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Preface

This laboratory manual was written for business analysts who
wish to increase their skills in conducting statistical analysis of data
sets to support business decision-making. Most of the exercises use
Excel, today’s most common analysis tool. They range from the most
basic descriptive statistical techniques to more advanced techniques,
such as multivariate linear regression and forecasting.

Advanced exercises cover inferential statistics for continuous
variables (t-Test) and categorical variables (Chi-square), as well as A/B
testing. The manual ends with techniques to deal with the analysis of
text data (text data mining) and tools to manage the analysis of large
data sets (Big Data) using Excel. A set of cases is provided to assist
the analyst to improving their data visualization skills.

On the Companion Files

The exercises require access to the data sets used in analyzing the
cases. They may be accessed on companion disc. with this book or for
downloading by writing to the publisher at info@merclearning.com. A
file folder Lab Data has all the files referenced in the exercises. A zip
file Lab Data.zip, found in the same repository, can be downloaded to
make data available on a local drive. The solution folders within each
exercise folder contain some illustrative charts and tables as well as
solution spreadsheets. All of the figures (including those in full color)
are on the companion files for enlargement and easy-viewing. The
analysis techniques presented in each chapter have short companion
videos you may use to understand the ideas further. The video lessons
may be found on the companion disc. If you wish to stream the video
rather than download it, there is a document on the disc with links
to all the companion videos to be found on a streaming service. The
companion files are also available for download from the publisher by
writing to info@merclearning.com.
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In the first set of exercises, we will look at the importance of shap-
ing and cleaning data files. The initial image in this chapter shows
the Data Cleansing Cycle with many activities, starting with import-
ing the data; merging the data sets; standardizing and normalizing
data; rebuilding missing data; de-duplicating; and last, verifying and
enriching the data set. The object is to produce a data set in Excel in
what is called a flat-file format. When expressed in that format, the
first row of the table must contain all the variable names (with none
missing); every row is of the same nature, and there are no empty
rows or columns. All other rows and columns outside of the table
area should be clear of data. Once in that format, the table is ready
for analysis, and we can safely apply many of the Excel analytic tools.

The source of the data table varies; sometimes we extract it from
a DBMS using the SQL language using queries. Other times we may
obtain a comma-separated values file (with a .CSV extension), or a
formatted text file (with a .TXT extension), or we may have scraped
it from an HMTL formatted Web page. In Analysis Case 1.1, we
explore loading and shaping data files from several sources. We study
how long it takes to load data files of ditferent sizes, including some
huge files that tax the limit of Excel. They not only take a long time to
load, but they are unwieldy to analyze.

Once we practice loading data in various formats, we explore
cleaning it in Analysis Case 1.2. We practice using a small data file that
contains several errors that need to be corrected. You are directed to
the original data to find the original values. The exercise allows you
to utilize many tools in Excel that make the data cleaning process
efficient.

The whole process of scraping, uploading, cleaning, annotating,
and shaping the data file is referred to as data wrangling. Many stud-
ies have shown that this process is not only tedious but can take up
to 80% of the overall time needed to perform the analysis. But it is
critical for success in the analysis. The more skilled you are in the use
of cleaning and shaping tools, and the smarter you are in their use,
the sooner you will start the analysis, and the less time you will need
to find answers.
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Analysis Case 1.1 — Shaping the Data File

1. Using the Lab Data set provided, open the Analysis Case 1.1 folder
in it, and find the file ORDERS.csv (1.8 MB file with 8,400 re-
cords). (The data set was made available courtesy of Tableau, Inc.)

2. Open ORDERS.csv using Excel.

3. Excel will automatically recognize the .CSV format and open the
file with no further work on your part.

4.ORDERS is a comma-separated values file.
5. Save the file as ORDERS .xlsx in the Analysis Case 1 folder.

6. We will explore the difficulties with scraping, opening, and work-
ing with large data files in Excel. Consider the following four
data files found in the Analysis Case 1.1 folder (Table 1.1). Each
file is progressively larger and more difficult to open in Excel
than the next.

Table 1.1 Characteristics of the data files used to exemplify the lagin
loading data demonstrated in this case.

Name (i:lz;) Rows  Columns Source Description
ORDERS.csv 1.8 8,400 22 Company  Office supplies orders
Community.csv 70 376,000 551 US Census 2013 ACS census file
Courses.csv 73 | 631,139 21 MIT edX 2013 MOOC Courses
BankComplaints.csv =~ 306 | 753,324 18 US FTC Bank complaints to the

FTC

7. Using the Lab Data set and in the Analysis Case 1.1 folder, find
the file Community.csv (70 MB file with 376,000 records, 551

variables).

8. Note how long it takes to load. Add filters to the top row, and
then filter column D to a “0” value only. Note how long it takes
Excel to execute these commands due to the large number of
rows in the file. (The filter function is found in the Data ribbon.)
Figure 1.1 shows the Community.csv file opened in Excel.
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AutoSave DI Community - Excel £ search _
File Home Insert Page Layout Formulas Data Review View Help
& Calibri i VA A = B General v @ % E/ Gl insert ¥
te EB E O A = o, «0 .00 Conditional Formatas Cell EEDelete ¥
57 B IU-|H- T ek = $-%9 KR4 Formatting v Table v Stylesv | [H]Formatv | &
Clipboard & Font ] Alignment 51 Number 1 Styles Cells
:D POSSIBLE DATA LOSS Some features might be lost if you save this workbook in the comma-delimited (csv) format. To preserve these features, save it in an Excel file forma
1 - Jx GEO.display-label
A B © D E F G H 1 J K IL M N
GEO.id |~ |GEO.id2 ~ [GEOMiS~, 4| sonptoz HCO1_V(~ HCO2_V(~ HCO3_V(~ HCO4_V(~ HCO1_Vi~ HCO2_V(~ HCO3_V
P Id I1d2 Geography zEstimate; E Margin of EPercent; ENPercent MzEstimate; E Margin of EPercent;
8600000U¢ 601 ZCTAS 006( 4l SortZtoA 5698 301 395 2.1 5698 301 3
H  8600000U¢ 602 ZCTAS 006( 544 by Color N 15738 559 47.4 17 15738 559 4
b 8600000U¢ 603 ZCTAS 006( 16903 722 39.2 16 16833 721
b 8600000U¢ 606 ZCTAS 006( 2021 298 38.9 5.9 2021 298 3
v 8600000U¢ 610 ZCTAS 006! 9323 451 40.2 2 9323 451 4
B 8600000U¢ 612 2CTAS 006 o 5 21968 945 40.4 16 21950 940 4
P 8600000U¢ 616 ZCTAS 006! 3154 429 37 36 3154 429
0 8600000U¢ 617 ZCTAS 006! [Search je 6839 514 353 2.6 6839 514 3
1/8600000U¢ 622 ZCTAS 006 v (Select All) = 1522 363 299 5.5 1522 363 2
2 8600000U¢ 623 ZCTAS 006! ViGeography 12805 788 35.9 21 12782 785 3
3 8600000U¢ 624 ZCTAS 006: v/ ZCTAS 00601 8658 402 448 1.9 8658 402 44
4 8600000U¢ 627 ZCTAS 006: ¥ ZCTAS 00602 12161 521 439 19 12161 521 4
5 8600000U¢ 631 ZCTAS 006! ¥/ ZCTAS 00603 576 188 38.1 7.9 576 188 3
6 8600000U¢ 637 ZCTAS 006! YIZCTAS 00606 8237 453 414 23 8237 453 3
7 8600000U¢ 638 ZCTAS 006! :;EI:: ggg:g 4735 315 321 21 4735 315 3
8 8600000U¢ 641 ZCTAS 006+ ZCTAS 00616 9218 437 37.9 1.9 9218 437 3
9 8600000U¢ 646 ZCTAS 006+ VIZCTAS 00617 15012 567 50.6 19 14968 574 5
0 8600000U¢ 647 ZCTAS 006+ v ZCTAS 00622 1776 312 379 46 1776 312 3
1 8600000U¢ 650 ZCTAS 006! VIZCTAS 00623 4747 462 40.7 36 4747 462 4
2 8600000U¢ 652 ZCTAS 006! ¥ ZCTAS 00624 992 215 36.6 7.7 992 215 34
3 8600000U¢ 653 ZCTAS 006! ¥ ZCTAS 00627 . 3806 383 36.8 35 3806 383 34
4 8600000U¢ 656 ZCTAS 006! CooThnanet 6249 371 37.8 23 6235 370 3
£ ocannaniic ceazcracanct  /\Notall items showing PrSE can 2 PN 1eaco can 4
Community
— oK Cancel

FIGURE 1.1 Exercise to demonstrate that the entire file was loaded and how long
it takes to execute a function when the data file is relatively small.

9. Using the Lab Data set and in the Analysis Case 1.1 folder, find
the file Courses.csv (73 MB file with 631,139 records, 21 vari-
ables). (The data set was made available courtesy of the Har-
vard Dataverse Project.)

10. Note how long it takes to load. Add filters to the top row. Sort
the data by column T. Note how long it takes to perform this

task. Filter column T to a “1” value only.

WARNING: The next file to be studied is so large that, if you
do not have enough memory on your computer, it may lock up
Excel, so be patient when loading and be ready to reboot your
machine if the file does not load or the program locks up.
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11. Using the Lab Data set and in the Analysis Case 1.1 folder, find
the file BankComplaints.csv (306 MB file with 753,324 records,
18 variables). The file is very large because one column con-
tains the full text of the complaints, which may run to several
paragraphs each. (The data set was made available courtesy of
the U.S. Government Department of Consumer Affairs.)

Autosave BankComplains - el D search _

File Home Insert Page Layout Formulas Data Review  View  Help
ﬁj 4 Calibri vl VA A ® | General v =) @ @ ; ’ ~ Ly
Paste - oo A o 9 00 | Conditional Formatas Cell %Dglm - " son&
-4 B I U~ R 8% BB Formatting v Table v Stylesv | [EIFormat | € v Fijter+
Clipboard 15 Font ] Alignment ] Number [} Styles Cells Editin
@ POSSIBLE DATA LOSS Some features might be lost if you save this workbook in the comma-delimited (csv) format. To preserve these features, save it in an Excel file format. D
c1 - fx  Sub-product
A B C D E F G H | J K L M N
1 [Date rec - Product - [Sub-proc~ Jissue - Sub-issu - Consum: - Compan - Compan - State - ZIP code - Tags - Consum: - Submitt = Date ser = Comy
2 7/29/2013 Consumer | Vehicle loa Managing the loan or lease Wells Fargc VA 24540 N/A Phone  7/30/2013 Close|
3 7/29/2013 Bank accouChecking acUsing a debit or ATM card Wells FargcCA 95992 Older AmeiN/A Web 7/31/2013 Close|
5 7/29/2013 Bank accou Checking a«Deposits and withdrawals Wells FargcGA 30084 N/A Web 7/30/2013 Close]
11 7/29/2013 Mortgage Other mortLoan servicing, payments, escrow account  Wells FargcNV 89511 N/A Referral  7/30/2013 Close|
16 7/29/2013 Debt collec Credit card Communic: Frequent or repeated calls Wells FargcPA 19145 Older AmeiN/A Phone 8/1/2013 Close
25 7/29/2013 Mortgage ConventionApplication, originator, mortgage broker  Wells FargcNY 10605 N/A Web 7/31/2013 Close)
29 7/29/2013 Bank accouOther bank Deposits and withdrawals Wells FargcCA 96088 N/A Web 8/1/2013 Close|
40 7/29/2013 Bank accou (CD) Certifi Account opening, closing, or management  Wells FargcTX 77381 N/A Postal mail 7/30/2013 Close|
46 7/29/2013 Bank accou Checking acProblems caused by my funds being low Wells FargcNJ 8618 Older AmeiN/A Phone 7/30/2013 Close|
51 7/29/2013 Bank accou Checking acDeposits and withdrawals Wells FargcCA 92277 N/A Web 8/5/2013 Close|
54 7/29/2013 Mortgage C ionLoan modificati llecti eclosure Wells FargcCA 91741 N/A Phone  7/30/2013 Close|
69 7/30/2013 Credit card Payoff process Wells FargcNV 89108 ServicemenN/A Phone 8/2/2013 Close|
74 7/29/2013 Bank accou Checking acDeposits and withdrawals Wells FargcFL 33326 N/A Web 7/31/2013 Close)
77 7/31/2013 Bank accouChecking atAccount opening, closing, or management  Wells FargcGA 30680 N/A Web 8/1/2013 Close|
80 7/29/2013 Mortgage Other mortLoan modification,collection,foreclosure Wells FargcCA 95020 N/A Referral  7/31/2013 Close
82 7/29/2013 Mortgage Other mortLoan modification,collection,foreclosure Wells FargeNY 10803 N/A Referral  7/30/2013 Close
00 7/30/2013 Credit card Credit determination Wells FargcCA 95409 Older AmeiN/A Web 7/29/2013 Close|
20 7/30/2013 Mortgage Other mortLoan modification,collection,foreclosure Wells FargcCA 93111 N/A Referral  7/31/2013 Close
42 7/31/2013 Mortgage Other mortLoan modification,collection,foreclosure Wells FargcCA 95117 N/A Postal mail 8/5/2013 Close|
49 7/31/2013 Mortgage FHA mortgiLoan modification,collection,foreclosure Wells FargcPA 19015 N/A Web 8/2/2013 Close|
54 7/30/2013 Credit card Closing/Cancelling account Wells FargcCO 80520 N/A Postal mail 7/31/2013 Close|

FIGURE 1.2 Exercise to demonstrate that the entire file was loaded and how long
it takes to execute a function when the data file is relatively large.

12. Note how long it takes to load. Add filters to the top row. Sort
the data by column D. Note how long it takes to perform this
task. Then, filter column H to a “Wells Fargo” value only (Fig-
ure 1.2).

13. Excel, as a tool, does not always handle large data sets well. We
will work with the large data files by sampling them and analyz-
ing the samples in Chapter 14.
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Analysis Case 1.2 — Cleaning the Data File
A drug manufacturer has collected drug test data on 178 patients. We
suspect that the data has transcription problems. (There were errors
when entering data into the computer from the experiment notes.)

1. Using an Internet connection and Web browser, navigate to
http://bit.ly/2z0UVgz.

2. Scrape the data and paste it into a new Excel spreadsheet. Note
that all the data is in one column. The data dictionary is available
at hitps://bit.ly/2HymiXr.

3. Use the “Text to Columns” function under the Data ribbon to
distribute the data into their respective columns.

Or obtain the data by this other method.:

4. Using the Lab Data set and in the Analysis Case 1.1 folder, find
the file calciumgood.txt. The data dictionary for this file is cal-

cium.txt. (The data set was made available by permission of John
P. Holcomb, ]r.)

5. Open calciumgood.ixt using Excel.

6. Employ the Excel function to import a data file under the Data
set of functions.

7. The data is in columns, but there are no column titles. Use the
data dictionary to add column titles so all the variables are la-
beled. Note that the file is now in a flat-file format with columns
as variables and rows as records.

8. Save the file as calcium.xlsx.

9. The file contains many errors. Clean it by looking at it and cor-
recting these errors. (For example, some of the numbers in the
SEX column are coded as 22 instead of 2. You can fix that easily.
Fixing data coded as 12 is harder.) If you need to refer to the
original data that was collected, use this link to access the origi-
nal observations: http://academic.csuohio.edu/holcombj/clean/

bigtable.htm.
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10. When you feel reasonably sure you have a clean data file, an-
swer the following questions by using Excel:
How many men and how many women were in
the study? Sort by gender and compute a sum for
each group.

Were the tests evenly distributed over the labs?
Sort by lab type and compute subtotals by lab type.

Are the calcium levels for the males above or be-
low the average for the females in the test? Sort
by gender and use the AVG function to average
the CAMMOL columns for each sex.

11. Check your results against the following solutions (Figure 1.3).
Keep cleaning the data until you have found all the errors.

Solution
Question 1
Male 91
Female 87
Question 2
lab1 88
Lab 2 42
Lab 3 16
Lab4 14
Lab5 11
Lab 6 6
Question 3
Average for CAMMOL for males 2.32
Average for CAMMOL for females 2.39

FIGURE 1.3 Analysis results computed after cleaning the data file.
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The techniques in this book are practiced using Microsoft Excel. It
turns out that Excel has a wealth of advanced analysis tools, from
regression to inferential tools, tucked in a hidden tool kit called the
Analysis ToolPak. It’s there in Excel already, nothing to install, you
just have to activate it. We make use of many of these advanced tools
in the exercises throughout the book, so it is good to activate it early
on before tackling the advanced exercises.

The first exercise guides the reader through the activation pro-
cess. Note that the activation varies by operating system (PC or Mac)
and Excel version type. At the end of this chapter, there is a simple
exercise to ensure the Analysis ToolPak is active and readily available.

Analysis Case 2.1 — Excel Analysis ToolPak

Installation and Activation

1. Launch Excel.

2.If using Microsoft Windows, click the Office button logo (or
“File” in 2010) in the upper-left corner of the window.

3. On the PC version, click “Options” on the bottom of the pop-up.
Click “Add-ins” in the Excel Options pop-up. Select “Analysis
ToolPak,” and then click “Go.” You should see a dialog screen as
shown in Figure 2.1.
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[Excel Options ? X
Gl E—% View and manage Microsoft Office Add-ins.
Formulas
Data Add-ins
Praching Name = | Location Trype =]
Save Active Application Add-ins
Solver Add-in C\.\Office16\Library\SOLVER\SOLVERXLAM  Excel Add-in
Language
Ease of Access Inactive Application Add-ins
y\Analysi:
Advanced ‘Analysis ToolPak - VBA Ca\..fice16\Library\Analysis\ATPVBAEN.XLAM  Excel Add-in
Customize Ribbon Date (XML) C\.s\Microsoft Shared\Smart Tag\MOFLDLL  Action
Euro Currency Tools C:\.\root\Office 16\Library\EUROTOOLXLAM  Excel Add-in
Quick Access Toolbar Inquire C\..Office\root\Office 16\DCF\NativeShimdll  COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack
Microsoft Data Streamer for Excel C\..0softD COM Add-in
Trust Center Microsoft Power Map for Excel C:\..ap Excel Add-in\EXCELPLUGINSHELLDLL ~ COM Add-in
Microsoft Power Pivot for Excel Ca\..el Add-in\PowerPivotExcelClientAddin.dll  COM Add-in Bl
Microsoft Power View for Excel C:\..el Add-in\AdHocReportingExcelClientdll  COM Add-in
PRBIRIGEE C:\..e\root\Office 16\ADDINS\TCSCCONV.DLL  COM Add-in
Add-in: Analysis ToolPak
Publisher:  Microsoft Corporation
c No available
Location: C:\Program Files (x86)\Microsoft Office\root\Office16\Library\Analysis\ANALYS32.XLL

Description:  Provides data analysis tools for statistical and engineering analysis

FIGURE 2.1 The Excel wizard showing the Analysis ToolPak prior to making it
active.

