 
English on your spreadsheet

(f) Save the file as: Garden5
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M is s o u r i  B o ta n ic a l  G a r d e n

R e s u l t s  o f  th e  s u r v e y  o f  N o v . 6 , 201 1

I te m  # 1 0 : " H o w  w o u ld  y o u  r a t e  th e  h e lp fu ln e s s  o f  T h e  G a r d e n  s ta f f ? "

1 2 3 4 5 6 7 8 9

P o o r E x c e l le n t

R a t in g

8
6
5

7

9

5

6
4

8
7

6
8
6
7

9

7

6
3

8
7

6

Fig. 4.7 Worksheet data for Chap. 4 : Practice Problem #3

References

Zikmund, W.G. and Babin, B.J. Exploring Marketing Research (10th ed.) Mason, OH: South­
Western Cengage Learning, 2010.

Foster, D.P., Stine, R.A., Waterman, R.P. Basic Business Statistics: A Casebook. New York, NY: 
Springer-Verlag, 1998.



Chapter 5
Two-Group t-Test of the Difference 
of the Means for Independent Groups

Up until now in this book, you have been dealing with the situation in which you 
have had only one group of people in your research study and only one measure­
ment “number” on each of these people. We will now change gears and deal with 
the situation in which you are measuring two groups of people instead of only one 
group of people.

Whenever you have two completely different groups of people (i.e., no one 
person is in both groups, but every person is measured on only one variable to 
produce one “number” for each person), we say that the two groups are “indepen­
dent of one another.” This chapter deals with just that situation and that is why it is 
called the two-group t-test for independent groups.

The assumptions underlying the two-group t-test are the following (Zikmund 
and Babin 2010): (1) both groups are sampled from a normal population, and (2) the 
variances of the two populations are approximately equal. Note that the standard 
deviation is merely the square root of the variance. (There are different formulas to 
use when each person is measured twice to create two groups of data, and this 
situation is called “dependent,” but those formulas are beyond the scope of this 
book.) This book only deals with two groups that are independent of one another so 
that no person is in both groups of data.

When you are testing for the difference between the means for two groups, it is 
important to remember that there are two different formulas that you need to use 
depending on the sample sizes of the two groups:

1. Use Formula #1 in this chapter when both of the groups have more than 30 
people in them

2. Use Formula #2 in this chapter when either one group, or both groups, have 
sample sizes less than 30 people in them.

We will illustrate both of these situations in this chapter.
But, first, we need to understand the steps involved in hypothesis-testing when 

two groups of people are involved before we dive into the formulas for this test.

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 
Business Problems, DOI 10.1007/978-1-4419-9934-4_5,
©  Springer Science+Business Media, LLC 2011
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5.1 The Nine Steps for Hypothesis-Testing Using 
the Two-Group t-Test

Objective: To learn the nine steps of hypothesis-testing using two groups of 
people and the two-group t-test

You will see that these steps parallel the steps used in the previous chapter that dealt 
with the one-group t-test, but there are some important differences between the 
steps that you need to understand clearly before we dive into the formulas for the 
two-group t-test.

5.1.1 Step 1: Name One Group, Group 1, and the Other 
Group, Group 2

The formulas used in this chapter will use the subscripts 1 and 2 to distinguish 
between the two groups. If you define which group is Group 1 and which group is 
Group 2, you can use these subscripts in your computations without having to write 
out the names of the groups.

For example, if you are testing teenage boys on their preference for the taste of 
Coke or Pepsi, you could call the groups: “Coke” and “Pepsi.” but this would require 
your writing out the words “Coke” or “Pepsi” whenever you wanted to refer to one of 
these groups. If you call the Coke group, Group 1, and the Pepsi group, Group 2, this 
makes it much easier to refer to the groups because it saves you writing time.

As a second example, you could be comparing the test market results for Kansas 
City versus Indianapolis, but if you had to write out the names of those cities 
whenever you wanted to refer to them, it would take you more time than it would if, 
instead, you named one city, Group 1, and the other city, Group 2.

Note, also, that it is completely arbitrary which group you call Group 1, and 
which Group you call Group 2. You will achieve the same result and the same 
conclusion from the formulas however you decide to define these two groups.

5.1.2 Step 2: Create a Table That Summarizes the Sample Size, 
Mean Score, and Standard Deviation of Each Group

This step makes it easier for you to make sure that you are using the correct numbers 
in the formulas for the two-group t-test. If you get the numbers “mixed-up,” your 
entire formula work will be incorrect and you will botch the problem terribly.

For example, suppose that you tested teenage boys on their preference for the 
taste of Coke versus Pepsi in which the boys were randomly assigned to taste just 
one of these brands and then rate its taste on a 100-point scale from 0 =  poor to
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100 =  excellent. After the research study was completed, suppose that the Coke 
group had 52 boys in it, their mean taste rating was 55 with a standard deviation of 
7, while the Pepsi group had 57 boys in it and their average taste rating was 64 with 
a standard deviation of 13.

The formulas for analyzing these data to determine if there was a significant 
different in the taste rating for teenage boys for these two brands require you to use 
six numbers correctly in the formulas: the sample size, the mean, and the standard 
deviation of each of the two groups. All six of these numbers must be used correctly 
in the formulas if you are to analyze the data correctly.

If you create a table to summarize these data, a good example of the table, using 
both Step 1 and Step 2, would be the data presented in Fig. 5.1:

For example, if you decide to call Group 1 the Coke group and Group 2 the Pepsi

Fig. 5.1 Basic table format
for tlie two-group t-test Group n M ean STDEV

1 (name it)
2 (name it)___________________________

group, the following table would place the six numbers from your research study 
into the proper cells of the table as in Fig. 5.2:

Fig. 5.2 Results of entering 
the data needed for the two- 
group t-test Group_________ n_____ M ean STDEV

1 (name it) 52 55
2 (name it) 57______ 64_______13

You can now use the formulas for the two-group t-test with more confidence that 
the six numbers will be placed in the proper place in the formulas.

Note that you could just as easily call Group 1 the Pepsi group and Group 2 the 
Coke group; it makes no difference how you decide to name the two groups; this 
decision is up to you.

5.1.3 Step 3: State the Null Hypothesis and the Research 
Hypothesis for the Two-Group t-Test

If you have completed Step 1 above, this step is very easy because the null 
hypothesis and the research hypothesis will always be stated in the same way for 
the two-group t-test. The null hypothesis states that the population means of the two 
groups are equal, while the research hypothesis states that the population means of 
the two groups are not equal. In notation format, this becomes:

Ho: m1 =  m2 

H1: m1 =  m2



84 5 Two-Group t-Test of the Difference of the Means for Independent Groups

You can now see that this notation is much simpler than having to write out the 
names of the two groups in all of your formulas.

5.1.4 Step 4: Select the Appropriate Statistical Test

Since this chapter deals with the situation in which you have two groups of people 
but only one measurement on each person in each group, we will use the two-group 
t-test throughout this chapter.

5.1.5 Step 5: Decide on a Decision Rule 
for the Two-Group t-Test

The decision rule is exactly what it was in the previous chapter (see Sect. 4.1.3) 
when we dealt with the one-group t-test.

(a) If the absolute value of t is less than the critical value of t, accept the null 
hypothesis.

(b) If the absolute value of t is greater than the critical value of t, reject the null 
hypothesis and accept the research hypothesis.

Since you learned how to find the absolute value of t in the previous chapter (see 
Sect. 4.1.3.1), you can use that knowledge in this chapter.

5.1.6 Step 6: Calculate the Formula for the Two-Group t-Test

Since we are using two different formulas in this chapter for the two-group t-test 
depending on the sample size of the people in the two groups, we will explain how 
to use those formulas later in this chapter.

5.1.7 Step 7: Find the Critical Value o ft in the t-table 
in Appendix E

In the previous chapter where we were dealing with the one-group t-test, you found 
the critical value of t in the t-table in Appendix E by finding the sample size for 
the one group of people in the first column of the table, and then reading the 
critical value of t across from it on the right in the “critical t column” in the table 
(see Sect. 4.1.5). This process was fairly simple once you have had some practice in 
doing this step.
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However, for the two-group t-test, the procedure for finding the critical value of 
t is more complicated because you have two different groups of people in your 
study, and they often have different sample sizes in each group.

To use Appendix E correctly in this chapter, you need to learn how to find the 
“degrees of freedom” for your study. We will discuss that process now.

5.1.7.1 Finding the Degrees of Freedom (df) for the Two-Group t-Test

Objective: To find the degrees of freedom for the two-group t-test and to use 
it to find the critical value of t in the t-table in Appendix E

The mathematical explanation of the concept of the “degrees of freedom” is beyond 
the scope of this book, but you can find out more about this concept by reading any 
good statistics book (e.g., Keller 2009). For our purposes, you can easily understand 
how to find the degrees of freedom and to use it to find the critical value of t in 
Appendix E. The formula for the degrees of freedom (df) is:

degrees of freedom =  df =  n1 +  n2 — 2 (5.1)

In other words, you add the sample size for Group 1 to the sample size for 
Group 2 and then subtract 2 from this total to get the number of degrees of freedom 
to use in Appendix E.

Take a look at Appendix E.

Instead of using the first column, as we did in the one-group t-test that is based on 
the sample size, n, of one group of people, we need to use the second column of this 
table (df) to find the critical value of t for the two-group t-test.

For example, if you had 13 people in Group 1 and 17 people in Group 2, the 
degrees of freedom would be: 13+17 — 2 =  28, and the critical value of t would 
be 2.048 since you look down the second column, which contains the degrees of 
freedom until you come to the number 28, and then read 2.048 in the “critical 
t column” in the table to find the critical value of t when df =  28.

As a second example, if you had 52 people in Group 1 and 57 people in Group 2, 
the degrees of freedom would be: 52 + 57 — 2 =  107. When you go down the 
second column in Appendix E for the degrees of freedom, you find that once you go 
beyond the degrees of freedom equal to 39, the critical value o ft is always 1.96, and 
that is the value you would use for the critical t with this example.
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5.1.8 Step 8: State the Result of Your Statistical Test

The result follows the exact same result format that you found for the one-group
t-test in the previous chapter (see Sect. 4.1.6):

Either: Since the absolute value of t that you found in the t-test formula is less than 
the critical value of t in Appendix E, you accept the null hypothesis.

Or: Since the absolute value of t that you found in the t-test formula is greater
than the critical value of t in Appendix E, you reject the null hypothesis 
and accept the research hypothesis.

5.1.9 Step 9: State the Conclusion of Your Statistical 
Test in Plain English!

Writing the conclusion for the two-group t-test is more difficult than writing the 
conclusion for the one-group t-test because you have to decide what the difference 
was between the two groups.

When you accept the null hypothesis, the conclusion is simple to write: “There is 
no difference between the two groups in the variable that was measured.”

But when you reject the null hypothesis and accept the research hypothesis, you 
need to be careful about writing the conclusion so that it is both accurate and 
concise.

Let’s give you some practice in writing the conclusion of a two-group t-test.

5.1.9.1 Writing the Conclusion of the Two-Group t-Test When 
You Accept the Null Hypothesis

Objective: To write the conclusion of the two-group t-test when you have 
accepted the null hypothesis.

Suppose that you have been hired as a statistical consultant by Marriott Hotel in 
St. Louis to analyze the data from a Guest Satisfaction Survey that they give to all 
customers to determine the degree of satisfaction of these customers for various 
activities of the hotel.

The survey contains a number of items, but suppose Item #7 is the one 
in Fig. 5.3:
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Fig. 5.3 Marriott Hotel guest satisfaction survey item #7

Suppose further, that you have decided to analyze the data from last week’s 
customers comparing men and women using the two-group t-test.

Important note: You would need to use this test for each of the survey items 
separately.

Suppose that the hypothetical data for Item #7 from last week at the St. Louis 
Marriott Hotel were based on a sample size of 124 men who had a mean score on 
this item of 6.58 and a standard deviation on this item of 2.44. Suppose that you also 
had data from 86 women from last week who had a mean score of 6.45 with a 
standard deviation of 1.86.

We will explain later in this chapter how to produce the results of the two-group 
t-test using its formulas, but, for now, let’s “cut to the chase” and tell you that those 
formulas would produce the following in Fig. 5.4:

Group n Mean STDEY
1 Males 124 6.58 2.44
2 Females 86 6.45 1.86

Fig. 5.4 Worksheet data for males vs. females for the St. Louis Marriott Hotel for accepting the 
null hypothesis

degrees of freedom: 208
critical t: 1.96 (in Appendix E)
t-test formula: 0.44 (when you use your calculator!)
Result: Since the absolute value of 0.44 is less than the critical t of

1.96, we accept the null hypothesis.
Conclusion: There was no difference between male and female guests last

week in their rating of the friendliness of the front desk clerk 
at the St. Louis Marriott Hotel.

Now, let’s see what happens when you reject the null hypothesis (H0) and accept 
the research hypothesis (H1).
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5.1.9.2 Writing the Conclusion of the Two-Group t-Test When You Reject 
the Null Hypothesis and Accept the Research Hypothesis

Objective: To write the conclusion of the two-group t-test when you have 
rejected the null hypothesis and accepted the research hypothesis

Let's continue with this same example of the Marriott Hotel, but with the result that 
we reject the null hypothesis and accept the research hypothesis.

Let’s assume that this time you have data on 85 males from last week and their 
mean score on this question was 7.26 with a standard deviation of 2.35. Let’s further 
suppose that you also have data on 48 females from last week and their mean score 
on this question was 4.37 with a standard deviation of 3.26.

Without going into the details of the formulas for the two-group t-test, these data 
would produce the following result and conclusion based on Fig. 5.5:

G r o u p  n  M e a n  S T D E Y

1 M a l e s  8 5  7 .2 6  2 .3 5

2 F e m a le s  4 8  4 .3 7  3 .2 6

Fig. 5.5 Worksheet data for St. Louis Marriott Hotel for obtaining a significant difference 
between males and females

Null Hypothesis: 
Research Hypothesis: 
degrees of freedom: 
critical t: 
t-test formula:
Result:

mi =  m2 
mi =  m2 
131
1.96 (in Appendix E)
5.40 (when you use your calculator!)
Since the absolute value of 5.40 is greater than the 
critical t of 1.96, we reject the null hypothesis and 
accept the research hypothesis

Now, you need to compare the ratings of the men and women to find out which 
group had the more positive rating of the friendliness of the front desk clerk using 
the following rule:

Rule: To summarize the conclusion of the two-group t-test, just compare the means 
of the two groups, and be sure to use the word “significantly" in your conclusion if 
you rejected the null hypothesis and accepted the research hypothesis.



5.1 The Nine Steps for Hypothesis-Testing Using the Two-Group t-Test 89

A good way to prepare to write the conclusion of the two-group t-test when you are 
using a rating scale is to place the mean scores of the two groups on a drawing of the 
scale so that you can visualize the difference of the mean scores. For example, for our 
Marriott Hotel example above, you would draw this “picture” of the scale in Fig. 5.6:

Fig. 5.6 Example of drawing a “picture” of the means of the two groups on the rating scale

This drawing tells you visually that males had a higher positive rating than 
females on this item (7.26 vs. 4.37). And, since you rejected the null hypothesis and 
accepted the research hypothesis, you know that you have found a significant 
difference between the two mean scores.

So, our conclusion needs to contain the following key words:

-  Male guests
-  Female guests
-  Marriott Hotel
-  St. Louis
-  Last week
-  Significantly
-  Front Desk Clerks
-  More friendly or less friendly
-  Either (7.26 vs. 4.37) or (4.37 vs. 7.26)

We can use these key words to write the either of two conclusions, which are
logically identical:

Either: Male guests at the Marriott Hotel in St. Louis last week rated the Front Desk 
Clerks as significantly more friendly than female guests (7.26 vs. 4.37).

Or: Female guests at the Marriott Hotel in St. Louis last week rated the Front Desk
Clerks as significantly less friendly than male guests (4.37 vs. 7.26).

Both of these conclusions are accurate, so you can decide which one you want to 
write. It is your choice.

Also, note that the mean scores in parentheses at the end of these conclusions 
must match the sequence of the two groups in your conclusion. For example, if you 
say that: “Male guests rated the Front Desk Clerks as significantly more friendly 
than female guests,” the end of this conclusion should be: (7.26 vs. 4.37) since you 
mentioned males first and females second.
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Alternately, if you wrote that: “Female guests rated the Front Desk Clerks as 
significantly less friendly than male guests,” the end of this conclusion should be: 
(4.37 vs. 7.26) since you mentioned females first and males second.

Putting the two mean scores at the end of your conclusion saves the reader from 
having to turn back to the table in your research report to find these mean scores to 
see how far apart the mean scores were.

Now, let’s discuss Formula #1 that deals with the situation in which both groups 
have more than 30 people in them.

Objective: To use Formula #1 for the two-group t-test when both groups 
have a sample size greater than 30 people

5.2 Formula #1: Both Groups Have More 
Than 30 People in Them

The first formula we will discuss will be used when you have two groups of people 
with more than 30 people in each group and one measurement on each person in 
each group. This formula for the two-group t-test is:

*1 -  X
SXl-X2

where S*i -*2 'V  +  S22
ni n2

(5.2)

(5.3)

and where degrees of freedom = df =  n1 +  n2 — 2 (5.1)

This formula looks daunting when you first see it, but let’s explain some of the 
parts of this formula:

We have explained the concept of “degrees of freedom” earlier in this chapter, 
and so you should be able to find the degrees of freedom needed for this formula in 
order to find the critical value of t in Appendix E.

In the previous chapter, the formula for the one-group t-test was the following:

t
x  — m

SX

where s.e. =  S*

(4.1)

(4.2)

For the one-group t-test, you found the mean score and subtracted the population 
mean from it, and then divided the result by the standard error of the mean (s.e.) to
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get the result of the t-test. You then compared the t-test result to the critical value of 
t to see if you either accepted the null hypothesis, or rejected the null hypothesis and 
accepted the research hypothesis.

The two-group t-test requires a different formula because you have two groups 
of people, each with a mean score on some variable. You are trying to determine 
whether to accept the null hypothesis that the population means of the two groups 
are equal (in other words, there is no difference statistically between these two 
means), or whether the difference between the means of the two groups is “suffi­
ciently large” that you would accept that there is a significant difference in the 
mean scores of the two groups.

The numerator of the two-group t-test asks you to find the difference of the 
means of the two groups:

X  -  X (5.4)

The next step in the formula for the two-group t-test is to divide the answer you 
get when you subtract the two means by the standard error of the difference of the 
two means, and this is a different standard error of the mean that you found for the 
one-group t-test because there are two means in the two-group t-test.

The standard error of the mean when you have two groups of people is called the 
“standard error of the difference of the means” between the means of the two 
groups. This formula looks less scary when you break it down into four steps:

1. Square the standard deviation of Group 1, and divide this result by the sample 
size for Group 1 (n1).

2. Square the standard deviation of Group 2, and divide this result by the sample 
size for Group 2 (n2).

3. Add the results of the above two steps to get a total score.
4. Take the square root ofthis total score to find the standard error of the difference

of the means between the two groups, S^_x2 = \J'-

This last step is the one that gives students the most difficulty when they are finding 
this standard error using their calculator, because they are in such a hurry to get to 
the answer that they forget to carry the square root sign down to the last step, and 
thus get a larger number than they should for the standard error.

5.2.1 An example of Formula #1 for the Two-Group t-test

Now, let’s use Formula #1 in a situation in which both groups have a sample size 
greater than 30 people.

Suppose that you have been hired by PepsiCo to do a taste test with teenage boys 
(ages 13-18) to determine if they like the taste of Pepsi the same as the taste of 
Coke. The boys are not told the brand name of the soft drink that they taste.
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You select a group of boys in this age range, and randomly assign them to one of 
two groups: (1) Group 1 tastes Coke, and (2) Group 2 tastes Pepsi. Each group rates 
the taste of their soft drink on a 100-point scale using the following scale in Fig. 5.7:

0 10 20 30 40 SO 60 70 80 90 100
poor excellent

Fig. 5.7 Example of a rating scale for a soft drink taste test (practical example)

Suppose you collect these ratings and determine (using your new Excel skills) 
that the 52 boys in the Coke group had a mean rating of 55 with a standard deviation 
of 7, while the 57 boys in the Pepsi group had a mean rating of 64 with a standard 
deviation of 13.

Note that the two-group t-test does not require that both groups have the same 
sample size. This is another way of saying that the two-group t-test is “robust” 
(a fancy term that statisticians like to use).

Your data then produce the following table in Fig. 5.8:

Fig. 5.8 Worksheet data for 
soft drink taste test G ro u p D M e a n S T D E Y

1 C o k e 52 55 7
2 P ep si 57 64 13

Create an Excel spreadsheet, and enter the following information:

B3: Group
B4: 1 Coke
B5: 2 Pepsi
C3: n
D3: Mean
E3: STDEV
C4: 52
D4: 55
E4: 7
C5: 57
D5: 64
E5: 13

Now, widen column B so that it is twice as wide as column A, and center the 
six numbers and their labels in your table (see Fig. 5.9)
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Fig. 5.9 Results of widening 
column B and centering the 
numbers in the cells

B8: Null hypothesis:
B10: Research hypothesis:

Since both groups have a sample size greater than 30, you need to use 
Formula #1 for the t-test for the difference of the means of the two groups.

Let’s “break this formula down into pieces” to reduce the chance of making a 
mistake.

B13: STDEV1 squared/nl (note that you square the standard deviation of Group 1, 
and then divide the result by the sample size of Group 1)

B16: STDEV2 squared/n2 
B19: D13 + D16 
B22: s.e.
B25: critical t 
B28: t-test 
B31: Result:
B36: Conclusion: (see Fig. 5.10)
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Fig. 5.10 Formula labels for 
the two-group t-test

G ro u p n M e a n S T D E Y
1 C o k e 52 55 7
2 P ep si 57 64 13

N ull h y p o th esis :

R e s e a rc h  h y p o th es is :

S T D E Y 1 sq u a re d  / n l

S T D E Y 2 sq u a re d  / n2

D 13  +  D 16

s .e .

c ritica l t

t- te s t

R e su lt:

C onclusion :

You now need to compute the values of the above formulas in the following 
cells:

D13: the result of the formula needed to compute cell B13 (use 2 decimals)
D16: the result of the formula needed to compute cell B16 (use 2 decimals)
D19: the result of the formula needed to compute cell B19 (use 2 decimals)
D22: =SQRT(D19) (use 2 decimals)

This formula should give you a standard error (s.e.) of 1.98.
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D25: 1.96
(Since df =  n1 +  n2 — 2, this gives df =  109 — 2 =  107, and the critical t is, 
therefore, 1.96 in Appendix E.)

D28: =(D4 — D5)/D22 (use 2 decimals)

This formula should give you a value for the t-test of: —4.55.
Nest, check to see if you have rounded off all figures in D13: D28 to two decimal 

places (see Fig. 5.11).

A B C D E

11

12

13 S T D E Y 1  s q u a r e d  /  n l 0 .9 4

14

15

16 S T D E Y 2  s q u a r e d  /  n2 2 .9 6

17

18

19 D 1 3  +  D 1 6 3 .9 1

20

21

22 s .e . 1 .98

23

24

25 c r i t ic a l  t 1 .9 6

26

27

28 t - t e s t -4 .5 5
?Q

Fig. 5.11 Results of the t-test formula for the soft drink taste test

Now, write the following sentence in D31-D34 to summarize the result 
of the study:

D31: Since the absolute value of —4.55 
D32: is greater than the critical t of 
D33: 1.96, we reject the null hypothesis 
D34: and accept the research hypothesis.

Finally, write the following sentence in D36-D38 to summarize the conclusion 
of the study in plain English:
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D36: Teenage boys rated the taste of 
D37: Pepsi as significantly better than 
D38: the taste of Coke (64 vs. 55).

Save your file as: COKE4
Print this file so that it fits onto one page, and write by hand the null hypothesis 

and the research hypothesis on your printout.
The final spreadsheet appears in Fig. 5.12.

Fig. 5.12 Final worksheet 
for the Coke vs. Pepsi taste 
test

Now, let’s use the second formula for the two-group t-test, which we use 
whenever either one group or both groups have less than 30 people in them.
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Objective: To use Formula #2 for the two-group t-test when one or both 
groups have less than 30 people in them

Now, let’s look at the case when one or both groups have a sample size less than 
30 people in them.

5.3 Formula #2: One or Both Groups Have Less Than 
30 People in Them

Suppose that you work for the manufacturer of MP3 players and that you have 
been asked to do a pricing experiment to see if more units can be sold at a reduction 
in price.

Suppose, further, that you have randomly selected seven wholesalers to purchase 
the product at the regular price, and they purchased a mean of 117.7 units with a 
standard deviation of 19.9 units.

In addition, you randomly selected a different group of eight wholesalers to 
purchase the product at a 10% price cut, and they purchased a mean of 125.1 units 
with a standard deviation of 15.1 units.

You want to test to see if the two different prices produced a significant 
difference in the number of MP3 units sold.

You have decided to use the two-group t-test for independent samples, and the 
following data resulted in Fig. 5.13:

G ro u p ___________________ n_________M e a n _______ S T D E V

1 R e g u la r  P ric e  7  1 1 7 .7  19 .9

2 R e d u c e d  p r ic e ________8_________ 125 .1_________ 15.1

Fig. 5.13 Worksheet data for wholesaler price comparison (practical example)

Null hypothesis: m1 =  m2 
Research hypothesis: m1 =  m2

Note: Since both groups have a sample size less than 30 people, you need to use 
Formula #2 in the following steps:



98 5 Two-Group t-Test of the Difference of the Means for Independent Groups

Create an Excel spreadsheet, and enter the following information:

B3: Group
B4: 1 Regular Price
B5: 2 Reduced Price
C3: n
D3: Mean
E3: STDEV

Now, widen column B so that it is three times as wide as column A. To do this, 
click on B at the top left of your spreadsheet to highlight all of the cells in 
column B. Then, move the mouse pointer to the right end of the B cell until you 
get a “cross” sign; then, click on this cross sign and drag the sign to the right 
until you can read all of the words on your screen. Then, stop clicking!