4. In the Add-Ins pop-up screen, place a check mark in the box next
to “Analysis ToolPak” on the list of available add-ins (Figure 2.2).
Then click OK.

Add-ins ? X

Add-ins available:

Analysis ToolPak

|:| Analysis ToolPak - VBA
|:| Euro Currency Tools
Solver Add-in

Cancel

Browse...

Automation...

Analysis ToolPak

Provides data analysis tools for statistical and
engineering analysis

FIGURE 2.2 The second wizard screen in activating the Analysis ToolPak showing
it as active.
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5. You should now see Data Analysis as a selection in the Analysis
group under the Data ribbon in Excel (Figure 2.3).

File  Home Insert  Pagelayout Formulas Data  Review View  Help

E% Pé DQueﬁfs&Connecﬁons @ mj : Al ? N4 Clear EE i) z @ @
Get

Refresh Stocks  Geogrophy [] | %] Sor | Filler W reapply Textto oo What-If Forecast | Outjne
Data ¥ Al R K

] sﬁr\
25 Solver

[ Data Analysis

Anabvis /

FIGURE 2.3 The Excel Data ribbon after installation showing the activated
Analysis ToolPak now appearing as a “Data Analysis” button.

On a Mac, the Analysis ToolPak is only available in the Excel 2016
version, not in earlier versions. To activate it on a Mac, open a spread—
sheet and, in the “Tools” option (Figure 2.4) on the main menu, select
“Excel Add-ins” and then “Analysis ToolPak” from the wizard pop-up
box to activate (Figure 2.5).

@ Advanced | Columns £ ¥ [ | Analysis~  Sheet
t & Transform Data | Queries & Connections Data Types Sort & Filter Data Tools Forecast.

Data Window Help
Spelling...

Thesaurus... ~“_3H#R

smart Lookup... “~\88L
~ A~ A Language... =9 Wra
& AutoCorrect...

==  Error Checking...

Check Accessibility

Share Workbook...

Track Changes >
Protection >
Goal Seek...

Scenarios...

Auditing >

Data Analysis...

Macro >

FIGURE 2.4 Location of the “Add-ins” function for the Mac version of Excel.



INSTALLING THE ANALYSIS TOOLPAK © 13

,_
=
z
o
°
jol
=

Add-ins available:

Analysis ToolPak
[ Solver Add-In

Analysis ToolPak

Provides data analysis tools for statistical and
engineering analysis

Browse... Cancel

Lde bbb b b bl L] |

FTTTT T T T T T

|

FIGURE 2.5 The Mac version of Excel Add-ins wizard screen showing the Analysis
ToolPak being activated.






CHAPTER

DESCRIPTIVE STATISTICS

PivotTable Fields

Choose fields to add to report:

[v] Product
[v| Reseller
[v] Month
[V] Sales

MORE TABLES...

Drag fields between areas below:

v{)v

v X

Sales month B
Product ﬂ Reseller ﬂ Sep Oct Nov Total
~/Apples $250  $590 $840
John $180 $180
Mike $120 $120
Pete $290 $290
Sally $250 $250
-/Bananas $430  $600 $1,030
John $400  $400
Mike $200 $200
Pete $180 $180
Sally $250 $250
= Cherries $580 $910 $1,490
John $250 $250
Mike $250 $330 $580
Pete $330 $330
sally $330 $330
- Oranges $120 $720 $840
John $120 $120
Mike $400  $400
Pete $120 $120
sally $200  $200
Total $830 $2,050 $1,320 $4,200

Y FILTERS

1l COLUMNS
: Month
= ROWS 3 VALUES
[Product ¥ Sum of Sales
[Reseller v |

v
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Descriptive statistics deal with the past and the present: what hap-
pened? They differ from predictive analytics, which deals very much
with the future: what might happen? Or with assurance or results,
inferential statistics: are we sure, or is it the result of some random
event? And descriptive statistics are a summarization of numerical
(averages, sums, extreme) or categorical variables (tabulation). This
also differs from summarizing text data: what are people saying? We
tackle that in Chapter 13.

This technique answers the business question: “How many are
there, how much, and how do they compare?”

The primary tool for descriptive statistics will be the five-point
summaries (available in the ToolPak). We cover quartiles as well as
averages and medians, maximum, minimum, and measure so the
spread of the data, variances, and interquartile ranges.

This chapter also introduces two other very useful tools: (a) the
creation of box plots as a summarization and visualization tool for
numeric variables; and (b) the use of Pivot Tables as a tabulation tool
for categorical variables.

In this chapter, we begin the practice of offering two types of
exercises: basic exercises for beginners as well as additional and more
challenging exercises for advanced students. If you are a beginner,
getting through the basic exercises for each tool is a good start. For
more advanced students, we offer additional exercises that are more
challenging. All are encouraged to try them out as well.
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Analysis Case 3.1 — Descriptive Statistics

Five-Point Summaries

1.

2.

Using the Lab Data set provided, open the Analysis Case 3 folder
in it, and find the file StartupCosts.xlsx.

Open StartupCosts.xlsx using Excel.

3. We are going to answer these questions:

Which type of startup business has the best char-
acteristics?

What are the descriptive statistics for a group of
businesses to be able to compare them?

. Following our practice of not changing raw data, select the data

only (leaving out the data dictionary at the bottom of the table
and making sure to copy the headings), and then file and copy it
as the shaped file in a new spreadsheet. Label this spreadsheet
StartUpStats.

. Using the Analysis ToolPak, select “Descriptive Statistics.” En-

ter the entire range of data, including the column labels, as the
range. Make sure to click the “labels in the first row” box. Put the
results in another spreadsheet or somewhere in the same sheet
as the shaped file. Select only the “Summary Statistics” box.

.Change the formatting of the statistics to Numbers and two

decimals. Put the column labels on top of the stats numbers and
the row labels. Delete every other row label to leave only the
statistics.

. Compute Q1 (first quartile) and Q3 (third quartile) at the bottom

of each column in the statistics to add these important numbers.
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1 Startup Costs
shaped data file
’/
) A C D E
i 1 |P1izza BAKERY SHOES  GIFTS PETS
2 Analysis ToolPak 2 s 150 48 100 25
selection screen B o A s % 50
\ 4 35 120 95 35 30
5 58 75 as 99 35
Descriptive Statistics X ? X 6 110 160 7 7 30
7 140 60 115 150 28
Input |I] 8 97 45 a2 a5 20
Input Range: SAS1SEST7 + 9 50 100 78 100 75
Cancel 10 65 86 65 120 48
Grouped By: @ Columns 1n 79 87 125 50 20
O Bows Help 12 35 %0 50
13 85 75
Labels in first
4 Labels i st row 14 120 55
15 60
Output options 16 85
@ Qutput Range: susi| * 17 110
—
O New Worksheet Ply:
O New Workbook
(%) Summary statistics
[0 confidence Level for Mean: 95 % 3 DQSCnptIVO Statistics
[ xth targest: 1
1
O xeh satest H i ] K L M N ) [ Q
PIZZA BAKERY SHOES GIFTS PETS
Mean 83.00 Mean 92.09 Mean 72.30 Mean 87.00 Mean 51.63
Standard £ 9.47 Standard E 11.73 Standard E 9.92 Standard € 11.35 Standard £ 6.77
Median 80.00 Median 87.00 Median 70.00 Median 97.50 Median 49.00
Mode 35.00 Mode #N/A  Mode #N/A  Mode 100.00 Mode 30.00
Standard C 34.13 Standard C 38.89 Standard C 31.37 Standard C 35.90 Standard C 27.07
Sample Va  1165.17 Sample Va  1512.69 Sample Vai  983.79 Sample Va  1289.11 SampleVa  733.05
Kurtosis -1.04 Kurtosis -0.44 Kurtosis -0.96 Kurtosis -0.49 Kurtosis -0.48
k 0.13 Sk 0.51 Sk 0.55 Skewness 0.08 Skewness 0.63
Range 105.00 Range 120.00 Range 90.00 Range 115.00 Range 90.00
Minimum 35.00 Minimum 40.00 Minimum 35.00 Minimum 35.00 Minimum 20.00
i 140.00 160.00 125.00 150.00 110.00
Sum 1079.00 Sum 1013.00 Sum 723.00 Sum 870.00 Sum 826.00
Count 13.00 Count 11.00 Count 10.00 Count 10.00 Count 16.00

FIGURE 3.1 Steps in using the Analysis ToolPak to obtain the Descriptive Statistics
and a 5-point summary for a data set.

8.Create a five-point summary table of MEDIAN, Q1, MAXI-
MUM, MINIMUM, Q3 by copying the appropriate elements
for the previous table (Figure 3.1).

9. Enter a set of arbitrary dates above each column to be able to
use the stock table chart. Select the dates and the five-point
summary data for all five startups and insert a chart. Select the
(Open, High, Low, Close) stock chart (Figure 3.2).
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Insert Chart

5

Recent

Column
Line

Pie

Bar

Area

Map
Stock

rEeSWexFEDO

Recommended Charts All Charts

Templates

XY (Scatter)

o ]

Open-High-Low-Close

To create this stock chart, arrange the data on your she|
low price, closing price. Use dates or stock names as lal]

FIGURE 3.2 Selecting the appropriate stock-chart type for constructing box-plot

charts.

10. Edit the chart to make both axes the same (both maximum at
180). Now, we will change the x-axis to replace the dates with
the names of the startups. Right-click on the chart to Select
Data (NOT Format Axis) and change the settings in the Hori-
zontal (Category) Axis Labels. Edit the median line by chang-
ing the median to a dash with a width of 30 to make it visible

11.

(Figure 3.3).

From the resulting box plots, decide which type of startup
seems most favorable.
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1 Shaped Statistics H ! ) K L M
\\ PIZZA  BAKERY  SHOES GIFTS PETS
e =
Mean 83.00 92.09 72.30 87.00 51.63
Standard € 9.47 11.73 9.92 1135 6.77
Median 80.00 87.00 70.00 97.50 49.00
Mode 35.00 #N/A #N/A 100.00 30.00

Standard C 3413 38.89 31.37 35.90 27.07
SampleVa 1165.17 151269 983.79 1289.11 733.05

Kurtosis -1.04 -0.44 -0.96 -0.49 -0.48
Skewness 0.13 051 0.55 0.08 0.63
Range 105.00 120.00 90.00 115.00 90.00

Minimum 35.00 40.00 35.00 35.00 20.00
Maximum 14000 160.00 125.00 150.00 110.00

2 Add quartiles Sum 1079.00 1013.00 723.00 87000 826.00
Count 1300 1100 1000 1000  16.00
\. a1 58 675 4575  56.25 295
a3 110 110 90.75 100 75

3 Add fake dates e L —
3/1/2020 3/2/2020 3/3/2020 3/4/2020 3/5/2020
; Median 8000 8700 7000 9750  49.00
4 Create 5-point a1 58 675 4575  56.25 295
summary shaped  ~— | Maximum 14000 16000 12500 15000 110.00
like a stock chart Minimum 3500 4000 3500 3500  20.00

Q3 110 110 90.75 100 75

5 Create a stock chart 6 Make sure axis match
N
180.00,
160.00
140.00
120.00
100.00
80.00 7 Change the marker
60.00 on the line chart
40.00
20.00
0.00
PIZZA BAKERY SHOES GIFTS 8 Change the dates
~Median Q1 Maximum  Minimum Q3 to series names

FIGURE 3.3 Completing the construction of a box-plot diagram for a data set
using the stock-chart format.
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Analysis Case 3.2 — Additional Analysis Case Using the
ORDERS File
1. Using the Lab Data set and in the Analysis Case 3 folder, find the

file ORDERS.xlsx.

2. Open ORDERS.xlsx using Excel.

3. We are going to answer these questions:

Which regions had the best average sales for the

year?

What are the descriptive statistics for each sales
region? Compare them.

4. Create descriptive statistics of sales by region and create a box-
plot diagram.

5. Use a Pivot Table to create a tabulation of sales by region, mak-
ing sure to sum sales by ORDERDATE to have a large Pivot
Table as a result for the next step.

6. Create a descriptive statistics table using Data > Analysis Tool-

Pak (Figure 3.4):
5 point summary
Atlantic Northwest T{Nunavut Ontario Prarie Quebec West Yukon
Median 1159 903 623 1509 1363 1004 1746 1076
Ql 302 284 218 398 408 226 479 243
Max 95698 27705 14224 41737 49563 48054 46999 23950
Min 5 12 15 6 7 3 5 7
Q3 4168 4388 4388 4861 4377 3283 5181 3696

FIGURE 3.4 Resulting 5-point summary for the ORDERS file using the Analysis
ToolPak Descriptive Statistics function.
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7. Then, generate the box plots (follow instructions from earlier in
this exercise on generating box plots) (Figure 3.5):

Sales by Region
120000 120000
100000 100000
80000 80000
60000 60000
40000 40000
20000 20000
0 0
Atlantic Northwest Nunavut Ontario Prarie Quebec West Yukon
Territories
=== Median Qi Max Min Qa3

FIGURE 3.5 The completed box-plot chart for the ORDERS file case.

Analysis Case 3.3 — Descriptive Statistics

Tabulation and Pivot Tables

1. Using the Lab Data set provided, open the Analysis Case 3 folder
and find the file ORDERS .xlsx.

2. Open ORDERS.xlsx using Excel.
3. We are going to answer this question:

Which province has the largest number of big
sales? (Tabulate order quantity and sales by re-
gion and province. Cross-tabulate profit by prov-
ince and customer segment.)
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4. Following our practice of not changing the raw data, select the
entire file and copy it as the shaped file in a new spreadsheet, and
label the tab Summary. Create a table with the name ORDERS.

5. Using a Pivot Table, generate answers to the question in Step 3.

6.Tabulate order quantity and sales by region and province
(Figure 3.6):

Y z AA a] o .
B v x
Row Labels B sum of ORDERQUANTITY Sum of SALES PivotTable Fields
Choose fields to add to report: @ v
New Brunswick 8437 684211.5235
Newfoundland 1936 102924.0675 Search £
Nova Scotia 11874 817729.3625
Prince Edward Island 5821  409383.25 ¥| ORDERQUANTITY =
= v| SALES
Northwest Territories 9722 800847.3295 DGO
SHIPMODE
Nunavut 1962 116376.4835 FROFIT
UNITPRICE
& SHIPPINGCOSTS
Ontario 46685 3063212.48 ad
fiel low:
Manitoba 20279 1372848.782 Dreg fielc=hetimoer areas below:
Saskachewan 23453 1464455.82 Y Filters Il Columns
- 2 Values v
Quebec 19589 1510195.08
Alberta 22654 1704791.491 = =
= . Rows Values
British Columbia 28769 1892757.785 r
-~ REGION - Sum of ORD... ¥
Yukon 13596 975867.371 PROVINCE ~ |+ Sumof SALES ¥ |«
Grand Total 214777 14915600.82
P - Defer Layout Update

FIGURE 3.6 Pivot table settings to tabulate order quantity and sales by region and
province in the ORDERS data set.

7. Tabulate profit by province (independent variable, rows) and
customer segment (dependent variables, columns) (Figure 3.7).
Which province appears to have the most profits across customer
categories?
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Y 7 AB AC AD

Sum of PROFIT Column LabeldSl

Row Labels M Consumer Corporate Home Office Small Business Grand Total
Alberta 61033.37 4344275  -127636 4874672 151946.48
British Columbia 6953.24 96402.04 8941.81 32765.04 145062.13
Manitoba 44659.31 66355.24  6796.25 18616.36 136427.16
New Brunswick 7112291 13789.43  16881.91 13557.69 115351.94
Newfoundland -366.87 635127  1928.93 -1028.19  6885.14
Northwest Territories 1122017 43577.13  10524.82 35330.96 100653.08
Nova Scotia 9557.87  16121.6  35076.79 24605.61  85361.87
Nunavut 4041.09 -1352.81  1057.77 -904.94 284111
Ontario 25479.51 136339.69 129180.16 55869.18 346868.54
Prince Edward Island 477105  7839.28  9308.56 944282  31361.71
Quebec 3170431 5291338  24803.44 31005.52  140426.65
Saskachewan 15923.46 102656.43 48409.89 17743.18 184732.96
Yukon 1860.52 1531057  26720.06 29958.06  73849.21
Grand Total 287950.94 599746 318354.03  315708.01 1521767.98

Sum of PROFIT

160000

Provincial Profit by Customer Segment

AE

PivotTable Fields T

Choose fields to add to report: @ &4
Search ,O

UNITPRICE =
SHIPPINGCOSTS
CUSTOMERNAME

v! PROVINCE
REGION

! CUSTOMERSEGMENT
PRODUCTCATEGORY

Drag fields between areas below:

Y Filters Il Columns

CUSTOMERSEG... ¥

= Rows % Values
PROVINCE w Sum of PROFIT ¥
Defer Layout Update

FIGURE 3.7 Pivot table settings to tabulate profit by province and customer seg-
ment in the ORDERS data set.

8. Which customer categories appear to be the most profitable

Now, let’s compute outliers.

across all provinces?

9. Insert an empty column next to PROFIT. Insert the z-score
of the PROFIT column into this new variable. Use the STAN-
DARDIZE function on profit. Label it ZSCORE.

10. Sort the table by z-score to identify big winners (z-score > 3)
and big losers (z-score < 3).

11. Create another column and code the outliers into YES (ABS(z-
score) = or > 3.0), or NO (ABS(z-score) < 3.0). Label it OUT-

LIER.
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12. Using a Pivot Table, create a summary table of the number of
the outliers by z-score code and identify the province that has
the highest number of sales outliers (Figure 3.8). Make sure to
use a filter of OUTLIER=YES to only count the outliers.

13. Which province appears to have the largest number of sales
ABS(z-score) > 3.0?

Count of OUTLIER Column Labels [ig
Row Labels B4 Alberta British Columbia Manitoba New Brunswick Northwest Territories Nova Scotia Ontario Quebec Saskachewan Yukon Grand Total

70 1
210 1

217 1

283 1

287 1

297 1

315 1

349 1

449 1

542 1

567 1

590 1

655 1

728 1

823 1

885 1
891 oy 5

919 — PivotTable Fields S
920 1
923 1 Choose fields to add to report: &~

1013 1 paecch 0
1183 1
1232 1 Z-SCORE -
1242 | OUTLIER v
1246 UNITPRICE

1316 SHIPPINGCOSTS

izg CUSTOMERNAME
55 | PROVINCE
REGION

PR R R R R RRRERRERERRRERRRRERRRERRRRRRRRR R

Drag fields between areas below:

Y Filters ¥ Columns
PROVINCE v

= Rows X Values

OUTUER  ~ = | Countof OUTL.. ¥

ROWID v v

Defer Layout Update

FIGURE 3.8 Using a Pivot Table tabulation technique to discover which region has
the greatest number of outliers in ORDERS.
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Analysis Case 3.4 — Additional Case Using Titanic Data
1. Using the Lab Data set and in the Analysis Case 3 folder, find the

file Titanic.xlsx.
2. Open Titanic.xlsx using Excel.
3. We are going to answer these questions:

Were male passengers older or younger, on aver-
age, than female passengers?