C4: 7 
D4: 117.7 
E4: 19.9 
C5: 8 
D5: 125.1 
E5: 15.1

Next, center the information in cells C3-E5 by highlighting these cells and then 
using this step:

Click on the bottom line, second from the left icon, under “Alignment” at the 
top-center of Home 

B8: Null hypothesis:
B10: Research hypothesis: (See Fig. 5.14)

A B C D V G
1
2
3 G roup D M e a n S T D E V
4 1 R e g u la r  P rice 7 117.7 19.9
5 2 R e d u ced  P rice 8 125.1 15.1
6
7
8 N ull h y p o th esis :
9
10 R e s e a rc h  h y p o th esis :
11

Fig. 5.14 Wholesaler price comparison worksheet data for hypothesis testing



5.3 Formula #2: One or Both Groups Have Less Than 30 People in Them 99

Since both groups have a sample size less than 30, you need to use Formula #2 
for the t-test for the difference of the means of two independent samples.

Formula #2 for the two-group t-test is the following:

t = X  -  X
SXl-X2

(5.2)

where SX1-X2 2,— ^ Y 1 +  1) (5.5)
2 «1 «2

df =  n1 +  n2 — 2 (5.6)

This formula is complicated, and so it will reduce your chance of making a 
mistake in writing it if you “break it down into pieces” instead of trying to write the 
formula as one cell entry.

Now, enter these words on your spreadsheet:

B8: Null hypothesis
B10: Research hypothesis
B13: (n1 -  1) x STDEV1 squared
B16: (n2 -  1) x STDEV2 squared
B19: n1 + n2 — 2
B22: 1/n1 + 1/n2
B25: s.e.
B28: critical t:
B31: t-test:
B34: Result:
B39: Conclusion: (see Fig. 5.15)

You now need to compute the values of the above formulas in the 
following cells:
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Fig. 5.15 Wholesaler price 
comparison formula labels for 
two-group t-test

G ro u p n M e a n S T D E V

1 R e g u la r  P ric e 7 117.7 19.9

2 R e d u c e d  P ric e 8 125.1 15.1

N u ll h y p o th e s is :

R e s e a r c h  h y p o th e s is :

( n l  - 1 )  x S T D E Y 1  sq u a re d

(n2 - 1 )  x S T D E Y 2  sq u a re d

n l  +  n2 - 2

1/ n l  +  l /n 2

s .e .

c r itic a l t

t - te s t

R e s u l t :

C o n c lu s io n :

E13: the result of the formula needed to compute cell B13 (use 2 decimals)
E16: the result of the formula needed to compute cell B16 (use 2 decimals)
E19: the result of the formula needed to compute cell B19
E22: the result of the formula needed to compute cell B22 (use 2 decimals)

E25: =  SQRT(((E13 +  E16)/E19)*E22)

Note the three open parentheses after SQRT, and the three closed parentheses on 
the right side of this formula. You need three open parentheses and three closed 
parentheses in this formula or the formula will not work correctly.

The above formula gives a standard error of the difference of the means equal to 
9.05 (two decimals).
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E28: enter the critical t value from the t-table in Appendix E in this cell using 
df =  n1 + n2 — 2 to find the critical t value

E31: =(D4 — D5)/E25

Note that you need an open parenthesis before D4 and a closed parenthesis after 
D5 so that this answer of —7.40 is THEN divided by the standard error of the 
difference of the means of 9.05, to give a t-test value of —0.82 (note the minus sign 
here). Use two decimal places for the t-test result (see Fig. 5.16).

Fig. 5.16 Wholesaler price 
comparison two-group t-test 
formula results

Group n Mean STDEV
1 Regular Price 7 117.7 19.9
2 Reduced Price 8 125.1 15.1

Null hypothesis:

Research hypothesis:

(nl -1) i  STDEV1 squared 2376.06

(n2 -1) x STDEY2 squared 1596.07

nl + u2 - 2 13

1/nl + 1 n2 0.27

s.e. 9.05

critical t 2.160

t-test -0.82

Result:

Conclusion:
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Now write the following sentence in D34-D37 to summarize the result 
of the study:

D34: Since the absolute value 
D35: of t of —0.82 is less than 
D36: the critical t of 2.160, we 
D37: accept the null hypothesis.

Finally, write the following sentence in D39-D43 to summarize the conclusion 
of the study:

D39: There was no difference 
D40: in the number of units of 
D41: MP3 players sold at the 
D42: two prices. So, you should 
D43: not reduce the price!

Save your file as: MP4
Print the final spreadsheet so that it fits onto one page.
Write the null hypothesis and the research hypothesis by hand on your printout. 
The final spreadsheet appears in Fig. 5.17.
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Group D Mean STDEV
1 Regular Price 7 117.7 19.9
2 Reduced Price 8 125.1 15.1

Null hypothesis: 1*1 = H:

Research hypothesis: Hi  * H:

(nl -1) x STDEY1 squared 2376.06

(n2 -1) x STDEY2 squared 1596.07

nl + o2 - 2 13

1/nl + 1 n2 0.27

s.e. 9.05

critical t 2.160

t-test -0.82

Result: Since the absolute value
of t of • 0.82 is less than
the critical t of 2.160, we
accept the null hypothesis.

Conclusion: There was no difference
in the number of units of
MP3 players sold at the
two prices. So, you should
not reduce the price!

Fig. 5.17 Wholesaler price comparison final spreadsheet

5.4 End-of-Chapter Practice Problems

1. Suppose that Boeing Company has hired you to do data analysis for its surveys 
that have been returned for its Morale Surveys that they had their managers 
answer during the past month. The items were summed to form a total score, in 
which a high score indicates high job satisfaction, while a low score indicates 
low job satisfaction.
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You select a random sample of managers, 202 females who averaged 84.80 
on this survey with a standard deviation of 5.10. You also select a random 
sample of 241 males on this survey and they averaged 88.20 with a standard 
deviation of 4.30.

(a) State the null hypothesis and the research hypothesis on an Excel 
spreadsheet.

(b) Find the standard error of the difference between the means using Excel
(c) Find the critical t value using Appendix E, and enter it on your spreadsheet.
(d) Perform a t-test on these data using Excel. What is the value of t that you 

obtain?
Use three decimal places for all figures in the formula section of your 
spreadsheet.

(e) State your result on your spreadsheet.
(f) State your conclusion in plain English on your spreadsheet.
(g) Save the file as: Boeing3

2. Massachusetts Mutual Financial Group (2010) placed a full-page color ad in 
The Wall Street Journal in which it used a male model hugging a 2-year-old 
daughter. The ad had the headline and sub-headline:

WHAT IS THE SIGN OF A GOOD DECISION?
It’s knowing your life insurance can help provide income for retirement. 
And peace of mind until you get there.

Since the majority of the subscribers to The Wall Street Journal are men, an 
interesting research question would be the following:

Research question: “Does a male model in a magazine ad affect adult men’s or
adult women’s willingness to learn more about how life 
insurance can provide income for retirement?”

Suppose that you have shown one group of adult males (ages 25-39) and one 
group of adult females (ages 25-39) a mockup of an ad such that both groups 
saw the ad with a male model. The ads were identical in copy format. The two 
groups were kept separate during the experiment and could not interact with one 
another.

At the end of a 1-hour discussion of the mockup ad, the respondents were 
asked the question given in Fig. 5.18:

"How interested are you in learning more about how life insurance
can provide income for retirement?"

1 2 3 4 5 6 7
Not at all Yen.’
interested interested

Fig. 5.18 Rating scale item for a magazine ad interest indicator (practical example)
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The resulting data for this question appear in Fig. 5.19:

Magazine ad: Male model

Men Women
5 3
6 4
4 6
7 5
5 2
6 3
5 I
4 3
3 2
6 4
7 3
5 5
6 6
4 3
7 4
5 2
4 5
6 3
3 4
7 5
5 4
6 3
2 2
6 4
1 3
7 5
6 1
5 3
4 1
6 3
5 2
7 5

3
4

Fig. 5.19 Worksheet data for Chap. 5: Practice Problem #2

(a) On your Excel spreadsheet, write the null hypothesis and the research 
hypothesis.

(b) Create a table that summarizes these data on your spreadsheet and use Excel 
to find the sample sizes, the means, and the standard deviations of the two 
groups in this table.

(c) Use Excel to find the standard error of the difference of the means.
(d) Use Excel to perform a two-group t-test. What is the value of t that you 

obtain (use two decimal places)?



106 5 Two-Group t-Test of the Difference of the Means for Independent Groups

(e) On your spreadsheet, type the critical value oft using the t-table in Appendix E.
(f) Type your result on the test on your spreadsheet.
(g) Type your conclusion in plain English on your spreadsheet.
(h) Save the file as: lifeinsur12

3. American Airlines offered an in-flight meal that passengers could purchase for 
$3.00, and asked these customers to fill out a survey giving their opinion of the 
meal. Passengers were asked to rate their likelihood of purchasing this meal on a 
future flight on a 5-point scale. But, suppose that you have convinced the airline 
to change its survey item on purchase intention to a 7-point scale instead; 
the intention-to-buy item would then take the form in Fig. 5.20:

A m erican  A irlines su rv ey

Item  #10: "H ow  likely a re  you to  p u rch ase  an  in-flight m eal on a fu tu re  fligh t?"

1 2 3 4 5 6 7
D efin itely D efin itely
would not would
p u rch ase p u rch ase

Fig. 5.20 Rating scale item for an in-flight meal on an American airlines survey (practical 
example)

Passengers were asked on the survey to indicate whether they were either 
business travelers or vacationers. Suppose that the average rating last month 
for 64 “business travelers” was 3.23 with a standard deviation of 1.04, while the 
56 “vacationers” had an average rating of 2.36 with a standard deviation of 1.35.

(a) State the null hypothesis and the research hypothesis on an Excel spreadsheet.
(b) Find the standard error of the difference between the means using Excel.
(c) Find the critical t value using Appendix E, and enter it on your spreadsheet.
(d) Perform a t-test on these data using Excel. What is the value of t that you 

obtain?
(e) State your result on your spreadsheet.
(f) State your conclusion in plain English on your spreadsheet.
(g) Save the file as: AAmeal3
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Chapter 6
Correlation and Simple Linear Regression

There are many different types of “correlation coefficients,” but the one we will use 
in this book is the Pearson product-moment correlation, which we will call: r.

6.1 What Is a “Correlation?”

Basically, a correlation is a number between —1 and +1 that summarizes the 
relationship between two variables, which we will call X  and Y.

A correlation can be either positive or negative. A positive correlation means 
that as X increases, Y increases. A negative correlation means that as X increases, 
Y decreases. In statistics books, this part of the relationship is called the direction 
of the relationship (i.e., it is either positive or negative).

The correlation also tells us the magnitude of the relationship between X  and Y. 
As the correlation approaches closer to +1, we say that the relationship is strong and 
positive.

As the correlation approaches closer to —1, we say that the relationship is strong 
and negative.

A zero correlation means that there is no relationship between X  and Y. This 
means that neither X  nor Y can be used as a predictor of the other.

A good way to understand what a correlation means is to see a “picture” of the 
scatterplot of points produced in a chart by the data points. Let’s suppose that you 
want to know if variable X  can be used to predict variable Y. We will place the 
predictor variable X on the x-axis (the horizontal axis of a chart) and the criterion 
variable Y on the y-axis (the vertical axis of a chart). Suppose, further, that you have 
collected data given in the scatterplots below (see Figs. 6.1- 6.6).

Figure 6.1 shows the scatterplot for a perfect positive correlation of r = +1.0. 
This means that you can perfectly predict each y-value from each x-value because 
the data points move “upward-and-to-the-right” along a perfectly fitting straight 
line (see Fig. 6.1).

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 
Business Problems, DOI 10.1007/978-1-4419-9934-4_6,
©  Springer Science+Business Media, LLC 2011
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Fig. 6.1 Example of a scatterplot for a perfect, positive correlation (r =  +1.0)

Figure 6.2 shows the scatterplot for a moderately positive correlation of 
r =  +.53. This means that each x-value can predict each y-value moderately well 
because you can draw a picture of a “football” around the outside of the data points 
that move upward-and-to-the-right, but not along a straight line (see Fig. 6.2).

X Y
1 2 7 -i
2 4 r  = + .5 3
3 4.5 6 ♦

4 2.5 +  ♦
5 6 ♦
e 5 » 4 ♦

2.5 2 SC

4 5 >
5.5 3 2 ♦  ♦

1 -

1 2 3 4 5 6 7
X (Predictor)

1

Fig. 6.2 Example of a scatterplot for a moderate, positive correlation (r =  +.53)

Figure 6.3 shows the scatterplot for a low, positive correlation of r =  +.23. This 
means that each x-value is a poor predictor of each y-value because the “picture” 
you could draw around the outside of the data points approaches a circle in shape 
(see Fig. 6.3).
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X Y
1 2
2 4 r  = +.23

3 6 7
4 1
5 5 ♦
6 3 I <3 1 ♦

5 2 u  3 ♦
4.S S.S -  2 ♦  ♦
2 1

1 ♦  ♦  ♦

X (Predictor)

r
Fig. 6.3 Example of a scatterplot for a low, positive correlation (r =  +.23)

We have not shown a Figure of a zero correlation because it is easy to imagine 
what it looks like as a scatterplot. A zero correlation of r =  .00 means that there is 
no relationship between X and Y and the “picture” drawn around the data points 
would be a perfect circle in shape, indicating that you cannot use X to predict Y 
because these two variables are not correlated with one another.

Figure 6.4 shows the scatterplot for a low, negative correlation of r =  —.22, which 
means that each X is a poor predictor of Y in an inverse relationship, meaning that as 
X increases, Y decreases (see Fig. 6.4). In this case, it is a negative correlation because 
the “football” you could draw around the data points slopes down and to the right.

Fig. 6.4 Example of a scatterplot for a low, negative correlation (r =  —.22)

Figure 6.5 shows the scatterplot for a moderate, negative correlation of 
r =  —.39, which means that X is a moderately good predictor of Y, although



112 6 Correlation and Simple Linear Regression

there is an inverse relationship between X and Y (i.e., as X  increases, Y decreases; 
see Fig. 6.5). In this case, it is a negative correlation because the “football” you 
could draw around the data points slopes down and to the right.

Fig. 6.5 Example of a scatterplot for a moderate, negative correlation (r =  —.39)

Figure 6.6 shows a perfect negative correlation of r =  —1.0, which means that X 
is a perfect predictor of Y, although in an inverse relationship as X increases, 
Y decreases. The data points fit perfectly along a downward-sloping straight line 
(see Fig. 6.6).

X Y
1 6

1.5 5.5
2 5

2.5 4.5
3 4
4 3
5 2

5.5 1.5
6 1

4.5 2.5
3.5 3.5

f

r = -1.0

Fig. 6.6 Example of a scatterplot for a perfect, negative correlation (r =  —1.0)

Let’s explain the formula for computing the correlation r so that you can 
understand where the number summarizing the correlation came from.
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In order to help you to understand where the correlation number that ranges from 
— 1.0 to +1.0 comes from, we will walk you through the steps involved to use the 
formula as if you were using a pocket calculator. This is the only time in this book 
that we will ask you to use your pocket calculator to find a correlation, but knowing 
how the correlation is computed step-by-step will give you the opportunity to 
understand how the formula works in practice.

To do that, let’s create a situation in which you need to find the correlation 
between two variables.

Suppose that you have been hired by a manager of a supermarket chain to 
find the relationship between the amount of money spent weekly by the chain 
on television ads and the weekly sales of the supermarket chain in St. Louis. 
You collect the data from the past 8 weeks given in Fig. 6.7.

W e e k  T V  ad  c o s t (S000) W e e k ly  S a le s  (S000)
1 4.8 94

2 1.9 87

3 3 .8 93
4 2.3 89

5 2.9 92

6 3 .3 92
7 2 .4 93
8 2.8 92

D

M E A N
8

3.03
8

91 .50
S T D E V 0.93 2.33

r
Fig. 6.7 Worksheet data for a supermarket chain (practical example)

For the purposes of explanation, let’s call the weekly cost of TV ads as the 
predictor variable X, and the weekly sales as the criterion variable Y. Notice that 
the data for the cost of TV ads for each week is in thousands of dollars ($000). 
For example, the TV ads for week 6 cost $3,300, and when we “move the decimal 
place three places to the left to change the amount to thousands of dollars,” this 
becomes 3.3. Similarly, the weekly sales for week 6 were really $92,000 as those 
data are also in thousands of dollars format ($000).

Notice also that we have used Excel to find the sample size for both variables, 
X and Y, and the MEAN and STDEV of both variables. (You can practice your 
Excel skills by seeing if you get the same result when you create an Excel 
spreadsheet for these data.)

Now, let’s use the above table to compute the correlation r between the weekly 
cost of TV ads and the weekly sales of this supermarket chain using your pocket 
calculator.
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6.1.1 Understanding the Formula for Computing a Correlation

Objective: To understand the formula for computing the correlation r

The formula for computing the correlation r is as follows:

r i E ( X  - X)(y  -  Y
SxSy (6.1)

This formula looks daunting at first glance, but let’s “break it down into its steps” 
to understand how to compute the correlation r.

6.1.2 Understanding the Nine Steps for Computing 
a Correlation, r

Objective: To understand the nine steps of computing a correlation r

The nine steps are as follows:

Step Computation Result
1 Find the sample size n by noting the number of weeks 8
2 Divide the number 1 by the sample size minus 1 (i.e., 1/7) 0.14286
3 For each week, take the cost of TV ads for that week and subtract 0.27

the mean cost of TV ads for the 8 weeks and call this X — X 
(For example, for week 6, this would be: 3.3 — 3.03)

Note: With your calculator, this difference is 0.27, but when 
Excel uses 16 decimal places for every computation, this 
result will be 0.28 instead of 0.27.

4 For each week, take the weekly sales for that week and subtract 0.50
the mean weekly sales for the 8 weeks and call this Y — Y 
(e.g., for week 6, this would be: 92 — 91.50)

5 Then, for each week, multiply (X — X) times (Y — Y) (e.g., for 0.135
week 6 this would be: 0.27 x 0.50)

6 Add the results of (X — XI) times (Y — Y) for the 8 weeks 11.50

Steps 1-6 would produce the Excel table given in Fig. 6.8.
Notice that when Excel multiplies a minus number by a minus number, the result 

is a plus number (e.g., for week 2: (—1.13 x —4.50 =  +5.06). And when Excel



6.1 What Is a “Correlation?” 115

X Y
W eek T T  ad cos» (S000) W eekly  Sales (S000) X - X Y  — Ÿ ( X - X X Y - f )

1 4.8 94 1.78 2.50 4.44
2 1.9 87 -1.13 -4.50 5.06
3 3.8 93 0.78 1.50 1.16
4 2.3 89 -0.73 -2.50 1.81
5 2.9 92 -0.13 0.50 -0.06
6 3.3 92 0.28 0.50 0.14
7 2.4 93 -0.63 1.50 -0.94
8 2.8 92 -0.23 0.50 -0.11

D 8 8 Total 11.50
M EA N 3.03 91.50
STDEV 0.93 2.33

1

Fig. 6.8 Worksheet for computing the correlation, r

multiplies a minus number by a plus number, the result is a negative number (e.g., 
for week 5: (—0.13 x +0.50 =  —0.06).

Note: Excel computes all computation to 16 decimal places. So, when you check 
your work with a calculator, you frequently get a slightly different answer than 
Excel' s answer.

For example, when you compute above:

(X — X) x (Y — Y) for Week 2, your calculator gives: (6.2)

(—1.13) x (-4.50) =  +5.085,

But, as you can see from the table, Excel’s answer of 5.06 is more accurate 
because Excel uses 16 decimal places for every number.

You should also note that when you do Step 6, you have to be careful to add all of 
the positive numbers first to get +12.61 and then add all of the negative numbers 
second to get —1.11, so that when you subtract these two numbers you get +11.50 as 
your answer to Step 6.

Step
7 Multiply the answer for step 2 above by the answer for step 6

(0.14286 x 11.5)
8 Multiply the STDEV of X times the STDEV of Y (0.93 x 2.33)
9 Finally, divide the answer from step 7 by the answer from step 8

(1.6429 divided by 2.1669)

This number of 0.76 is the correlation between the weekly cost of TV ads (X) and 
the weekly sales in this supermarket chain (Y) over this 8-week period. The number 
+0.76 means that there is a strong, positive correlation between these two variables.

1.6429

2.1669
+0.76
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That is, as the chain increases its spending on TV ads, its sales for that week 
increase. For a more detailed discussion of correlation, see Zikmund and Babin 
(2010).

You could also use the results of the above table in the formula for computing the 
correlation r in the following way:

Correlation r [1/(n -  1 ) x £ ( X  - X)(Y -  T)] 
(STDEVX x STDEVy)

Correlation r [(1/7) x 11.50] 
[(0.93) x (2.33)]

Correlation =  r = 0.76

Now, let’s discuss how you can use Excel to find the correlation between two 
variables in a much simpler, and much faster, fashion than using your calculator.

6.2 Using Excel to Compute a Correlation Between 
Two Variables

Objective: To use Excel to find the correlation between two variables

Suppose that you have been hired by the owner of a supermarket chain in St. Louis 
to make a recommendation as to how many shelf facings of Kellogg’s Corn Flakes 
this chain should use. A “shelf facing” is the number of boxes of the cereal that 
are stacked beside one another. Thus, a shelf facing of 3 means that 3 boxes of 
Kellogg’s Corn Flakes are stacked beside each other on the supermarket shelf in the 
cereals section.

You randomly assign supermarket locations to your study, and you randomly 
select the number of facings used in each supermarket location, where the number 
of facings range from 1 to 3 facings. You track the weekly sales (in thousands of 
dollars) of this cereal over a 10-week period, and the resulting sales figures are 
given in Fig. 6.9.

You want to determine if there is a relationship between the number of facings 
of Kellogg’s Corn Flakes and the weekly sales of this cereal, and you decide to use
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Fig. 6.9 Worksheet data for 
the number of facings and 
sales (practical example)

W e e k N o. o f  facings S a le s  (S000)
1 1 1.1
2 2 2.2
3 3 2.1
4 1 1.2
5 2 2.3
6 3 5.2
7 3 4.6
8 2 2.3
9 2 1.9
10 3 4.5 _____

a correlation to determine this relationship. Let’s call the number of facings, X, 
and the sales figures, Y.

Create an Excel spreadsheet with the following information:

A2: Week
B2: No. of facings
C2: Sales ($000)
A3: 1

Next, change the width of Columns B and C so that the information fits inside 
the cells.

Now, complete the remaining figures in the table given above, so that A12 is 10, 
B12 is 3, and C12 is 4.5 (Be sure to double-check your figures to make sure that 
they are correct!) Then, center the information in all of these cells.

A14: n 
A15: mean 
A16: stdev

Next, define the “name” to the range of data from B3:B12 as: facings 
We discussed earlier in this book (see Sect. 1.4.4) how to “name a range of data,” 

but here is a reminder of how to do that:
To give a “name” to a range of data:

Click on the top number in the range of data and drag the mouse down to the bottom 
number of the range.

For example, to give the name: “facings” to the cells: B3:B12, click on B3, and 
drag the pointer down to B12 so that the cells B3:B12 are highlighted on your 
computer screen. Then, click on:
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Formulas
Define name (top center of your screen) 
facings (in the Name box; see Fig. 6.10)

Fig. 6.10 Dialogue box for naming a range of data as: “facings” 

OK

Now, repeat these steps to give the name: sales to C3:C12 
Finally, click on any blank cell on your spreadsheet to “deselect” cells C3:C12 

on your computer screen.
Now, complete the data for these sample sizes, means, and standard deviations in 

columns B and C so that B16 is 0.79, and C16 is 1.47 (use two decimals for the 
means and standard deviations; see Fig. 6.11)
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Fig. 6.11 Example of using 
Excel to find the sample size, 
mean, and STDEV

Objective: Find the correlation between the number of facings and the 
weekly sales dollars.

B18: correlation
C18: =correl(facings,sales); see Fig. 6.12

Fig. 6.12 Example of using 
Excel’s =correl function to 
compute the correlation 
coefficient

SUM » X V  fx  =correl(facings,sales)

A B | c D E

1

2 W e e k  N o . o f  fac in g s S a le s  (S000)
3 1 1 1.1
4 2 2 2.2
5 3 3 2.1
6 4 1 1.2
7 5 2 2.3
8 6 3 5.2
9 7 3 4.6

10 8 2 2.3
11 9 2 1.9

12 10 3 4.5
13

14

15

16

D 10 10 

m ean  2 .2 0  2 .7 4  
s td e v  0 .7 9  1.47

17

IS c o rre la tio n - c o r r e l f f a c in g s , s a le s )

19
in
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Hit the Enter key to compute the correlation 
C18: format this cell to two decimals

Note that the equal sign tells Excel that you are going to use a formula.
The correlation between the number of facings (X) and weekly sales (Y) is +.83, 

a very strong positive correlation. This means that you have evidence that there is a 
strong relationship between these two variables. In effect, the more facings (when 
1,2, 3 facings are used), the higher the weekly sales dollars generated for this cereal.

Save this file as: FACINGS5

The final spreadsheet appears in Fig. 6.13.

Fig. 6.13 Final result of 
using the =correl function to 
compute the correlation 
coefficient

C18 » A  =CORREL(facings,sales)

A B c 0 E

W eek N o. o f  facings S ales (S000)
1 i 1.1
2 2 2.2
3 3 2.1
4 1 1.2
5 2 2.3
6 3 5.2
7 3 4.6
8 2 2.3
9 2 1.9
10 3 4.5

n 10 10
m ean 2.20 2.74
std ev 0.79 1.47

corre la tion 0831

6.3 Creating a Chart and Drawing the Regression Line 
onto the Chart

This section deals with the concept of “linear regression.” Technically, the use of 
a simple linear regression model (i.e., the word “simple” means that only one 
predictor, X, is used to predict the criterion, Y) requires that the data meet the 
following four assumptions if that statistical model is to be used:

1. The underlying relationship between the two variables under study (X and Y) is 
linear in the sense that a straight line, and not a curved line, can fit among the 
data points on the chart.



6.3 Creating a Chart and Drawing the Regression Line onto the Chart 121

2. The errors of measurement are independent of each other (e.g., the errors from 
a specific time period are sometimes correlated with the errors in a previous 
time period).

3. The errors fit a normal distribution of Y-values at each of the X-values.
4. The variance of the errors is the same for all X-values (i.e., the variability of the 

Y-values is the same for both low and high values of X).

A detailed explanation of these assumptions is beyond the scope of this book, but 
the interested reader can find a detailed discussion of these assumptions in Levine 
et al. (2011, pp. 529-530).

Now, let’s create a chart summarizing these data.

Important note: Whenever you draw a chart, it is ESSENTIAL that you put the 
predictor variable (X) on the left, and the criterion variable (Y) on the right in your 
Excel spreadsheet, so that you know which variable is the predictor variable and 
which variable is the criterion variable.

Let’s suppose that you would like to use the number of facings of Corn Flakes 
as the predictor variable, and that you would like to use it to predict the weekly sales 
dollars of this cereal. Since the correlation between these two variables is +.83, 
this shows that there is a strong, positive relationship and that the number of facings 
is a good predictor of the weekly sales for this cereal.

1. Open the file that you saved earlier in this chapter:

FACINGS5

6.3.1 Using Excel to Create a Chart and the Regression Line 
Through the Data Points

Objective: To create a chart and the regression line summarizing the rela­
tionship between the number of shelf facings and the weekly sales ($000).
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2. Click and drag the mouse to highlight both columns of numbers (B3:C12), but 
do not highlight the labels at the top of Column B and Column C.

Highlight the data set: B3:C12 
Insert (top left of screen)
Scatter (at top of screen)
Click on top left chart icon under “scatter” (see Fig. 6.14)

Fig. 6.14 Example of inserting a Scatter chart into a worksheet

Layout (top right of screen under Chart Tools) 
Chart title (top of screen)
Above chart (see Fig. 6.15)
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Fig. 6.15 Example of Layout/Chart Title/Above Chart commands

Enter this title in the title box (it will appear to the right of “Chart 1 f x” at the top of 
your screen):

RELATIONSHIP BETWEEN NO. OF FACINGS AND SALES (see Fig. 6.16)

Page layout Formula» Design layout

t~ ,  ij> _ y j  i a J  i d  H i  _ & J *J Hi MÏJÊÊÊà  ~1
Picture Shapes Ted Chart Axis legend Data Data Axes Gndlmes Plot Chart Chart J-0 Trendline Unes Up/Dos

Reset to Match Style * Bo* Title - Titles • • labels • Table • Area • Wan • floo r • Rotation * • Bars
Current Selection Insert labels Axes Background Analysis

X  ✓  / .  RELATIONSHIP BETW EEN NO . OF FACINGS A N D  SALEsj

A B C 0

W eek No. o f facings S ales ($000)
1 1 1.1

2 2 2 .2

3 3 2 .1

4 1 1 .2

5 2 2 .3

6 3 5 .2

7 3 4 .6

8 2 2 .3

9 2 1 .9

10 3 4 .5

D 10 10
mean 2.20 2.74
stdev 0.79 1.47

correlation 0.83

Chart Title

Fig. 6.16 Example of inserting the chart title above the chart
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Hit the enter key to place this title above the chart

Click on any white space outside of the top title but inside the chart to “deselect” 
this chart title

Axis titles (at top of screen)
Primary Horizontal Axis title 
Title below axis (see Fig. 6.17)

Fig. 6.17 Example of creating the x-axis title in a chart

Now, enter this x-axis title in the “Axis Title Box” at the top of your screen: 

NO. OF FACINGS
Next, hit the enter key to place this x-axis title at the bottom of the chart

Click on any white space inside the chart but outside of this x-axis title to 
“deselect” the x-axis title 
Axis Titles (top center of screen)
Primary Vertical Axis Title 
Rotated title

Enter this y-axis title in the Axis Title Box at the top of your screen:

SALES ($000)
Next, hit the enter key to place this y-axis title along the y-axis 
Then, click on any white space inside the chart but outside this y-axis title to 

“deselect” the y-axis title (see Fig. 6.18)
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Fig. 6.18 Example of a chart title, an x-axis title, and a y-axis title

Legend (at top of screen)
None (to turn off the legend “Series 1” at the far right side of the chart) 
Gridlines (at top of screen)
Primary Horizontal Gridlines
None (to deselect the horizontal gridlines on the chart)

6.3.1.1 Moving the Chart Below the Table in the Spreadsheet

Objective: To move the chart below the table

Left-click your mouse on any white space to the right of the top title inside the 
chart, keep the left-click down, and drag the chart down and to the left so that the 
top left corner of the chart is in cell A20, then take your finger off the left-click of 
the mouse (see Fig. 6.19).
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Fig. 6.19 Example of moving the chart below the table

6.3.1.2 Making the Chart “Longer” So That It is “Taller”

Objective: To make the chart “longer” so that it is taller

Left-click your mouse on the bottom-center of the chart to create an “up-and- 
down-arrow” sign, hold the left-click of the mouse down and drag the bottom of 
the chart down to row 42 to make the chart longer, and then take your finger off 
the mouse.

6.3.1.3 Making the Chart “Wider”

Objective: To make the chart “wider”

Put the pointer at the middle of the right-border of the chart to create a “left-to-right 
arrow” sign, and then left-click your mouse and hold the left-click down while 
you drag the right border of the chart to the middle of Column H to make the 
chart wider (see Fig. 6.20).
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Fig. 6.20 Example of a chart that is enlarged to fit the cells: A20:H42

Save this file as: FACINGS6
Now, let’s draw the regression line onto the chart. This regression line is called 

the “least-squares regression line” and it is the “best-fitting” straight line through 
the data points.

6.3.1.4 Drawing the Regression Line Through 
the Data Points in the Chart

Objective: To draw the regression line through the data points on the chart

Right-click on any one of the data points inside the chart 
Add Trendline (see Fig. 6.21)
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Fig. 6.21 Dialogue box for adding a Trendline to the chart

Linear (be sure the “linear” button on the left is selected; see Fig. 6.22)

Fig. 6.22 Dialogue box for a Linear Trendline 

Close
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Now, click on any blank cell outside the chart to “deselect” the chart 
Save this file as: FACINGS7
Print the final spreadsheet so that it fits onto one page. Your spreadsheet should 

look like the spreadsheet in Fig. 6.23.

W e e k N o. o f  facings S a le s  (S000)
1 1 1.1
2 2 2.2
3 3 2.1
4 1 1.2
5 2 2.3
6 3 5.2
7 3 4.6
8 2 2.3
9 2 1.9
10 3 4.5

■ 10 10
m ean 2.20 2.74
std ev 0.79 1.47

co rre la tio n 0.83

RELATIONSHIP BETWEEN NO. OF FACINGS 
AND SALES

6

♦
5

♦

0 i----------------1------------------1--------------- 1------------------ 1--------------- r
0 0.5 1 1.5 2 2.5 3 3.5

NO. OF FACINGS

Fig. 6.23 Final chart with the trendline fitted through the data points of the scatterplot
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6.4 Printing a Spreadsheet So That the Table and Chart 
Fit onto One Page

Objective: To print the spreadsheet so that the table and the chart fit onto one 
page

Click on any empty cell outside of the chart to deselect the chart 
Page Layout (top of screen)
Change the scale at the middle icon near the top of the screen “Scale to Fit” by 

clicking on the down arrow until it reads “85%” so that the table and the chart 
will fit onto one page on your screen (see Fig. 6.24)

1 Home Insert Page Layout Formulai Data Review View

S  B  Colors * if " b  I d a . M
s

Background

Width: Automatic * Gridlines

3  [^] Fonts * 
nes r—,

\ O j  Effects -

j-4 1— 1 r = i
Breaks Print

Titles

£ j  Height: Automatic ~ 0  View

w Area • t j] Scale: 85% C [~1 Print

Themes Page Setup Q Scale to Fit ri Sheet 0

H 4 4  "  f*

A B c D E F G H 1

W e e k N o. o f  facings S a le s  (S000)
1 1 1.1
2 2 2.2
3 3 2.1
4 1 1.2
5 2 2.3
6 3 5.2
7 3 4.6
8 2 2.3
9 2 1.9
10 3 4.5

D 10 10
m ean 2.20 2.74
std ev 0.79 1.47

co rre la tio n 0.83

RELATIONSHIP BETWEEN NO. OF FACINGS 
AND SALES

Fig. 6.24 Example of the page layout for reducing the scale of the chart to 85% of normal size
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File
Print
Print (see Fig. 6.25)

W e e k N o. o f  facings S a le s  (S000)

1 1 1.1
2 2 2.2
3 3 2.1
4 1 1.2
5 2 2.3
6 3 5.2
7 3 4.6
8 2 2.3
9 2 1.9
10 3 4.5

■ 10 10
m ean 2.20 2.74
std ev 0.79 1.47

co rre la tio n 0.83

RELATIONSHIP BETWEEN NO. OF FACINGS 
AND SALES

6

♦
5

♦

0 . . . . . .
0 0.5 1 1.5 2 2.5 3 3.5

NO. OF FACINGS

Fig. 6.25 Final spreadsheet of regression line on a chart (85% scale-to-fit size)

Re-save your file as: FACINGS7 again now
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6.5 Finding the Regression Equation

The main reason for charting the relationship between X and Y (i.e., No. of facings 
as X and Sales ($000) as Y in our example) is to see if there is a strong relationship 
between X and Y so that the regression equation that summarizes this relationship 
can be used to predict Y for a given value of X .

Since we know that the correlation between the number of facings and sales is 
+ .83, this tells us that it makes sense to use the number of facings to predict the 
weekly sales that we can expect based on past data.

We now need to find that regression equation that is the equation of the “best­
fitting straight line” through the data points.

Objective: To find the regression equation summarizing the relationship 
between X  and Y

In order to find this equation, we need to check to see if your version of Excel 
contains the “Data Analysis ToolPak” necessary to run a regression analysis.

6.5.1 Installing the Data Analysis ToolPak into Excel

Objective: To install the Data Analysis ToolPak into Excel

Since there are currently three versions of Excel in the marketplace (2003, 2007, 
2010), we will give a brief explanation of how to install the Data Analysis ToolPak 
into each of these versions of Excel.

6.5.1.1 Installing the Data Analysis ToolPak into Excel 2010

Open a new Excel spreadsheet
Click on: Data (at the top of your screen)

Look at the top of your monitor screen. Do you see the words: “Data Analysis” 
at the far right of the screen? If you do, the Data Analysis ToolPak for Excel 2010 
was correctly installed when you installed Office 2010, and you should skip ahead 
to Sect. 6.5.2.

If the words: “Data Analysis” are not at the top right of your monitor screen, then 
the ToolPak component of Excel 2010 was not installed when you installed Office 
2010 onto your computer. If this happens, you need to follow these steps:
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File
Options
Excel options (creates a dialog box)
Add-Ins
Manage: Excel Add-Ins (at the bottom of the dialog box)
Go
Highlight: Analysis ToolPak (in the Add-Ins dialog box)
OK
Data
(You now should have the words: “Data Analysis” at the top right of your screen) 
If you get a prompt asking you for the “installation CD,” put this CD in the CD drive 

and click on: OK

Note: I f these steps do not work, you should try these steps instead: File/Options 
(bottom left)/Add-ins/Analysis ToolPak/Go/click to the left of Analysis ToolPak 
to add a check mark/OK

If you need help doing this, ask your favorite “computer techie” for help.

You are now ready to skip ahead to Sect. 6.5.2.

6.5.1.2 Installing the Data Analysis ToolPak into Excel 2007

Open a new Excel spreadsheet
Click on: Data (at the top of your screen)

If the words “Data Analysis” do not appear at the top right of your screen, you need 
to install the Data Analysis ToolPak using the following steps:

Microsoft Office button (top left of your screen)
Excel options (bottom of dialog box)
Add-ins (far left of dialog box)
Go (to create a dialog box for Add-Ins)
Highlight: Analysis ToolPak
OK (If Excel asks you for permission to proceed, click on: Yes)
Data
(You should now have the words: “Data Analysis” at the top right of your screen) 
If you need help doing this, ask your favorite “computer techie” for help.

You are now ready to skip ahead to Sect. 6.5.2.
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6.5.1.3 Installing the Data Analysis ToolPak into Excel 2003

Open a new Excel spreadsheet
Click on: Tools (at the top of your screen)

If the bottom of this Tools box says “Data Analysis,” the ToolPak has already been 
installed in your version of Excel and you are ready to find the regression equation. 
If the bottom of the Tools box does not say “Data Analysis,” you need to install the 
ToolPak as follows:

Click on:

File
Options (bottom left of screen)
Add-ins
Analysis Tool Pak (it is directly underneath Inactive Application Add-ins near the 

top of the box)
Go
Click to add a check mark to the left of analysis Toolpak 
OK

Note: I f these steps do not work, try these steps instead: Tools/Add-ins/Click to the 
left of analysis ToolPak to add a check mark to the left/OK 
You are now ready to skip ahead to Sect. 6.5.2.

6.5.2 Using Excel to Find the SUMMARY OUTPUT 
of Regression

You have now installed ToolPak, and you are ready to find the regression equation 
for the “best-fitting straight line” through the data points by using the following 
steps:
Open the Excel file: FACINGS7 (if it is not already open on your screen)

Note: I f this file is already open, and there is a gray border around the chart, you 
need to click on any empty cell outside of the chart to deselect the chart.
Now that you have installed Toolpak, you are ready to find the regression equation 
summarizing the relationship between the number of shelf facings of Kellogg’s 
Corn Flakes and the sales dollars in your data set.

Remember that you gave the name: facings to the X  data (the predictor), and 
the name: sales to the Y data (the criterion) in a previous section of this chapter 
(see Sect. 6.2)

Data (top of screen)
Data analysis (far right at top of screen; see Fig. 6.26)
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Fig. 6.26 Example of using the Data/Data Analysis function of Excel

Scroll down the dialog box using the down arrow and click on: Regression (see 
Fig. 6.27)

Fig. 6.27 Dialogue box for creating the Regression function in Excel

OK

Input Y Range: sales 
Input X  Range: facings
Click on the “button” to the left of Output Range to select this, and enter A44 in the 
box as the place on your spreadsheet to insert the Regression analysis in cell A44
OK
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The SUMMARY OUTPUT should now be in cells: A44: I61 
Now, change the data in the following three cells to Number format (two decimal 

places):

B47
B60
B61

Now, change the format for all other numbers that are in decimal format to number 
format, three decimal places.

Save the resulting file as: FACINGS8

Print the file so that it fits onto one page. (Hint: Change the scale under “Page 
Layout" to 70% to make it fit.) Your file should be like the file in Fig. 6.28.
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W eek No. o f facings Sa les (S000)
1 1 1.1
2 2 2.2
3 3 2.1
4 1 1.2
5 2 2.3
6 3 5.2
7 3 4.6
8 2 2.3
9 2 1.9
10 3 4.5

■ 10 10
mean 2.20 2.74
stdev 0.79 1.47

corre lation 0.83

R F I A T I O N S H I P  R F T W F F N  N O . O F  F A C I N G S  A N D

3 A L t 3

6

♦

♦
4

I
S  5
a

2 ♦

$1

0 5 1 1.5 2 2.5 3 3.5
NO. OE FACINGS

SUMMARY OUTPUT

R e g r e s s io n  S t a t is t ic s

M ultip le  R 0.83
R Square 0.682
Adjusted R Square 0.642
Standard Error 0.880
Observations 10

ANOVA
ss M S F S i g n i f i c a n c e  F

Regression 1 13.269 13.269 17.134 0.003
Residual 8 6.19S 0.774
Total 9 19.464

C o e f f i c i e n t s S t a n d a r d  E r r o r t S t a t P - v a l u e L o w e r  9 S % U p p e r  95% L o w e r  9 S . 0 %  U p p e r  95.0%

Intercept -0.6S 0.864 0.748 0.476 -2.639 1.346 2.639 1.346
X Variable 1 1.S4 0.372 4.139 0.003 0.682 2.397 0.682 2.397

Fig. 6.28 Final spreadsheet of correlation and simple linear regression including the SUMMARY 
OUTPUT for the data
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Note the following problem with the summary output.
Whoever wrote the computer programfor this version o f Excel made a mistake and gave the 
name: “Multiple R ” to cell A47. This is not correct. Instead, cell A47 should say: 
“correlation r”’ since this is the notation that we are using for the correlation between X  
and Y.

You can now use your printout of the regression analysis to find the regression 
equation that is the best-fitting straight line through the data points.

But first, let’s review some basic terms.

6.5.2.1 Finding the y-Intercept, a, of the Regression Line

The point on the y-axis that the regression line would intersect the y-axis if it 
were extended to reach the y-axis is called the “y-intercept” and we will use the 
letter “a” to stand for the y-intercept of the regression line. The y-intercept on 
the SUMMARY OUTPUT on the previous page is —0.65 and appears in cell B60 
(note the minus sign). This means that if you were to draw an imaginary line 
continuing down the regression line toward the y-axis that this imaginary line would 
cross the y-axis at —0.65. This is why, a is called the “y-intercept.”

6.5.2.2 Finding the Slope, b, of the Regression Line

The “tilt” of the regression line is called the “slope” of the regression line. 
It summarizes to what degree the regression line is either above or below a 
horizontal line through the data points. If the correlation between X  and Y were 
zero, the regression line would be exactly horizontal to the X-axis and would have 
a zero slope.

If the correlation between X and Y is positive, the regression line would “slope 
upward to the right” above the X-axis. Since the regression line in Fig. 6.28 slopes 
upward to the right, the slope of the regression line is +1.54 as given in cell B61. 
We will use the notation “b” to stand for the slope of the regression line. (Note that 
Excel calls the slope of the line: “X Variable 1” in the Excel printout.)

Since the correlation between the number of facings and the weekly sales dollars 
was +.83, you can see that the regression line for these data “slopes upward to the 
right” through the data. Note that the SUMMARY OUTPUT of the regression line 
in Fig. 6.28 gives a correlation, r, of +.83 in cell B47.

If the correlation between X and Y were negative, the regression line would 
“slope down to the right” above the X-axis. This would happen whenever the 
correlation between X  and Y is a negative correlation that is between zero and minus 
one (0 and —1).
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6.5.3 Finding the Equation for the Regression Line

To find the regression equation for the straight line that can be used to predict 
weekly sales from the number of facings, we only need two numbers in the 
SUMMARY OUTPUT in Fig. 6.28: B60 and B61.

The format for the regression line is:

Y = a + bX (6.3)

where a = the y-intercept (—0.65 in our example in cell B60) 
and b = the slope of the line (+1.54 in our example in cell B61)

Therefore, the equation for the best-fitting regression line for our example is:

Y = a + bX

\Y =  -0.65 +  1.54 X|

Remember that Y is the weekly sales ($000) that we are trying to predict, using 
the number of facings as the predictor, X .

Let’s try an example using this formula to predict the weekly sales.

6.5.4 Using the Regression Line to Predict the y-Value 
for a Given x-Value

Objective: Find the weekly sales predicted from one facing of Kellogg’s 
Corn Flakes on the supermarket shelf.

Since the number of facings is one (i.e., X = 1), substituting this number into our 
regression equation gives:

Y =  -0 .6 5  +  1.54(1)

Y =  -0 .6 5  +  1.54

Y = 0.89

Important note: If you look at your chart, if you go directly upward from one 
facing until you hit the regression line, you see that you hit this line just under the 
number 1 on the y-axis to the left (actually, it is 0.89), the result above for 
predicting sales from one shelf facing.

But since weekly sales are recorded in thousands of dollars ($000), we need to 
multiply our answer above by 1,000 to find the weekly sales figure.
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When we do that, this gives an estimated weekly sales of $890 (0.89 x 1,000) 
when we use one facing of this cereal.

Now, let’s do a second example and predict what the weekly sales figure would 
be if we used three facings of Kellogg’s Corn Flakes on the supermarket shelf.

Y =  -0 .6 5  +  1.54 X

Y =  -0 .6 5  +  1.54(3)

Y =  -0 .6 5  +  4.62

Y = 3.97

Important note: If you look at your chart, if you go directly upward from three 
facings until you hit the regression line, you see that you hit this line just under the 
number 4 on the y-axis to the left (actually it is 3.97), the result above for predicting 
sales from three shelf facings.

But since weekly sales are recorded in thousands of dollars ($000), we need to 
multiply our answer above by 1,000 to find the weekly sales figure.

When we do that, this gives an estimated weekly sales of $3,970 when we use 
three facings of the cereal.

For a more detailed discussion of regression, see Black (2010).

6.6 Adding the Regression Equation to the Chart

Objective: To Add the regression Equation to the chart

If you want to include the regression equation within the chart next to the regression 
line, you can do that, but a word of caution first.

Throughout this book, we are using the regression equation for one predictor and 
one criterion to be the following:

Y = a +  bX (6.3)
where a =  y -  intercept and 

b =  slope of the line

See, for example, the regression equation in Sect. 6.5.3 where the y-intercept was 
a = —0.65 and the slope of the line was b = +1.54 to generate the following 
regression equation:

Y 0.65 +  1.54 X
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However, Excel 2010 uses a slightly different regression equation (which is 
logically identical to the one used in this book) when you add a regression equation 
to a chart:

Y = b X  +  a (6.4)

where a = y-intercept and b = slope of the line
Note that this equation is identical to the one we are using in this book with the 

terms arranged in a different sequence.
For the example we used in Sect. 6.5.3, Excel 2010 would write the regression 

equation on the chart as:

Y = 1.54 X -  0.65

This is the format that will result when you add the regression equation to the 
chart using Excel 2010 using the following steps:

Open the file: FACINGS6 (that you saved in Sect. 6.3.13)
Click just inside the outer border of the chart in the top right corner to add the “gray 

border” around the chart in order to “select the chart” for changes you are about 
to make

Right-click on any of the data points in the chart 
Highlight: Add Trendline
The “Linear button” near the top of the dialog box will be selected (on its left) 
Click on: Display Equation on chart (near the bottom of the dialog box; see Fig. 6.29)
Note that the regression equation on the chart is in the following form next to the 

regression line on the chart (see Fig. 6.30).

Y = 1.54 X -  0.65
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Fig. 6.29 Dialogue box for adding the regression equation to the chart next to the regression line 
on the chart

Close

6.7 How to Recognize Negative Correlations 
in the SUMMARY OUTPUT Table

Important note: Since Excel does not recognize negative correlations in the SUM­
MARY OUTPUT results, but treats all correlations as if they were positive
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Fig. 6.30 Example of a chart with the regression equation displayed next to the regression line 
correlations (this was a mistake made by the programmer), you need to be careful 
to note that there may be a negative correlation between X and Y even if the printout 
says that the correlation is a positive correlation.

You will know that the correlation between X and Y is a negative correlation 
when these two things occur:

1. THE SLOPE, b, IS A NEGATIVE NUMBER. This can only occur when there is a 
negative correlation.

2. THE CHART CLEARLY SHOWS A DOWNWARD SLOPE IN THE REGRESSION 
LINE, which can only occur when the correlation between X and Y is negative.
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6.8 Printing Only Part of a Spreadsheet Instead 
of the Entire Spreadsheet

Objective: To print part of a spreadsheet separately instead of printing the 
entire spreadsheet

There will be many occasions when your spreadsheet is so large in the number of 
cells used for your data and charts that you only want to print part of the spreadsheet 
separately so that the print will not be so small that you cannot read it easily.

We will now explain how to print only part of a spreadsheet onto a separate page 
by using three examples of how to do that using the file, FACINGS8, that you 
created in Sect. 6.5.2: (1) printing only the table and the chart on a separate page, 
(2) printing only the chart on a separate page, and (3) printing only the SUMMARY 
OUTPUT of the regression analysis on a separate page.

Note: I f the file: FACINGS8 is not open on your screen, you need to open it now. 

Let’s describe how to do these three goals with three separate objectives:

6.8.1 Printing Only the Table and the Chart on a Separate Page

Objective: To print only the table and the chart on a separate page

1. Left-click your mouse starting at the top left of the table in cell A2 and drag 
the mouse down and to the right so that all of the table and all of the chart 
are highlighted in light blue on your computer screen from cell A2 to cell I43 
(the light blue cells are called the “selection” cells).

2. File 
Print
Print Active Sheet (hit the down arrow on the right)
Print selection 
Print

The resulting printout should contain only the table of the data and the chart 
resulting from the data.

Then, click on any empty cell in your spreadsheet to deselect the table and chart.
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6.8.2 Printing Only the Chart on a Separate Page

Objective: To print only the chart on a separate page

1. Click on any “white space” just inside the outside border of the chart in the top 
right corner of the chart to create the gray border around all of the borders of 
the chart in order to “select” the chart.

2. File 
Print
Print selected chart 
Print selected chart (again)
Print

The resulting printout should contain only the chart resulting from the data.

Important note: After each time you print a chart by itself on a separate page, you 
should immediately click on any white space OUTSIDE the chart to remove the 
gray border from the border of the chart. When the gray border is on the borders 
of the chart, this tells Excel that you want to print only the chart by itself.

6.8.3 Printing Only the SUMMARY OUTPUT of the Regression 
Analysis on a Separate Page

Objective: To print only the SUMMARY OUTPUT of the regression analy­
sis on a separate page

1. Left-click your mouse at the cell just above SUMMARY OUTPUT in cell A43 
on the left of your spreadsheet and drag the mouse down and to the right until 
all of the regression output is highlighted in dark blue on your screen from A43 
to I62.

2. File 
Print
Print active sheets (hit the down arrow on the right)
Print selection 
Print

The resulting printout should contain only the summary output of the regression 
analysis on a separate page.
Finally, click on any empty cell on the spreadsheet to “deselect” the regression 
table.
Then, save the file as: FACINGS9
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6.9 End-of-Chapter Practice Problems

1. Suppose that you have been hired by Blockbuster Video to develop a regression 
equation to predict the average number of rentals per day from stores based on 
average family income for families within a two-mile radius of Blockbuster’s 
current stores in the state of Missouri. Blockbuster plans to use this equation to 
predict store sales for new stores that it is considering opening in Missouri. 
You develop the hypothetical data given in Fig. 6.31 to test your Excel regres­
sion skills.

Rentals (per day) Average Family Income (S000)
70S 62
525 41
309 27
498 45
623 50
425 47
314 44
203 28
465 30
540 41
605 47
690 62

Fig. 6.31 Worksheet data for Chap. 6: Practice Problem #1

Create an Excel spreadsheet and enter the data using income as the independent 
variable (predictor) and number of daily rentals as the dependent variable 
(criterion). (Hint: Remember that the independent variable, X, should be on 
the left column in the table, and the dependent variable, Y, should be on the right 
column of the table.
Important note: When you are trying to find a correlation between two variables, 
it is important that you place the predictor, X, ON THE LEFT COLUMN in your 
Excel spreadsheet, and the criterion, Y, IMMEDIATELY TO THE RIGHT OF 
THE X COLUMN. You should do this every time that you want to use Excel to 
find a correlation between two variables to check your thinking.