What are the descriptive statistics for each gen-
der? Compare them. Repeat for each class of pas-
senger and compare.

4. Create a Pivot Table of the Titanic Passenger data (Figure 3.9).

5. Create a summary by age. Do a tabulation by age and enter the
maximum age for males and females. Do a sub-summary under
each gender of the passenger name. Now you have two lists, one
above the other, of passenger ages sorted by gender.

e PivotTable Builder

FIELD NAME Q
survived
sex
M ace
Y Filters 1l Columns
= Rows Y Values

sex Max of age

name

Drag fields between areas

FIGURE 3.9 Pivot Table configuration to summarize passengers by gender and
subcategory of names to create two lists by gender.



6. Scrape each list and paste it into a new sheet under MALE and

FEMALE columns.

7. Obtain the descriptive statistics of age by gender (labeled sex in

the file) and create a box-plot diagram (Figure 3.10).
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MALE FEMALE
Mean 23.8605502 Mean 23.8894267
Standard Err 0.61628845 Standard Err 0.79298493
Median 24.25 Median 24
Mode 0 Mode 0
Standard Dev 17.8829875 Standard Dev 17.099815
Sample Variz  315.80124 Sample Variz 252.403674
Kurtosis -0.5328243 Kurtosis -0.6111661
Skewness  0.26756931 Skewness  0.23944742
Range 80 Range 76
Minimum 0 Minimum 0
Maximum 80 Maximum 76
Sum 20090.5833 Sum 11108.5834 Male versus Female Age Distribution
Count 842 Count 465 %0 %0
80 20
a3 35 35 e e
50 50
L/ a0 40
MALE FEMALE 2 »
median 24.25 24 20 l 20
Qi1 4 9 10 T 10
e & U s M:L[ FEMALE =
Minimum 0 0
Q3 35 35 ——median Maximam Minimum a3

FIGURE 3.10 Final box plots summarizing passenger’s ages compared by gender.

Analysis Case 3.5 — Additional Case Using SFO Airport
Survey Data

1. Use the latest SFO Airport ACQ Survey data downloaded from
https:/hwww.flysfo.com/media/customer-survey-data.

2. Or using the Lab Data set provided in the Analysis Case 3 folder,
find the file 2016_SFO_Customer_Survey_Data.xls. (This data

set was made available courtesy of the San Francisco Airport.)

3. Open the data dictionary file and have it available to consult as
you work with the data.

4. Open 2016_SFO_Customer_Survey_Data.xls using Excel.
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5. Save the reshaped data file to your computer as SFOAirport
Survey2016.xlsx.

6. Tabulate the number of men and women taking the survey (Fig-
ure 3.11). Is the difference between men and women larger than
10% or about evenly distributed? Make sure to use the filter op-
tion on the row categories to only select Men and Women counts.

[Row Labels |-T|Count of *RESPNUM
Female 1465
Male 1468 FIELD NAME Q
Grand Total 2933
o Q20GENDER | [/ QI9AGE
v/ Q20GENDER
Sort
Q21INCME
’z‘; Ascending f& Descending P
Sortby: | Q20GENDER <]
Y Filters Il Columns
Filter
By label: = Choose One B
By value: Choose One B
Q
& (Select All)
0 = Rows > Values
Female
Male Q20GENDER Count of *RESPN...
Clear Filter
Drag fields between areas

FIGURE 3.11 Tabulation of SFO survey takers by gender.

7. Tabulate the distribution of income levels among respondents
(Figure 3.12).
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' 407 U $50000
2 798 0000100000 | FIELD NAME
3 593 100000150000
. over 150,000
| Grand Total ¥ *RESPNUM
L] QuNcmE cceIo
sort RUNID
5 = nThATE
23 Ascending ] %4 Descending
Sortby: | Q2UNCME B | ¥ Fiters i Columns
Filter
Bylabe:  Choose One B
Byvelue:  Croose One B
8 (Seiect Al =
0 = Rows I Valves
1 Q2unemE Count of *RESPN.
2

@3
a:
5

Cloar Fiter

Survey Takers by Income Level

FIGURE 3.12 Tabulation of income distribution for SFO survey takers.

8. Tabulate the number of frequent flyer passengers who use the
airport on average (Figure 3.13).

Did your fly more than 100,000 miles per year?
Row Labels [-7/Count of *RESPNUM 16%
1 428 YES
2 2286 NO
| Grand Total 2714]
[ ] Q22FLY |
FIELD NAME Q
Sort |
24 Ascending | %4 Descending ) *RESPNUM
ém by ozz?& ceeo
= 9 [ Drun
Filter INTDATE
£y Jace jL Choose One B | ¢ riters 11l Columns
Byvalue: Choose One B |
Q
B (Select All)
1
2
3
4 - = Rows Y Values
Q22FLY Count of *RESPN...
Clear Filter
Drag fields between areas

FIGURE 3.13 Tabulation to compute ratio of frequent flyers to total airport users.
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This chapter also introduces a potent visualization tool for numerical
(continuous) variables: the histogram. We want to visualize how a col-
umn of numbers in our table is distributed. Do we have a lot of large
numbers? A lot of small numbers? Or are they roughly distributed
about the mean or average? The tool to visualize this distribution of
values is a histogram.

This technique answers the business question: “How is this vari-
able distributed?”

Roughly speaking, we will divide the entire number line for the
largest to the smallest value into intervals, count how many of the data
points in our column fall into each range, and display the bar graph of
the count in each interval. We have now categorized the numerical vari-
able into bins. The bins could be equal in size, or they could differ in
size; we could have a lot of bins or a few bins, but binning we must do.

There is a function in Excel called FREQUENCY, but using it
is complicated. Fortunately, there is a tool in the Analysis ToolPak
called histogram that will automate many of the tasks and do a decent
job. Always ask for the chart to be generated. And make sure to mod-
ity the resulting bar graph so the bars touch each other. That will
make it look distinctively like a histogram and not just a bar graph. It
should end up looking like the picture on the first page of the chapter.

As with the previous chapter, we offer two types of exercises:
basic exercises for beginners as well as additional and more challeng-
ing exercises for advanced students. If you are a beginner, getting
through the basic exercises for each tool is a good start. For more
advanced students, we offer additional exercises that are more chal-
lenging. All are encouraged to try them out as well.

Analysis Case 4.1 — Histograms

Frequency Distributions

1. Using the Lab Data set provided, open the Analysis Case 4 folder
and find the file ORDERS.xlsx.

2. Open ORDERS .xlsx using Excel.
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Is our sales volume made up of mostly low-priced
products, or do we sell even amounts of products
across all product prices?

Does any range of product pricing account for
the bulk of our revenue, or is our revenue evenly
distributed among low-priced, mid-priced, and
high-priced products?

4. Following our practice of not changing the raw data, select the
entire file, copy it as the shaped file in a new spreadsheet, and
label the tab ORDERS working table.

5. At the bottom of the Revenue column, compute the MAX of
SALES and the MIN of revenue.

6. Create a range of bins for the histogram in $500 increments from
the MIN to the MAXin a set of cells next to the shaped table. Se-
lect histogram divisions that seem reasonable to you (start with a
value of 500 and use even increments from there).

7. Use the histogram function of the Analysis ToolPak or the FRE-
QUENCY function to create the histogram (Figure 4.1).

Sales Ranges
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
6000
7000
8000
9000
10000
20000
40000
60000
80000
100000

| Histogram

| Input

| Input Range:

Bin Range:

| [ Labels

Output options

@ Qutput Range:

| O New Worksheet Ply:

| O New Workbook

| [ pareto (sorted histogram)

| [0 cumulative Percentage
Chart Output

$F32:8F$8400

$F$8406:SF58426

$HS8406

FIGURE 4.1 lllustration of the use of the Excel Frequency function in the Analysis
ToolPak to create a histogram of sales.
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8. What can you say about how the distribution looks (Figure 4.2)?

Sales Ranges Frequency
500 4370 Distribution of Sales
1000 1092 s000
1500 635
2000 430 4500
2500 303
3000 210]*®
3500 151 3500
4000 152
4500 114 3000
5000 118
6000 178 2500
7000 142
8000 93 0%
9000 64 1500
10000 55
20000 226 1000
40000 63
60000 2 S00
80000 0
0 —
100000 1 2888888888888888888°8°¢®
More 0 "ERBRARBILRIRRRS88888 ¢
FIGURE 4.2 Completed sales histogram.
9. Compute a histogram of profit (Figure 4.3):
Profit Ranges Histogram ? X
-15000 T
-10000 Input Range: $1$1:5158400 i
-5000 Cancel
-4000 Bin Range: sksg406:sksg423
-3000 Labels Help
-2000
-1000 Output options
0 O Qutput Range: $H$8406 t
1000 | @ New Worksheet By histogram profit
2000 O New Workbook
3000
4000 [ Pareto (sorted histogram)
5000 [ cumulative Percentage
10000 Chart Output
15000
20000
30000

FIGURE 4.3 lllustration of the use of the Excel Frequency function in the Analysis
ToolPak to create a histogram of profit.




HisTOGRAMS © 35

10. What can you say about the distribution of profits per sale (Figure 4.4)?

Profit Ranges Frequency
15000 0 Distribution of Profit per Order
-10000 7 4500
-5000 10
-4000 9 -
-3000 15]| 0
-2000 23
-1000 154 3500 -
0 4046
1000 3457
2000 374 3000
3000 123
4000 53|| 5e00
5000 31
10000 86
15000 10/ 2000
20000 0
30000 1/| 4500
More 0
1000
500
I _l_‘ﬂ
a —
o O © ©9 © © © ©o [=] [=] o
58533588 88888 EFEE

FIGURE 4.4 Completed profit histogram.

Analysis Case 4.2 — Additional Case Using Titanic Data

1. Using the Lab Data set and in the Analysis Case 4 folder, find
the file Titanic.xlsx.

2. Open Titanic.xlsx using Excel.
3. We are going to answer these questions:
What is the age distribution of all passengers?

Is there a difference in age distributions by pas-
senger class?
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4. Copy the Titanic data table to a new spreadsheet and label the
tab Passengers.

5. Sort the table by age and delete all rows without an age entry.

6. Create a histogram of passenger age from the Titanic Passenger
data.

7. Sort the table by passenger class. Use the same bin range on the
three age ranges by class and compare the histograms. Use ten-
year bins. What differences do you see (Figure 4.5)?

Age Distribution of All Passengers Age Distribution of First-Class Passengers

400 70
350 60
300 50

250
40

200
30

150
100 20
0 0

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Age Distribution of Second-Class Passengers Age Distribution of Third-Class Passengers
120 120
100 A0
80 80
60 60
40 40
20 ‘_ 20
0 0
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

FIGURE 4.5 Histograms of age distribution in ten-year ranges for all passen-

gers on the Titanic, also showing First-, Second-, and Third-class passenger age
distributions.
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8. Now repeat using five-year ranges. How would you describe the
differences (Figure 4.6)?

Age Distribution of All Passengers Age Distribution of First-Class Passengers
@ w0
35
0
30
2
130
2
1 i
10
s
s
" o
10 15 0 25 30 35 40 45 S0 S5 €@ 6 70 75 80 & 90 an 35, 20 s i el i) = 25 ] i & 0, & )
Age Distribution of Second-Class Passengers Age Distribution of Third-Class Passengers
0 120
50 ] 100
40 ©
20 @
2 ©
0
L] 0 —
D15 M 2 0 35 40 45 0 S5 60 & 0 75 80 8 0 005 M B N B o & N S5 0 6 W B W s 0

FIGURE 4.6 Histograms of age distribution in five-year ranges for all passen-
gers on the Titanic, also showing First-, Second-, and Third-class passenger age
distributions.
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This chapter also introduces another powerful business analysis
technique for a continuous variable: the Pareto analysis. Consider
two columns in a data table, one of them being categories and the
other some numerical value associated with those categories. We can
ask the following question: “which group of categories, when taken
together, contribute the most to the total; for example, considering
all the cities in a particular country, which contribute the most to the
overall population?” To put it another way, in which urban centers
does the majority of the population live? The answer involves com-
puting which of the categories contribute to 80% of the total.

This technique answers the business question: “Which . . . are the
most important, are the most populous, bring in the most revenue,
are the largest, etc.?”

No function in Excel will produce this directly; it must be com-
puted by hand. Fortunately, the algorithm is simple, and Analysis
Case 5.1 demonstrates it, so you can readily reproduce it for other
circumstances. Although there is a Pareto analysis included in the
histogram function of the Analysis ToolPak, it does not readily apply
to most situations, so follow the process in the first exercise. And
practice by doing the rest of the Chapter 5 exercises.

Analysis Case 5.1 — Pareto Analysis

Which Are the Most Important?

1. Using the Lab Data set provided, open the Analysis Case 5 folder
in it, and find the file WDIAnnotatedData.xlsx.

2. Open WDIAnnotatedData.xlsx using Excel.

3. We are going to answer this question:
Which countries contribute the most to the global
Internet user population? (We will compute it for
2012, the latest year for which we have data.)
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10.
11.
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We are going to need population and Internet users per 100 for
all countries for the year 2012

. Following our practice of not changing the raw data, select the

appropriate columns and rows, create a shaped file in a new
spreadsheet, and label the tab Pareto.

. Delete rows at the bottom of the table that appear after the last

individual country (Zimbabwe).

. Once you have a shaped file with Country Name, Population,

and Internet Users per 100, save the file.

. Create a variable in an empty column to the right and label it

Internet Users. Compute and enter into this new column the
product of Population and Internet Users per 100 to get the
total number of Internet users in each country.

. Compute the sum total of Internet users and populations and

enter it at the bottom of each respective column.

What is the ratio of Internet users to the total
population in the world?

Are you surprised? (You may need to reformat
the cells to easily read the numbers.)

Sort the data file by Internet Users (Figure 5.1).

Create a variable on an empty column on the right and enter a
computed variable of percent Internet users for each country
with respect to the total number of Internet users for the world.
Make the variable a percent with no decimals so it can be read
easily.
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|Country Name IPopuIation Internet Users per 100 Internet Users
Afghanistan 29824536 5.454545455 1,626,793
Albania 2801681 54.65595904 1,531,286
Algeria 38481705 15.22802676 5,860,004
American Samoa 55128 .. " #VALUE!
Andorra 78360 86.43442462 67,730
Angola 20820525 16.93721011 3,526,416
Antigua and Barbuda 89069 59 52,551
Argentina 41086927 55.8 22,926,505
Armenia 2969081 39.16 1,162,692
Aruba 102384 74 75,764
Australia 22723900 79 17,951,881
Austria 8429991 80.02999392 6,746,521
Azerbaijan 9295784 54.2 5,038,315
Bahamas, The 371960 71.74820281 266,875
Bahrain 1317827 88 1,159,688
Bangladesh 154695368 5.75 8,894,984
Barbados 283221 73.32981369 207,685
Belarus 9464000 46.91 4,439,562
Belgium 11128246 80.71999055 8,982,719
Belize 324060 25 81,015
Benin 10050702 4.5 452,282
Bermuda 64798 91.29930452 59,160
Bhutan 741822 25.43 188,645
Bolivia 10496285 355 3,726,181
Bosnia and Herzegovina 3833916 65.35609448 2,505,698
Botswana 2003910 11.5 230,450
Brazil 198656019 48.56 96,467,363

FIGURE 5.1 World Bank data set shaped and ready for analysis.

12.On another empty column to the right, create a computed

variable where you enter the cumulative distribution function
(CDF) results.

13. Highlight the top rows up to the 80% cumulative result
(Figure 5.2).

14. Answer these questions:

How many countries does 80% represent? What
percentage are they of all countries in the world?
Does it fit the 80/20 rule?

15. Plot the CDF for the first 50 countries. What do you notice?
What does it tell you?

16. We see that 25 out of 126 countries (or 20%) contribute 80%
of the world’s total Internet users. In this case, the 80/20 rule
works well (Figure 5.3).
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~_Population

~_Internet Users per 1 ~

29239927
32521143
22723900

55.41605319

Internet User+} Internet User % ~ CDF

19,239,872
18,021,934 1% 81%
17,951,881 1% 82%

FIGURE 5.2 Pareto analysis of 2012 world GDP data showing the countries that
contribute the most to the world’s economy.

4 Countries that contributed the most

=

= =
e ——- 0% 20% 0% 0%
\

China
United States
india
Japan,
Beazil

so%

D 1 o, e e
\

%

South Africa

Malygly

Morocen

Aumtralia

Thaland

Ukraine

Netherlands

Sauch Asabia

Venezuels, k8

Keys
[

1 Pareto analysis
in graphic form

3 Cutoff for the most

FIGURE 5.3 Details of how the Pareto chart is constructed.
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Analysis Case 5.2 — Additional Case Using MOVIES Data

1.

2.

Let’s do an additional exercise to see another way to interpret
a Pareto chart.

Using the Lab Data set, open the Analysis Case 5 folder and
find the file Movies.xlsx.

3. Open Movies.xlsx using Excel.

. Following our practice of not changing the raw data, select all

rows and columns and copy them into the buffer.

. Paste the data into a new spreadsheet and label the tab Work-

ing Data.

6. We are going to answer this question:

Which movies contributed the most revenue to
the industry?

7. Let’s use total revenue as our criteria.

8.

Sort the data file by total revenue.

9. Create total revenue at the bottom of the column.

11.

12.
13.

. Create a variable on an empty column on the right and enter a

computed variable of percent revenue of each movie with re-
spect to the total of all movies. Make the variable a percent with
no decimals so it can be read easily.

On another empty column to the right, create a computed vari-
able where you enter the cumulative distribution results.

Highlight the top rows up to the 80% cumulative result.

Plot the CDF (Figure 5.4). What do you notice? What does it
tell you?
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1 Resulting Pareto
analysis chart

/

/

A\

59050 6165 € 03 0T 8L @ 03 3 O INASUNILAIN I LSLI13) 161

2 What does the
almost linear shape
suggest?

FIGURE 5.4 Illustration of a situation whe

clusion that there is no significant few.

Analysis Case 5.3 — Additional Ca.

re the Pareto analysis leads to the con-

se Using ORDERS

1. Using the Lab Data set and in the Analysis Case 5 folder, find the

file ORDERS.xlsx.

2. Open ORDERS.xlsx using Excel.

3. We are going to answer this question:

Which provinces generated the most orders?

4. Create a Pivot Table of orders by province to tabulate the amount

for each.

5. Sort the Pivot Table provinces by the greatest number of orders

first (Figure 5.5).

6. Note the computed total of all orders.
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Row Labels Count of ORDERID il PROVINCE
Ontario 1826| gort =
British Columbia 1126 . - FIELD NAME
Saskatchewan 913
Alberta g65| Sortby: | Countof ORDERID B CUSTOMERNAME
Manitoba 793| Fitter v PRg\gNCE
REGION
Lz Lol By label: | Choose One <] Armmaimma i
Yukon 542
Nova Scotia 464 il Choose One Y Filters 1l Columns
Northwest Territories 394 Q
New Brunswick 323 (Select All)
Prince Edward Island 211 Alberta
Newfoundland 82 British Columbia
Nunavut 79 Manitoba
Grand Total 8399 New Brunswick
Newfoundland = fows Y Values
Northwest Territories
” fmmbin PROVINCE Count of ORDERID
Drag fields between areas

FIGURE 5.5 How to set up the Pivot Table to tabulate orders by province.

7. Let’s create a Pareto chart using the count of orders by prov-
ince.

8. Create a new variable next to the Pivot Table and enter the
percentage of each province’s orders into it.

9. Then, compute a second new variable as the camulative distri-
bution function.

10. Select the provinces that account for 80% of all orders. Is that
20% of all provinces? Do you see a knee in the curve ( the re-
gion where the curve goes from steep increase to where it starts
to flatten out)?

11.Can you identify the provinces with the “most” orders
(Figure 5.6)?
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Row Labe il of ORDERID g sliklE] CDF
Ontario 1826 22% 22%
British Columbia 1126 13% 35%
Saskatchewan 913 11% 46%
Alberta 865 10% 56%
Manitoba 793 9% 66%
Quebec 781 9% 75%
Yukon 542 6% 82%
Nova Scotia 464 6% 87%
Northwest Territories 394 5% 92%
New Brunswick 323 4% 96%
Prince Edward Island 211 1% 97%
Newfoundland 82 1% 98%
Nunavut 79 1% 98%
Grand Total 8399

Provinces With the Most Orders

0 0.2

Ontario —

British Columbia  n———————
Saskatchewan I

Alberta

0.4

0.6

Manitoba
Quebec

Yukon

Nova Scotia
Northwest Territories
New Brunswick
Prince Edward Island
Newfoundland

Nunavut

0.8

FIGURE 5.6 A Pareto analysis showing which provinces contribute the most

orders to the total.

Analysis Case 5.4 — Additional Case Using SFO Airport

Survey Data

1. Download the latest SFO Airport ACQ Survey data from https:/

www.flysfo.com/media/customer-survey-data.

2. Or using the Lab Data set provided in the Analysis Case 5 folder,
find the file 2016_SFO_Customer_Survey_Data.xls.

3. Open the data dictionary file and have it available to consult as
you work withthe data.
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4. Open the data file using Excel.

5. We are going to answer the following questions:

What are the most frequent destinations of trave-
lers using SFOP What are the most frequent rea-
sons passengers are traveling?

What are passengers” most frequent complaints
about airport cleanliness?

6. For the first question, create a Pivot Table by DESTGEO and

tabulate the number of comments by comment code, filter out
the no comment (code = 0) rows, and sort rows by most frequent
count. Then, perform a Pareto analysis to discover the most fre-
quent destination (Figure 5.7).

DESTGEO Assigned code providing area of the world for which flight is destined

Row Labels -! Count of DESTGEQ

1 1266 41% 41% 1 United States — West (AK, HI, western and most of mountain time zone)
2 549 18% 59% 2 Uniled States - East (Most of eastern tme zone)
4 408 13% 72% 4 Other North America (Canada and Mexico)

3 358 12% B4% 3 United States - Micwest

8 302 10% 93% 8 Asa

6 148 5% 28% 6 Europe

9 28 1% 99% 9 Australia/New Zealand

7 17 1% 100% 7 Middie East

5 9 0% 100% § Central’'South America

Grand Total 3087 100% 200%

FIGURE 5.7 Using a Pivot Table to tabulate count of passengers by DESTGEO and
the resulting Pareto analysis to determine the most frequent destinations.

7. For the next question, create a Pivot Table by Q2 comments,

Q2COMM, and tabulate the number of comments by comment
code; filter out the nocomment (code = 0) rows; and sort rows by
most frequent count. Then, perform a Pareto analysis to discover
the most frequent reasons for their trips.

.For the last question, create a Pivot Table by Q9 comments,

Q9COM1, and tabulate the number of comments by comment
code; filter out the no comment (code = 0) rows; and sort rows by
most frequent count. Then, perform a Pareto analysis to discover
the most frequent complaints about cleanliness (Figure 5.8).
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Q2PURP1 - What is the main purpose of your trip today?

Row Labels |:T| Count of Q2PURP1

2 1286 422% 422% 2 Pleasure/Vacaton/Recreation

1 833 27.5% 69.8% Business/Work/Job Interview

3 624 20.5% 90.2% 3 Visit friends or relatives

5 102 3.3% 93.6% 5 Conferencelconvention

6 99 3.3% 96.8% 6 gifs eunion

4 68 22% 99.1% 4 Schoollschool event

10 14 0.5% 99.5% 10 Escorting others (children/elderlyVpersonal errands/medical purpose
13 10 0.3% 99.9% 13 Moving/immigrationfiraveling between homes
7 4 0.1% 100.0% 7 Other (specify)

Grand Total 3046 100.0% 200.0%

FIGURE 5.8 Pivot Table and Pareto analysis to discover the most frequent type of
airport visitor.

Qacoml Comments about cleanliness

Row Labels |T| Count of Q9COM

i1 B4 53% 53% 1 Airport is dirty/nol as clean as other airports
101 22 14% 67% 101 Restrooms are nol clean/need Lo be cleaned more often
= 8 5% 72% 3 Parxing area not clean

4 B 4% 75% 7 Airport appears dark, drab, which gives it a dirty appearance/dif|
110 B 4% 79% 110 Restrooms very clean

20 5 3% B82%

102 5 3% 86%

202 4 3% 88%

109 3 2% 90%

8 3 2% 92%

5 | 2% 4%

105 2 1% 95%

203 1 1% 96%

104 1 1% 96%

2 1 1% 7%

107 1 1% 7%

13 1 1% 98%

106 1 1% 99%

12 1 1% 99%

39 1 1% 100%
IGram:l Total 159 100% 200%

FIGURE 5.9 Pareto analysis to discover the most frequent complaints about
cleanliness.

9. Make sure to refer to the data dictionary (you may need to use
the Word version) to capture the meanings of the codes to an-
notate your results (Figure 5.9).
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Chapter 6 introduces a business data analysis technique to compare
two continuous variables. Consider three columns in a data table, one
of them a categorical variable and the other two being some numeri-
cal values related to each other. We will use these two variables to
select which category optimizes the other two, and we can ask the
following question: “Which category is best along these two dimen-
sions?” We produce a powerful decision graphic called a 2X2 dia-
gram. We create it such that the coordinates of the “best” categories
always show up in the upper right-hand quadrant of the scatter plot.

Consider an example. We want to buy a car and have many differ-
ent models and brands from which to choose. Those are our catego-
ries. We compile a detailed table of many features for these choices.
We then select two of the numerical columns in the table, such as gas
mileage and cost, which will help us choose the “best” option. We cre-
ate a scatter plot of gas mileage (x-axis) and cost (y-axis) and label each
data point on our graph with each category (brand). Manipulating the
display and making sure we plot the cost variable in reverse order
(low cost is better, so it must show up in the upper right-hand quad-
rant), we produce a decision tool to show us the “best” choices.

This technique answers the business question: “Which are the
best choices?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exercises.

Analysis Case 6.1 — Scatter Plots and 2x2 Analysis

Which Are the “Best”?

1. Using the Lab Data set provided, open the Analysis Case 6 folder
and find the file Companies.xlsx.

2. Open Companies.xlsx using Excel.



7.

8

10.
11.

12.
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. We are going to answer this question:

Which companies have the best profit per em-
ployee and profit per sales ratios?

. Following our practice of not changing the raw data, select the

entire file, copy it as the shaped file into a new spreadsheet, and
label the tab Best Rates.

. Shape the file such that profit/employee and profit/sales are in

two columns next to each other.

. Select the two data columns and insert a scatter plot chart (the

first one in the list).

Compute the maximum and minimum of each column in cells
below the columns. This gives us rough extremes for our 2x2

plot.

. Under the Chart ribbon in the “Charts Quick Layouts,” select

the one with both vertical and horizontal grid lines.

. Right-click on the x-axis, and using “Format Axis” change the

range to go from +50,000 to —50,000 in major units of 50,000.
This gives us only one major division.

Repeat for the y-axis to go from -25 to +25 in major units of 25.

Click on one of the data points and, making sure that all data
points are selected, right-click to select “Format Data Series.”

Under “Marker Fill,” select “Vary color by point.” See Figure 6.1
for an outline of the process and the finished product.
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1 Select the eighth style chart 2 Format the X and Y axis
File Home  Insert  Page layout  Formulas * Format Axis v =
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Solid il -
Gradient fill 30
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® Automatic .
7| Yary colors by point *
94220696531 ©21007.10987 ® 18658.53659 @ 2169001889 ® 37620.15247 ® 13807.7634
Color &~} ©35084 21053 @8280 ® 37800 ©18903.9932 @ .8711.790393 @ 3331560284
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© 5960784314 ©12390.02933 # 8756218905 © -14974 94177 ® 12506 06061 * 9806.377538

FIGURE 6.1 Steps in converting a scatter plot into a decision support 2X2 chart
to determine the “best.”
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13. Now let’s look for the reverse (Figure 6.2):

Which are the worst-performing companies?

G

4120.696531
21007.10987
18658.53659
21690.01889
37620.15247
13807.7634
35084.21053
8280

-37800
18903.9932
-8711.790393
33315.60284
8726.315789
9695.121951
13020.45728
43470.93023
7357.142857
16178.14727
8049.929945
10144.24768
2436.465377
22126.76056
103.4482759
5241.758242
5960.784314
12390.02933
8756.218905
-14974.94177
12506.06061
9806.377538

H

profit/emp -%proﬁt/sales

3.625306982
15.76602182
7.104053489

16.3361494
8.591975776
7.928253025
11.58860958
5.836740448

-23.04799973

11.34191411

-9.038737446

22.49976051
6.966972014
9.100274725
10.99146688
22.32473426
6.917394224
11.53683283
8.542560741
7.218559626
2.110045432
14.53283996
0.021702959
4.704142012
3.436581506
7.196301478
6.035044406
-13.7831341
9.660580524
5.923894196

43470.93023
-37800

22.49976051

-23.04799973

O

N o B Q R

%profit/sales
25

20

15 -

% 6 The worst performing

25

©4120.696531 ® 21007.10987 ®18658.53659 ® 21690.01889 ® 37620.15247 © 13807.7634 @ 35084.21053 @ 8280

©-37800

7357142857 © 16178.14727

©18903.9932 ®-8711.790393 ® 33315.60284 ® 8726315789 ® 9695.121951 © 1302045728  43470.93023

©8049.920045 @ 10144.24768 ® 2436465377 @ 22126.76056  103.4482759 ® 5241.758242

5960784314 ® 12390.02933 © 8756.218905 ® -14974.94177 ® 12506.06061 * 9806.377538

O

FIGURE 6.2 Results of converting a scatter plot into a decision support 2X2 chart

to determine the “worst performing.”

Analysis Case 6.2 — Additional Case Using World Bank Data

1. Using the Lab Data set and in the Analysis Case 6 folder, find
the file WDIAnnotatedData.xlsx.

2. Open WDIAnnotatedData.xlsx using Excel.

3. We are going to answer these questions:

Which of the most populous countries have the
largest Internet penetration (exclude the top three
countries, China, India, and the U.S.)?

Which of the emerging economies (E7 countries)
have the best Internet penetration and the largest
population?
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4. We are going to need population and Internet users per 100 for
all countries for the year 2012.

5. Create a Pareto chart of the most populous countries.

6. Prepare a 2x2 chart of Internet users per 100 and population in
millions to determine the “best” countries (Figure 6.3).

Country Name ~ | %TotalPop COF POP(M)  INT/100

China 19% 19% 1351 4230

India 18% 7% 1237 1258

United States 4% 2%, 314 79.30,

Indonesia a% 45%) 247 14.70

Brazil 3% 48%) 199 4856 Internet User Penetration versus Population for the Most
i & S = 5 Populous Countries (excluding China, India and the US)
Nigeria 2% 53% 169 32.80| 50

Bangladesh 2% 55% 155 575 ¥ o Japan

Russian Federation 2% 57% 143 63.80 & .

Japan 2% 59% 128 86.25

Mexico 2% 61% 121 39.75

Philippines 1% 62% 97 36.24 &

Ethiopia 1% 63% %2 148

Vietnam 1% 65% 89 39.49) o Russla

Egypt, Arab Rep. 1% 66%) 81 44.00

Germany 1% 7% 80 8235 . o

Iran, Islamic Rep. 1% 68%) 76 2750 i
Turkey 1% 69%) 7 4513 . o Brozil
Thailand 1% 70% 67 26.46| = .

Congo, Dem. Rep. 1% 71% 66 168 . . %

France 1% 72% 66 81.44 - .

United Kingdom 1% 73%) 64 87.48 . .

Italy 1% 74% 60 55.83

Myanmar 1% 75% 53 107 L

South Africa 1% 75% 52 41.00

Korea, Rep. 1% 76%) 50 84,07

Tanzania 1% 7% 48 395

Colombia 1% 7% 48 48.98 »

Spain 1% 78%) a7 69.81 a

Ukraine % 79% 46 35.27, e #

Kenya 1% 79% a3 32.10| ©

Argentina 1% 80%| a1 55.80] i

FIGURE 6.3 Elements of converting a scatter plot into a 2X2 chart to determine
which countries “have the largest population with the largest internet penetration.”

7. Use the Internet to discover which countries are considered the
“emerging economies”—the so-called “E7 countries.”

8.Prepare a 2x2 chart of Internet users per 100 and population
in millions to determine the “best” E7 country or countries
(Figure 6.4).

9. Since Excel does not allow you to label the countries directly,
the way to identify the data point is by its coordinates and refer-
ring back to the table. Can you tell which country fits the “best”
criteria?
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Country Name INT USERS/100 POP(M) TOT POP SECTOR
Brazil 49.848 198.656 198656019 E7
China 42.300 1350.695 1350695000 E7
India 12.580 1236.687 1236686732 E7
Indonesia 15.360 246.864 246864191 E7
Mexico 38.420 120.847 120847477 E7
Russian Federation 53.275 143.533 143533000 E7
Turkey 45.130 73.997 73997128 E7
- Internet Users vs. Population for E7 Countries
1400.000
]
®
700.000
L]
L]
® L]
L]
0.000
0.000 30.000 60.000

FIGURE 6.4 Steps in converting a scatter plotinto a 2X2 chart to determine the E7
countries “with the largest population and with the largest Internet penetration.”
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Analysis Case 6.3 — Additional Case Using SFO Airport
Survey Data

1. Use the latest SFO Airport ACQ Survey data downloaded from
https:/hwww.flysfo.com/media/customer-survey-data.

2. Or using the Lab Data set provided in the Analysis Case 6 folder,
find the file 2016_SFO_Customer_Survey_Data.xls.

3. Open the data dictionary file and have it available to consult as
you work with the data.

4. Open the data file using Excel.

5. We are going to answer the following question:
Is there a relationship between how long a pas-
senger waited between flights and his/her overall
satisfaction score?

6. Select the waiting time between flights and the overall satisfac-
tion score (consult the data dictionary).

7. Transfer the two columns of data to another spreadsheet.
8. Normalize the wait time to hours (divide by 60).

9. Make sure all columns are in numeric format and sort the col-
umns by wait time. Delete all rows with nonnumerical data.

10. Create a column coding the wait time in hours to an integer
value. Round it up using the ROUND function.

11. Create a Pivot Table and tabulate the average satisfaction score
and the total number of passengers in each whole hour by wait
time categories.

12. Create scatter plots of wait time versus customer satisfaction
scores and the total number of customers in each category
versus satisfaction scores. Can you answer the question now
(Figures 6.5 and 6.6)?
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Row Countof  Average of
Labels || WAITHRS Q‘IALLO‘ Satisfaction Score vs. Passengers Per Wait Time Category
0 76 3.79] [a.10
1 1086 3.92 ®
2 1082 3.90
3 438 379|400 | @ 65
4 132 3.89
5 65 4.00 1085
6 25 4.08| |50 o
7 18 3.83 @ 122
8 17 az6|| %
9 7] 3.86

380
10 24 3.58 g L o
Grand Tota 2970 3.89

370

3.60 ®

350

0 200 400 600 800 1000 1200

FIGURE 6.5 Scatter plot of how long a passenger waited between flights and their
overall satisfaction score.

il
R ount A - . .
L::oh [] S\IAITI:R'S Q.‘,'::rd Wait Time versus Overall Satisfaction Score
0 76 3.79]| 420
i 1086 3.92
2 1082 3.90|| 410
3 438 3.79 .
4 132 3.89
5 65 4.00]| 00 (]
6 25 4.08
7 18 3.83|| 390 ® . n
8 17 3.76 ! ° J
9 7 3.86]| 550 ! !
10 24 3.58 °
Grand Tota 2970 3.89
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FIGURE 6.6 Scatter plot of wait-time category and overall satisfaction score.
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Chapter 7 introduces predictive analytics and the use of a simple
linear regression model. Consider two columns in a data table of
numerical data. We may ask the question: “how related are these
two variables to each other?” We compute the correlation coetficient
for that. If we find a strong relationship, then we can further ask:
“Can we use one variable to predict the other?” The predicting vari-
able (usually plotted on the x axis) is sometimes called the predictor
or independent variable. The variable being predicted (plotted on
the y axis) is also known as the independent variable. We will make
extensive use of the Analysis ToolPak functions of Correlation and
Regression for these exercises.

Consider an example. We know the gross annual sales of all the
stores in our franchise. We also know the annual profit from each
store. Are these two related? How strongly related? And could we
somehow use the data to build a simple linear model that would gen-
erate the annual predicted profit from a store if I knew its annual
sales? In Chapter 9, we will extend this model to time series, where
the x variable is a date, and we will be able to perform trend analy-
sis and build forecasts. And in Chapter 8 we will use many more x
variables (multiple input variables) to predict sales in a multivariate
regression model.

This technique answers the business questions: “How are two
numerical variables related?” and “Can we use one variable to pre-
dict another?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exercises.

Analysis Case 7.1 — Correlation and Linear Regression

How Are the Variables Related?