(a) Use Excel’s =correl function to find the correlation between these two 
variables, and round off the result to two decimal places.

(b) Create an XY scatterplot of these two sets of data such that:

• Top title: RELATIONSHIP BETWEEN INCOME AND RENTALS/ 
DAY

• x-axis title: AVERAGE FAMILY INCOME ($000)
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• y-axis title: RENTALS (per day)
• Resize the chart so that it is 8 columns wide and 25 rows long
• Delete the legend
• Delete the gridlines
• Move the chart below the table

(c) Create the least-squares regression line for these data on the scatterplot.
(d) Use Excel to run the regression statistics to find the equation for the least- 

squares regression line for these data and display the results below the chart 
on your spreadsheet. Use number format (two decimal places) for the 
correlation and for the coefficients

(e) Print just the input data and the chart so that this information fits onto one 
page. Then, print the regression output table on a separate page so that it fits 
onto that separate page.

(f) Save the file as: RENTAL10
Now, answer these questions using your Excel printout:

1. What is the y-intercept?
2. What is the slope of the line?
3. What is the regression equation for these data (use two decimal places for 

the y-intercept and the slope)?
4. Use the regression equation to predict the average number of daily rentals 

you would expect for a retail area that had an average family income of 
$50,000.

2. Suppose that you have been hired as a marketing consultant to determine if there 
is a relationship between the on-time performance of major airlines and the 
number of passenger complaints lodged by passengers in the U.S. Department of 
Transportation. You have found these data in the Air Travel Consumer Report 
published by the Office of Aviation Enforcement and Proceedings of the U.S. 
Department of Transportation (2006) for the month of August of that same year. 
These data are presented in Fig. 6.32. Note that the data for passenger complaints 
are converted to a scale “per 100,000 passengers” so that all of the airlines can be 
measured on the same scale, regardless of the number of passengers they flew 
that month.
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I’.S. Airline On-time Percentage vs. Passenger Complaints (August, 2006)

X Y
Airline On-time Percent Complaints per 

100,000 passengers
A LA S K A 68.5 0.48
A M E R IC A N 75.3 1.31
A T LA N T IC  SOUTHEAST 58.1 0.76
CO N TIN EN TAL 76.3 0.96
D ELTA 76.0 1.33
FRO N TIER 83.7 0.78
JETB LU E 75.9 0.60
N ORTH W EST 77.1 0.95
SOUTHW EST 81.0 0.15
UNITED 76.3 1.48
US AIRW AYS 75.7 1.77
M E S A  AIRLINES 73.7 1.47
A M E R IC A N  EA G LE 72.9 1.21
A TA 68.3 1.21
C O M A IR 70.3 0.99
AIRTRAN 72.3 0.95
HAW AIIAN AIRLINES 95.7 0.36

Fig. 6.32 Worksheet data for Chap. 6: Practice Problem #2

Create an Excel spreadsheet and enter the data using on-time percent as the 
independent variable (predictor) and complaints (per 100,000 passengers) as 
the dependent variable (criterion). Be sure to enter the data for on-time percent 
as numbers, and not as decimals. For example, an on-time percent of 68.5 should 
be entered on your spreadsheet as 68.5, and not as 0.685.

(a) Create an XY scatterplot of these two sets of data such that:

• Top title: On-time % vs. Complaints
• x-axis title: On-time percent
• y-axis title: Complaints (per 100,000 passengers)
• Resize the chart so that it is 10 columns wide and 25 rows long
• Delete the legend
• Delete the gridlines
• Move the chart below the table

(b) Create the least-squares regression line for these data on the scatterplot.
(c) Use Excel to run the regression statistics to find the equation for the least- 

squares regression line for these data and display the results below the chart
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on your spreadsheet. Use two decimal places for the correlation, r, and three 
decimal places for both the y-intercept and the slope of the line.

(d) Print the input data and the chart so that this information fits onto one page.
(e) Then, print out the regression output table so that this information fits onto a 

separate page.
(f) Save the file as: ontime4

Answer the following questions using your Excel printout:

1. What is the y-intercept?
2. What is the slope of the line?
3. What is the regression equation for these data (use three decimal places 

for the y-intercept and the slope)?
(Note that this correlation is not the multiple correlation as the Excel table 
indicates, but is merely the correlation r instead.)

Important note: Since Excel does not recognize negative correlations in 
the SUMMARY OUTPUT but treats all correlations as if they were 
positive correlations, you need to be careful to note that there is a 
negative correlation between on-time performance and passenger 
complaints.
You know this for two reasons:

1. The slope, b, is a negative — 0.015, which can only occur when there is 
a negative correlation.

2. The chart clearly shows a downward slope in the regression line, 
which can only happen when the correlation is negative.

Therefore, the correlation between on-time percent and complaints per 
100,000 passengers is not + 0.26, but —0.26 for this problem. This is a 
negative correlation!

4. Use that regression equation to predict the passenger complaints you 
would expect for an airline with an on-time performance of 80%.

3. Is there a relationship between the number of sales calls that a sales staff make in 
a month on potential customers and the number of copier machines sold that 
month by a salesperson? Suppose that you gathered the hypothetical data given 
below for your sales staff for the previous month. The resulting data are 
presented in Fig. 6.33.
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Fig. 6.33 Worksheet data for
Chap. 6: Practice Problem #3 No. of sales calls No. of copiers sold

25 40
30 55
18 30
22 35
14 18
18 23
22 28
24 38
12 15
13 16
18 25
22 28
25 36

Create an Excel spreadsheet and enter the data using the number of sales calls 
as the independent variable (predictor) and the number of copiers sold last month 
by each salesperson as the dependent variable (criterion).

(a) Use Excel’s =correl function to find the correlation between these two sets 
of scores, and round off the result to two decimal places.

(b) Create an XY scatterplot of these two sets of data such that:

• Top title: RELATIONSHIP BETWEEN NO. OF SALES CALLS AND 
COPIERS SOLD

• x-axis title: NO. OF SALES CALLS
• y-axis title: NO. OF COPIERS SOLD
• Move the chart below the table
• Resize the chart so that it is 7 columns wide and 25 rows long
• Delete the legend
• Delete the gridlines

(c) Create the least-squares regression line for these data on the scatterplot.
(d) Use Excel to run the regression statistics to find the equation for the least- 

squares regression line for these data and display the results below the chart 
on your spreadsheet. Use number format (two decimal places) for the 
correlation and for the coefficients

(e) Print just the input data and the chart so that this information fits onto one 
page. Then, print the regression output table on a separate page so that it fits 
onto that separate page.

(f) Save the file as: copier4
Answer the following questions using your Excel printout:

1. What is the correlation between the number of sales calls and the number 
of copiers sold?

2. What is the y-intercept?
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3. What is the slope of the line?
4. What is the regression equation?
5. Use the regression equation to predict the number of copiers sold you 

would expect for a salesperson who made 25 sales calls last month. Show 
your work on a separate sheet of paper
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Chapter 7
Multiple Correlation and Multiple Regression

There are many times in business when you want to predict a criterion, Y, but you 
want to find out if you can develop a better prediction model by using several 
predictors in combination (e.g., X1, X2, X3, etc.) instead of a single predictor, X.

The resulting statistical procedure is called “multiple correlation” because it uses 
two or more predictors in combination to predict Y, instead of a single predictor, X . 
Each predictor is “weighted” differently based on its separate correlation with Y and 
its correlation with the other predictors. The job of multiple correlation is to 
produce a regression equation that will weight each predictor differently and in 
such a way that the combination of predictors does a better job of predicting Y than 
any single predictor by itself. We will call the multiple correlation: Rxy.

You will recall (see Sect. 6.5.3) that the regression equation that predicts Y when 
only one predictor, X , is used, is:

Y = a + bX (7.1)

7.1 Multiple Regression Equation

The multiple regression equation follows a similar format and is:

Y = a + biXj +  b2X2 + b3X3 + etc. depending on the number of predictors used
(7.2)

The “weight” given to each predictor in the equation is represented by the letter 
“b” with a subscript to correspond to the same subscript on the predictors.

Important note: In order to do multiple regression, you need to have installed the 
“Data Analysis TookPak" that was described in Chap. 6 (see Sect. 6.5.1). I f  you did 
not install this, you need to do so now.

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 153
Business Problems, DOI 10.1007/978-1-4419-9934-4_7,
©  Springer Science+Business Media, LLC 2011
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Let’s try a practice problem.
Suppose that you have been hired by a car rental company to see if you could 

predict annual sales based on the number of cars that a rental car company has in its 
fleet and the number of locations where you can rent that company’s cars in the USA. 

Let’s use the following notation:

Y Annual Sales (in millions of dollars)
X 1 No. of cars in the fleet (in thousands of cars)
X2 No. of locations in the USA.

Suppose, further, that this rental car company supplied you with the following 
hypothetical data summarizing its performance along with the performance of its 
competitors (see Fig. 7.1):

CAR RENTAL COMPANIES

Y XI X2
SALES (Smillions) NO. OF CARS (000) NO. OF LOCATIONS

1070 120 152
1460 180 1120
1480 85 1032
552 92 440

2105 315 2587
308 71 1697
2380 221 1153
1140 142 922
43 25 105
154 35 1483
72 15 442
81 18 251

333 42 465
91 15 492
147 18 44

11

Fig. 7.1 Worksheet data for rental car companies (practical example)

Create an Excel spreadsheet for these data using the following cell reference:

A3: CAR RENTAL COMPANIES 
A5: Y
A6: SALES ($millions)
A7: 1070 
B5: X1
B6: NO. OF CARS (000)
B7: 120 
C5: X2
C6: NO. OF LOCATIONS 
C7: 152
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Next, change the column width to match the above table, and change all figures 
to number format (zero decimal places).

Now, fill in the additional data in the chart such that:

A21: 147 
B21: 18
C21: 44 (Then, center all numbers in your table)

Important note: Be sure to double-check all of your numbers in your table to be 
sure that they are correct, or your spreadsheets will be incorrect.

Save this file as: RENTAL5
Before we do the multiple regression analysis, we need to try to make one 

important point very clear:

Important note: When we used one predictor, X, to predict one criterion, Y, we said 
that you need to make sure that the X variable is ON THE LEFT in your table, and 
the Y variable is ON THE RIGHT in your table so that you know which variable is 
the predictor, and which variable is the criterion (see Sect. 6.3).

However, in multiple regression, you need to follow this rule which is exactly the 
opposite:

When you use several predictors in multiple regression, it is essential that 
the criterion you are trying to predict, Y, be ON THE FAR LEFT, and all of the 
predictors are TO THE RIGHT of the criterion, Y, in your table so that you know 
which variable is the criterion, Y, and which variables are the predictors.

Notice in the table above, that the criterion Y (SALES) is on the far left of the 
table, and the two predictors (NO. OF CARS AND NO. OF LOCATIONS) are to 
the right of the criterion variable.

7.2 Finding the Multiple Correlation and the Multiple 
Regression Equation

Objective: To find the multiple correlation and multiple regression equation 
using Excel.

You do this by the following commands:
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Data
Click on: Data Analysis (far right top of screen) 
Regression (scroll down to this in the box; see Fig. 7.2)

Input Y Range: A6:A21

Fig. 7.2 Dialogue box for regression function 

OK

Input X Range: B6:C21
Click on the Labels box to add a check mark to it (because you have included the 

column labels in row 6)
Output Range (click on the button to its left, and enter): A25 (see Fig. 7.3)
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Fig. 7.3 Dialogue box for regression of car rental companies data 

OK (see Fig. 7.4 to see the resulting SUMMARY OUTPUT)

a  SIMMARY 0I TH7

Multiple R 0 93
R Squire 0.86
Adjusted R Squire 0.83
Standard Error 321.49
O b trn a tio it  15

35 S S MS F Significance F
36 Regression 2 7510945.33 3755473 36.33 8.10477E 06
37 Residual 12 1240299.61 103358
38 Total 14 8751244.93
39
40 Coefficient* Standard Error tS ta t E-value Loner 95% I pper 9 5 S L m x r  9S.0UL'pper 95.0%
41 Intercept ----------- 5X55--------------- 133.20 0.40 0.69 -236.66 343.76 -236.66 343.76
42 NO. OF CARS (000) 9.09 1.34 6.78 0.00 6.17 12.01 6.17 12.01
43 NO. OF LOCATIONS -0.17 0.17 098 0.34 41.53 0.20 -0.53 0.20

Fig. 7.4 Regression SUMMARY OUTPUT of car rental companies data
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Important note: Excel automatically assigns a dollar sign $ in front of each column 
letter and each row number so that you can keep these ranges of data constant for 
the regression analysis.

Next, format the following four cells in Number format (2 decimal places):

B28
B41
B42
B43

Note that both the input Y Range and the Input X Range above include the label 
at the top of the columns.

Re-save the file as: RENTAL5
Now, print the file so that it fits onto one page by changing the scale to 60% size. 
The resulting regression analysis is given in Fig. 7.5.

CAR RENTAL COM PANIES

Y X I X2
SALES ($»ilboat) NO. OF CARS (000) NO. OF LOCATIONS

1070 120 152
1460 180 1120
1460 85 1032
552 92 440

2105 315 2587
308 71 1697

2380 221 1153
1140 142 922
43 25 105
154 35 1483
72 15 442
81 18 251

333 42 465
91 15 492
147 18 44

SUM M ARY OUTPUT

Regression Statistic*
Multiple R 0.93
R  Square 0.86
Adjusted R Square 0.83
S taadard Error 321.49
O bservations 15

ANOVA
d f  S S  .1/5 F Significance F

Regression 2 7510945.33 3755473 36.33 8.10477E06
Residual 12 1240299.61 103358
Total 14 8751244.93

Coefficients Standard Error l  S ta f P-value L o n er 95% Upper 9 5% L oner 95. Of U p p e r  95.0%
Intercept
NO. O F C.ARS (000) 
NO. O F LOCATIONS

53.55 133.20 0.40 0.69 
9.09 1 J 4  6.78 0.00 
-0.17 0.17 -0.98 0.34

-236.66
6.17
-0.53

343.76
12.01
0 J 0

-236.66 343.76 
6.17 12.01 

-0.53 0.20

Fig. 7.5 Final spreadsheet for car rental companies regression analysis
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Once you have the SUMMARY OUTPUT, you can determine the multiple 
correlation and the regression equation that is the best-fit line through the data 
points using NO. OF CARS (000) and NO. OF LOCATIONS as the two predictors, 
and SALES ($millions) as the criterion.

Note on the SUMMARY OUTPUT where it says: “Multiple R.” This term is 
correct since this is the term Excel uses for the multiple correlation, which is +0.93. 
This means, that from these data, that the combination of NO. OF CARS and NO. 
OF LOCATIONS together form a very strong positive relationship in predicting 
Annual Sales.

To find the regression equation, notice the coefficients at the bottom of the 
SUMMARY OUTPUT:

Intercept: a (this is the y-intercept) 53.55 
NO. OF CARS (000): b1 9.09
NO. OF LOCATIONS: b2 -0.17

Since the general form of the multiple regression equation is:

Y = a + b1X 1 + b2X2 (7.2)

we can now write the multiple regression equation for these data:

Y = 53.55 +  9.09X1 -  0.17X2

7.3 Using the Regression Equation to Predict Annual Sales

Objective: To find the predicted annual sales for a rental car company that 
has 80,000 cars and 900 locations.

Note that X1 (NO. OF CARS) is measured in thousands of cars in the original data 
set. This means, that for our example, that 80,000 cars would become just 80, since 
80 is 80,000 measured in thousands of cars. Plugging these two numbers into our 
regression equation gives us:
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Y =  53.55 +  9.09(80) -  0.17(900)

Y =  53.55 +  727.2 -  153

Y =  627.75

But, since Annual Sales are measured in millions of dollars in the original data 
set, we have to convert this figure to millions of dollars. Therefore, the predicted 
annual sales for a rental car company that has 80,000 cars and 900 locations where 
customers can rent their cars is:

$627,750,000 or $627.75 million

If you want to learn more about the theory behind multiple regression, see 
Keller (2009).

7.4 Using Excel to Create a Correlation Matrix 
in Multiple Regression

The final step in multiple regression is to find the correlation between all of the 
variables that appear in the regression equation.

In our example, this means that we need to find the correlation between each of 
the three pairs of variables:

1. Number of cars and sales
2. Number of locations and sales
3. Number of cars and number of locations

To do this, we need to use Excel to create a “correlation matrix.” This matrix 
summarizes the three correlations above.

Objective: To use Excel to create a correlation matrix between the three 
variables in this example.
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To use Excel to do this, use these steps:

Data (top of screen under “Home” at the top left of screen) 
Data Analysis
Correlation (scroll up to highlight this formula; see Fig. 7.6)

Fig. 7.6 Dialogue box for correlation matrix for car rental companies 

OK

Input range: A6:C21

(Note that this input range includes the labels at the top of the three variables 
(SALES, NO. OF CARS, AND NO. OF LOCATIONS), as well as all of the figures 
in the original data set.)

Grouped by: Columns
Put a check in the box for: Labels in the First Row (since you included the labels

at the top of the columns in your input range of data above)
Output range (click on the button to its left, and enter): A47 (see Fig. 7.7)
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Fig. 7.7 Dialogue box for Input/Output Range for correlation matrix 

OK

The resulting correlation matrix appears in A47:D50 (See Fig. 7.8).

47 SALES ($m illions) NO. OF CARS (000) NO. OF LOCA TIONS
48 S ALES  ($ m illio n s) 1

49 N O . O F  C A R S  (000) 0.920235314 1

50 N O . O F  L O C A T IO N S 0.562140716 0.694488326 1

*1 1

Fig. 7.8 Resulting Correlation matrix for rental car companies data

Next, format the three numbers in the correlation matrix that are in decimals to 
two decimals places. And, also, make column D wider so that the Number of 
Locations label fits inside cell D47.

Save this Excel file as: RENTAL6
The final spreadsheet for these Car Rental Companies appears in Fig. 7.9.
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Fig. 7.9 Final spreadsheet for car rental companies regression and the correlation matrix

Note that the number “1” along the diagonal of the correlation matrix means that 
the correlation of each variable with itself is a perfect, positive correlation of 1.0.

Correlation coefficients are always expressed in just two decimal places.
You are now ready so read the correlation between the three pairs of variables:

The correlation between NO. OF CARS and SALES is: +.92
The correlation between NO. OF LOCATIONS and SALES is: +.56
The correlation between NO. OF CARS and NO. OF LOCATIONS is: +.69

This means that the better predictor of sales is NO. OF CARS with a correlation 
of +.92. Adding the second predictor variable, NO. OF LOCATIONS, improved the 
prediction by only .01 to 0.93, and was, therefore, not worth the extra effort. NO. 
OF CARS is an excellent prediction of ANNUAL SALES all by itself.

If you want to learn more about the correlation matrix, see Levine et al. (2011).
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7.5 End-of-Chapter Practice Problems

1. The New York Times (Schatz 2005) reported the number of wins (VICTORIES), 
the number of points scored, and the number of points allowed during the regular 
season for past 16 Super Bowl Champions (see Fig. 7.10). You want to see if you 
can predict the number of wins the St. Louis Rams will reach this season if they 
repeat their outstanding performance of 1999.

Fig. 7.10 Worksheet data for Chap. 7: Practice Problem #1

(a) Create an Excel spreadsheet using the number of wins as the criterion (Y) and 
the number of points scored (X1) and the number of points allowed (X2) as 
the predictors.

(b) Use Excel’s multiple regression function to find the relationship between 
these three variables and place it below the table.

(c) Use number format (2 decimal places) for the multiple correlation on the 
SUMMARY OUTPUT, and use this same format for the coefficients in the 
SUMMARY OUTPUT.

(d) Print the table and regression results below the table so that they fit onto one 
page.

(e) Save this file as: SUPER4

Answer the following questions using your Excel printout:

1. What is the multiple correlation Rxy?
2. What is the y-intercept a?
3. What is the coefficient for points scored b1?
4. What is the coefficient for points allowed b2?
5. What is the multiple regression equation?
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6. Predict the number of wins you would expect for the St. Louis Rams this 
season if they repeated their fantastic performance of 1999 with 526 
points scored and only allowing 242 points scored against them.

(f) Now, go back to your Excel file and create a correlation matrix for these 
three variables, and place it underneath the SUMMARY OUTPUT.

(g) Save this file as: SUPER14
(h) Now, print out just this correlation matrix on a separate sheet of paper.

Answer the following questions using your Excel printout. Be sure to include 
the plus or minus sign for each correlation:

7. What is the correlation between the number of points scored and the 
number of wins?

8. What is the correlation between the number of points allowed and the 
number of wins?

9. What is the correlation between the number of points scored and the 
number of points allowed?

10. Discuss which of the two predictors is the better predictor.
11. Explain in words how much better the two predictor variables together 

predict the number of wins than the better single predictor by itself.

2. Suppose that you have been hired by an Admissions Director at a local college to 
analyze the data from the past 3 years to determine if you can predict Freshman 
grade-point average (FROSH GPA) at the end of freshman year by using three 
predictors for these freshmen: (1) their high school GPA, (2) their SAT-Verbal 
scores from senior year in high school, and (3) their SAT-Math scores from 
senior year in high school. The Director wants to use a “rolling average” of 
the past 3 years of freshmen in the data set. To check your skill in Excel, you 
have selected a random sample of freshmen from the past 3 years and recorded 
the information on each student given in the hypothetical table in Fig. 7.11.

V X i X : x 3
FROSH GPA HIGH SCHOOL GPA SAT \TRBAL SAT NL4TH

3.25 3.35 500 420
2.85 2.93 480 410
3.65 3.25 525 480
3.45 3.35 510 470
3.25 2.85 460 430
2.95 2.75 420 410
2.83 2.58 440 450
2.56 2.66 410 420
3.15 3.25 480 490
3.36 3.42 470 460

i1

Fig. 7.11 Worksheet data for Chap. 7: Practice Problem #2
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(a) Create an Excel spreadsheet using FROSH GPA as the criterion (Y), and the 
other variables as the three predictors of this criterion (X1 =  HIGH 
SCHOOL GPA, X2 =  SAT VERBAL, and X3 =  SAT MATH).

(b) Use Excel’s multiple regression function to find the relationship between 
these four variables and place the SUMMARY OUTPUT below the table.

(c) Use number format (2 decimal places) for the multiple correlation on the 
Summary Output, and use three decimal places for the coefficients in the 
SUMMARY OUTPUT.

(d) Save the file as: GPA5
(e) Print the table and regression results below the table so that they fit onto one 

page.

Answer the following questions using your Excel printout:

1. What is the multiple correlation Rxy?
2. What is the y-intercept a?
3. What is the coefficient for HIGH SCHOOL GPA b1?
4. What is the coefficient for SAT VERBAL b2?
5. What is the coefficient for SAT MATH b3?
6. What is the multiple regression equation?
7. Predict the FROSH GPA you would expect for high school senior who 

had a HIGH SCHOOL GPA of 3.15, a SAT-VERBAL score of 490, and a 
SAT-MATH score of 480.

(f) Now, go back to your Excel file and create a correlation matrix for these four 
variables, and place it underneath the SUMMARY OUTPUT.

(g) Save this file as: GPA6
(h) Now, print out just this correlation matrix on a separate sheet of paper.

Answer to the following questions using your Excel printout. (Be sure to include 
the plus or minus sign for each correlation):

8. What is the correlation between HIGH SCHOOL GPA and FROSH 
GPA?

9. What is the correlation between SAT VERBAL and FROSH GPA?
10. What is the correlation between SAT MATH and FROSH GPA?
11. What is the correlation between SAT VERBAL and HIGH SCHOOL 

GPA?
12. What is the correlation between SAT MATH and HIGH SCHOOL 

GPA?
13. What is the correlation between SAT MATH and SAT VERBAL?
14. Discuss which of the three predictors is the best predictor of FROSH 

GPA:
15. Explain in words how much better the three predictor variables com­

bined predict FROSH GPA than the best single predictor by itself.

3. Suppose that you are the marketing manager for 7Eleven Stores in Missouri and 
that you want to see if a proposed store location would generate sufficient yearly
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sales volume to support the idea of building a new store at that location. You 
have checked the data available at your company to generate the following table 
for a random sample of 20 7Eleven stores in Missouri based on last year’s data to 
create the hypothetical data given in Fig. 7.12.

Y Xi X  2 Xj
S to re  ID A nnua l S a le s  ($000) A v e ra g e  D a ih  T raffic P op u la tio n  (2-m ile ra d iu s) A v e ra g e  In co m e in A re a

1 1,121 61,655 17,880 $28,991
2 766 35,236 13,742 S14.731
3 595 35,403 19,741 $8,114
4 899 52,832 23 ,246 S 1 5 3 2 4
5 915 40,809 24,485 S I 1,438
6 782 40,820 20,410 $11 ,730
7 833 49,147 28,997 $10 ,589
8 571 24,953 9,981 $10 ,706
9 692 40,828 8,982 $23,591

10 1,005 39,195 18,814 S I 5,703
11 589 34,574 16,941 $9,015
12 671 26,639 13,319 $10 ,065
13 903 55,083 21,482 $17 ,365

14 703 37,892 26,524 $7,532
15 556 24 ,019 14,412 $6,950

16 657 27,791 13,896 S9,855
17 1,209 53,438 22 ,444 $21 ,589
18 997 54,835 18,096 $22 ,659
19 844 32 ,919 16,458 $12 ,660
20 883 29 ,139 16,609 $11 ,618

Fig. 7.12 Worksheet data for Chap. 7: Practice Problem #3

(a) Create an Excel spreadsheet using the annual sales figures as the criterion 
and the average daily traffic, population, and income figures as the 
predictors.

(b) Use Excel’s multiple regression function to find the relationship between 
these four variables and place the SUMMARY OUTPUT below the table.

(c) Use number format (2 decimal places) for the multiple correlation on the 
SUMMARY OUTPUT, and use this same number format for the coefficients 
in the SUMMARY OUTPUT.

(d) Save the file as: multiple2
(e) Print the table and regression results below the table so that they fit onto one 

page.