1. Using the Lab Data set provided, open the Analysis Case 7 folder
and find the file Companies.xlsx.

2. Open Companies.xlsx using Excel.
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3. We are going to answer these questions:
Is there a relationship between assets and profit/
sales for this group of companies?

Is there a relationship between sales and profits?

4. Following our practice of not changing the raw data, select the
entire file and copy it as the shaped file into a new spreadsheet
and label the tab Correlation Data.

5. Use the Analysis ToolPak to compute the correlation matrix be-
tween all the continuous variables.

6. Select all the continuous variable data columns. Make sure to
select the row headers as well.

7. Go to the “Data” ribbon and select “Data Analysis” and then
“Correlation” from the Analysis ToolPak menu (Figure 7.1).

Data Analysis ? X
Analysis Tools
Anova: Single Factor ~
Anova: Two-Factor With Replication Cancel
Anova: Two-Factor Without Replication
Correlation
Covariance Help

Descriptive Statistics

Exponential Smoothing

F-Test Two-Sample for Variances

Fourier Analysis

Histogram v

FIGURE 7.1 Analysis ToolPak wizard screen showing location of the Correlation
function.

8. Accept the data selection, make sure you analyze by columns,
and then place the results in another spreadsheet. Make sure to
check the “Labels in First Row” box.

9. Which rows are correlated, and which do not appear to be cor-
related? Is this something you can explain (Figure 7.2)?
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A B C D E E G
1 Sales (M) = Profits (M)  # Employ = profitlemp Assels veprofit/sales
2 Sales (§M) 1
3 Profits ($M)  0.88598036 1
4 # Employ 0.9815781 0.88138261 1
5 | profittemp 0.04997715 0.43504546 0.01115282 1
6 Assets 0.98401874 0.87433102 098270521 0.04153197 1
7 | %eprofitsales  0.06410746 048290593 0.061178656 0.91202594 0.06542885 1

FIGURE 7.2 Correlation between assets and profit/sales for this group of companies.

10. If you are wondering how we interpret correlations, here is a
chart that might help (Figure 7.3). This is how we speak about
various levels of correlation. Be mindful these are not hard and
fast ranges but working definitions.

Correlation Strength
1 Strongly positively correlated
0.7
0.7 Positively correlated
0.4
04 Positive weakly correlated
0.2
0.2 Not correlated
0
0 Not correlated
-0.2
0.2 Negatively weakly correlated
0.4
04 Negatively correlated
-0.7
-0.7 .
1 Strongly negatively correlated

FIGURE 7.3 Categories of correlation strength (approximate).

11. Now let’s compute the linear relationship between sales and
profit. Go to the “Data” ribbon and select “Data Analysis” and
then “Regression” from the Analysis ToolPak menu (Figure 7.4).
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Regression ? X
Input Y Range: $DS1:$D$31 [
Cancel
Input X Range: $C$1:5C$31 [
Help
Labels [ constant is Zero
|:| Confidence Level: 95 %

Output options
@® Qutput Range: $J$12 )
O New Worksheet Ply:
O New Workbook

Residuals
D Residuals D Residual Plots
D Standardized Residuals ijne Fit Plots|

Normal Probability
[] Normal Probability Plots

FIGURE 7.4 Analysis ToolPak wizard setting to perform a linear regression analysis.

12. What is the linear regression between sales and profits
(Figure 7.5)?

o, O
Sales ($M) Line Fit Plot =
5000 4
4000 [ ] %
*
3000
s
2 ’ o)
SUMMARY OUTPUT £ =0 # Profits (SM)
E . M Predicted Profits ($M)
Regression Statistics 1000 * e
Multiple R 0.885980364 '.
R Square 0.784961205
Adjusted R Si 0.777281248 9
Standard Errc 368.6014211 T‘ 1000020000 30000 40000 30000 60000 70000
z *
Observations 30 1000
Sales ($M)
ANOVA o]
df SS MS F Significance F
Regression 1 13886839.52 13886839.52 102.2090628 7.55806E-11
Residual 28 3804276.214 135867.0076
Total 29 17691115.73
Coefficients Standard Error t Stat P-value Lower 95%  Upper 95% ower 95.0%pper 95.0%
Intercept 99.28172116 75.72753801 1.311038544 0.200495628 -55.8391085 254.402551 -55.8391 254.4026
Sales ($M)  0.061295623 0.006062961 10.10984979 7.55806E-11 0.04887621 0.07371503 0.048876 0.073715

FIGURE 7.5 Computed regression analysis to predict profit from the sales data.
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13. Predict the average profit for a $5,000 sale.

14. Note the data point by itself at the extreme right. That is an
outlier. To view the rest of the data in greater detail, remove
this outlier row of data and create a new chart (Figure 7.6).
This spreads the remaining data points, and the shape of the
data can be seen more clearly.

(o] O O
Sales ($M) Line Fit Plot
2000
1500 | *
||
1000 . L4 el
SUMMARY OUTPUT o 5 " [ ] ®
é 500 * . ~ # Profits ($M)
Regression Statistics g ’ B Predicted Profits (SM)
Multiple R 0.727593 0 4'.; ; ;
R Square 0.529391 0 000 4000 6000 8000 10000 12000 14000
Adjusted R 0.511961 -500 ¢
Standard E 333.2941 *
Observatiol 29 1000
I | sales ($M)
ANOVA O O O
df SS MS I ignificance F
Regressior 1 3373922 3373922 30.37245 7.74E-06
Residual 27 2999293 111084.9
Total 28 6373216
Coefficientsandard Err  t Stat P-value Lower 95%Upper 95% ower 95.0%pper 95.0%
Intercept -97.2449 100.0923 -0.97155 0.339897 -302.617 108.1275 -302.617 108.1275
Sales (§M) 0.116002 0.021049 5.511121 7.74E-06 0.072814 0.15919 0.072814 0.15919

FIGURE 7.6 Computed regression analysis to predict profit from the sales data
with the outlier removed.

Analysis Case 7.2 — Additional Case Using ORDERS

1. Using the Lab Data set and in the Analysis Case 7 folder, find
the file ORDERS .xlsx.

2. Open ORDERS.xlsx using Excel.

3. We are going to answer these questions:
What is a linear regression model of sales to pre-
dict profit?

How much average profit do we predict for a
$5,000 sale?
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4. Using the Analysis ToolPak compute the linear regression pre-
dicting PROFIT from SALES (Figure 7.7). Be sure to remove

the outliers.

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.42515406
R Square 0.18075597
Adjusted R S 0.18065593
Standard Err 625.198619

PROFIT

SALES Line Fit Plot

SALES

Observation: 81591 * PROFIT ™ predicted PROFIT
ANOVA
df S5 MS F Significance F
Regression 1 706230174 706230174 1806.8007 0
Residual 8189 3200861559 390873.313
Total 8190 3907091733
Coefficients itandard Erro t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept -99.835744 821012596 -12.160075 9.8955E-34 -115.92967 -83.741814 -115.92967 -83.741814
SALES 0.1402457 0.0032994 42.5064783 0 0.13377804 0.14671335 0.13377804 0.14671335
Profit = mX Sales +b
$ 4041 0.1402457 S 1,000.00 -99.835744

FIGURE 7.7 Computed regression analysis to predict profit from the sales data

using the ORDERS data.

Analysis Case 7.3 — Additional Case Using SFO Airport

Survey Data

1. Use the latest SFO Airport ACQ Survey data downloaded from
https:/iwww.flysfo.com/media/customer-survey-data.

2. Or using the Lab Data set provided in the Analysis Case 7 folder,
find the file 2016_SFO_Customer_Survey_Data.xls.
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3. Open the data dictionary file and have it available to consult as
you work with the data.

4. Open the data file using Excel.

5. We are going to answer this question:
Which survey question scores for individual areas
of the airport correlate with each other and which
correlate with the overall score?

6. Use all the scores in the Q7 columns and compute the correla-
tion matrix using the Analysis ToolPak (Figure 7.8). There is a
slight problem with the data in that “0” and “6” responses are not
indicative of poor or excellent ratings, but removing these scores
does not give us enough working rows, so we must take the cor-
relations with some misgivings. At least it gives us an indicator,
as imperfect as it may be.

7. Which sub-questions appear to be correlated to the overall score
and to each other?

Q7ART 1.0000
Q7FOOD 04176
Q7STORE 04130
Q7SIGN 0.3564

QTWALKWAY 0.3964
Q7SCREENS 0.3684
Q7INFODOW  0.3638
Q7INFOUP  0.3439
Q7TWIF1 03134
Q7ROADS 02682
Q7PARK 0.2537
Q7AIRTRAIN 02701
Q7LTPARKIN 0.2461
Q7RENTAL 02488
Q7ALL 0.2936

1.0000
0.6064
03540
0.3634
0.3466
0.3003
0.2019
0.3072
0.2595
02211
0.2051
0.2033
0.1864
0.3182

1.0000
0.3828
0.4064
0.4000
0.3468
0.3128
0.3500
0.2951
0.2845
0.2687
0.2626
0.2538
0.3213

1.0000

0.5874
0.3532
0.3521
0.3320
0.3098
0.2402
0.2568
02362
0.2396
0.4055

1.0000
0.6031
0.3935
0.3993
0.3877
0.3358
0.3005
0.3045
02744
0.2803
0.3994

1.0000
04177
04154
0.3412
0.3522
0.2960
0.3083
0.2750
0.2610
04120

1.0000

0.3911
0.3285
0.3980
0.3568
0.3950
0.3149
0.2706

1.0000
0.4063
0.2087
0.3748
0.3437
0.3687
0.3195
02775

1.0000
0.3347
0.3627
0.3288
0.3538
0.3057
02799

1.0000
06643
0.5968
05819
05767
0.3393

1.0000
0.6692
0.7948
0.6276
0.3000

Q7ART _Q7FOOD Q7STORE Q7SIGN Q7WALKWAYS Q7SCREENS Q7INFODOWN Q7INFOUP Q7WIFI Q7ROADS QTPARK QTAIRTRAIN Q7LTPARKING Q7RENTAL QFALL

1.0000

0.6963 1.0000
0.7243 0.7037 1.0000
0.3305 0.3068 0.3195_1.0000

FIGURE 7.8 Correlation matrix of scores for customer satisfaction with individual
areas of the airport to each other and to the overall satisfaction score.
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Chapter 8 extends the work of Chapter 7 into the advanced predic-
tive analytic topic of multivariate regression. Consider as before sev-
eral columns of numerical data from our data table. Now we have
not just one predicting (x) independent variable, but several, and still
only one predicted (y) dependent or outcome variable. We may ask
the question: “How related are all these variables to each other?” To
answer that question, we compute the correlation coefficient matrix
and see which input variables are most correlated to the intended
outcome variable. We will use in our model only input (x) variables,
which are most correlated to the outcome variable (y). This action
is called variable reduction to the most important ones. Using only
those that have a strong correlation to the intended y-variable, then
we can further ask: “Can we use all those input x-variables to predict
the outcome y-variable?” We will make extensive use of the Analysis
ToolPak functions of Correlation and Regression for these exercises.

Consider an example. We know the gross annual sales of all the
stores in our franchise, the square footage of each store, the amount
of advertising we spend for each store, the inventory carried per store,
and the size of the market. We also know the annual profit from each
store, as we did in Chapter 7. Are these all related? How strongly are
they related? Further, can I somehow use all the input columns for
the data table to build a sophisticated linear regression model that
will generate the annual predicted profit from a store given levels
of inventory, sales, size of the store, advertising budget, market, and
competition levels? In the next chapter, we will extend this model
to time series, where the x variable is a date, and we will be able to
perform trend analysis and build forecasts.

This technique answers the business questions: “How are many
input numerical variables related to a numerical outcome variable?”
and “Can we use many of the input variables to predict the outcome?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exercises.
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Analysis Case 8.1 — Multivariate Regression

Predictive Modeling

1. Using the Lab Data set provided, open the Analysis Case 8 folder
and find the file Franchises.xlsx.

2. Open Franchises.xlsx using Excel.

3. We are going to answer these questions:

What factors affect sales in the franchises, and
how?

Can we create a model so we design a store size
given certain demographics that allow us to
achieve a certain level of sales?

4. Following our practice of not changing the raw data, select the
entire file and copy it as the shaped file in a new spreadsheet,
and label the tab Model.

5. Make sure the file is properly shaped by having the dependent
variable (SALES) to the left of the independent variables (SQFT,
INVENTORY, ADVERTISING, FAMILIES, STORES), and
make sure that the independent variable columns are contigu-
ous. Excel regression analysis requires this.

6. Invoke the Analysis ToolPak and select the “Regression” func-
tion. For the y-variable, use the SALES data (make sure to in-
clude the column header and checkmark the “My data has head-
ers” box). For the x-variable, use all the data in the independent
variable columns (also include headers). You will want to check-
mark the “My data has headers” box.

7. You can put the results on another spreadsheet or right next to
our datatable. For now, select a cell next to the table (Figure 8.1).
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1 Dependent variable we 2 Shape the file so the independent 3 Use Excel Analysis

are trying to explain variables are in contiguous columns ToolPack Regression function
AR u___’zﬁf___s__, e H | J K L Y
SALES/SQFT INVENTORY ADVERTISING FAMILIES STORES | =
{ 231 Tm___-gg} _____ .:-gg.__.}ﬂg.___ﬁ_ Regression ? X
B 15801220, == g = % ks,
, 101056 149 300 430 155 PE E
| 519 |550 600 1200 1610 1Y | meutyRange $As1AS28 T
| 437 14.40 567 1060  14.10 5 i
! 487 14.80 571 11.80 4 P& Range: 585157528 *
, 299 1410 10  10.10 105 Help
| 19543 347 770 840 12 | | Eisbes [ constant s Zero
201120 212 3.30 2.10 15 1 fidence Level s %
: 68 :o 60 102 4.90 4.70 8 "/
\ 570 440 788 1740 1230 1 Ao e
| 428 14.20 577 1050  14.00 il pror Py
| 464 14.70 535 1130 15.00 3 4 @® Qutput Range: ]
15 :1&0 163 250 250 14 | O New Worksheet Bly:
\ 65,120 168 470 330 1
| 981160 151 460 2.70 10 1 O New torkbook
! 398 14.30 342 550  16.00 4 ! Residuals
| 161 :jso 196 720 630 13 | | E3gesduss (] Resiuai Plots
| 397 ,3.80 453 1040  13.90 7 1 | [ swndardized Resicuais [ Line Fit Plotd
1 497 19.30 518 1150 1630 13
: 528 '4.60 615 12.30 16.00 0 : Normal Probability
99,480 278 280 650 14 | | [ omal Probabity plots
105,410 142 3.10 1.60 12
1347 13%60 461 960 1130 6,
, 341138 382 980 1150 &
| 507 1510~ = = $90= = = = =180~ = = #670- - = = 0
| 400 1860 517 700 1200 8

FIGURE 8.1 Steps in a Multivariate Linear Regression analysis to predict SALES
from the other franchise store factors.

8. Analyze the results.

9. How much of the variation in the SALES data can be explained
by the model? (See R-squared.)

10. How confident are you in the validity of this model? (See Sig-
nificance F.)

11. What are the relationships between SALES and the other fac-
tors? (See Coefficients.)

12. Build a linear model using the intercept and the coefficients
under the data on the spreadsheet.

13. How confident are we on each coefficient? (See P-value.)

14. What does the model predict the sales for the first store will be,
and how far off is it compared to actual data (Figures 8.2 and 8.3)?
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x variables combined 2 Since this is less than .05 we are 95% confident

explain 99% of (te variations in SALES  that we have a good model to explain SALES

SUMMARY OUTPUT
ression Statistics
Multiple R 0. 3914
R Square 0.993179497
Adjusted R Square 0.991555568
Standard Error 17.64924165
Observations 27
ANOVA
ar SS MS | Significance F
Regression 5  952538.9415 190507.7883 611.5003672  5.39731E-22
Residual 21 6541.410344 311.4957306
Total 26 959080.3519
Coefficients __Standard Error T Stat P-value _ Lower 95% _ Upper 95%  Lower 95.0% Upper 95.0%
Intercept -18.85941416  30.15022791 -0.625514812 0.538372333 -81.56024554 43.84141723 -81.56024554 43.84141723
SQFT 16.20157356  3.544437306 4.570986073 0.000165985 8.830512669 23.57263445 8830512669 23.57263445
INVENTORY 0.174635154  0.057606068 3.031540961 0.006346793 0.054836778 0.294433531 0.054836778 0.294433531
ADVERTISING 11.52626903 25321033 4.55205324 0.000173652 6.260471952 16.79206611 6.260471952 16.79206611
FAMILIES 13.5803129  1.770456609 7.670514392 160543E-07 9.898446822 17.26217897 9.898446822 17.26217897
STORES -5.31097141 1.70542654 -3.114160174 0.005248873 -8.857600053 -1.764342766 -8.857600053 -1.764342766

4 Use these coefficients to code a
predictive equation for SALES

3 Since all of these are less
than .05 we are 95% confident
that they all make a strong
contribution to SALES

SALES =-18.9 + SQFT *16 .2 + INVENTORY *..18 + ADVERTISING *11.5 + FAMILIES *13.6 - STORES *5.3

FIGURE 8.2 Steps in creating a linear regression model to predict SALES.

| 8
H

SQFT Line Fit Plot ADVERTISING Line Fit Plot
1000 | 1000
- ‘-f - *sALES g o .-l" *sALES
g 500 1o WPredited saLes %o 500 1000 1500 000 WP SALES
saFt ADVERTISING
INVENTORY Line Fit Plot FAMILIES Line Fit Plot
1000 1000
R R I SR
oy 00 1000 WPredicted saLes oo 500 1000 1500 200 MPrecicied SALES
INVENTORY FAMILES

STORES Line Fit Plot
2 The only one that
impacts SALES

@ SALES

20 WPredicted SALES

1 A quick review of these graphical displays reveals that as you
increase all these variables the SALES should increase, except in
those regions where there are more competitors (STORES). Which
makes sense—note the outlier.

FIGURE 8.3 Line fit plots of SALES against each of the other variables to visualize

dependencies.
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15. Let’s use the model to do some analysis. We are going to answer
this question (Figure 8.4, Answer A):

We just opened a store in a neighborhood with
5,000 families. The store is 5,000 square feet. We
are planning to spend $5,000 a month on adver-
tising. We carry $250,000 in inventory, and there
are five competing stores in the neighborhood.
What are the projected sales? (Hint: Use the in-
formation in the data dictionary to normalize the
variables properly and use the model equation.)

16. Let’s do it again in reverse. Build a linear regression model to
predict the level of advertising needed when given all the other
parameters as input. Then answer the following question (Fig-
ure 8.4, Answer B):

We want to open a 10,000 square-foot store and
realize $500,000 a month in sales in a neighbor-
hood with 10,000 families. We are planning to
spend $10,000 a month in advertising. We carry
$500,000 in inventory, and there are 10 compet-
ing stores in the neighborhood. How much should
we spend monthly on advertising to realize our
expected sales? (Hint: Use the model equation in

reverse.)

SALES |Intercept |SQFT |INVENTOHADVERTISING |FAMILIES |STORES
Factor| 1000 1000 1000 1000 1000 1]
Model 18.86] 1620 017 1153 1358 531
5000{ 250000 5000 5000 5
B 250 g : :
A= 20479 -18.86 81.01 43.66 57.63 67.90 -26.55
500000 10000{ 500000 10000 10000 10
500 10 500 10 10 10

B= 500 -18.86] 162.02 87.32 186.83 135.80 -53. 11

FIGURE 8.4 Results of implementing the prediction models and using them to
predict SALES (A) and ADVERTISING budget (B).
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Analysis Case 8.2 — Additional Case Using SFO Airport
Survey Data
1. Use the latest SFO Airport ACQ Survey data downloaded from
https:/hwvww.flysfo.com/media/customer-survey-data.

2.Or use the Lab Data set provided in the Analysis Case 8 folder
and find the file 2016_SFO_Customer_Survey_Data.xls.

3. Open the data dictionary file and have it available to consult as
you work with the data.

4. Open the data file using Excel.

5. We are going to answer this question:

Create a multivariate regression model to predict
the overall score Q7ALL someone will give based
on the selected sub-question scores (Q7TFOOD,
Q7STORE, Q7SIGN, Q7SCREENS, and Q7WIFI).

6. To remove the problem of “0” and “6” scores, which should not
be entered into a predictive model, delete all rows that have
either a “0” or a “6” in any one column. Hopefully, this leaves
enough response rows to make a good model. The annotated
table should leave behind more than 50% of the original rows.

7. Which sub-questions appear to be correlated to the overall score
and to each other?

8. Create a multivariate linear regression model (MLR) to predict
the Q7Overall score given the scores in the other sub-questions

(Figure 8.5).

Q7FO0D Q7STORE Q7SIGN  Q7SCREENS  Q7WIFI Q7ALL
Q7FO0OD 1
Q7STORE 0.731997549 1
Q7SIGN 0.427234991 0.488058325 1
Q7SCREENS 0.383900176 0.461138682 0.65135207 1
Q7WIFI 0.279202617 0.34126677 0.364280253 0.417162354 1
Q7ALL 0.552854283 0.589888806 0.580720276 0.60893587 0.451092385 1

FIGURE 8.5 Correlation matrix of customer satisfaction scores for individual
areas of the airport to each other and to the overall satisfaction score.
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9. Test your model by predicting the Q7Overall score when some-
one gives all “5s” and all “1s” in the sub-questions and see how
close to 5 and 1 you come in each case (Figure 8.6).

SUMMARY QUTPUT Coefficient  Question Score mxScore
014625745 Q7FOOD 5 0.73128717
Regression Statistics 014016941 Q7STORE 5 0.70084706
Multiple R 0.74627557 0.16402378 Q7SIGN 5/ 0.8201189%3
R Sguare 0.55692723 022692269 Q7SCREENS 5 113461346
Adjusted R Sc 0.555712 0.11044371 Q7TWIFI 5| 0.55221857
Standard Erro 048109158 0.84331156 INTERCEPT 0.84331156
Observations 1828 ar= SUM 4 88239685
ANOVA
df 58 MS E Significance F
Regression 5 530353671 106.070734 458289657 0
Residual 1823 421931731 023144911
Total 1828 952 285402
Coefficients Standard Error ! Stat P-valug Lower 95% | Upper 95% | Lower 95.0%  Upper §5.0%
Intercept 094331156 0.06657284 141695933 2.5751E-43 081274429 1.07357882 0.81274428 1.07387882
Q7FO0D 014625745 001721871 B49410166 4 077TE-17 011248689 0.180027%2 0.11248699 0.18002792
Q7STORE 014016941 0.01804184 T7.36120621 2.7446E-13 01028237 017751513 01028237 017751513
Q7SIGN 016402378 001828787 B.O6895242 7.2405E-19 01281564 0.19888117 0.1281564 0.19989117
Q7SCREENS 022692269 001882836 12.0521768 3.0649E-32 0.18998527 026385011 0.18998527 026385011
Q7TWIFI 0.11044371  0.01237043  B.92803845 1.033E-18 0.086182 013470543 0.086182 013470543

FIGURE 8.6 Multivariate linear regression model to predict overall customer satis-
faction from satisfaction scores in selected areas of the airport operation.

10. Note that the “P-value” of all coefficients is very, very small
(less than .05), which means that all sub-question scores are
significant and highly related to the overall score.



CHAPTER 9

FORECASTING AND TIME
SERIES
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Chapter 9 extends the work of Chapter 7 and applies it to time series
analysis. Consider the situation where one of the data columns in
our table is a date variable. We can use that as the x-axis in a scatter
plot with the y-axis being one or more numeric columns of data, and
each column will show up as a series. The resulting plot ceases to be
a scatter plot, and now we call it a time series. We can then model
each time series plot with a regression model. The simplest is a linear
model, and it is plotted as a trendline. The Excel plotting function
will also give us the equation of the trendline, which we can use to
interpolate or extrapolate (also called a forecast). Excel allows us to
extend the trendline graphically into future periods, which is very
useful. Sometimes when we observe the resulting trendline, we see
it does not fit very well. Excel provides other regression models, such
as exponential and moving averages, which might give a better fit. We
exercise all these options in the exercises in the chapter.

This technique answers the business questions: “What is the
trendline for this time series?” and “Can we forecast into future time
periods? What is the nature of the trend: linear, exponential, or some
other form?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exercises.

Analysis Case 9.1 — Forecasting and Time Series

Predicting Trends and Future Values

1. We can use linear regression and other forms of curve fitting to
create forecasting models.

2. Using the Lab Data set, and in the Analysis Case 9 folder, find
the file WDISelectedData.xlsx.

3. Open WDISelectedData.xlsx using Excel.
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4. We are going to answer these questions:

What is the growth rate of the Chinese GDP and
the growth rate of the U.S. GDP? When do you
project the Chinese GDP to catch up with the
U.S. GDP?

5. Following our practice of not changing the raw data, we are go-
ing to create a shaped file for our analysis in a new spreadsheet.
Select the title row for the file and enter it into a new spread-
sheet. Repeat for the GDP data rows for the U.S. and China.
You should have a simple table (Figure 9.1):

| — Bl C D 3 F G | H 1 [ ] K

1 |Series Name  Series Code Country Name¢ Country Code 2000 [YR2000 2001 [YR2001 2002 [YR2002 2003 [YR2003 2004 [YR2004 2005 [YR2005 2006 [YR2006 204
|L 2 | GDP (current  NY.GDP.MKTF China CHN 1.1985E+12 1.3248E+12 1.4538E+12 1641E+12 19316E+12 2.2569E+12 2.713E+12 3,
I ”3” _|GDP {current  NY.GDP.MKTF United States USA 1.0285E+13 1.0622E+13 1.0978E+13 1.1511E+13 1.2275E+13 1.3094E+13 1.3856E+13 1

a2

FIGURE 9.1 Scraped and cleaned data for the U.S. vs. China GDP analysis.

6. To create a properly shaped file, delete the first two columns
and the column with country abbreviations.

7. Replace the dates on the top row with simple dates (2000, 2001,
2002, etc.).

8. Create another two rows with the country data normalized by
dividing by 1 trillion (1,000,000,000,000). This gives us num-
bers we can easily recognize.

9. Swap China and the U.S. so the U.S. is in the first row of data
(so the colors of the resulting bars are semantically correct, and
the colors associated with each country are what the viewer is
expecting).

10. Select the data rows and insert a bar chart into the spreadsheet.
Enter the titles of each series and put the dates into the x-axis.

11. Move the legend on the chart to the bottom.
12. Now let’s create a predictive model.

13. Right-click on the U.S. data points on the chart (make sure all
data points for the U.S. series are selected). Click on “Add a
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14.

1S5.

16.

17.

Trendline.” Make sure also to click to have the R-squared fac-
tor added. You will get a linear model (Figure 9.2).

Repeat for China. Make it a linear model as well. What is the
R-squared factor for each linear model? Acceptable? Does the
linear model look like a good fit for China’s GDP trend?

Click on the data for China once again and add another trend-
line. Select an exponential model for this new trendline. Make
sure to ask for R-squared, and change the color of this trend-
line to red. Does it fit the data better?

Now let’s use these as forecasts. Click on the U.S. linear model
and select “Format Trendline.” In the middle of the dialog box,
you can add a forecast. Note that the data is in years. That in-
dicates that the “periods™ in a forecast will be “years.” In the
trendline dialog box, find the “periods” section and enter five
periods (years in this case). Repeat for the Chinese exponential
model. Where do the lines cross? What is the answer to our
question?

Repeat for the Chinese GDP linear model and see what sort of
five-year forecast it creates (Figure 9.3).
* Format Trendline
1 Dialog for adding a g i
trendline to the chart £l < ih
4 Line
- ; I e 5 Format color and type
fomaet Hencin ® :om . of line for the display
B e ;vradlenl line
) — Automatic
o - Color Z-
S O B -
@ Polynomial Width 15pt
L2 © rower \
&£ © ovng e -~ 2 Select the type of
Tranchine teme. trendline (linear is default)

G . 3Use “Forward” to
o [ | forecast into the future
Backward 00 periods

Set ntercept | 4 Select display of the

Display Equation on charty__—— | | equation and R-squared

v Display R-squared value on chart

FIGURE 9.2 Using dialogs to add and format the trend line.
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25

1 Using the completed forecast models we see that
China GDP caught up to the US GDP by 2017

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

NN United States WM China ——Linear (United States) ~———Linear (China) ——Expon. (China)

FIGURE 9.3 Steps in creating forecasts to compare U.S. and Chinese GPD and
analyze crossover.

Analysis Case 9.2 — Additional Case Using ORDERS

1. Using the Lab Data set and in the Analysis Case 9 folder, find
the file ORDERS .xlsx.

2. Open ORDERS.xlsx using Excel.

3. We are going to answer these questions:

What is the yearly sales forecast for the past four
years?

What is the overall sales trend?

Can we identify a province that is contributing
the most to that trend?

4. Create a Pivot Table of the entire ORDERS table. Select OR-
DERDATE as the rows and tabulate the sum of the SALES vari-
able. Now, every order date for each sale is considered to be a cat-
egory, so the Pivot Table has thousands of rows. We can aggregate
them by year (or by month or by month and year) by using a func-
tion in Pivot Tables that does that. In the Pivot Table “Format”
ribbon, find the “Group by” function. With any one of the dates
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selected in the Pivot Table, invoke the function and select “group
dates by Year.” You should get a short table with four years and the
sum of sales for all stores for all years (Figure 9.4).

Row Labels B Sum of SALES
2009 4209139
2010 1 3sasee

Grand Total

By:
Seconds
Minutes
Hours
Days
Months
Quarters
Years.

Cancel

2011 3,436,817
2012 3,719,964
14,915,601

Grouping

Starting at:  1/1/2009
Ending at: |12/31/2012

Number of days: 1

FIELD NAME

ROWID
ORDERID

| ORDERDATE
ABRERDRINTARITY

¥ Filters

= Rows

ORDERDATE

1l Columns

Y Values

Sum of SALES

‘ m

Drag fields between areas

FIGURE 9.4 Pivot Table parameters to compute the sales forecast for the last four

years of total sales.

5. Create a line chart of the yearly sales totals and add a trendline

(Figure 9.5).

What does the trendline tell you about overall

sales?

Row Labels [ Sum of SALES

2009 4,209,139
2010 3,549,681
2011 3,436,817
2012 3,719,964
Grand Total 14,915,601
Yearly Sales All Stores 2009-2012
4,500,000
4,000,000
3,500,000
3,000,000
2,500,000
2,000,000
1,500,000
1,000,000
500,000
0
2009 2010 2011 2012

FIGURE 9.5 Plot of four years of total sales with added trendline.
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6. There is a downward trend in sales. We can do a little digging
and discover which province is responsible, or if all provinces
are having a yearly loss in sales.

7. Let’s create a Pivot Table with yearly sales (rows) for each prov-
ince (columns). This would be a very busy chart, so we can limit
the table to those provinces that have the most sales. Yes, that
means performing a Pareto analysis. Fortunately, we did that
in Analysis Case 5. Refer to that exercise. There were six out of
the 12 provinces that contributed the most to annual sales. Let’s
restrict it even further by selecting the top four contributors
(Alberta, British Columbia, Ontario, and Saskatchewan). We
can do this by selecting the filter on columns and then selecting
only these four provinces.

8. It’s not easy to create a line chart with so many series, as the
table is displayed, so we have to copy the table to another
spreadsheet. But when you paste it in, use “Paste Special” and
checkmark the “Transpose rows and columns” box. This will
paste it in a format that will make it easier to create the proper
line charts.

9. Create line charts of all sales for the top four provinces from
2009 to 2012. Put total sales on a separate axis so the province
trends are easily observed.

10. Add trendlines to all series (Figure 9.6).

Which province seems to be contributing the most
to the total sales decline trend?
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Date 009 010 011 012
Alberta 482,247 356,161 450,166 416,216
British Columbia 563,596 495,629 390,622 442,911
Ontario 905,639 772,618 656,742 728,213
Saskatchewan 455,750 253,847 324,917 429,942
Grand Total 2,407,233 | 1,878,256 | 1,822,447 | 2,017,282

Sales Trends For Top Four Provinces
1,000,000 3,000,000
900,000

2,500,000
800,000

- Ontario —
700,000 T ot

N 2,000,000
Grand Total

600,000

British Columbia

500,000 1,500,000

400,000

Saskatchewan 1,000,000
300,000

200,000

500,000

100,000

2009 2010 2011 2012

FIGURE 9.6 Chart showing the sales trends by province.

11. Perhaps displaying the monthly sales would be more useful and
give us more insight.

12. Repeat the process but now group the ORDERDATE rows by
Month and Year.

13. Note that now the years and months are part of the table (Fig-
ure 9.7).
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Row Labels [ Sum of SALES

2 L ]
Jan 516302.9595
Feb 3324806365
Mar 411628729 |
Apr 393276482
May 230145538
Jun 263456.068
Jul 380503.97 |
Aug 329754.715 |
Sep 3252923145 |
Oct 361555.2665 |
Nov 248933426
Dec 415809.3505

B 1
Jan 336526.6805 |
Feb 271580.508
Mar 217808.0065 |
Apr 266968589
May 283534.285
Jun 293080.665
Jul 229885.4985 |
Aug 207937.009| |
Sep 418343.2785
oct 365251.985
Nov 280670.3455
Dec 368093.954

)
Jan 251467.228
Feb 299890.141
Mar 296035.871
Apr 288213397
May 262628.495
Jun 187740.8455

Grouping

Starting at: | 1/1/2009
Ending at:  12/31/2012

By:

Seconds
Minutes
Hours
Days
Months
Quarters
Years

Number of days: 1

Cancel

# |

FIELD NAME Q

I

| ORDERDATE

| ORDERPRIORITY
| ORDERQUANTITY
SALES

||

I

</

Y Filters 1l Columns

S

' = Rows ¥ Values

Years Sum of SALES

ORDERDATE

Drag fields between areas

FIGURE 9.7 Pivot Table configuration for tabulating SALES by month.

14. Create a table for the line chart. Paste the two columns from
the Pivot Table to another sheet, remove the date rows, and
add a month-year variable. Then add a trendline (Figure 9.8).

15. We can see the same downward trend here. But what else do

you notice?
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DATE MONTH SALES

Jan-09| Jan Do Total Sales Trend 2009-2012

Feb-09 Feb 332,481

Mar-09  Mar 411629 | 0

Apr-09  Apr 393,276

May-09 May 230,146

Jun-09  Jun 263,456

Jul-09  Jul 380,504 T

Aug-09  Aug 329,755

Sep-09 Sep 325,292

Oct-09 Oct 361,555

Now-09 Nov 248,933

Dec-09 Dec 415,809 400,00

Jan-10 Jan 336,527

Feb-10 Feb 271,581

Mar-10 Mar 217,808

Apr-10 Apr 266,969 i
300,000

May-10 May 283,534

Jun-10  Jun 293,081

Jul-10 Jul 229,885

Aug-10 Aug 207,937

Sep-10 Sep 418,343 200,000

Oct-10 Oct 365,252

Nov-10  Nov 290,670

Dec-10 Dec 368,094

Jan-11 Jan 251,467

Feb-11 Feb 299,800 | '00%

Mar-11  Mar 296,036

Apr-11  Apr 288,213

May-11  May 262,628

Jun-11  Jun 157,741

Jul-11 Jul 287,905 g2 g

Aug-11  Aug 274,578 L]

Sep-11 Sep 276,050

FIGURE 9.8 Trendline of monthly SALES data.

16. There is a lot of variability to the monthly data. In addition,
there is no discernible cyclicality to the data. So, this chart is
not as useful as the simpler yearly data in discovering trends.

17. And if we tried the same analysis for the top four provinces
compared to total sales but monthly, the chart gets even more
confusing (Figure 9.9). One must produce both types of charts
to see which one yields greater insight. Given that it was not
insightful, this last chart does not need to be further formatted
with chart title, series names, axes titles, and so on.
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DATE Alberta _British Colui Ontario _Saskatchewan Grand Total
Jan-08  Jan 61598 35684 112336 69692 279311 Chart Title
Feb09 Feb 39610 6649 72,714 25073 203893
Mar-09  Mar 29,406 34,563 50,142 65,046 179,157 amm wm
Apr-09 Apr 1,932 66323 126484 49245 253,985
May-03  May 55310 27,600 49,540 23,065 155,515
Jun-09 Jun 18478 26672 81642 13334 140126 o
Jul-09 Jul 79,664 44,484 71,201 62,961 258,310
Aug09 Aug 67,287 83141 25265 34200 209,892 50.0m
Sep09 Sep 52,791 44208 85608 28595 211,203
0ct-09 Oct 27509 30,698 66083 40,855 165,235 .
Nov-09  Nov 3515 49344 81768 31,96 166553
Dec09 Dec 35057 54204 82,854 11,758 183962
Jan10 Jan 42052 66243 54589 19,384 182,268 000
Feb-10 Feb 23,477 44,457 40,296 49,009 157,238 i 11
Mar-10  Mar 16477 10030 50781 15,962 93,251
Apr10 Apr 91495 47,325 41547 1,639 192,007
May-10 May 3,025 40830 31,788 21,363 125,005
Jun-10 Jun 12,987 74208 77,883 5899 171,066 . <o
Jul10 Jul 33849 37882 6594 6,655 144,310
Aug-10 Aug 7,805 20181 33903 25,671 87,560
Sep-10 Sep 45,904 36,802 140,875 22,008 245,589
Oct10 Oct 18340 46037 88354 2458 177279 sa000
Now-10 Nov 21,380 41791 52672 37,45 153,299 .
Dec10 Dec 1,371 29753 94,006 14,253 149,383
Jan11 Jan 5232 46664 46,097 3415 132,143
Feb11 Feb 34,093 8952 100,237 20,352 163,635 40000
Mar11  Mar 32,301 6893 54366 35,807 129,367
Apr-11  Apr 33,436 49,286 59,024 16,573 158,319
May-11  May 24,519 52,059 53,452 19,380 149,410 R
Jun11 Jun 10757 32864 52401 11,934 107,956 20000
Jul11 Jul 90193 34430 23445 46906 194973
Aug-11 Aug 19,838 25467 45435 26,033 116,773
Sep11 Sep 63179 33,763 43,799 34,677 175,418
Oct-11 Oct 76370 23821 44715 40324 185230
Nov-11  Nov 43,227 35,206 66,790 20,054 165,278
Dec11 Dec 17,00 41217 66981 18,727 143,944
Jan12 Jan 45518 19,973 24913 66770 157173

FIGURE 9.9 Trend analysis of monthly SALES data for the top four provinces.