Answer the following questions using your Excel printout:

1. What is multiple correlation Rxy?
2. What is the y-intercept a?
3. What is the coefficient for Average Daily Traffic b1?
4. What is the coefficient for Population b2?
5. What is the coefficient for Average Income b3?
6. What is the multiple regression equation?
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7. Predict the annual sales you would expect for Average Daily Traffic of 
42,000, a population of 23,000, and income of $22,000.

(f) Now, go back to your Excel file and create a correlation matrix for these 
four variables, and place it underneath the SUMMARY OUTPUT on your 
spreadsheet.

(g) Save this file as: multiple3.
(h) Now, print out just this correlation matrix on a separate sheet of paper.

Answer the following questions using your Excel printout. Be sure to include the 
plus or minus sign for each correlation:

8. What is the correlation between traffic and sales?
9. What is the correlation between population and sales?

10. What is the correlation between income and sales?
11. What is the correlation between traffic and population?
12. What is the correlation between population and income?
13. Discuss which of the three predictors is the best predictor of annual 

sales:
14. Explain in words how much better the three predictor variables com­

bined predict annual sales than the best single predictor by itself.
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Chapter 8
One-Way Analysis of Variance (ANOVA)

So far in this 2010 Excel Guide, you have learned how to use a one-group t-test to 
compare the sample mean to the population mean, and a two-group t-test to test for 
the difference between two sample means. But what should you do when you have 
more than two groups and you want to determine if there is a significant difference 
between the means of these groups?

The answer to this question is: Analysis of Variance (ANOVA).

The ANOVA test allows you to test for the difference between the means when 
you have three or more groups in your research study.

Important note: In order to do One-way Analysis of Variance, you need to have 
installed the “Data Analysis Toolpak" that was described in Chap. 6 (see 
Sect. 6.5.1). I f  you did not install this, you need to do that now.

Let’s suppose that you are interested in comparing prices between three major 
supermarket chains in St. Louis: (1) Dierberg’s, (2) Schnuck’s, and (3) Shop ‘n 
Save. Suppose, further, that you have selected the 28 specific items listed in the 
table below as your “market basket of products” to compare prices at these three 
supermarkets. You have also specified the package size of each of these items 
in your checklist. Item #14, for example, might be: Tide Liquid laundry detergent, 
16 ounces.

Suppose that you have selected zip code 63119 in St. Louis, as this zip code has 
one store of each of these three supermarket chains. You drive to each of these three 
supermarkets in this zip code area, and you have obtained the hypothetical data 
given in Fig. 8.1 summarizing the prices of the items in your market basket of 
products:

T. Quirk, Excel 2010 for Business Statistics: A Guide to Solving Practical 
Business Problems, DOI 10.1007/978-1-4419-9934-4_8,
©  Springer Science+Business Media, LLC 2011
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Fig. 8.1 Worksheet data for 
supermarket price 
comparisons (practical 
example)

SUPERMARKET PRICE COMPARISONS

ITEM DIERBERG'S SCHNTCK'S SHOP ' d  SAIT
1 1.85 1.45 1.25
2 3.95 3.35 3.04
3 2.25 1.75 1.45
4 2.85 2.35 2.25
5 1.65 1.10 0.85
6 3.65 2.95 2.45
7 2.45 1.85 1.45
8 1.95 1.56 1.44
9 1.83 1.25 1.15
10 2.64 2.14 2.04
11 2.84 2.25 2.15
12 1.84 1.20 0.55
13 1.65 1.25 1.15
14 2.75 2.10 2.04
15 2.71 1.86 1.75
16 1.55 0.94 0.85
17 1.85 1.30 1.01
18 0.95 0.55 0.45
19 1.55 1.28 1.06
20 1.44 0.85 0.74
21 1.65 1.25 1.15
22 1.64 1.28 1.04
23 4.21 3.75 3.36
24 1.20 0.71 0.61
25 4.55 3.90 3.25
26 3.45 2.84 2.65
27 5.85 5.30 5.14
28 1.65 1.25 1.04

Create an Excel spreadsheet for these data in this way:

B1: SUPERMARKET PRICE COMPARISON
A3: ITEM
B3: DIERBERG’S
C3: SCHNUCK’S
D3: SHOP‘n SAVE
A4: 1
B4: 1.85

Enter the other information into your spreadsheet table. When you have finished 
entering these data, the last cell on the left should have 28 in cell A31, and the last 
cell on the right should have 1.04 in cell D31. Center the numbers in each of the 
columns. Use number format (2 decimals) for all numbers.
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Important note: Be sure to double-check all of your figures in the table to make 
sure that they are exactly correct or you will not be able to obtain the correct 
answer for this problem!

Save this file as: SUPERMARKET5

8.1 Using Excel to Perform a One-Way Analysis 
of Variance (ANOVA)

Objective: To use Excel to perform a one-way ANOVA test.

You are now ready to perform an ANOVA test on these data using the following 
steps:

Data (at top of screen)
Data Analysis (far right at top of screen)
ANOVA: Single Factor (scroll up to this formula and highlight it; see Fig. 8.2)

Fig. 8.2 Dialog box for Data Analysis: ANOVA Single Factor 

OK

Input range: B3: D31 (note that you have included in this range the column titles 
that are in row 3)
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Important note: Whenever the data set has a different sample size in the groups 
being compared, the INPUT RANGE that you define must start at the column title of 
the first group on the left and go to the last column on the right and go down to the 
lowest row that has a figure in it in the entire data matrix so that the INPUT RANGE 
has the “shape" of a rectangle when you highlight it.

Grouped by: Columns
Put a check mark in: Labels in First Row
Output range (click on the button to its left): A36 (see Fig. 8.3)

Anova: Single Factor

Input
Input Range: S8$3:$DS31

Cance
Grouped By: o Columns

Rohm

E  Labels in first row

Alpha: 0.05

Output options

o Output Ranсe:

New Worksheet Ply

Fig. 8.3 Dialog box for ANOVA: Single Factor Input/Output Range

OK

Save this file as: SUPER6
You should have generated the table given in Fig. 8.4. If you round off all figures 

that are in decimal format to two decimal places and center all numbers in their 
cells, this will make your table much easier to read.



8.2 How to Interpret the ANOVA Table Correctly 173

A B c D E F <3 I
35
36 Anova: Single Factor
37
38

39
SUMMARY

Groups Count Sum Average Variance
40 DIERBERGS 28 68.40 2.44 1.32
41 SCHXUCK'S 28 53.61 1.91 1.22
42

43

SHOP 'n SAVE 28 47.36 1.69 1.13

44
45 ANOVA
46 Source o f  V ariation SS d f MS F P-value F  crit
47 Between Groups 8.34 2 4.17 3.40 0.04 3.11
48 Within Groups 99.23 81 1.23
49
50 Total 107.57 83

Fig. 8.4 ANOVA results for supermarket price comparisons

Print out both the data table and the ANOVA summary table so that all of 
this information fits onto one page. (Hint: Set the Page Layout/Fit to Scale to
85% size).

As a check on your analysis, you should have the following in these cells:

A36: ANOVA: Single Factor
D40: 2.44
D47: 4.17
E47: 3.40
G47: 3.11

Now, let’s discuss how you should interpret this table:

8.2 How to Interpret the ANOVA Table Correctly

Objective: To interpret the ANOVA table correctly

ANOVA allows you to test for the differences between means when you have three 
or more groups of data. This ANOVA test is called the F-test statistic, and is 
typically identified with the letter: F.

The formula for the F-test is this:
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F = Mean Square between groups (MSb) divided by Mean Square 
within groups (MSw)

F = MSb/MSw (8.1)

The derivation and explanation of this formula is beyond the scope of this Excel 
Guide. In this Excel Guide, we are attempting to teach you how to use Excel, and we 
are not attempting to teach you the statistical theory that is behind the ANOVA 
formulas. For a detailed explanation of ANOVA, see Weiers (2011).

Note that cell D47 contains MSb =  4.17, while cell D48 contains MSw =  1.23.
When you divide these two figures using their cell references in Excel, you get 

the answer for the F-test of 3.40, which is in cell E47. Let’s discuss now the 
meaning of the figure: F = 3.40.

In order to determine whether this figure for F of 3.40 indicates a significant 
difference between the means of the three groups, the first step is to write the null 
hypothesis and the research hypothesis for the three groups of prices.

In our supermarket price comparisons, the null hypothesis states that the popu­
lation means of the three groups are equal, while the research hypothesis states that 
the population means of the three groups are not equal and that there is, therefore, 
a significant difference between the population means of the three groups. Which of 
these two hypotheses should you accept based on the ANOVA results?

8.3 Using the Decision Rule for the ANOVA t-Test

To state the hypotheses, let’s call Dierberg’s as Group 1, Schnuck’s as Group 2, and 
Shop ‘n Save as Group 3. The hypotheses would then be:

H0: m1 =  m2 =  m3

Hp m1 =  m2 =  m3

The answer to this question is analogous to the decision rule used in this book 
for both the one-group t-test and the two-group t-test. You will recall that this rule 
(See Sect. 4.1.6 and Sect. 5.1.8) was:

If the absolute value of t is less than the critical t, you accept the null hypothesis. 
or
If the absolute value of t is greater than the critical t, you reject the null hypothesis, 

and accept the research hypothesis.

Now, here is the decision rule for ANOVA:
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Objective: To learn the decision rule for the ANOVA F-test

The decision rule for the ANOVA F-test is the following:

I f the value for F is less than the critical F-value, accept the null hypothesis. 
or
I f the value of F is greater than the critical F-value, reject the null hypothesis, 

and accept the research hypothesis.

Note that Excel tells you the critical F-value in cell G47: 3.11

Therefore, our decision rule for the supermarket ANOVA test is this:

Since the value ofF of 3.40 is greater than the critical F-value of 3.11, we reject the 
null hypothesis and accept the research hypothesis.

Therefore, our conclusion, in plain English, is:

There is a significant difference between the population means of the three super­
market prices.

Note that it is not necessary to take the absolute value of F of 3.40. The F-value 
can never be less than one, and so it can never be a negative value, which requires 
us to take its absolute value to treat it as a positive value.

It is important to note that ANOVA tells us that there was a significant difference 
between the population means of the three groups, but it does not tell us which pairs 
of groups were significantly different from each other.

8.4 Testing the Difference Between Two Groups Using 
the ANOVA t-Test

To answer that question, we need to do a different test called the ANOVA t-test.

Objective. To test the difference between the means of two groups using an 
ANOVA t-test when the ANOVA results indicate a significant difference 
between the population means.

Since we have three groups of data (one group for each of the three super­
markets), we would have to perform three separate ANOVA t-tests to determine 
which pairs of groups were significantly different. This means that we would have 
to perform a separate ANOVA t-test for the following pairs of groups:

1. Dierberg’s vs. Schnuck’s
2. Dierberg’s vs. Shop ‘n Save
3. Schnuck’s vs. Shop ‘n Save
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We will do just one of these pairs of tests, Dierberg’s vs. Shop ‘n Save, to 
illustrate the way to perform an ANOVA t-test comparing these two supermarkets. 
The ANOVA t-test for the other two pairs of groups would be done in the same way.

8.4.1 Comparing Dierberg’s vs. Shop ‘n Save in Their Prices 
Using the ANOVA t-Test

Objective: To compare Dierberg’s vs. Shop ‘n Save in their prices for the 28 
items in the shopping basket using the ANOVA t-test.

The first step is to write the null hypothesis and the research hypothesis for these 
two supermarkets.

For the ANOVA t-test, the null hypothesis is that the population means of the 
two groups are equal, while the research hypothesis is that the population means of 
the two groups are not equal (i.e., there is a significant difference between these two 
means). Since we are comparing Dierberg’s (Group 1) vs. Shop ‘n Save (Group 3), 
these hypotheses would be:

H0: m =  m3

H1: m1 =  m3

For Group 1 vs. Group 3, the formula for the ANOVA t-test is:

ANOVA t = — — —
s.e-ANOVA

(8.2)

where

s.e.ANOVA = \ /MSw(--- 1-----) (8.3)
V \ni

The steps involved in computing this ANOVA t-test are:

1. Find the difference of the sample means for the two groups (2.44 — 1.69 =  0.75).
2. Find 1/n1 + 1/n3 (since both groups have 28 supermarket items in them, this 

becomes: 1/28 + 1/28 =  0.0357 + 0.0357 =  0.0714)
3. Multiply MSw times the answer for step 2 (1.23 x 0.0714 =  0.0878)
4. Take the square root of step 3 (SQRT(0.0878) =  0.30)
5. Divide Step 1 by Step 4 to find ANOVA t (0.75/0.30 =  2.50)
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Note: Since Excel computes all calculations to 16 decimal places, when you use 
Excel for the above computations, your answer will be 2.54 instead of 2.50 that you 
will obtain if you use your calculator.

Now, what do we do with this ANOVA t-test result of 2.50? In order to interpret 
this value of 2.50 correctly, we need to determine the critical value of t for the 
ANOVA t-test. To do that, we need to find the degrees of freedom for the ANOVA 
t-test as follows:

8.4.1.1 Finding the Degrees of Freedom for the ANOVA t-Test

Objective: To find the degrees of freedom for the ANOVA t-test.

The degrees of freedom (df) for the ANOVA t-test is found as follows:

df =  take the total sample size of all of the groups and subtract the 
number of groups in your study (nTOTAL — k where k = the 
number of groups)

In our example, the total sample size of the three groups is 84 since there are 
28 prices for each of the three supermarkets, and since there are three groups, 
84 — 3 gives a degrees of freedom for the ANOVA t-test of 81.

If you look up df =  81 in the t-table in Appendix E in the degrees of freedom 
column (df), which is the second column on the left of this table, you will find that 
the critical t-value is 1.96.

Important note: Be sure to use the degrees of freedom column (df) in Appendix E 
for the ANOVA t-test critical t value

8.4.1.2 Stating the Decision Rule for the ANOVA t-test

Objective: To learn the decision rule for the ANOVA t-test

Interpreting the result of the ANOVA t-test follows the same decision rule that we 
used for both the one-group t-test (see Sect. 4.1.6) and the two-group t-test (see 
Sect. 5.1.8):
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I f the absolute value of t is less than the critical value of t, we accept the null 
hypothesis. 
or

I f the absolute value of t is greater than the critical value of t, we reject the null 
hypothesis and accept the research hypothesis.

Since we are using a type of t-test, we need to take the absolute value of t. Since 
the absolute value of 2.50 is greater than the critical t-value of 1.96, we reject 
the null hypothesis (that the population means of the two groups are equal) and 
accept the research hypothesis (that the population means of the two groups are 
significantly different from one another).

This means that our conclusion, in plain English, is as follows:

The average prices of our market basket of items at Dierberg’s were significantly 
higher than the average prices at Shop ‘n Save ($2.44 vs. $1.69).

Note that this difference in average prices of $0.75 might not seem like much, 
but in practical terms, this means that the average prices at Dierberg’s are 44% 
higher than the average prices at Shop ‘n Save. This, clearly, is an important 
difference in prices from these two supermarkets based on our hypothetical data.

8.4.1.3 Performing an ANOVA t-Test Using Excel Commands

Now, let’s do these calculations for the ANOVA t-test using Excel with the file 
you created earlier in this chapter: SUPER6

A52: Dierberg’s vs. Shop ‘n Save
A54: 1/n of Dierberg’s + 1/n of Shop ‘n Save
A56: s.e. of Dierberg’s vs. Shop ‘n Save
A58: ANOVA t-test
D54: =(1/28 + 1/28)
D56: SQRT(D48*D54)
D58: =(D40 -  D42)/D56

You should now have the following results in these cells when you round off 
all these figures in the ANOVA t-test to two decimal points:

D54: 0.07 
D56: 0.30 
D58: 2.54

Save this final result under the file name: SUPER7
Print out the resulting spreadsheet so that it fits onto one page like Fig. 8.5 

(Hint: Reduce the Page Layout/Scale to Fit to 75%).
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S U P E R M A R K E T  P R I C E  C O M P A R I S O N S

I T E M D I E R B E R G 'S S C H N U C K S S H O P  'n S A V E
1 1.85 1.45 1.25
2 3.95 3.35 3.04
3 2.25 1.75 1.45
4 2.85 2.35 2.25
5 1.65 1.10 0.85
6 3.65 2.95 2.45
7 2.45 1.85 1.45
8 1.95 1.56 1.44
9 1.83 1.25 1.15
10 2.64 2.14 2.04
11 2.84 2.25 2.15
12 1.84 1.20 0.55
13 1.65 1.25 1.15
14 2.75 2.10 2.04
15 2.71 1.86 1.75
16 1.55 0.94 0.85
17 1.85 1.30 1.01
18 0.95 0.55 0.45
19 1.55 1.28 1.06
20 1.44 0.85 0.74
21 1.65 1.25 1.15
22 1.64 1.28 1.04
23 4.21 3.75 3.36
24 1.20 0.71 0.61
25 4.55 3.90 3.25
26 3.45 2.84 2.65
27 5.85 5.30 5.14
28 1.65 1.25 1.04

Anova : S ing le  Facto r

S U M M A R Y
Groups C o u n t S u m Average Variance

D I E R B E R G ’S 28 68.40 2.44 1.32
S C H N U C K S 28 53.61 1.91 1.22
S H O P  n S A V E 28 47.36 1.69 1.13

A N O V A

S o u rce  o f  Varia tion 5 5 <v M S  F P-value F c r i t
Between G roups 8.34 2 4.17 3.40 0.04 3.11
W ith in  G roups 99.23 81 1.23

T o ta l 107.57 83

D ie rb e rg 's  vs. Shop 'n Save

1/n o f  D ie rb e rg ’s + 1/n o f  Shop 'n Save 0.07

s.e o f  D ie rb e rg 's  vs. Shop 'n Save 0.30

A N O V A  t-test 2.54

Fig. 8.5 Final spreadsheet of supermarket price comparisons for Dierberg’s vs. Shop ‘n Save
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For a more detailed explanation of the ANOVA t-test, see Black (2010).

Important note: You are only allowed to perform an ANOVA t-test comparing the 
population means of two groups when the F-test produces a significant difference 
between the population means of all of the groups in your study.

It is improper to do any ANOVA t-test when the value ofF is less than the critical 
value of F. Whenever F is less than the critical F, this means that there was 
no difference between the population means of the groups, and, therefore, that 
you cannot test to see if there is a difference between the means of any two groups 
since this would capitalize on chance differences between these two groups.

8.5 End-of-Chapter Practice Problems

1. Suppose that you wanted to compare your company’s premium brand of tire 
(Brand A) against two major competitors’ brands (B and C). You have set up 
a laboratory test of the three types of tires, and you have measured the number 
of simulated miles driven before the tread length reached a predetermined 
amount. The hypothetical results are given in Fig. 8.6. Note that the data are in 
thousands of miles driven (000), so, for example, 63 is really 63,000 miles 
driven.

TIRE MILEAGE TEST

(D a ta  a re  in thousands o f  m iles)

B rand A B rand  B B rand  C
62 61 65
61 62 67
62 63 71
64 60 66
61 64 65

59 64
62
63
62
63

Fig. 8.6 Worksheet data for Chap. 8: Practice Problem #1

(a) Enter these data on an Excel spreadsheet.
(b) Perform a one-way ANOVA test on these data, and show the resulting 

ANOVA table underneath the input data for the three brands of tires.
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(c) If the F-value in the ANOVA table is significant, create an Excel formula to 
compute the ANOVA t-test comparing the average for Brand A against 
Brand C and show the results below the ANOVA table on the spreadsheet 
(put the standard error and the ANOVA t-test value on separate lines of your 
spreadsheet, and use two decimal places for each value)

(d) Print out the resulting spreadsheet so that all of the information fits onto one 
page

(e) Save the spreadsheet as: TIRE7
Now, write the answers to the following questions using your Excel printout:

1. What are the null hypothesis and the research hypothesis for the 
ANOVA F-test?

2. What is MSb on your Excel printout?
3. What is MSw on your Excel printout?
4. Compute F = MSb/MSw using your calculator.
5. What is the critical value of F on your Excel printout?
6. What is the result of the ANOVA F-test?
7. What is the conclusion of the ANOVA F-test in plain English?
8. If the ANOVA F-test produced a significant difference between the 

three brands in miles driven, what is the null hypothesis and the research 
hypothesis for the ANOVA t-test comparing Brand A vs. Brand C?

9. What is the mean (average) for Brand A on your Excel printout?
10. What is the mean (average) for Brand C on your Excel printout?
11. What are the degrees of freedom (df) for the ANOVA t-test comparing 

Brand A vs. Brand C?
12. What is the critical t value for this ANOVA t-test in Appendix E for 

these degrees of freedom?
13. Compute the s.e.ANOVA using your calculator.
14. Compute the ANOVA t-test value comparing Brand A vs. Brand C using 

your calculator.
15. What is the result of the ANOVA t-test comparing Brand A vs. Brand C?
16. What is the conclusion of the ANOVA t-test comparing Brand A vs. 

Brand C in plain English?
Note that since there are three brands of tires, you need to do three ANOVA 
t-tests to determine what the significant differences are between the tires. 
Since you have just completed the ANOVA t-test comparing Brand A vs. 
Brand C, let’s do the ANOVA t-test next comparing Brand A vs. Brand B.
17. State the null hypothesis and the research hypothesis comparing Brand 

A vs. Brand B.
18. What is the mean (average) for Brand A on your Excel printout?
19. What is the mean (average) for Brand B on your Excel printout?
20. What are the degrees of freedom (df) for the ANOVA t-test comparing 

Brand A vs. Brand B?
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21. What is the critical t value for this ANOVA t-test in Appendix E for 
these degrees of freedom?

22. Compute the s.e.ANOVA for Brand A vs. Brand B using your calculator.
23. Compute the ANOVA t-test value comparing Brand A vs. Brand B.
24. What is the result of the ANOVA t-test comparing Brand A vs. Brand B?
25. What is the conclusion of the ANOVA t-test comparing Brand A vs. 

Brand B in plain English?
The last ANOVA t-test compares Brand B vs. Brand C. Let’s do that
test below:
26. State the null hypothesis and the research hypothesis comparing Brand B 

vs. Brand C.
27. What is the mean (average) for Brand B on your Excel printout?
28. What is the mean (average) for Brand C on your Excel printout?
29. What are the degrees of freedom (df) for the ANOVA t-test comparing 

Brand B vs. Brand C?
30. What is the critical t value for this ANOVA t-test in Appendix E for 

these degrees of freedom?
31. Compute the s.e.ANOVA comparing Brand B vs. Brand C using your 

calculator.
32. Compute the ANOVA t-test value comparing Brand B vs. Brand C with 

your calculator.
33. What is the result of the ANOVA t-test comparing Brand B vs. Brand C?
34. What is the conclusion of the ANOVA t-test comparing Brand B vs. 

Brand C in plain English?
35. What is the summary of the three ANOVA t-tests in plain English?
36. What recommendation would you make to your company about these 

three brands of tires based on the results of your analysis? Why would 
you make that recommendation?

2. McDonald’s rolled out the “100% Angus Beef Third Pounders Burgers” in 
July 2009 to compete with the supersize hamburgers sold by Hardee’s. Suppose 
that you had been hired as a consultant by McDonald’s to analyze the data 
from a test market study involving four test market cities matched for popula­
tion size, average household income, average family size, and number of 
McDonald’s restaurants in each city. Suppose, further, that the test market ran 
for 12 weeks, and that each city used only one type of advertisement for 
these burgers: (1) Radio, (2) Local TV, (3) Billboards, and (4) Local newspaper. 
The cities were randomly assigned to one type of ad, and each city spent the 
same advertising dollars each week on their one type of ad. The hypothetical 
data for the number of units sold each week of the Angus Burger are given 
in Fig. 8.7.
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Fig. 8.7 Worksheet data for Chap. 8: Practice Problem #2

(a) Enter these data on an Excel spreadsheet.
(b) Perform a one-way ANOVA test on these data, and show the resulting 

ANOVA table underneath the input data for the four types of commercials.
(c) If the F-value in the ANOVA table is significant, create an Excel formula 

to compute the ANOVA t-test comparing the average number of units sold 
for Billboard ads against the average for Radio ads, and show the results 
below the ANOVA table on the spreadsheet (put the standard error and the 
ANOVA t-test value on separate lines of your spreadsheet, and use two 
decimal places for each value)

(d) Print out the resulting spreadsheet so that all of the information fits onto one 
page

(e) Save the spreadsheet as: McD4
Let’s call the Radio ads Group 1, the Local TV ads Group 2, the Billboards 
ads Group 3, and the Local Newspaper ads Group 4.
Now, write the answers to the following questions using your Excel printout:

1. What are the null hypothesis and the research hypothesis for the 
ANOVA F-test?

2. What is MSb on your Excel printout?
3. What is MSw on your Excel printout?
4. Compute F = MSb/MSw using your calculator.
5. What is the critical value of F on your Excel printout?
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6. What is the result of the ANOVA F-test?
7. What is the conclusion of the ANOVA F-test in plain English?
8. If the ANOVA F-test produced a significant difference between the four 

types of ads in the number of Angus Burgers sold per week, what is the 
null hypothesis and the research hypothesis for the ANOVA t-test 
comparing Billboards ads (Group 3) vs. Radio ads (Group 1)?

9. What is the mean (average) for Billboards ads on your Excel printout?
10. What is the mean (average) for Radio ads on your Excel printout?
11. What are the degrees of freedom (df) for the ANOVA t-test comparing 

Billboards ads vs. Radio ads?
12. What is the critical t value for this ANOVA t-test in Appendix E for 

these degrees of freedom?
13. Compute the s.e.ANOVA using your calculator for Billboards ads vs. 

Radio ads.
14. Compute the ANOVA t-test value comparing Billboard ads vs. Radio 

ads using your calculator.
15. What is the result of the ANOVA t-test comparing Billboards ads vs. 

Radio ads?
16. What is the conclusion of the ANOVA t-test comparing Billboards ads 

vs. Radio ads in plain English?