Analysis Case 9.3 — Additional Case Using MOVIES
1. Let’s do an additional exercise to see how to gain insight from
trendlines.
What are the trends in revenue in the movie in-

dustry from 1937 to 20127

2. Using the Lab Data set and in the Analysis Case 9 folder, find
the file Movies.xlsx.

3. Open Movies.xlsx using Excel.

4. Create a Pivot Table of the sum of total receipts, average receipts
per movie, and count of movies per year (Figure 9.10).

5. Notice that total receipts seem to be increasing exponentially,
but that this may be because the number of movies used to com-
pute receipts drastically changes over the years. The average
revenue per movie also seems to have increased, but at a more
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linear rate. This may be due to inflation. (Are the receipts over
the years normalized to inflation?) All of these things must be

considered.
Total per year and Ayerage per movie per year
1039 589 589 1 for Top Movies from 1937-2003
1942 37 3n 1 i e
1961 368 368 1
1964 205 205 1
1965 550 275 2 12000 €00
1967 556 278 2
1969 205 205 1
1970 414 207 2 D i
1972 269 269 1
1973 111 370 3
1974 an 236 2 it pos
1975 1223 408 3
1976 234 234 1
1977 2368 592 4
1978 1803 361 5 e o
1979 213 213 1
1980 1450 363 4
1981 1076 359 3 000 20
1982 2052 513 4
1983 1155 577 2
1984 1891 473 4 000 -
1985 1440 480 3
1986 1789 358 5
1987 1514 378 4 8 o
:x i;;: g 12 & FFLELLFFFF LS FFS P
1990 4464 496 9 e Total Receipts Average Receipts Per Move
1991 3533 442 8 | 0 e Expon. (Total Recelpts) ~ weeeees Linear (Average Recelpts Per Movie)
1992 4639 422 1
1993 4206 526 8
1994 5911 493 12
1995 4506 451 10
1996 6830 455 15
1997 8647 576 15
1988 7902 439 18
1999 10643 507 21
2000 9502 432 22
2001 11031 552 20
2002 13175 549 24
2003 2496 357 7
Grand Total 127671 461 2

FIGURE 9.10 Trend analysis for total yearly sales and for yearly average.

Analysis Case 9.4 — Additional Forecasting Case Study

1. Let’s use our knowledge of forecasting and predictive models to
analyze a real business situation.

2. Case study:
You own a business in New York State. You have a 34,000-square-
foot building, which you heat with propane. Last year, you used
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22,000 gallons of propane. Rather than pay the spot price for
propane each time the company fills up your tank, the gas com-
pany proposes a future-buy contract where you agree to a set
price per gallon for a portion of your expected use next heating
season. If the price goes up, you are protected by the set price.
The downside is, if the price goes down, you will lose on the pos-
sible savings. But you have been burned before by large price
Sfluctuations, and you are seriously considering this offer. The
gas company offers to sell you 18,000 gallons under four possible
contract options:

A. Pay for all 18,000 gallons up front at the rate of $2.10 per
gallon.

B. Pay a deposit of 20 percent up front and the rest of the 18,000
gallons on ten months of equal payments for $2.29 per gallon.

C. Pay a $50 fee up front and, for 18,000 gallons, pay ten equal
payments over ten months for $2.49 per gallon.

D. Avoid taking out a contract at all and pay monthly at the spot
price, which fluctuates every day.

3. You may use the actual weekly cost of propane for the last two
years compiled by the NYSRDA government agency of the state
of New York. The data file is in the Analysis Cases folder under
the Analysis Case 9 folder and labeled PropanePrices.xlsx.

4. The business question:

Which of the four contract options is most eco-
nomically advantageous?

3. You may want to use forecasting to predict the cost of propane six
months in the future (the middle of winter) to be able to project
what the savings mightbe (Figure 9.11).
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FIGURE9.11 Trend analysis to compare two heating seasons.
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In Chapter 10, we do something entirely different. Consider the situa-
tion where one of two columns of data is the status of a person before
and after watching a movie. The one column of data is the rating they
give the film before they see it (from what they heard of the movie),
and the other rating is their opinion after they watched the movie.
We want to compare the ratings from before and after; we want to
say something about how similar or dissimilar the average ratings are
before and after watching the movie. We will use a t-Test to say some-
thing about the difference between the means of the two sets of rat-
ings. The t-Test tells us how likely it would be that we would make an
error if we knew a score and ascribed it as belonging to one popula-
tion when it really belonged to the other. The degree of certainty will
depend on the overlap on the distributions of the two sets of scores.
If we want to be 95% confident that the means are statistically signifi-
cantly different, we want that overlap (p-value) of the two distribu-
tions to be less than 5% (for business purposes, we consider that alpha
level sufficient). We can’t be totally sure, but we infer a certain level of
certainty from the analysis of the data using this t-Test.

This technique is instrumental in testing hypothetical outcomes,
and it is used in research based on the scientific method—running
experiments. In business, we use it to assure ourselves that averages
are statistically significantly different or not, as the case may be. This
technique answers the business question: “Are the means of two
related distributions statistically significantly different or not?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exer-
cises. We also demonstrate and allow practice on the ANOVA tech-
nique that checks for differences in means in more than paired sets.

Analysis Case 10.1 — Assurance of Results

Inferential Statistics

1. Using the Lab Data set provided, open the Analysis Case 10
folder in it, and find the file StartupCosts.xls.
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2. Open StaﬁupCosts.xls using Excel.

3. We are going to answer this question:

Each group’s startup costs vary widely, and the
average startup costs vary from one type of store
to another. Are the differences in the average real,
or are they different purely by chance?

4. Following our practice of not changing the raw data, we are go-
ing to create a shaped file for our analysis in a new spreadsheet.
Select the data and enter it into a new spreadsheet in the work-
book under a tab called ANOVA.

5. Use the Analysis ToolPak to compute the “ANOVA Single Factor”
test. Make sure to select all the data, including the column head-
ers (Figure 10.1).

Anova: Single Factor ? X
Input
oK
Input Range: $AST1:$ES17 0
Cancel
Grouped By: @® Columns
O Rows Help

Alpha: | 0.05

Output options

[=>

® Output Range: $G$3
O New Worksheet Ply:

O New Workbook

FIGURE 10.1 Analysis ToolPak configuration for an ANOVA inferential analysis of
startup cost data.
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6. Compare the F value to the F critical value (Figure 10.2) and
determine if the means are the same or not. (In this case, there
is at least one pair of means that is different.)

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

PIZZA 13 1079 83 1165.167
BAKERY 11 1013 92.09091 1512.691
SHOES 10 723 72.3 983.7889
GIFTS 10 870 87 1289.111
PETS 16 826 51.625 733.05
ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 14298.22 4 3574.556 3.246336 0.018391 2.539689_|
Within Groups 60560.76 55 1101.105
Total 74858.98 59

FIGURE 10.2 Results of the ANOVA analysis of StartupCosts data.

7. Use the Analysis ToolPak to compute the t-Test comparison of pairs
of means (Figure 10.3). Use the “Two-Sample Assuming Unequal
Variances” function. Make sure to select two columns of data, in-
cluding the column headers. Compare GIFTS and PETS startups.

Input

Labels
Alpha: | 0.05

Output options

Variable 1 Range:

Variable 2 Range:

® Qutput Range:

O New Workbook

Hypothesized Mean Difference:

O New Worksheet Ply:

t-Test: Two-Sample Assuming Unequal Variances

SES1:$ES17

$D$1:$D$11

$Gs21|

? X
2
1 Cancel
Help
?

FIGURE 10.3 Analysis ToolPak configuration for t-Test inferential analysis to com-
pare the means for startup costs for two different types of stores.
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8. Compare the t-stat value to the ¢ critical value for two tails (Fig-
ure 10.4) and determine if the means are the same or not. (In this
case, {-stat > t critical, so the means are significantly different.)

t-Test: Two-Sample Assuming Unequal Variances
PETS GIFTS

Mean 51.625 87
Variance 733.05 1289.111
Observations 16 10
Hypothesized Mean Dif 0

df 15

t Stat -2.67619

P(T<=t) one-tail 0.008632

t Critical one-tail 1.75305

P(T<=t) two-tail 0.017263

t Critical two-tail | 2.13145|

FIGURE 10.4 The results of the t-Test analysis.

Analysis Case 10.2 — Additional Case Using FOOTBALLTRIALS

1. Using the Lab Data set and in the Analysis Case 10 folder, find
the file FootballTrials.xls.

2. Open FootballTrials.xls using Excel.

3. Be sure to consult the data dictionary and the description of the
case study.

4. We are going to answer this question:
Does it make a difference in the distance a kicked

football travels if it is filled with air or filled with

helium?

5. Use the Analysis ToolPak and compute the t-Test to compare the
means of the air-filled football trials to the helium-filled football
trials (Figure 10.5). (Is the p-value above or below the .05 crite-
rion for a 95% confidence that the means are different?)
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| Trial Air Helium

1 25 25 t-Test: Two-Sample Assuming Equal Variances
2 23 16
3 18 25 Air Helium
4 16 14 Mean 25.9230769 26.3846154
5 35 23 Variance 219676113 38.611336
6 15 25 Observations 35 35
7 26 25 Pooled Variance 30.2894737
8 24 26 Hypothesized Mear 0
9 24 22 df 76

10 28 26 t Stat -0.3703219

11 25 12 P{T<=t) one-tail

12 15 28 t Critical one-tail 1.66515135

13 27 28 P(T<=t) two-tail 0.71217277

14 25 31 t Critical two-tail 1.99167261

FIGURE 10.5 Results of the t-Test analysis of air-filled and helium-filled football
sets of kicks.

6. What is the null hypothesis in this case? Did we prove the null
hypothesis? Is this good in this case?

7. How would you answer that question?

Analysis Case 10.3 — Additional Exercise Using SFO Airport
Survey Data
1. Use the latest SFO Airport ACQ Survey data downloaded from
https:/hwww.flysfo.com/media/customer-survey-data.

2. Or using the Lab Data set provided in the Analysis Case 10 folder,
find the file 2016_SFO_Customer_Survey_Data.xls.

3. Open the data dictionary and have it available to consult as you
work with the data.

4.We are going to answer several questions using contingency
analysis:
Do frequent flyer customers (fly > 100,000 miles/
year) and regular flyers feel differently about air-

port cleanliness, safety, and overall rating?

5. Open the data file in Excel.
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6. Create a Pivot Table of all IDs as rows by Q21FLY as columns.
Enter the ratings for each row in the data set by putting the sum
of Q7ALL in the Results box. This yields two columns for the t-
Test comparison (Figure 10.6).

7. Make sure to remove all but category 1 (frequent fliers) and cat-
egory 2 (regular flyers) from the columns using the column filter.
Perform a t-Test analysis with unequal variances.

8. This should give us an answer to the difference between how
frequent flyers feel compared to regular customers. Do the two
groups feel differently? Are the means significantly different?

9. Since before performing the t-Test, we did not know which average
of the two would be higher, we should accept the two-tailed result.

Sum of Q7ALL IColumn Labels |-7] -Test: Twe-Sample Assuming Unequal Variances
Row Labels | v 1 2 Grand Total

1 3 3 1 2
2 3 3 Mean 3.7686916 3.91553611
4 0 0 Variance 1.3481814  1.09400108
5 4 4 Observations 428 2285
6 4 4 Hypothesized Mean | 0

8 4 4 df 564

9 4 4 L Stat -2.4369159

10 5 5 P{T<=1) one-tail 0.0075606

" 3 3 L Critical one-tail 1.6475598

12 3 3 P{T<=1) two-tail 0.0151213

13 3 3 1 Critical two-tail 1.964179

14 3 3

16 4 4

17 2 2

18 5 5 =

18 3 3 FIELD NAME Q

20 2 2

21 4 4 =

22 4 4 v| Q7ALL

24 4 4

25 4 4 Q8COM

26 4 4

27 5 5 Q8COM2

28 4 4 |/

29 4 4

3? 3 i Y Filters Il Columns
32 5 5

33 2 0 Q22FLY

34 3 3

35 2 2

36 4 4

ar 4 4

38 4 4

38 3 3

40 3 3

41 0 0

42 2 2

= 4 4 = Rows 2 Values

44 3 3

45 3 3

46 & 3 CCGID Sum of Q7ALL
47 3 3

48 4 4

49 4 4

FIGURE 10.6 Pivot Table parameters and results of the t-Test analysis of overall
customer satisfaction comparing regular and frequent flyer customers.
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10. Create a Pivot Table of all IDs as rows by Q21FLY as columns
(Figure 10.7). Enter the ratings for each row in the data set
by putting the sum of Q9ALL (cleanliness) in the Results box.
This yields two columns for the t-Test comparison. Make sure
to remove all but category 1 (frequent fliers) and category 2
(regular flyers) from the columns using the column filter. Per-
form a t-Test analysis with unequal variances. This yields an an-
swer to the difference between how frequent flyers feel about
cleanliness compared to regular customers. Since before per-
forming the test, we did not know which mean of the two would
be higher, we should accept the two-tailed result.

|Sum of Q9ALL IColumn Labels |-T] \-Test: Twe-Sample Assuming Unequal Variances
Row Labels | v | 1 2 Grand Total

1 5 5 1 2

2 3 3 Mean 4088785  4.1785558
4 ! 3 Variance 08101315 0.840258
5 4 4 Ouvservations 428 2285
6 4 4 Hypothesized Mei 0

8 4 4 df 584

9 4 4 1 Stat -1.7975001

10 5 5 P(T<=t) one-tail  0.0363864

1 3 3 1 Critical one-tail 1.647467

12 " 3 P(T<=t) two-tail | 0.0727727

13 3 3 L Critical two-tail ___1.9640344

14 3 3

16 3 3

17 2 2

18 5 5

18 N 4l FIELD NAME Q

20 2 2

21 & 3

22 5 5[] | —

24 4 4 Q21INCME

25 4 41l |v) Q22FLY

26 4 4l | =

27 4 4 Q23sJC

28 5 || P

29 4 4

30 4 4

31 3 3. Y Filters Il Columns
32 4 4

33 5 5 Q22FLY

34 2 2

35 2 2

36 4 4

37 3 3

38 3 3

39 3 3

40 4 4

#1 0 0

42 3 3

43 4 4

44 3 3] = Rows 3 Values

45 5 5

46 4 4 CCGID Sum of QSALL
47 3 3

48 4 4

FIGURE 10.7 Pivot Table parameters and results of the t-Test analysis of cus-
tomer satisfaction with airport cleanliness comparing regular and frequent flyer
customers.
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11. Create a Pivot Table of all IDs as rows by Q21FLY as columns
(Figure 10.8). Enter the ratings for each row in the data set by
putting the sum of Q10ALL in the Results box. This yields two
columns for the t-Test comparison. Make sure to remove all but
category 1 (frequent fliers) and category 2 (regular flyers) from
the columns using the column filter. Perform a t-Test analysis
with unequal variances. This should give us an answer to the
difference between how frequent flyers feel about safety com-
pared to regular customers. Since before performing the test,
we did not know which mean of the two would be higher, we
should accept the two-tailed result. Notice that in this case, the
t-Test fails the two-tailed result but passes the one-tailed result,
forcing us to accept the null hypothesis and conclude that the
means are not significantly different.

Sum of Q10SAFE IColumn Labels |-7| 1-Test: Two-Sample Assuming Unequal Variances
Row Labels [+ 1 2 Grand Total

1 5 5 1 2

2 5 5 Mean 420672897 431597374
4 2 2 Variance 09211134 0.81079989
5 5 5 Observations 428 2285
6 5 5 Hypothesized Me 0

8 4 4 df 576

g 4 4 L Stat -0.38436

10 5 5 P(T<=t) one-tail  0.35042676

1 3 3 L Critical one-tail 1.64750335

12 3 3 P(T<=t) two-tail  0.70085352

13 4 4 1 Critical two-tail _1.96409103

14 3 3

16 3 3

i H 3. e PivotTable Builder

18 5 5

19 4 4

2 3 3| FIELD NAME Q

21 4 4

22 5 5 T

2 5 s ] —

2 5 5 QOCOM2

26 5 5

27 5 5 QS8COM3

2 5 5 Q10SAFE

29 4 4

30 5 5

31 3 3] _

32 5 5| Y Filters Il Columns
33 3 3

34 3 3 Q22FLY

35 4 4

36 4 4

37 3 3

38 4 4

38 4 4

40 3 3

41 5 5

42 5 5

43 5 5

44 4 ] =

45 5 5 = Rows > Values

46 5 5

47 4 4 CCGID Sum of Q10SAFE
48 5 5

49 4 4

FIGURE 10.8 Pivot Table parameters and results of the t-Test analysis of customer
satisfaction with airport safety comparing regular and frequent flyer customers.
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In Chapter 11, we continue our work of inferential statistical analysis.
Now we work with categorical variables. Consider the situation where
we have two categorical tables, say of the passengers on the Titanic.
One of two columns of categorical data is the survival status of a pas-
senger, the other their gender. First, we practice cross-tabulating two
variables to see if gender made a difference in who survived. That’s
a contingency table. In this chapter, we go further. We have been
told that in this disaster, the crew followed the Law of The Sea and
that there was a concerted effort, a bias, to place women on lifeboats
ahead of men. We notice that the ratios indeed show a higher survival
rate for women. But then we ask: was this by chance or can we show
that there was an underlying bias to put women on the boats? For
that, we need to employ the inferential analysis technique of com-
puting chi-squared for this contingency table. If the p-value resulting
from the analysis is less than .05 (5%), we infer that the outcome
variable survived is not independent of the input variable gender and
that there was a bias.