3. Suppose that you have been hired as a consultant by Procter & Gamble to analyze 
the data from a pilot study involving three recent focus groups that were shown 
four different television commercials for a new type of Crest toothpaste that have 
not yet been shown on television. The participants were given a 10-item survey to 
complete after seeing the commercials, and the hypothetical data from question 
#8 is given in Fig. 8.8 for the four TV commercials.
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I T E M  H8 : " H o w  b e lie v a b le  is  th is  c o m m e rc ia l to  y o u ? "

1 2 
no t v e r y  b e lie v a b le

3 4 5 6 7 8 9 

v e r y  b e lie v a b le

R a t in g  fo r  F o c u s  G ro u p s  1, 2, 3 com b ined

T e le v is io n  c o m m e rc ia l

A B c D

2 3 5 6
3 4 6 7
5 5 7 4

4 2 5 5
5 6 8 3

3 1 6 8

6 4 7 2

4 3 5 «

3 7 4 7
7 6 6 5
2 5 3 8

i 3 6 9

3 4 8 5

5 2 9 <

6 3 5 7

Fig. 8.8 Worksheet data for Chap. 8: Practice Problem #3
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(a) Enter these data on an Excel spreadsheet.
(b) Perform a one-way ANOVA test on these data, and show the resulting 

ANOVA table underneath the input data for the four types of commercials.
(c) If the F-value in the ANOVA table is significant, create an Excel formula to 

compute the ANOVA t-test comparing the average for Commercial B 
against the average for Commercial D, and show the results below the 
ANOVA table on the spreadsheet (put the standard error and the ANOVA 
t-test value on separate lines of your spreadsheet, and use two decimal places 
for each value)

(d) Print out the resulting spreadsheet so that all of the information fits onto one 
page

(e) Save the spreadsheet as: TV6
Now, write the answers to the following questions using your Excel printout:

1. What are the null hypothesis and the research hypothesis for the 
ANOVA F-test?

2. What is MSb on your Excel printout?
3. What is MSw on your Excel printout?
4. Compute F = MSb/MSw using your calculator.
5. What is the critical value of F on your Excel printout?
6. What is the result of the ANOVA F-test?
7. What is the conclusion of the ANOVA F-test in plain English?
8. If the ANOVA F-test produced a significant difference between the four 

types of TV commercials in their believablity, what is the null hypo­
thesis and the research hypothesis for the ANOVA t-test comparing 
Commercial B vs. Commercial D?

9. What is the mean (average) for Commercial B on your Excel printout?
10. What is the mean (average) for Commercial D on your Excel printout?
11. What are the degrees of freedom (df) for the ANOVA t-test comparing 

Commercial B vs. Commercial D?
12. What is the critical t value for this ANOVA t-test in Appendix E for 

these degrees of freedom?
13. Compute the s.e.ANOVA using your calculator for Commercial B vs. 

Commercial D.
14. Compute the ANOVA t-test value comparing Commercial B vs. 

Commercial D using your calculator.
15. What is the result of the ANOVA t-test comparing Commercial B vs. 

Commercial D?
16. What is the conclusion of the ANOVA t-test comparing Commercial B 

vs. Commercial D in plain English?
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Chapter 1: Practice Problem #1 Answer (see Fig. A.1)

W al-Mart St. Louis

DO LLA R  SALES PER C U STO M ER  LAST W EEK
127.12
140.45
104.64 D 29
80.06
114.07
109.35 M ean S 117.46
117.28
72.84
67.67 STDEV S 28.36
79.85

109.96
117.13 s.e . S 5.27
85.25

149.36
147.57
153.54
118.76
69.86

154.47
154.88
109.44
97.36
87.55
154.85
143.82
145.55
142.33
122.57
128.75

Fig. A.1 Answer to Chap. 1: Practice Problem #1
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Chapter 1: Practice Problem #2 Answer (see Fig. A.2)

H U M A N  R E S O U R C E S  M O R A L E  S U R V E Y

Ite m  #21 : " M a n a g e m e n t  is d o in g  a  goo d  jo b  o f  k e e p in g  e m p lo y ee  

m o ra le  a t  a  h igh  le v e l."

1
D is a g re e

2 3 4 5 6 7

A g re e
R a tin g

3
6
5

7 D 23

2
3

6 M e a n 4.52

5

4

7 S T D E Y 1.73
6
1
3 s .e . 0 .36

2
4

5

6
4

5
3
6
4

7

Fig. A.2 Answer to Chap. 1: Practice Problem #2
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Chapter 1: Practice Problem #3 Answer (see Fig. A.3)

F o rd  M o to r  C o.

N u m b e r  o f  d e f e c ts  p e r  d a y  fo r  th e  F o rd  F o cu s

D a y N o . o f  d e fe c ts

1 6
2 8
3 14 n 18

4 12
5 6
6 8 M e a n 11 .944

7 23

8 17

9 14 S T D E Y 4 .7 5 9
10 16

11 18

12 12 s .e . 1.122
13 13

14 15

15 8
16 6
17 9

18 10

Fig. A.3 Answer to Chap. 1 : Practice Problem #3
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Chapter 2: Practice Problem #1 Answer (see Fig. A.4)

F R A M E  N U M B E R S D u p lica te  f ra m e  n u m b ers R A N D O M  N O .

1 44 0 .367

2 33 0 .327

3 38 0.361
4 43 0.731
5 13 0 .664
6 10 0 .732

7 50 0 .517

8 1 0 .410
9 48 0 .026
10 61 0 .564

11 4 0 .303
12 22 0 .216
13 40 0 .824
14 37 0 .076
15 35 0.951

16 60 0 .326
17 59 0.572

18 7 0 .135
19 17 0 .258

j -  20  - - ^ J ) . 6 2 4

21

u 0.t
SO 56 0 .059
57 57 0 .559

58 54 0.351
59 9 0 .983

60 51 0 .844

61 39 0 .959

62 53 0 .864

63 26 0 .008

Fig. A.4 Answer to Chap. 2: Practice Problem #1
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Chapter 2: Practice Problem #2 Answer (see Fig. A.5)

FRAM E NO. Duplicate frame no. Random number
1 45 0.460
2 102 0.674
3 16 0.957
4 8 0.308
5 109 0.745
6 64 0.454
7 37 0.024
8 31 0.307
9 27 0.249
10 76 0.936
11 9 0.871
12 70 0.782
13 13 0.490
14 32 0.284
15 56 0.188
16 46 0.566
17 3 0.828
18 98 0.008
19 10 0.218

^  20 100 ^

0.290
100 35 0.295
101 20 0.820
102 73 0.854
103 11 0.217
104 24 0.653
105 82 0.474
106 5 0.761
107 17 0.952
108 34 0.444
109 104 0.511
110 51 0.484
111 6 0.337
112 84 0.270
113 96 0.777
114 67 0.302

Fig. A.5 Answer to Chap. 2: Practice Problem #2
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Chapter 2: Practice Problem #3 Answer (see Fig. A.6)

F R A M E  N U M B E R S D uplicate  fram e num bers R andom  num ber
1 47 0.522
2 68 0.362
3 15 0.878
4 69 0.696
5 67 0.451
6 38 0.996
7 43 0.471
8 50 0.235
9 65 0.078
10 40 0.724
11 57 0.579
12 37 0.874
13 22 0.870
14 3 0.539
15 17 0.127
16 60 0.080
17 5 0.561
18 29 0.687
19 74 0.049
20 72 0.098
21 14 0.395
22 41 0.734
23 53 0.334
24 9 0.024
25 lg . _  0.622
26

23
70 27 0.690
71 46 0.850
72 35 0.294
73 11 0.151
74 7 0.136
75 12 0.585
76 30 0.700

Fig. A.6 Answer to Chap. 2: Practice Problem #3



196 Appendix A

Chapter 3: Practice Problem #1 Answer (see Fig. A.7)

S t. L o u is  P o s t-D isp a tc h  P h o n e  S u rv e y

Q u e s tio n  #4 : "H o w  m uch  w ould  y o u  b e  w illing to  p a y  p e r  w e e k  fo r a
6-m o n th  w e e k d a y /w e e k e n d  su b sc r ip tio n  to  th e  P o s t-D is p a tc h ? "

S u b sc rip tio n

P ric e  (S)

4 .15 N ull h y p o th e s is : № - S 3 .80

3 .75
3 .80

4 .10 R e s e a r c h  h y p o th e s is : P S 3 .8 0

3 .60

3 .60

3 .65 D 22
4 .40

3 .15
4 .00 M e a n $ 3 .77

3 .7 5
4 .00

3 .25 S T D E V $ 0 .31

3 .75
3 .30

3 .7 5 s .e . $ 0 .07

3 .65

4 .00

4 .10 9 5 %  co n f id e n c e  in te rv a l

3 .90

3 .50 lo w er lim it S 3 .63

3 .75
u p p e r  lim it S 3 .9 0

S 3 .6 3 ----- — S 3 .77— - S 3 .8 0 .......... S3 .90
itlo w er lim it M e a n R e f. u p p e r  lim

v a lu e

R e s u l t :  S in ce  th e  r e f e re n c e  v a lu e  o f  S 3 .80  is in s id e  th e  co n fid en ce

in te rv a l ,  w e a c c e p t  th e  null h y p o th e s is

C o n c lu s io n : P a s t  s u b s c r ib e rs  w ould  b e  w illing to  p a y  S 3 .80  p e r  w e e k  fo r  a 

6-m o n th  w e e k d a y /w e e k e n d  su b s c r ip tio n  to  th e  

P o s t-D isp a tc h

Fig. A.7 Answer to Chap. 3: Practice Problem #1
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Chapter 3: Practice Problem #2 Answer (see Fig. A.8)

HUM AN RESOURCES DEPARTMENT

M OR ALE SURVEY OF MANAGERS

Item #24 How would you rate the quality of leadership shown by
top management in this company?

1 2 3 4 S 6 7
very very
weak strong

Rating
5
6 Null hypothesis: M = 4
3
4
7 Research hypothesis: * 4
2
3
4 n 27
2
5
3 Mean 4.00
4
2
2 STDEV 1.52
3
6
5 s.e. 0.29
7
4
6 95% confidence interval
4
3 lower limit 3.40
4
2 upper limit 4.60
3
5
4 —  3.40 ------- 4.00 - ----- 4.60------

lower Mean and upper
limit Ref. Value limit

Result: Since the reference value of 4.00 is inside the
confidence interval, we accept the null
hypothesis

Conclusion: Managers rated the quality of leadership shown
by top management as neither weak nor strong.

Fig. A.8 Answer to Chap. 3 : Practice Problem #2
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Chapter 3: Practice Problem #3 Answer (see Fig. A.9)

F O C U S  G R O l 'P  P R IC IN G  S T U D Y

Q u e s tio n  #10 : "H o w  m uch  w ould  yo u  b e  w illing to  p a y  fo r  th is  b lo u s e ? "

G ro u p s  1, 2 , 3 in S

62 N ull h y p o th e s is : = S68

55
73

53 R e s e a r c h  h y p o th e s is : Ц Ф S68

46

48
57 D 30
59

65

68 M e a n $ 63 .23
64

72

62 ST D E V $ 6 .75
67
59
71 s .e .

«N

65

63
69 9 5 %  co n fid en ce  in te rv a l

71

70 lo w er lim it S 60 .71
58

67 u p p e r  lim it S 65 .75

65

63
59 ---- S60 .71  ------------.........S 63 .23  ...................... S 65 .75 ----- S68

70 low er M e a n u p p e r R e f.
67 lim it lim it V a lu e
64

65

R e s u l t : S in ce  th e  re fe re n c e v a in e  is  o u ts id e  o f  th e  co n fid en ce  in te rv a l, w e
r e je c t  th e  null h y p o th e s is  and  a c c e p t th e  r e s e a rc h  h y p o th e s is

C o n c lu s io n : A d u lt w om en  (a g e s  25 -44 ) w e re  w illing to  p a y  a  p r ic e
sig n ifican tly  le s s  th a n  S68 , an d  it w as  p ro b a b ly  c lo s e r  to  S63

Fig. A.9 Answer to Chap. 3: Practice Problem #3
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Chapter 4: Practice Problem #1 Answer (see Fig. A.10)

SUBARU Customer Satisfaction Server

Question #ld: "The salesperson was knowledgeable about the Subaru model line."

і 2 3 4 5 6 7
Completely 5.09 Completely

Disagree Mean Agree

Results from the week of Oct. 2, 2011
for St. Louis Subaru dealer

5
7 Null hypothesis: = 4
6
4
3 Research hypothesis Ф 4
5
6
7 n 22
2
3
5 Mean 5.09
7
4
7 STDEV 1.51
7
5
6 s.e. 0.32
6
4
3 critical t 2.080
5
5

t-test 3.39

Result: Since the absolute value of 3.39 is greater than the
critical t of 2.080, we reject the null hypothesis 
and accept the research hypothesis

Conclusion: In the week of Oct. 2, 2011, new car buyers at the St. Louis
Subaru dealer significantly agreed that the salesperson
was knowledgeable about the Subaru model line

Fig. A.10 Answer to Chap. 4: Practice Problem #1



200 Appendix A

Chapter 4: Practice Problem #2 Answer (see Fig. A.11)

H U M A N  R E S O U R C E S  D E P A R T M E N T

M O R A L E  S U R V E Y  O F  M A N A G E R S

Item  #35 How  would you r a te  th e  in te llec tu a l ch a llen g e  p ro v id ed  by  y o u r job?

1 2 3 4 5 6 7 8 9
v e ry v e ry
low high

R a tin g

5 N ull h y p o th es is : n = 5

6

4

7 R e s e a rc h  h y p o thesis n 5

8

2
4 D 25
3
6
4 M e a n 4.72
7
9
2 S T D E V 1.90
4
3
5 s.e . 0.38
3
4
6 c ritica l t 2 .064
5
7
4 t- te s t -0 .74
3
5
2 R e su lt: S ince  th e  a b so lu te  v a lu e  o f  -0 .74  is le s s  th an  the  

c ritica l t  o f  2 .064 , w e acce p t th e  null h y p o th esis

C onclusion  M a n a g e rs  ra te d  th e  in te llec tu a l cha llen g e  p rov ided
by  th e ir  jobs a s  n e ith e r  low n o r high

Fig. A.11 Answer to Chap. 4: Practice Problem #2
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Chapter 4: Practice Problem #3 Answer (see Fig. A.12)

MISSOURI BOTANICAL G ARD EN

VISITOR SURVEY

Item #10 "How would you rate the helpfulness of The Garden staff?"

1 2  3 4 5 6 7 8 9
poor 6.57 excellent

Mean
Results of the week of Nov. 6, 2011

8
6 Null hypothesis: M = 5

5
7
9 Research hypothesis 5
5
6
4 D 21
8
7
6 Mean 6.57
8
6
7 STDEV 1.54
9
7
6 s.e. 0.34
3
8
7 critical t 2.086
6

t-test 4.69

Result: Since the absolute value of 4.69 is greater than the critical
value of 2.086, we reject the null hypothesis and accept 
the research hypothesis

Conclusion: Visitors to the Missouri Botanical Garden during the week of 
Nov. 6,2011 rated the helpfulness of The Garden staff as 
significantly positive

Fig. A.12 Answer to Chap. 4: Practice Problem #3
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Chapter 5: Practice Problem #1 Answer (see Fig. A.13)

B o e in g  M o r a le  S u rv e y

N o te :  A  h igh  s c o re  in d ic a te s  h igh  jo b  s a tis fa c tio n , an d  a  low sc o re
in d ic a te s  low jo b  sa tis fa c tio n

G ro u p D m ean S T D E Y

1 M a le s 241 88.20 4 .30
2 F e m a le s 202 84 .80 5 .10

N ull h y p o th e s is : Ц і = Ц :

R e s e a r c h  h y p o th e s is : Ц і Ф Ц :

S T D E V 1  s q u a re d  / n l 0 .077

S T D E V 2  s q u a re d  /  u2 0 .129

E 1 9  +  E21 0 .205

s .e . 0 .453

c ritic a l t 1 .96

t - te s t 7 .500

R e s u lt : S in ce  th e  a b s o lu te  v a lu e  o f  7 .5 0 0  is g r e a te r  th a n  
th e  c r itic a l t o f  1 .96 , w e re je c t  th e  null h y p o th e s is  

an d  a c c e p t th e  r e s e a rc h  h y p o th e s is

C o n c lu s io n : M a le s  h a d  sig n ifican tly  h ig h e r  jo b  s a tis fa c tio n  

s c o re s  th a n  fe m a le s  a t  B o e in g  la s t  m on th  

(8 8 .2 0  v s . 84 .8 0 )

Fig. A.13 Answer to Chap. 5: Practice Problem #1
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Chapter 5: Practice Problem #2 Answer (see Fig. A.14)

Item: "How interested are you in learning more about how life insurance
can provide income for retirement?

i 2 3 4 5 6 7
Not at all 3.44 5.16 Very
interested Women Men Interested

Ad: Male model
Null hypothesis: M l = M2

Men Women

5 3 Research hypothesis M i M2
6 4
4 6
7 5 Group n mean STDEY
5 2 1 Men 32 5.16 1.51
6 3 2 Women 34 3.44 1.31
5 1
4 3
3 2 STDEV1 squared / nl 0.07
6 4
7 3 STDEV2 squared / n2 0.05
5 5
6 6
4 3 s.e. 0.35
7 4
5 2
4 5 critical t 1.96
6 3 (df = nl k n2 -2 == 64)
3 4
7 5
5 4
6 3 t-test 4.93
2 2
6 4
1 3 Result: Since the absolute value of 4.93 is greater
7 5 than the critical t of 1.96, we reject the
6 i null hypothesis and accept the research
5 3 hypothesis
4 2 Conclusion Adult me (ages 25-39) were significantly
6 3 more interested than adult women
5 2 (ages 25-39) in learning more about how
7 5 life insurance can provide income for

3 retirement when a :male model was used
4 in the ad (5.16 vs. 3.44)

Fig. A.14 Answer to Chap. 5: Practice Problem #2
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Chapter 5: Practice Problem #3 Answer (see Fig. A.15)

A m erican  A irlines in-flight m eal su rv ey

Q uestion  #10: "H ow  likely  a re  you to  p u rch ase  an in-flight m eal on a fu tu re  fligh t?"

i 2 3 4 5 6 7

D efin itely 2.36 3.23 D efin itely
would not V ac Bus would
p u rch ase p u rch ase

G roup n m ean STD EY
1 B usiness 64 3.23 1.04
2 V aca tio n e rs 56 2.36 1.35

N ull hypo thesis: Ц і = Ц :

R e se a rc h  hypothesis: Ц і Ф Ц :

STD EV 1 sq u a red  /  n l 0.02

STD E V 2 sq u a red  / n2 0.03

E25 + E27 0.05

s.e . 0.22

critical t 1.96

t- te s t 3.91

R esu lt: S ince th e  ab so lu te  v a lu e  o f  3.91 is g re a te r  than  th e  critical t 
o f  1.96, ire  re je c t th e  null hypo thesis and accep t the  
re se a rc h  hypothesis

C onclusion: L as t m onth on A m erican  A irlines, V aca tio n e rs w ere  signiflcantly  
le ss  likely than  B u sin ess p a s se n g e rs  to  ind icate  th a t th ey  w ere  
planning  to  p u rch ase  an in-flight m eal on a fu tu re  flight
( 2.36 vs. 3 .23 )

Fig. A.15 Answer to Chap. 5: Practice Problem #3
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Chapter 6: Practice Problem #1 Answer (see Fig. A.16)

A verag e Fam ih »■com* (S000) Rentals (per d a s )
rn rrcb tion MSI

RELATIONSHIP BETWEEN INCOME AND RENTALS/DAY

AVERAGE fAMRV INCOME ($000)

SI M M  VRt O l TPl T

R e g m u o n  S ta n  i l i a
M ultiple R
R  Square
A djusted R  Square 
S tandard E rror 
Observations

0.81
0.661
0.627

>6.037
12

ANOYA
Sign ificance  F

R egression
R esidual
Total

179612.237 179612.237 19.474 
92231.430 9223.143
271843.667

...1

tandard Krro r S la t P-value L o n e r  95% Ip p e r  95*» lon-er 95.0*t ip p e r  95.0?*
Intercept 
X V ariable 1

113.175
2 .513

Z44.556
5 .490

Z59.7S4
1 6 6 8 8

Z44.556
5 ,490

Z 59.784
16 .688

Fig. A.16 Answer to Chap. 6: Practice Problem #1
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1. a = y-intercept =  7.61
2. b = slope =  11.09
3. Y = a +  bX

Y = 7.61 +  11.09X
4. Y = 7.61 +  11.09(50)

Y = 7.61 +  554.5
Y = 562.11
Y = 562 rentals per day

Chapter 6: Practice Problem #1 (continued)
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Chapter 6: Practice Problem #2 Answer (see Fig. A.17)

I n t e r c e p t  

X  V a r ia b le  1

U .S . A ir l in e  O n  t im e  P e r c e n ta g e  v s .  P a s s e n g e r  C o m p la in ts  (A u g u s t .  2 0 0 6 )

X Y

A ir l in e O n - t im e  P e r c e n t C o m p la in ts  p e r  

1 0 0 .0 0 0  p a s s e n g e r s

A L A S K A 6 8 .5 0 .4 8

A M E R I C A N 7 5 J 1 .31

A T L A N T I C  S O U T H E A S T 58 .1 0 .7 6

C O N T I N E N T A L 7 6 .3 0 .9 6

D E L T A 7 6 .0 1 .3 3

F R O N T I E R 8 3 .7 0 .7 8

J E T B L U E 7 5 .9 0 .6 0

N O R T H W E S T 7 7 .1 0 .9 5

S O U T H W E S T 8 1 .0 0 .1 5

U N IT E D 7 6 .3 1 .48

U S  A IR W A Y S 7 5 .7 1 .7 7

M E S A  A I R L I N E S 7 3 .7 1 .4 7

A M E R I C A N  E A G L E 7 2 .9 1 .21

A T A 6 8 .3 1 .21
C O M  A I R 7 0 .3 0 .9 9

A I R  T R A N 7 2 .3 0 .9 5
H A W A IIA N  A I R L I N E S 9 5 .7 0 .3 6

1 80

160
t
?  1.40

I -  
1  100 

&

On-time % vs. Complaints

S U M M A R Y  O U T P U T

Regression Statistics
M u lt ip le  R  
R  S q u a re

A d ju s te d  R  S q u a r e  

S ta n d a r d  E r r o r  

O b s e r v a t io n s

0 .2 6  

0 .0 6 8 0 0 7 6 8 5  
0 .0 0 5 8 7 4 8 6 4  

0 .4 3 2 4 0 1 2 2 1  

17

A N O V A

• 4 s s M S F  Significance F
R e g r e s s io n 0 .2 0 5 0 .2 0 5 1 .0 9 5  0 .3 1 2
R e s id u a l 15 2 .8 0 5 0 .1 8 7

T o ta l 16 3 .0 0 9

Coefficients
2 .0 8 4

0 .0 1 5

S tandard  Error 
1 .0 5 5  
0 .0 1 4

t Slat P-value Lower 95% Upper 95% Lower 95.0%Upper 95.0%
1 .9 7 6  0 .0 6 7

1 .0 4 6  0 .3 1 2

0 .1 6 4

0 .0 4 4
4 .3 3 1

0 .0 1 5

-0 .1 6 4

-0 .0 4 4
4 .3 3 1

0 .0 1 5

Fig. A.17 Answer to Chap. 6: Practice Problem #2
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1. a = y - intercept =  2.084
2. b = slope =  —0.015 (note the minus sign as the slope is negative)
3. Y = a +  bX

Y = 2.084 — 0.015X
4. Y = 2.084 — 0.015(80)

Y = 2.084 — 1.200
Y = 0.88 complaints per 100,000 passengers

Chapter 6: Practice Problem #2 (continued)
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Chapter 6: Practice Problem #3 Answer (see Fig. A.18)

No. of s ales calls No. of copiers sold
25 40
30 55
18 30 correlation 0.95
22 35
14 18
18 23
22 28
24 38
12 15
13 16
18 25
22 28
25 36

RELATIONSHIP BETWEEN NO. OF SALES CALLS 
AND COPIERS SOLD

60 

SO 

o 40
5

s
§  BO 
u  
$6
Z  20 

10 

0
0  S 10 15 20 2S 30 35

NO. O f SALES CAUS

SU M M A R Y  OUTPUT

R e g r e s s io n  S ta t is t ic s
M ultiple R  0.95
R  S quare 0.909940662
Adjusted R  Square 0.901753449
Standard  E rro r 3.500084158
O bservations 13

ANOVA

i f SS M S F S ig n i fic a n c e  F
R egression  1 1361.551 1361.551 111.142 4.35044E 07
R esidual 11 134.756 12.251
Total 12 1496.308

C o e ffic ie n ts a n d a r d  E r n t S t a t P -\-a lue L o w e r  95% U p p e r  95%  '.o w er 95 .O X Jp p er 95 .0%

In tercept -10.82 3.970 -2.724 0.020 19.555 -2.078 -19.555 2.078
X Variable 1 2.01 0.190 10.542 0.000 1.587 2.425 1.587 2.425

Fig. A.18 Answer to Chap. 6: Practice Problem #3
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Chapter 6: Practice Problem #3 (continued)

1. r -= .95
2. a = y - intercept =  —10.82
3. b = slope =  2.01
4. Y =  a d  bX

Y = -10.82 +  2.01X
5. Y =  -10.82 +  2.01(25)

Y =  -10.82 +  50.25
Y =  39.43
Y =  39 copiers sold per month

Chapter 7: Practice Problem #1 Answer (see Fig. A.19)

NFL Super Bowl (  bamproos
___________________________________________________ V_________________ x_i_________________ X ,

SEASON______________TEAM___________ VICTORIES POINTS SCORED POINTS ALLOWED
1988 S ia  Francisco 49ers 10 349 294
1989 Saa Francisco 49ers 14 442 253
1990 NY Giaatt 13 335 211
1991 Wasbiaftoa Redskias 14 485 224
1992 Dalas Cowboys 13 409 243
1993 D ala i Cowboys 12 37« 229
1994 Saa Francisco 49ers 13 505 296
1995 D ala i Cowboys 12 435 291
1996 G rata  Bay Packers 13 456 210
1997 Denver Broacos 12 472 287
1998 Dees er Broacos 14 501 309
1999 $t. Loa» Raa>s 13 526 242
2000 Baltimore Ravens 12 333 165
2001 New England Patriots 11 371 272
2002 Tampa Bay Baccaaaars 12 346 196
2003 ____ Now England Patriots____________ 14________________ 348_________________ 238________

SUMMARY OUTPUT

S ta tiu ia
Multiple R
R  Square
Adjusted R  Square 
Staodard E rror
O bservations_____________________

0.57 
0.320 
0.215 
1.017 

___ 16

ANOVA____________________________________________________________________________________________________________
_______________________________ d[____________________55__________________MS___________________ F__________ Significance F
Rafrassioa 2 6312 3.156 3.053 8.882
Residual 13 13.438 1.034
Total_____________________________ 15___________________19,"50_____________________________________________________________________

Coefficient, Standard Error /  Slat P-value Lon er 9$ N Upper 9SUlt»nur 9$.0*'Jpper 95. ON
latartapl 11.02 1 883 5.853 0.000 6.953 15.089 6.953 15.089
POINTS SCORED 0.01 0.005 2.415 0.031 0.001 0.021 0.001 0.021
POINTS ALLOWED 0.01 0.007 1.655 0.122 0.028 0.004 0.028 0.004

VICTORIES 
POINTS SCORED 
POINTS ALLOWED

\ K  TORIES FO ISTS SCORED FO ISTS ALLOWED

0.42 1
0.12________________ 030_________________ 1

Fig. A.19 Answer to Chap. 7: Practice Problem #1
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1. Multiple correlation =  +.57
2. y-intercept =  11.02
3. Points scored coefficient =  0.01
4. Points allowed coefficient =  —0.01
5. Y = a + b1X 1 + b2X2

Y = 11.02 +  0.01X1 — 0.01X2
6. Y = 11.02 +  0.01 (526) — 0.01 (242)

Y = 11.02 +  5.26 — 2.42
Y = 13.86
Y = 14 wins (note that the Rams actually won 13 games in 1999 when they 
won the Super Bowl)

7. 0.42
8. —0.12
9. 0.50

10. Points scored is a much better predictor of the number of wins because it has a 
correlation of +.42 with the number of wins, and points allowed is only 
correlated with the number of wins at —.12 (note that the plus or minus sign 
is ignored when you try to decide which predictor is the better predictor of the 
criterion; since .42 is greater than .12, points scored is the better predictor of 
these two predictors)

11. The two predictors combined predict the number of wins at +.57, and this is 
much better than the better single predictor’s correlation of +.42 with the 
number of wins

Chapter 7: Practice Problem #1 (continued)
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Chapter 7: Practice Problem #2 Answer (see Fig. A.20)

____ 1 ________________X*______________ Xj____________X,___
FROSH GPA HIGH SCHOOL GPA SAT V ERBAL SAT MATH

420 
410 
480 
470 
430 
410 
450 
420 
490 
460

SUM M ARY OUTPUT

Regression Statistics
Multiple R  0.87
R  Square 0.7604
A djust'd  R  S quare 0.6406
Standard E rror 0.1979
O bservations_______________________________ 1£

ANOVA

3.25 3.35 500
2.85 2.93 480
3.65 3.25 525
3.45 3.35 510
3.25 2.85 460
2.95 2.75 420
2.83 2.58 440
2.56 2.66 410
3.15 3.25 480
3.36 3.42 470

•V SS M S F Significance F
Regression 3 0.7457 0.2486 6.3475 0.0272
Residual 6 0.2349 0.0392
Total 9 0.9806

Coefficients S tandard Error t  S ta t P sa lu e L o n e r  95% Upper 951 » lo n e r  95.0*»Upper 95.0%
Intercept -0.739 1.0578 0.6987 0.5109 -3.3273 1 8492 -3.3273 1 8492
HIGH SCHOOL GPA 0.307 0.3582 0.8569 0.4244 0.5695 1.1833 0.5695 1.1833
SAT VERBAL 0.004 0.0030 1.4259 0.2038 0.0031 0.0117 0.0031 0.0117
SAT MYTH 0.002 0.0027 0.7637 0.4740 0.0045 0.0086 0.0045 0.0086

F R O S H  CPA H IG H SC H O O L  GPA S A T fE R B A L  S A T  M A T H
FROSH GPA 1
HIGH SCHOOL GPA 0.79 1
SAT VERBAL 0.83 0.81 1
SAT MYTH 0.61 0.54 0.54 1

Fig. A.20 Answer to Chap. 7: Practice Problem #2

Chapter 7: Practice Problem #2 (continued)

1. Multiple correlation =  +.87
2. y -intercept =  —0.739
3. HIGH SCHOOL GPA =  0.307
4. SAT VERBAL =  0.004
5. SAT MATH =  0.002
6. Y = a + b1X 1 + b2X2 + b3X3

Y = -0.739 +  0.307Xi +  0.004X2 +  0.002X3
7. Y = -0.739 +  0.307(3.15) +  0.004(490) +  0.002(480)

Y = -0.739 +  0.97 +  1.96 +  0.96
Y = 3.15

8. +0.79
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9. +0.83
10. +0.61
11. +0.81
12. +0.54
13. +0.54
14. SAT VERBAL is the best predictor of FROSH GPA because it has a correlation 

of +.83 with FROSH GPA, and the other two predictors have a correlation that 
is smaller than 0.83 (0.79 and 0.61)

15. The three predictors combined predict FROSH GPA at +.87, and this is only 
slightly better than the best single predictor’s correlation of +.83 with FROSH 
GPA

Chapter 7: Practice Problem #3 Answer (see Fig. A.21)

Y ________ X j_________ X j X j
Stor* ID Aaaaal Sal»t I $000) A t»raf* Daih Iraffir

!iI
A n n * »  Ik o w  ■  Ar*a

1 1.121 61.655 17.8*0 528491
2 *66 35.236 13.'42 514.731
3 595 35.4*3 10.-41 S8.1I4
4 890 52332 23,246 515424
3 01$ 40.809 24,485 511,438
6 112 40.820 20.410 511.730
7 833 40.147 28.007 510489
S 571 24.953 9.981 510406
9 602 40.828 8.982 523401
10 1,005 39,105 18.814 S15.703
11 580 34474 16.041 50.015
12 671 26.639 13J10 510.065
13 003 55.083 21.482 517465
14 703 37^02 26.524 5?432
15 556 24.019 14.412 56.950
16 6 5 ' 27.701 1 ',806 50,855
17 1.200 53.438 22.444 521489
18 9 9 ' 54.835 18.006 522.659
10 844 32.010 16,458 512.660
20 883 20.139 16.609 511.618

S IM M A R Y  O IT P IT

___________ Mrgmuom Staiuriet____________
MritfplaR *J1
R Sqaar* 0 836
A djattrd R Sqaar* 0 *06
Staadard Error 11.603
O tu rv H io « i 10

ANOVA
4f 55 A/S F S ig m tfiftK t F

R tf r t tu o i 3 5445*2.827 181500.942 27.256 1 58'56E 06
R*tidaal 16 106544 123 6659 008
Total 10 651046 950

C offfuum n Standard Error t S n i P-yaluf U - f r  9596 VppfT 0556 L t^ f r  05 0». Vpptr 05.6S
lalrrcrpt 60.07 01.755 0.655 0.522 134 440 254 585 134 440 254.585
A« »rat* Daih Traffic 0.02 0006 2 682 0016 0030 0.004 0030 0004
Popalataoa (2 anU ra*» ) 0.04 0 009 4 401 oooo 0.021 0.060 0.021 0.060
Ai orat* lacoaar ia A rt a 0.05 0010 4 898 0.000 0028 0.071 0028 0.071

W /-1 tiOOOl rags Daily Traffic Population (2-muIf radiutj Avrrmgf Imcemf ill Arrm
Aaaaal Salat (5000) 1
A rarat*  Daih Traffic 0.77 1
Pofialattoa (2 md* radaat) 042 0.53
At f t  a t*  laconic ia U ra 0.72 0.74

Fig. A.21 Answer to Chap. 7: Practice Problem #3
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1. Multiple correlation =  +.91
2. y - intercept =  60.07
3. Average Daily Traffic =  —0.02
4. Population =  0.04
5. Average Income =  0.05
6. Y = a + b1X 1 + b2X2 + b3X3

Y = 60.07 — 0.02Xi +  0.04X2 +  0.05X3
7. Y = 60.07 — 0.02(42,000) +  0.04(23,000) +  0.05(22,000)

Y = 60.07 — 840 +  920 +  1100
Y = 1240.07
Y = $1,240, 000 or $1.24 million

8. +0.77
9. +0.42

10. +0.72
11. +0.53
12. —0.11
13. Average Daily Traffic is the best predictor of Annual Sales because it has a 

correlation of +.77 with Annual Sales, and the other two predictors have a 
correlation that is smaller than 0.77 (0.72 and 0.42)

14. The three predictors combined predict Annual Sales at +.91, and this is much 
better than the best single predictor’s correlation of +.77 with Annual Sales

Chapter 7: Practice Problem #3 (continued)
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Chapter 8: Practice Problem #1 Answer (see Fig. A.22)

Chapter 8: Practice Problem HI Answer

TIRE MILEAGE TEST

(Data are in thousands of miles)

Brand A Brand B Brand C
62 6i 65
61 62 67
62 63 71
64 60 66
61 64 65

59 64
62
63
62
63

Anova: Single Factor

SUMM ARY
Groups Count Sum Average Variance

Brand A 5 310 62.00 1.50
Brand B 10 619 61.90 2.32
Brand C 6 398 66.33 6.27

ANOVA
Source o f  Variation ss df MS F P-value F crit
Between Groups 83.00 2 41.50 12.83 0.0003 3.55
Within Groups 58.23 18 3.24

Total 141.24 20

Brand A vs. Brand C

1/5 + 1 /6 0.37

s.e. ANOVA 1.09

ANOVA t-test -3.98

Fig. A.22 Answer to Chap. 8: Practice Problem #1
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1. Null hypothesis: mA =  mB =  me 
Research hypothesis: mA =  mB =  me

2. MSb =  41.50
3. MSw =  3.24
4. F =  12.81
5. eritical F =  3.55
6. Since the F-value of 12.81 is greater than the critical F value of 3.55, we reject 

the null hypothesis and accept the research hypothesis
7. There was a significant difference in the number of miles driven between the 

three brands of tires

BRAND A vs. BRAND C

8. Null hypothesis: mA =  me 
Research hypothesis: mA =  me

9. 62
10. 66.33
11. Degrees of freedom =  21 — 3 =  18
12. Critical t =  2.101
13. s.e. anova =  SQRT(MSw x {1/5 + 1/6}) =  SQRT (3.24 x {0.20 + 0.167}) 

=  SQRT(1.19) =  1.09
14. ANOVA t = (62 — 66.33) / 1.09 =  —3.97
15. Since the absolute value of —3.97 is greater than the critical t of 2.101, we 

reject the null hypothesis and accept the research hypothesis
16. Brand e  was driven significantly more miles than Brand A (66,000 vs. 62,000)

BRAND A vs. BRAND B

17. Null hypothesis: mA =  mB 
Research hypothesis: mA =  mB

18. 62
19. 61.9
20. degrees of freedom =  21 — 3 =  18
21. critical t =  2.101
22. s.e.ANOVA =  SQRT(MSw x {1/5 + 1/10}) =  SQRT(3.24 x {0.20 + 0.10})

=  SQRT(0.972) =  0.99
23. ANOVA t =  (62 — 61.9) / 0.99 =  0.10
24. Since the absolute value of 0.10 is less than the critical t of 2.101, we accept the 

null hypothesis
25. There was no difference in the number of miles driven between Brand A and 

Brand B

Chapter 8: Practice Problem #1 (continued)
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BRAND B vs. BRAND C

26. Null hypothesis: mB = me 
Research hypothesis: mB = me

27. 61.90
28. 66.33
29. Degrees of freedom =  21 — 3 =  18
30. Critical t = 2.101
31. s.e.ANOVA =  SQRT(MSw x {1/10 + 1/6}) =  SQRT(3.24 x {0.10 + 0.167}) 

=  SQRT(0.87) =  0.93
32. ANOVA t = (61.90 — 66.33)/0.93 =  -4.76
33. Since the absolute value of —4.76 is greater than the critical t of 2.101, we 

reject the null hypothesis and accept the research hypothesis
34. Brand e  was driven significantly more miles than Brand B (66,000 vs. 62,000)

SUMMARY

35. Brand e  was driven significantly more miles than both Brand A and Brand B. 
There was no difference in the number of miles driven between Brand A and 
Brand B

36. Since our company’s Brand A was driven significantly less miles than Brand C, 
we should never claim in our advertising for Brand A that we last more miles 
than Brand e. Since our Brand A and Brand B were driven the same number of 
miles, we should never claim that our tires last longer than Brand B
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Chapter 8: Practice Problem #2 Answer (see Fig. A.23)

ANGUS BURGER TEST M ARKET STUDY

1 2 3 4
Radio Local TV Billboards Local newspaper
300 310 340 280
320 315 330 285
310 320 345 290
290 326 342 275
280 324 341 282
315 318 351 284
326 330 339 291
295 327 337 284
278 328 329 279
289 319 328 274
287 326 332 283
305 328 335 285

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

Radio 12 3595 299.58 247.54
Local TV 12 3871 322.58 37.72
Billboards 12 4049 337.42 48.63
Local newspaper 12 3392 282.67 26.61

ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 21172.40 3 7057.47 78.31 1.12354E-17 2.82
Within Groups 3965.42 44 90.12

Total 25137.81 47

Billboard ads vs. Radio ads

1/n Billboards + I n Radio 0.17

s.e of Billboard ads vs. Radio ads 3.88

ANOVA t-test 9.76

Fig. A.23 Answer to Chap. 8: Practice Problem #2
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1. Null hypothesis: m1 =  m2 =  m3 =  m4 
Research hypothesis: m1 =  m2 = m3 =  m4

2. MSb =  7057.47
3. MSw =  90.12
4. F = 78.31
5. critical F = 2.82
6. Since the F-value of 78.31 is greater than the critical F value of 2.82, we reject 

the null hypothesis and accept the research hypothesis
7. There was a significant difference in the number of Angus burgers sold in the 

four types of advertising media
8. Null hypothesis: m3 =  m1 

Research hypothesis: m3 =  m1
9. 337.42

10. 299.58
11. Degrees of freedom =  48 — 4 =  44
12. Critical t = 1.96
13. s.e.ANovA =  SQRT(MSw x {1/12 + 1/12}) =  SQRT 

(90.12 x {.083 + .083}) =  SQRT(14.96) =  3.87
14. ANOVA t = (337.42 — 299.58) / 3.87 =  9.78
15. Since the absolute value of 9.78 is greater than the critical t of 1.96, we reject 

the null hypothesis and accept the research hypothesis
16. Billboard ads sold significantly more Angus Burgers than Radio ads (337 vs. 300)

Chapter 8: Practice Problem #2 (continued)
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Chapter 8: Practice Problem #3 Answer (see Fig. A.24)

I T E M  #8: "H o w  be lievab le  is th is com m erc ia l to y o u ? "

1 2 3 4 5 6 7 8 9
not ve ry  be lievab le ve ry  b e lievab le

R a tin g  for Focus G roups 1 ,2 , 3 combined

Te le v is ion  com m ercia l
A B C D
2 3 5 6
3 4 6 7
5 5 7 4
4 2 5 5
5 6 8 3
3 1 6 8
6 4 7 2
4 3 5 6
3 7 4 7
7 6 6 5
2 5 3 8
1 3 6 9
3 4 8 5
5 2 9 6
6 3 5 7

Anova : S ing le  Factor

S U M M A R Y
Groups C o u n t S u m Average Variance

A 15 59 3.93 2.92
B 15 58 3.87 2.84
C 15 90 6.00 2.57
D 15 88 5.87 3.70

A N O V A
S o urce o f  Variation 5 5 d f 3/5 F P-value F c r i t
Between G roups 62.18 3 20.73 6.89 0.0005 2.77
W ith in  G roups 168.40 56 3.01

To ta l 230.58 59

C om m erc ia l B  vs. C om m erc ia l D

1 /15  + 1/ 15 0.13

s.e. A N O V A 0.63

A N O V A  t - test 3.16

Fig. A.24 Answer to Chap. 8: Practice Problem #3
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1. Null hypothesis: mA =  mB =  me =  mD 
Research hypothesis: mA =  mB = me =  mD

2. MSb =  20.73
3. MSw =  3.01
4. F =  6.89
5. Critical F = 2.77
6. Since the F-value of 6.89 is greater than the critical F value of 2.77, we reject 

the null hypothesis and accept the research hypothesis
7. There was a significant difference in the believability of the four television 

commercials
8. Null hypothesis: mB = mD 

Research hypothesis: mB = mD
9. 3.87

10. 5.87
11. Degrees of freedom =  60 — 4 =  56
12. Critical t = 1.96
13. s.e.ANovA =  SQRT(MSw x {1/15 + 1/15}) =  SQRT 

(3.01 x {0.067 + 0.067}) =  SQRT(0.40) =  0.64
14. ANOVA t = (3.87 — 5.87) / 0.64 =  —3.125
15. Since the absolute value of —3.125 is greater than the critical t of 1.96, we 

reject the null hypothesis and accept the research hypothesis
16. Commercial D was significantly more believable than Commercial B (5.87 

vs. 3.87)

Chapter 8: Practice Problem #3 (continued)
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Practice Test

Chapter 1: Practice Test

Suppose that you have been asked by the manager of the Webster Groves 
Subaru dealer in St. Louis to analyze the data from a recent survey of its customers. 
Subaru of America mails a “SERVICE EXPERIENCE SURVEY” to customers 
who have recently used the Service Department for their car. Let’s try your Excel 
skills on Item #10e of this survey (see Fig. A.25).

223
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Item #10e: "Your overall rating of the quality of work performed
on your vehicle."

i 2 3 4 5 6 7 8 9 10
Unacceptable Extraordinary

Week of Nov. 16, 2010
8
5
6
5
4
8
7
7
8
6
7
5
4
8
7
5
7
5
7
6

Fig. A.25 Worksheet data for Chap. 1 practice test (practical example)

(a) Create an Excel table for these data, and then use Excel to the right of the table 
to find the sample size, mean, standard deviation, and standard error of the mean 
for these data. Label your answers, and round off the mean, standard deviation, 
and standard error of the mean to two decimal places.

(b) Save the file as: SUBARU8



Appendix B 225

Suppose that you wanted to do a personal interview with a random sample of 12 of 
your company’s 42 salespeople as part of a “company morale survey.”

(a) Set up a spreadsheet of frame numbers for these salespeople with the heading: 
FRAME NUMBERS

(b) Then, create a separate column to the right of these frame numbers which 
duplicates these frame numbers with the title: Duplicate frame numbers.

(c) Then, create a separate column to the right of these duplicate frame numbers 
called RAND NO. and use the =RAND() function to assign random numbers to 
all of the frame numbers in the duplicate frame numbers column, and change 
this column format so that 3 decimal places appear for each random number.

(d) Sort the duplicate frame numbers and random numbers into a random order.
(e) Print the result so that the spreadsheet fits on one page.
(f) Circle on your printout the ID number of the first 12 salespeople that you would 

interview in your company morale survey.
(g) Save the file as: RAND15

Important note: Note that everyone who does this problem will generate a different 
random order of salesperson ID numbers since Excel assigns a different random 
number each time the RAND() command is used. For this reason, the answer to this 
problem given in this Excel Guide will have a completely different sequence of 
random numbers from the random sequence that you generate. This is normal and 
what is to be expected.

Chapter 2: Practice Test

Chapter 3: Practice Test

Suppose that you have been asked to analyze the data from a flight on Southwest 
Airlines from St. Louis to Boston in 2010. Southwest sent an online customer 
satisfaction survey to a sample of its frequent fliers the day after the flight and asked 
them to rate their flight on a 10-point scale with 1 =  extremely dissatisfied, and 
10 =  extremely satisfied. The data for Item #2c appear in Fig. A.26.
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SOUTHWEST AIRLINES ONLINE SURVEY

Item #2c: "Please tell us your overall satisfaction with you gate area
experience at the airport (gate agent service, facilities,
boarding ]process, and departure time).

і 2 3 4 5 6 7 8 9 10
extremely extremely
dissatisfied satisfied

STL-BOS 1256 on 11/5/10
6
3
8
5
9

10
4
7
6
9
8
7
9

10
7
6
8

Fig. A.26 Worksheet data for Chap. 3 practice test (practical example)
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(a) Create an Excel table for these data, and use Excel to the right of the table to 
find the sample size, mean, standard deviation, and standard error of the mean 
for these data. Label your answers, and round off the mean, standard deviation, 
and standard error of the mean to two decimal places in number format.

(b) By hand, write the null hypothesis and the research hypothesis on your printout.
(c) Use Excel’s TINV function to find the 95% confidence interval about the mean 

for these data. Label your answers. Use two decimal places for the confidence 
interval figures in number format.

(d) On your printout, draw a diagram of this 95% confidence interval by hand, 
including the reference value.

(e) On your spreadsheet, enter the result.
(f) On your spreadsheet, enter the conclusion in plain English.
(g) Print the data and the results so that your spreadsheet fits on one page.
(h) Save the file as: south3

Chapter 4: Practice Test

Suppose that you have been asked by the American Marketing Association to 
analyze the data from the 2010 Summer Educators’ conference in Boston. In 
order to check your Excel formulas, you have decided to analyze the data for one 
of these questions before you analyze the data for the entire survey, one item at a 
time. The conference used a five-point scale with 1 =  Definitely Would Not, and 
5 =  Definitely Would. A random sample of the hypothetical data for this one item 
is given in Fig. A.27.
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A m e r ic a n  M a r k e t i n g  A s s o c ia t io n

2 0 1 0  S u m m e r  E d u c a to r s ' C o n f e r e n c e  in  B o s to n ,  M A

I te m  # 3 :  " H o w  l ik e ly  a r e  y o u  to  r e c o m m e n d  th e  C o n f e r e n c e  to  a  f r ie n d  

o r  c o l l e a g u e ? "

1 2 3 4 5
Definitely Definitely
Would Not Would

Rating
4
5
3
4
2
5
4
5
3
5
4
5
3
2
1
4
5
4
5
3
5
5

Fig. A.27 Worksheet data for Chap. 4 practice test (practical example)
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(a) Write the null hypothesis and the research hypothesis on your spreadsheet.
(b) Create a spreadsheet for these data, and then use Excel to find the sample size, 

mean, standard deviation, and standard error of the mean to the right of the data 
set. Use number format (3 decimal places) for the mean, standard deviation, and 
standard error of the mean.

(c) Type the critical t from the t-table in Appendix E onto your spreadsheet, and 
label it.

(d) Use Excel to compute the t-test value for these data (use 3 decimal places) and 
label it on your spreadsheet.

(e) Type the result on your spreadsheet, and then type the conclusion in plain 
English on your spreadsheet.

(f) Save the file as: BOS2

Chapter 5: Practice Test

Massachusetts Mutual Financial Group (2010) placed a full-page color ad in The 
Wall Street Journal in which it used a male model hugging a 2-year old daughter. 
The ad had the headline and subheadline:

WHAT IS THE SIGN OF A GOOD DECISION?

It’s knowing your life insurance can help provide income for retirement. And peace 
of mind until you get there.

Since the majority of the subscribers to The Wall Street Journal are men, an 
interesting research question would be the following:

Research question: “Does the gender of the model affect adult men’s willingness
to learn more about how life insurance can provide income 
for retirement?”

Suppose that you have shown two groups of adult males (ages 25-44) a mockup 
of an ad such that one group of males saw the ad with a male model, while the other 
group of males saw the same ad with a female model. (You randomly assigned 
these males to one of the two experimental groups.) The two groups were kept 
separate during the experiment and could not interact with one another.

At the end of a 1-hour discussion of the mockup ad, the respondents were asked 
the question given in Fig. A.28.

"How interested are you in learning more about how life insurance 
can provide income for retirement?"

Not at all 
interested

6
V ery

interested

Fig. A.28 Survey item for a mockup ad (practical example)



230 Appendix B

The resulting data for this one item appear in Fig. A.29.

M ASS M U TU A L FINANCIAL GROUP

Item: "How interested are you in learning more about how
life insurance can provide income for retirement?"

1 2 3 4 5 6
Not at all Very
interested interested

Male Female
model model

3 4
2 6
4 5
5 3
1 4
6 6
2 6
4 5
3 3
5 5
2 4
4 3
3 5
5 4
1 6
2 5
3 5
1 6
4 4
5 6
6 3
2 4
3 6
1 5
4 6
3 4
5 4

Fig. A.29 Worksheet data for Chap. 5 practice test (practical example)
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(a) Write the null hypothesis and the research hypothesis.
(b) Create an Excel table that summarizes these data.
(c) Use Excel to find the standard error of the difference of the means.
(d) Use Excel to perform a two-group t-test. What is the value of t that you obtain 

(use two decimal places)?
(e) On your spreadsheet, type the critical value o ft using the t-table in Appendix E.
(f) Type the result of the test on your spreadsheet.
(g) Type your conclusion in plain English on your spreadsheet.
(h) Save the file as: lifeinsur3
(i) Print the final spreadsheet so that it fits on one page.

Chapter 6: Practice Test

Is there a relationship between on-time performance and the number of passenger 
complaints for US major airlines? An article from The Wall Street Journal 
(McCartney 2010) presented the data given in Fig. A.30.

How the Major Airlines Performed in 2009

Airline %  On-time Arrivals Passenger complaints per million passengers
Southwest 82.5 2.1
Alaska 82.4 5.5
United 80.5 13.4
US Airways 80.5 13.1
Delta 78.6 16.7
Continental 77.9 10.1
JetBlue 77.2 8.9
AirTran 76.0 9.9
American 75.7 10.8

1-----

Fig. A.30 Worksheet data for Chap. 6 practice test (practical example)

Create an Excel spreadsheet and enter the data using on-time arrivals as the 
independent variable (predictor) and the number of passenger complaints per 
million passengers as the dependent variable (criterion).

(a) Use Excel’s =correl function to find the correlation between these two sets of 
scores, and round off the result to two decimal places.

(b) Create an XY scatterplot of these two sets of data below the table such that:

• Top title: RELATIONSHIP BETWEEN ON-TIME % AND PASSENGER 
COMPLAINTS

• x-axis title: % On-time Arrivals
• y-axis title: Passenger Complaints per million passengers
• Move the chart below the table.
• Resize the chart so that it is 7 columns wide and 25 rows long.



• Delete the legend.
• Delete the gridlines.

(c) Create the least squares regression line for these data on the scatterplot.
(d) Use Excel to run the regression statistics to find the equation for the least- 

squares regression line for these data and display the results below the chart on 
your spreadsheet. Use number format (2 decimal places) for the correlation and 
for the coefficients.

Print just the input data and the chart so that this information fits on one page. 
Then, print just the regression output table on a separate page so that it fits on 

that separate page in portrait format.
By hand:

(a) Circle and label the value of the y-intercept and the slope of the regression line 
onto that separate page.

(b) Write the regression equation by hand on your printout for these data (use two 
decimal places for the y-intercept and the slope).

(c) Circle and label the correlation between these two sets of scores in the 
regression analysis summary output table on your printout.

(d) Underneath the regression equation you wrote by hand on your printout, use the 
regression equation to predict the number of passenger complaints you would 
expect for an on-time arrival of 80%.

(e) Read from the graph the number of passenger complaints you would predict for 
an on-time arrival rate of 76% and write your answer in the space immediately 
below:

(f) Save the file as: ontime3
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Chapter 7: Practice Test

The National Football League (2009) and ESPN (2009a, 2009b) record a large 
number of statistics about players, teams, and leagues on their Web sites. Suppose 
that you wanted to record the data for 2009 and create a multiple regression 
equation for predicting the number of wins during the regular season based on 
four predictors: (1) yards gained on offense, (2) points scored on offense, (3) yards 
allowed on defense, and (4) points allowed on defense. These data are given in 
Fig. A.31.
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NATIONAL FO O TB ALL LEAGUE (NFL) 2009 Regular Season

Offense Defense
Team

Games Won Yards Gained Points Scored Yards allowed Points allowed
Arizona 10 5510 375 5543 325
Atlanta 9 5447 363 5582 325
Baltimore 9 5619 391 4808 261
Buffalo 6 4382 258 5449 326
Carolina 8 5297 315 5053 308
Chicago 7 4965 327 5404 375
Cincinnati 10 4946 305 4822 291
Cleveland 5 4163 245 6229 375
Dallas 11 6390 361 5054 250
Denver 8 5463 326 5040 324
Detroit 2 4784 262 6274 494
Green Bay 11 6065 461 4551 297
Indianapolis 14 5809 416 5427 307
Jacksonville 7 5385 290 5637 380
Kansas City 4 4851 294 6211 424
Miami 7 5401 360 5589 390
Minnesota 12 6074 470 4888 312
New England 10 6357 427 5123 285
New Orleans 13 6461 510 5724 341
NY Giants 8 5856 402 5198 427
NY Jets 9 5136 348 4037 236
Oakland 5 4258 197 5791 379
Philadelphia 11 5726 429 5137 337
Pittsburgh 9 5941 368 4885 324
San Diego 13 5761 454 5230 320
San Francisco 8 4652 330 5222 281
Seattle 5 5069 280 5703 390
St. Louis 1 4470 175 5965 436
Tempa Bay 3 4600 244 5849 400
Tennesee 8 5623 354 5850 402
Washington 4 4998 266 5115 336
Houston 9 6129 388 5198 333

Fig. A.31 Worksheet data for Chap. 7 practice test (practical example)

(a) Create an Excel spreadsheet using Games Won as the criterion (Y), and the 
other variables as the four predictors of this criterion.

(b) Use Excel’s multiple regression function to find the relationship between these 
variables and place it below the table.

(c) Use number format (2 decimal places) for the multiple correlation on the 
Summary Output, and use number format (three decimal places) for the 
coefficients in the Summary Output

(d) Print the table and regression results below the table so that they fit on one page.
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(e) By hand, on this printout, circle and label:

(la) Multiple correlation Rxy
(lb) Coefficients for the y-intercept, yards gained, points scored, yards 

allowed, and points allowed.

(f) Save this file as: NFL2009B
(g) Now, go back to your Excel file and create a correlation matrix for these five

variables, and place it underneath the Summary Table. Change each correla­
tion to just two digits. Save this file as: NFL2009C

(h) Now, print out just this correlation matrix in portrait mode on a separate sheet 
of paper.

Answer the following questions using your Excel printout:

1. What is the multiple correlation Rxy?
2. What is the y-intercept a?
3. What is the coefficient for Yards Gained b1?
4. What is the coefficient for Points Scored b2?
5. What is the coefficient for Yards Allowed b3?
6. What is the coefficient for Points Allowed b4?
7. What is the multiple regression equation?
8. Underneath this regression equation, by hand, predict the number of wins you 

would expect for 5,100 yards gained, 360 points scored, 5,400 yards allowed, 
and 330 points allowed.

Answer to the following questions using your Excel printout. Be sure to include the 
plus or minus sign for each correlation:

9. What is the correlation between Yards Gained and Games Won?
10. What is the correlation between Points Scored and Games Won?
11. What is the correlation between Yards Allowed and Games Won?
12. What is the correlation between Points Allowed and Games Won?
13. What is the correlation between Points Scored and Yards Gained?
14. What is the correlation between Points Allowed and Points Scored?
15. Discuss which of the four predictors is the best predictor of Games Won.
16. Explain in words how much better the four predictor variables combined 

predict Games Won than the best single predictor by itself.

Chapter 8: Practice Test

Suppose that you worked in R&D for Purina in St. Louis and you were asked to test 
four flavors of kitten food to see which flavor produces the largest amount of food 
eaten by kittens. Suppose, further, that the kittens have been matched by age, 
gender, and species, and randomly assigned to four groups. The resulting amount 
of food eaten by the kittens appears in the hypothetical data in Fig. A.32. You have 
been asked to determine if there was a significant difference in the amount of food 
eaten in these four groups.
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FLAVORS OF NEW KITTEN FOOD

A B C D
12 23 29 38
14 20 27 33
18 17 30 40
11 23 35 34
19 20 33 34
10 28 34 37
17 25 32 43
19 22 35 38
23 28 40 45
16 25 38 39
24 39
15 42

Fig. A.32 Worksheet data for Chap. 8 practice test (practical example)

(a) Enter these data on an Excel spreadsheet.
(b) On your spreadsheet, write the null hypothesis and the research hypothesis for 

these data
(c) Perform a one-way ANOVA test on these data, and show the resulting ANOVA 

table underneath the input data for the four types of kitten food.
(d) If the F-value in the ANOVA table is significant, create an Excel formula to 

compute the ANOVA t-test comparing the amount of food eaten in Group B 
against the amount of food eaten in Group D, and show the results below the 
ANOVA table on the spreadsheet (put the standard error and the ANOVA t-test 
value on separate lines of your spreadsheet; use two decimal places for each 
value)

(e) Print out the resulting spreadsheet so that all of the information fits on one page
(f) On your printout, label by hand the MS between groups and the MS within 

groups.
(g) Circle and label the value for F on your printout for the ANOVA of the input 

data.
(h) Label by hand on the printout the mean for Group B and the mean for Group D 

that were produced by your ANOVA formulas.

Save the spreadsheet as: kitten2
On a separate sheet of paper, now do the following by hand:

(i) Find the critical value of F using the ANOVA Single Factor table that you 
created.

(j) Write a summary of the results of the ANOVA test for the input data.
(k) Write a summary of the conclusion of the ANOVA test in plain English for the 

input data.
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(l) Write the null hypothesis and the research hypothesis comparing Group B 
versus Group D.

(m) Compute the degrees of freedom for the ANOVA t-test by hand for four flavors.
(n) Write the critical value of t for the ANOVA t-test using the table in 

Appendix E.
(o) Write a summary of the result of the ANOVA t-test.
(p) Write a summary of the conclusion of the ANOVA t-test in plain English.
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Appendix C
Answers to Practice Test

Practice Test Answer: Chapter 1 (see Fig. A.33)

Question #10e: "Your overall rating of the quality of work performed 
on your vehicle."

Week of Nov. 16,2010
8

5 D 20
6
5
4 Mean 6.25
8

7
7 STDEV 1.33
8

6

7 s.e. 0.30
5
4
8

7
5
7
5
7
6

Fig. A.33 Practice test answer to Chap. 1 problem
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Practice Test Answer: Chapter 2 (see Fig. A.34)

Fig. A.34 Practice test answer to Chap. 2 problem
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Practice Test Answer: Chapter 3 (see Fig. A.35)

S O U T H W E S T  A I R L I N E S  O N L I N E  S U R V E Y

Item  #2c: " P le a s e  te ll u s  y o u r  o v e ra ll sa t is fa c t io n  w ith  y o n  g a te  a re a

e xp e r ie n ce  a t the  a irp o r t  (ga te  agen t s e rv ic e , fa c ilit ie s ,

b o a rd in g  p ro ce ss , and d ep a rtu re  tim e).

S T L - B O S  1256 on 11/5/10 N u ll hypo thes is : Ц = 5.5
б

3 R e se a rch  hyp o th e s is : 11 t  5.5
8
5 n 17

9

10
4 M e a n  7.18

7

6

9 S T D E V  2.01

8
7

9 s.e. 0 .49

10

7

0 9 5 %  con fid en ce  in te rv a l

8
lo w e r lim it 6 .14

up p e r lim it 8.21

D ra w  a d ia g ram  o f  the  con fid en ce  in te rv a l

S 5 _____ 6 .1 4 ............................ 7.18 ......8 .21 ...................

R e f . lo w e r M e a n upper

V a lu e lim it lim it

R e su lt : S in c e  the  re fe re n ce  v a lu e  o f  5 .5 is  o u ts id e  o f  the  con fid en ce

in te rv a l,  w e re je c t the n u ll h yp o th e s is  and a ccep t the

re se a rch  hypo th e s is .

C o n c lu s io n : F re q u e n t f l ie r  p a sse n g e rs  on Sou thw est A ir l in e s  flig h t #1256

from  S t. L o u is  to  B o s to n  on 11/5/10 w e re  s ig n if ic a n t ly  sa t is f ie d

w ith  th e ir  g a te  e xp e r ie n ce  a t the  S t. L o u is  a irp o rt

Fig. A.35 Practice test answer to Chap. 3 problem
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Practice Test Answer: Chapter 4 (see Fig. A.36)

A m erican  M a rk e t in g  A sso c ia tio n

2010 S u m m er E d u c a to rs ' C o n fe re n c e  in B o s to n , M A

Item  #3: "H o w  like ly  a r e  yon  to  reco m m en d  th e  C o n fe re n c e  to  a  friend
o r  c o lle a g u e ? "

R a tin g Null h y p o th e s is : U  = 3
4

5 R e s e a rc h  h y p o th es is : H * 3

3
4
2 n 22
5
4
5 M e a n 3 .909
3
5
4 ST D E V 1.192
5
3
2 s .e . 0 .254
1
4
5 critic a l t 2 .080
4

5
3 t- te s t 3 .578
5
5

R e su lt :  S ince  th e  a b so lu te  v a lu e  o f  3 .578  is g r e a te r  th an
th e  c ritic a l t  o f  2 .080 , w e re je c t  th e  null h y p o th es is  
and  a c c e p t th e  r e s e a rc h  h y p o th es is .

C onclusion : A tte n d e e s  a t  th e  S u m m er 2010 E d u c a to rs ' C o n fe ren ce
o f  th e  A m erican  M a rk e tin g  A sso c ia tio n  in B oston
w ere  significant!) like ly  to  reco m m en d  th e
C o n fe re n c e  to  a friend  o r  co lleague .

Fig. A.36 Practice test answer to Chap. 4 problem
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Practice Test Answer: Chapter 5 (see Fig. A.37)

M A SS  M U T U A L  FIN A N C IA L  G R O U P

Item : "H ow  in te re s ted  a re  you in learn ing  m ore abou t how
life in su rance  can  prov ide incom e for re tire m e n t? ”

1 2 3 4 5 6
N ot a t  all 3.30 4.70 Y e n
in te re s ted in te re s ted

M a le
m odel

F em ale
m odel

G roup n M e an STD E Y
1 M a le  m odel 27 3.30 1.54

3 4 2 F em ale  m odel 27 4.70 1.07
2 6
4 5 N ull hypo thesis: H i  = H. 2
5 3

1 4 R e se a rc h  hypothesis: H i  *  H, 2
6 «
2 6 l / n l  +  l/n 2 0.07
4 5
3 3
5 5 ( n l - l ) x S I  squared 61.63
2 4
4 3
3 5 (n2 - 1 ) x S2 squared 29.63
5 4
1 6
2 5 n l  + n2 - 2 (d eg re e s  o f  freedom ) 52
3 5
1 6
4 4 s.e . 0.36
5 6
6 3
2 4 critical t 1.96
3 6
1 5
4 6 t- te s t -3.90
3 4
5 4

R esu lt: S ince th e  abso lu te va lue  o f  - 3 .90 is g re a te r  than  th e  critical
t  o f  1.96, we re je c t th e  null h y p o thesis  and aiccept th e
re se a rc h  hypothesis .

C onclusion: A dult m en (ag es  25-44) w ere  significantly  m ore in te re s ted
in learn ing  m ore abou t how life in su rance  can  p rov ide  incom e
for re tirem en t w hen a fem ale m odel w as u sed  than  w hen a
m ale m odel w as u sed  in the  ad (4.70 v s . 3.30)

Fig. A.37 Practice test answer to Chap. 5 problem
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Practice Test Answer: Chapter 6 (see Fig. A.38)

Fig. A.38 Practice test answer to Chap. 6 problem

Practice Test Answer: Chapter 6: (continued)

(a) a = y - intercept =  64.49
b = slope =  —0.69 (note the minus sign as the slope is negative)

(b) Y = a +  bX
Y = 64.49 — 0.69X

(c) r = correlation =  —0.41 (note that the correlation is negative because the 
slope is negative!)

(d) Y = 64.49 — 0.69(80)
Y = 64.49 — 55.20
Y = 9.29 complaints per million passengers

(e) About 12 complaints per million passengers
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Practice Test Answer: Chapter 7 (see Fig. A.39)

NATIONAL FOOTBALL LEAGUE (NFL) 2009 Regu lar Season

O ffense  Oefense
Team

Gam es w o n Yards Gam ed Po in ts  Scored Yards a llow ed Po in ts  a llow ed
Arizona 10 SS10 375 5543 325
A tlan ta 9 3447 363 5582 325
B a lt im ore 9 3619 391 4808 261
B u ffa lo 6 4382 258 5449 326
Caro lina 8 5297 315 5053 308
Chicago 7 4963 327 5404 375
C in c innati 10 4946 305 4822 291
C leve land S 4163 245 6229 375
Dallas 11 6390 361 5054 250
Denver 8 3463 326 5040 324
D etro it 2 4784 262 6274 494
Green  8ay 11 6065 461 4551 297
Ind ianapo lis 14 3809 416 5427 307
Jacksonv ille 7 5383 290 5637 380
Kansas C ity 4 4831 294 6211 424
M iam i 7 3401 360 5589 390
M inneso ta 12 6074 470 4888 312
N e w  England 10 6357 427 5123 285
N e w  O rleans 13 6461 510 5724 341

NY G iants 8 3856 402 5198 427
NY je ts 9 5136 348 4037 236
Oakland 5 4258 197 5791 379
Ph ilade lph ia 11 5726 429 5137 337
Pittsburgh 9 5941 368 4885 324
San D iego 13 5761 454 5230 320
San Francisco 8 4652 330 5222 281
Seattle 5 5069 280 5703 390
St. Lou is 1 4470 175 5965 436
T e m p i Bay 3 4600 744 5849 400
Tennesee 8 5623 354 5850 402
W ashington 4 4998 266 5115 336
Houston 9 6129 388 5198 333

Regression Statistics
M u lt ip le  R 0.94
R Square 0.8831
A d ju s ted  R Square 0.86S8
Standard Error 1.1807
O bserva tions 32

A N O V A

df 5S MS f  Significance f
Regression  4 284.3S81 71.089S 50.9914 3.3639E-12
Residua l 27 37.6419 1.3941
Tota l 31 322.0000

Coefficients Standard Error t Stat P-value Lower 9S% Upper 9SMowet 9S.09pper 95.09
Intercept 0.601 4.0020 0.1503 0.8817 - 7.6100 8.8127 •7.6100 8.8127
Yards G a ined  0.000 0.0007 0.0633 0.9500 0.0014 0.0014 -0.0014 0.0014
Po in ts  Scored 0.030 0.00S6 S.30S8 0.0000 0.0181 0.0410 0.0181 0.0410
Yards a llo w e d  0.001 0.0007 1.SS43 0.1317 0.0004 0.0026 0.0004 0.0026
Po in ts  a llo w e d  -0.026 0.0062 -4.2655 0.0002 0.0389 -0.0136 -0.0389 -0.0136

Games Won Yards Gained Points Stored Yards allowed Points allowed
Gam es W o n  1
Yards G a ined  0.77 1
Po in ts  Scored 0.88 0.87 1
Yards a llo w e d  -0.56 0.45 -0.47 1
Po in ts  a llo w ed  -0.68 -0.41 -0.46 0.80 1

Fig. A.39 Practice test answer to Chap. 7 problem
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1. Rxy =  +0.94
2. y-Intercept =  0.601
3. Yards Gained =  0.000
4. Points Scored =  0.030
5. Yards Allowed =  0.001
6. Points Allowed =  —0.026
7. Y = a + biXi +  b2X2 + b3X3 + b4X4

Y = 0.601 +  0.000X1 +  0.030X2 +  0.001X3 — 0.026X4
8. Y = 0.601 +  0.000(5100) +  0.030(360) +  0.001(5400) — 0.026(330)

Y =  0.601 +  0.0 +  10.8 +  5.4 — 8.58
Y =  8.22
Y =  8 Games Won

9. +0.77
10. +0.88
11. —0.56
12. —0.68
13. +0.87
14. —0.46
15. The best predictor of Games Won was Points Scored with a correlation of +0.88
16. The four predictors combined predict Games Won with a correlation of +0.94 

which is much better than the best single predictor by itself

Practice Test Answer: Chapter 7 (continued)
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Practice Test Answer: Chapter 8 (see Fig. A.40)

N u ll h y p o th e s is : M a  = M e  = M o

FLA V O R S  O F N E W  KITTEN F O O D

A B C D R e sea rch  h y p o th e s is : H a * M b * M e 36 M o

12 23 29 38

14 20 27 33

18 17 30 40

11 23 35 34

19 20 33 34

10 28 34 37

17 25 32 43

19 22 35 38

23 28 40 45

16 25 38 39

24 39

15 42

A n o v a : S in g le  Factor

S U M M A R Y

Croups Count Sum Average Variance
A 12 198 16.50 19.55

8 10 231 23.10 12.54

c 10 333 33.30 16.01

D 12 462 38.50 13.73

A N O V A

Source o f  Variation SS O j M S F P-volue Fcrit
B e tw e e n  G ro u p s 3429.55 3 1143.18 73.40 2.58E-16 2.84

W ith in  G ro u p s 623.00 40 15.58

Total 4052.55 43

G ro u p  B vs. G ro u p  D

1/ n G ro u p  B ♦  1/n G ro u p  D 0.18

S .e . A N O V A 1.69

A N O V A  t-tes t -9.11

Fig. A.40 Practice test answer to Chap. 8 problem

Practice Test Answer: Chapter 8 (continued)

(f) MSb =  1143.18 and MSw =  15.58
(g) F = 73.40
(h) Mean Group B =  23.10, and Mean Group D =  38.50
(i) critical F = 2.84
(j) Results: Since 73.40 is greater than the critical F of 2.84, we reject the null 

hypothesis and accept the research hypothesis
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(k) Conclusion: There was a significant difference in the amount of food eaten by 
the kittens in the four flavors of kitten food

(l) Null hypothesis : mB = mD
Research hypothesis : mB = mD

(m) df =  nToTAL ^  k = 44 — 4 =  40
(n) critical t = 1.96
(o) Result: Since the absolute value of —9.11 is greater than the critical t of 1.96, 

we reject the null hypothesis and accept the research hypothesis
(p) Conclusion: The kittens ate significantly more of Flavor D than Flavor B 

(38.50 vs. 23.10)



Appendix D
Statistical Formulas

Mean

Standard Deviation

Standard error of the mean 

Confidence interval about the mean

One-group t-test

- E xX =  ^ —
n

STDEV =  S =   ̂/ p  (X ~  X) 
V n — 1

ç ss.e. =  Sx =  —j=

X ±  tS X

where Sx = —=

x  — m
1 = —  s  

where Sjx =  — z

Two-group t-test
(a) When both groups have a 

sample size greater than 30

(b) When one or both groups have 
a sample size less than 30

t = -
x t — X2
SX1 —X2

where Sx 1 — X2 =  t —  +  —

1 2  V n1 n2
and where df =  n1 +  n2 — 2 

E  — X2t
S * 1 —* 2

w h e r e  > %  — x 2  =
(n1 — 1)S12 +  (n2 — 1)S22 

n1 +  n2 — 2 n 2

and where df =  n1 +  n2 — 2
Correlation n——x E (X  — X)(Y — Y)

r =  sXSy
where Sx =  standard deviation of X  
and where Sy =  standard deviation of Y

(continued)
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(continued)
Simple linear regression Y = a + bX

where a = y-intercept and b =  slope of the line
Multiple regression equation Y =  a +  biXi +  b'lX^ +  b3  X3  +  etc. 

where a = y-intercept
One-way ANOVA F-test F = MSb/MSw
ANOVA t-test

ANOVA t = X l ~  X 2
s.e.ANOVA

where s.e.ANOVA ^  /MSw ( — +  — )V V« 1 "2/
and where df =  " t o t A l  _  k 
where "TOTAL =  " 1  +  " 2  +  "3 +  etc. 
and where k =  the number of groups
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t-Table
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Critical t-values needed for rejection of the null hypothesis (see Fig. A.41)

Fig. A.41 Critical t-values needed for rejection of the null hypothesis



Index

A
Absolute value of number, 68-69 
Analysis of variance

ANOVA t-test formula, 176 
degrees of freedom, 177 
Excel commands, 178-180 
formula, 173-174 
interpreting the summary table, 

173-174
s.e. formula for ANOVA t-test, 176 

ANOVA. See Analysis of variance 
ANOVA t-test. See Analysis of variance 
Average function. See Mean

C
Centering information within cells, 7 
Chart

adding the regression equation, 
140-142

changing the width and height, 5-6 
creating a chart, 120-129 
drawing the regression line onto the 

chart, 120-129 
moving the chart, 125, 126 
printing the spreadsheet, 130-131 
reducing the scale, 130 
scatter chart, 122 
titles, 122-125

Column width (changing), 5-6, 155 
Confidence interval about the mean 

95% confident, 37-47, 76 
drawing a picture, 45 
formula, 41
lower limit, 38-43, 45-47, 53,

63, 65
upper limit, 38-43, 45-47, 53, 63, 65

Correlation 
formula, 114
negative correlation, 109, 111, 112, 

138, 142-143, 149 
positive correlation, 109-111, 115, 

120, 143, 149, 163 
9 steps for computing r, 114-116 

CORREL function. See Correlation 
COUNT function, 9-10, 53 
Critical t-value, 41, 59, 68-71, 74, 79, 

84-86, 90, 91, 106, 177, 178

D
Data Analysis ToolPak, 132-134, 169 
Data/Sort commands, 27 
Degrees of freedom, 85, 87, 88, 90, 

99, 177

F
Fill/Series/Columns commands, 4-5 

step value/stop value commands, 
5, 22

Formatting numbers
currency format, 15-16 
decimal format, 136

H
Home/Fill/Series commands, 4 
Hypothesis testing

decision rule, 53, 68-69 
null hypothesis, 49-62, 64, 68, 71, 

72, 75, 77, 79, 83-84, 86-91, 
93, 95-98, 102, 104-106, 
174-176, 178
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Hypothesis testing (cont.) 
rating scale hypotheses, 51 
research hypothesis, 49-59, 61, 62, 64, 68, 

71, 72, 75, 77, 79, 83-84, 86-91, 93, 
95-98, 102, 104-106, 174-176, 178 

stating the conclusion, 54, 55, 57, 58 
stating the result, 58, 59 
7 steps for hypothesis testing, 52-58, 67-71

M
Mean, 1-20, 37-65, 67-106, 113-119, 169, 

173-176, 178, 180 
formula, 2 

Multiple correlation
correlation matrix, 160-163 
excel commands, 178-180 

Multiple regression
correlation matrix, 160-163 
equation, 153
Excel commands, 178-180 
predicting Y, 153

N
Naming a range of cells, 8-9
Null hypothesis. See Hypothesis testing

O
One-group t-test for the mean

absolute value of a number, 68-69 
formula, 67
hypothesis testing, 67-71 
s.e. formula, 67
7 steps for hypothesis testing, 67-71 

P
Page Layout/Scale to Fit commands, 31 
Population mean, 37-39, 49, 50, 67, 69,

83, 90, 91, 169, 174-176, 178 
Printing a spreadsheet

entire worksheet, 144-145 
part of the worksheet, 144-145 
printing a worksheet to fit onto one page, 

31-34, 130-131

R
RAND(). See Random number generator 
Random number generator

duplicate frame numbers, 23,24,26-29,35,36

frame numbers, 21-30, 35, 36 
sorting duplicate frame numbers, 27-30, 

35, 36
Regression, 109-151, 153-168 
Regression equation

adding it to the chart, 140-143 
formula, 139
negative correlation, 109, 111, 112, 138, 

142-143, 149
predicting Y from x, 109, 120, 121, 132, 

139-140, 155 
slope, b, 138
writing the regression equation using the 

Summary Output, 159 
y-intercept, a, 138-141 

Regression line, 120-131, 138-143, 147-150 
Research hypothesis. See Hypothesis testing

S
Sample size, 1-20, 38, 41-43, 45, 46, 48, 

53, 60, 62, 64, 67, 70, 72, 73, 77, 79, 
81-85, 87, 90-93, 97, 99, 105, 113, 
114, 118, 119, 172, 176, 177 

COUNT function, 9-10, 53 
Saving a spreadsheet, 13-14 
Scale to Fit commands, 31, 46 
s.e. See Standard error of the mean 
Standard deviation, 1-20, 38, 39, 43,

46, 53, 60, 62, 64, 67, 69, 72,
77, 79, 81-83, 87, 88, 91-93, 97, 
104-106, 118 

formula, 2
Standard error of the mean, 1-20, 38-40, 

42, 43, 46, 53, 60, 62, 64, 67, 69,
74, 77, 79, 90, 91 

formula, 3
STDEV. See Standard deviation

T
t-table, 249-250 
Two-group t-test 

basic table, 83
degrees of freedom, 85, 87, 88, 90, 

99, 177
drawing a picture of the means, 89
formula, 99
formula #1, 90
formula #2, 99
hypothesis testing, 82-90
s.e. formula, 90, 99
9 steps in hypothesis testing, 82-90