It is not easy to set up a chi-squared analysis for a crosstab (con-
tingency table) in Excel. So we practice using chi-squared calcula-
tions freely available on the Internet. We present many situations in
the exercises where we wish to test for independence.

As in Chapter 10, this technique is instrumental in testing hypo-
thetical outcomes, and it is used in research based on the scientific
method—running experiments, but for categorical outcomes. In
business, we use it to assure ourselves that averages are statistically
significantly different or not, as the case may be. If we want to be
95% confident that the variables are dependent, we are looking for
the resulting p-value from the chi-squared analysis to be less than
5% (for business purposes, we consider that alpha level sufficient).
We can’t be 100% sure there was a bias, but we infer a certain level
of certainty from the analysis of the data using the alpha = .05 test
level.
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This technique answers the business question: “Are two categori-
cal variables independent, or is there an underlying bias or relation-
ship between them?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exercises.

Analysis Case 11.1 — Contingency Analysis and Chi-Squared

Test of Variable Independence

1. In this case study, we will use contingency tables and the test
of independence of those variables to investigate the Titanic di-
saster more Closely. Suppose you are an investigative journalist
writing a story on the Titanic and hear from a few people that the
crew of the Titanic followed the “law of the sea” in saving pas-
senger lives. What is the law of the sea, and how would you show
that the crew heroically followed it?

2.The Law of the Sea states that “women and children should
be saved first in a disaster.” (See https://en.wikipedia.org/wiki/
Women_and_children_first.) Did this happen on the Titanic?
We are going to investigate it by answering the following ques-
tions about the Titanic disaster:
Did women survive at a higher rate than men?

Did children survive at a higher rate than adults?

Did the passenger class of a passenger make a dif-
ference in his/her survival rate?
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3.We are going to use contingency analysis, which in Excel is
basically performed with Pivot Tables. This is what it looks like
(Figure 11.1):

Outcome or
dependent

Contingency Table of Survival of Titanic Passengers by Gender -, iable

Count of name Column Labels
Row Labels Kj

| Grand Total
+female ™. j b

“male . | 682 161 - 8431.-'.;
Grand Total <1809 500 1309
Prlvlng or Marginal
independent distributions

variable
FIGURE 11.1 Elements of a contingency table.

4. Excel does provide a formula to compute chi-squared and the
p-value derived from it, but it requires the creation of the ex-
pected matrix from the contingency table, which is complicated
and tedious.

5.We are going to use a free chi-squared computation calcula-
tor found on the Internet, which makes it much easier. We
have a calculator that does the analysis for up to a 5x5 table:
www.socscistatistics.com/tests/chisquare2/Default2.aspx
(Figure11.2). ForuptoalOx10table, youcanusewww.quantpsy.
org/chisq/chisq.htm.

Please enter group and category names.

Group and Category Names

Category 1 Category 2

Group 1

Group 2

Please enter group and category names, above, then press Next.

Next

FIGURE 11.2 A Web-based 5X5 chi-square calculator.

6. The process is first to use a Pivot Table to create the contin-
gency table of the two categorical variables in question. Then
we compute the ratios we are interested in. Next, we ensure
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that the differences in the ratios we see are real and not due to
chance by performing the chi-squared test. The variables are
“dependent” if the p-value is less than .05, which means that we
are at least 95% confident that the differences are real.

7. Using the Lab Data set provided, open the Analysis Case 11
folder in it, and find the file Titanic.xlsx.

8. Open Titanic.xlsx with Excel.

9.To answer the first question, create a Pivot Table of gender
(variable sex in the table) versus survival. Compute the ratios to
see if women survived at a higher rate than men.

10. Enter the elements of the Pivot Table in the 5X5 online calcula-
tor to ensure that the difference in survival rates was not due to
chance. What do you see?

11. The chi-squared statistic can best be described as the standard-
ized deviation of observed data from expected data. Our con-
cern is not with the actual number but with the probability that
the results we observe are due to chance, given by the p-value
(Figure 11.3).

Did Females survive at a higher rate than males?

Count of name Column Labels B

Row Labels 0 1 Grand Total SVQUEIREI
female 127 339 466 73%
male 682 161 843 19%
Grand Total 809 500 1309 38%

http://www.socscistatistics.com/tests/chisquare2/Default2.aspx

The chi-square statistic, p-value and statement of significance appear beneath the table. Blue means you're
dealing with dependent variables; red, independent.

Results
Diec Survved Row Totals
temaie 127 (286.00) 90.00] [339 (178.00) [145.63) 466
male 682 (521.00) [49.75]|161 (322.00) [80.50] 843
Column Totals  [800 500 1300 (Grand Total)

The chi-square statistic is 365.8869. The p-value is < .00001. The result is significant at p < .05.

FIGURE 11.3 Computing a contingency table using a Pivot Table and performing
a chi-square analysis for independence using a Web-based calculator.
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12. To answer the next question, create a Pivot Table of gender (vari-
able sex in the table) versus survival (Figure 11.4). Compute the
ratios to see if women survived at a higher rate than men and
add a subcategory of the pclass variable (passenger class).

13. Again, use the online calculator inputting the elements of the
Pivot Table to ensure that the differences in survival rates by
passenger class were not due to chance. What do you see?

Did passenger class make a difference in survival rates?

Countof name Column Labels

Row Labels u 0 SN cELDNGIEN Survival rates

) ] 73%
1st 5 139 144 97%
2nd 12 94 106 89%
3rd 110 106 216 49%

B ma 19%
1st 118 61 179 34%
2nd 146 25 171 15%
3rd 418 75 493 15%

Grand Total 809 500 1309 38%

http://www.socscistatistics.com/tests/chisquare2/Default2.aspx

o 1 Row Totals
F sl Cass 5 {5484) 4520]  |139 (20.18) [27.85) 144
M 1t Clasa 118 (28.1) [3eea] [Er (11284) p2281] 1
Coluren Totals [123 200 323 (Grand Total)

The chi-square statistic is 131.9902. The p-value is < .00001. The result is significant at p < .05.

Reauts
3 1 Row Totals
¥ e Cass 13 (A6 DERE |8 WSS 8187 =
M 20 Cass 146 (97.64) [24.08] |26 [73.46) 2197 171
Colemn fotals 168 10 277 (Grand Total)

The chi-square statistic is 146.4663. The p-value is < ,00001. The result is significant at p < .05,

Results la

o f Row Totws | |

F 3 Cans 110 (160.86) (16.08) 126 (55.14) 48.91) e I
W 3Ing Clans 418 (367,14} [7.04] |76 (126.66) (2056 4 | ]
Column Totals 125 181 700 (Geand Tota)[§

The chi-square statistic is 90.5808, The p-value Is < .00001, The result is significant at p < .05.

FIGURE 11.4 Computing a contingency table using a Pivot Table and performing
a chi-square analysis using a Web-based calculator for a Titanic passenger survival
analysis.
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14.To answer the last question, we need to add a new variable
based on age, which we can call CHILD (YES or NO) using an
IF function (=IF(E2>14, IF(E2=“NA”,” “,“NO”),“YES”) ). We
will use 14 years of age as a cutoff for children, as that was the
acceptable age of childhood 100 years ago. Note that we want
to have a blank for any person whose age is not given in the
table (N/A). That way we can filter blanks out when we create
the contingency table.

15. Create a Pivot Table of child versus survive (Figure 11.5). Com-
pute the ratios to see if children survived at a higher rate than
adults. Also, add the subcategory pclass to see if there was a
survival bias based on the passenger class.

16. Use the online calculator to ensure that the differences in sur-
vival rates were not due to chance. Note the addition of spar-
klines to visualize the rates of survival by class. What do you

Survival Rates of Childern over Adults =
Child? o g [Row Totsts
Count of name Column Labels & N0 573 ss08) 10541 |38 as3s2) 7o) o3
. ves 40 a32) fe7a)_|o1 waem) eum 107
Row Labels 0 1 Grand Total EMEILEIT
2 39%
1st 102 175 277 63%
[Cotumn Totats__[519 [aar 1046 (Grand Tota)
2nd 145 89 234 38%
3rd 326 102 428 24%
The chi-square statistic is 12.9281. The p-value is .000324. The result is significant at p < .05,
= 57%
1st 1 6 7 86% Results
2nd 1 26 27 96% e u BowTole
NG 1ot Cass 102 (100.46) (0.02) [ 176 (176.64) 001 277
3rd a4 29 73 40% VestsCass |1 25h 03 [6 wee) 053] 7
Grand Total 619 427 1046 41%
hitp:/ e Istatistics. com/tests/chi e2/Default asp Column Totsls __|103 o1 264 (Grand Tota)
Adults survival by class . - The chi-square statistic is 1.5003. The p-value is .22062. The result is not significant at p < .05
M1 2 3 [
. . o ' Row Totals
Child survival by class . . NO 2oc coss 145 (13090) [152] |80 (103.10) (193] 23
v — | YES 2nc Class L (16100 1738 (40 D2 27
1.2 3
Cotumn Totals | 146 115 261 (Grand Total)

The chi-square statistic is 33.3382. The p-value is < .00001. The result is significant at p < .05.

T : Row Tose
NO 3r¢ Class 326 (316.00) [0.31] |102 (111.01) (0.88) 428
Ve vacan _[u sy (181 _[m (000 610 n

Column Totals___|370 121 501 (Grand Total)

FIGURE 11.5 Computing a contingency table using a Pivot Table and performing
a chi-square analysis using a Web-based calculator for a Titanic passenger survival
analysis based on passenger class.
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Analysis Case 11.2 — Additional Case Using SFO Airport
Survey Data

1. Use the latest SFO Airport ACQ Survey data downloaded from
www.flysfo.com/media/customer-survey-data.

2. Or using the Lab Data set provided in the Analysis Case 11 folder,
find the file 2016_SFO_Customer_Survey_Data.xls.

3. Open the data dictionary and have it available to consult as you
work with the data.

4.We are going to answer several questions using contingency
analysis:
How does the overall satisfaction level with the
SFO Airport vary by gender?
How does overall satisfaction vary by income level?

How does overall satisfaction vary by age?

5. Open the data file using Excel.

6. Create a Pivot Table of Q7ALL by Q22GENDER (Figure 11.6).
Make sure to remove the “0” and “6” response rows for Q7 and
the blank and “3” responses for Q22. Perform a chi-squared test
to ensure that the variables are dependent. Check the percentage
approval using the sum of the numbers of the “4” and “5” ratings.

Does the overall satisfaction level (Q7ALL) vary by Gender?
Count of Q7ALL Column Labels |-T High Satisfaction %
Row Labels |-T 1 2 3 4 5 Grand Total (4's + 5's)
Female 5 20 225 753 373 1376 82%
Male 1 28 247 811 317 1404 80%
Grand Total 6 48 472 1564 690 2780 81%
httpJivwwy sare2/Default?.aspx
The chi-square statistic, p-value and statement of significance appear beneath the table. Blue means you're
dealing with dependent variables; red, independent.
Results
2 3 4 s Row Totals

Femae s @o7) 139 |20 (2376) 059|225 (233.62) P32) |75 (774.12) [068) |373 (34153) [2.0] |1378

(Male 1 (3.03) [1.36) 28 (24.2¢) [0.58 247 (236.38) [0.31] |811 (780.88) [0.56] |317 (348.47) [2.84) |1404

Column Totals 6 48 472 1564 690 2780 (Grand Total)
The chi-square statistic is 11.4404. The p-value is .022036. The result is significant at p < .05.

FIGURE 11.6 Computing the contingency table using a Pivot Table and perform-
ing a chi-square analysis using a Web-based calculator for a Titanic passenger sur-
vival analysis based on passenger class.
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7. Create a Pivot Table of Q7TALL by Q21INCOME (Figure 11.7).
Make sure to remove the “0” and “6” response rows for Q7 and
the blank and “3” responses for Q21. Perform a chi-squared test
to assure that the variables are dependent. Check the percentage
approval using the sum of the number of the “4” and “5” ratings.
Note the addition of a sparkline graph to visualize the differ-
ences across income levels.

Overall Satisfaction by Income Level

Count of Q7ALL Column Labels |-T| High Satisfaction %
Row Labels |7/ 2 3 4 5GrandTotal (4's + 5's)

1 3 67 250 141 461 85%

2 14 121 425 193 753 82%

3 8 85 294 124 511 82%

4 19 148 402 145 714 77%

Grand Total 44 421 1371 603 2439 81%

http://www socscistatistics.com/tests/chisquare2/Default2.aspx . il

The chi-square statistic, p-value and statement of significance appear beneath the table. Blue means you're
dealing with dependent variables; red, independent.

Results
2 3 4 5 Row Totals
1 3 (8.32) [3.40] 67 (79.57) (1.99] 250 (260.14) [0.32] |141 (113.07) [6.41] 461
2 14 (13.58) [0.01) 121 (129.98) [0.62] |426 (42327) [0.01] [193 (188.17) [0.25) 753
3 8 (9.22) [0.16] 85 (88.20) [0.12] 204 (287.24) [0.16] |124 (126.34) |0.04) 511
4 19 (12.88) [291) 148 (123.24) [4.97] |402 (401.3%5) [0.00] [145 (176.52) [5.63] 714
Column Totals 44 421 1371 83 2439 (Grand Total)

The chi-square statistic is 26.9966. The p-value is .001401. The result is significant at p < .05.

FIGURE 11.7 Computing a contingency table using a Pivot Table and performing
a chi-square analysis using a Web-based calculator for a passenger satisfaction
analysis based on passenger income level.

8. Create a Pivot Table of Q7ALL by Q22GENDER (Figure 11.8).
Make sure to remove the “0” and “6” response rows for Q7 and
the blank and “3” responses for Q22. Perform a chi-squared test
to ensure that the variables are dependent. Check the percent-
age approval using the sum of the number of the “4” and “5” rat-
ings. Also, note that we had to use a different online calculator
for the chi-squared statistic since we have more than five levels
for one of the variables (www.quantpsy.org/chisq/chisq.htm).
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Overall Satisfaction by Age Group
Count of QTALL Column Labels High Satisfaction %
Row Labels 2 3 4 5 Grand Total (4's + 5's)
18-24 2 43 197 118 360 B88%
25-34 11 119 422 170 1227 82%
35-44 13 96 286 102 477 7%
45-54 11 101 269 113 494 7%
55-64 7 74 256 103 440 B2%
65-Over 4 44 1867 N 306 B4%
Grand Total 48 477 1577 697 2799 81%
hitp:/iwww.quantpsy.ora/chisa/chisa.htm . m__mB
Gpl Gp2 Gp3 Gp4 Gp5 Gp6 Gp7 Gp8 Gp9 Gplo
Cond. 2 43 197 18 360
1:
Cond. 11 18 422 170 722
2:
Cond. 13 95 266 102 477
b {]
Cond. 11 101 269 13 484
4:
Cond. 7 74 256 103 440
<
Cond. &« 4 167 21 308
6:
Cond. 0
7E
Cond. 0
8:
Cond. 0
9:
Cond. 0
10:
48 477 1577 697 o 0 v] 0 o 0 2799
Qutput:
Calculate Reset all Chi-square: 37.301
degrees of freedom: 15
p-value: 000114347
Yates' chi-square: 33.654
Status: Status okay Yates' p-value: 0.00380732

FIGURE 11.8 Computing a contingency table using a Pivot Table and performing
a chi-square analysis using a Web-based calculator for a passenger satisfaction

analysis based on passenger age bracket.
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In Chapter 12, we continue our work of inferential statistical anal-
ysis for categorical variables started in Chapter 11. In this case we
work with two categorical variables, each having one of two outcomes.
We set up a simple one-factor two-level experiment. We make one
change, say to a Website, before the change we call it B, and after the
change we call it A. On the changed Web page, we have some desired
outcome (the visitor pushes the buy button, or moves on to the next
Web age, or donates, or votes). We are testing whether the change
from B to A made a difference in the response rate. The first variable
is the label of the test, either test A or test B. The second variable is
the outcome (yes or no) for each visitor. We set up the contingency
table on responses of each version of the Website and perform a chi-
squared test to see if the difference in the ratios is significantly differ-
ent from chance, to see if there is a bias toward one or the other of the
two Website designs. The exercises present a ready-made template to
compute the contingency table and perform the chi-squared test.

This technique answers the business questions: “Is there a sig-
nificant difference between the outcomes of testing two versions of a
proposed change?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exer-
cises. We also provide a template for the easy calculation of the chi-
squared test and the resulting p-value.

Analysis Case 12.1 — Design and Analysis of Trials

A/B Testing

1. Using the Lab Data set provided, open the Analysis Case 12
folder in it, and find the file TestOfSignificanceForA/BTest.xls.

2. Open TestOfSignificanceForA/BTest.xls using Excel.

3. Use the chi-squared test to decide which Web page changes to
keep.
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4. Enter the data in the appropriate places in the spreadsheet.

5. Let’s analyze the following A/B data (Figure 12.1):
You made a significant change to the Website
(Version A) from the original (Version B). In the
last three days, there were 2,750 visitors to the
Website, with 1,310 using Version A and 1,440
using Version B. Of those using Version A, 450
yielded positive results. Of those using Version B,
395 yielded positive results.

6. Are you ready to switch to Version A? Why or why not?

2 Enter the number of visitors for each version
who you consider successful with that version

1 Enter the number of
visitors for each version

DATA
Trials \ visitors _ conversion Wens % Conversion
A 1310, (" 450[; 860 1310 ("7 34%
B ' 1440, ' 395 1045 1440 L 27%
2750 845 1905 2750, A
COMPUTATION \
conversion no-conversions ) .
A 402.53 907.47 1310 4 Decide which
B 442.47 997.53 1440 version to keep
345 1905 2750 based on which
has the highest
CHI-SQUARED TEST P ercentages
p= 0.0001|test for less than .05
We are 95% confident (or better)
that the percent differences above are real
and not due to chance

3 Use the p value to decide whether the
differences in percentages are to be believed

FIGURE 12.1 Steps in using the TestforSignificanceCalculatorFor A/B test
calculator.
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Analysis Case 12.2 - Additional Case Using ORDERS

1. Using the Lab Data set and in the Analysis Case 12 folder, find
the file ORDERS .x[sx.

2. Open ORDERS. .xlsx using Excel.

3. We are going to answer this question:

In 2012, a policy was put in place to give bonuses
to managers of provincial stores that increased the
number of profitable orders by 10% in 2011. Was

that policy change effective?

4. Create a Pivot Table of the entire ORDERS table (Figure 12.2).
Select ORDERDATE as the rows and group by year. Add PROV-
INCE under ORDERDATE in the columns of the Pivot Table.
Tabulate the count of ORDERID to get a count of all the orders

by year and by province.

All Orders

Row Labels Count of ORDERID
Alberta 206
British Columbia 301
Manitoba 213
New Brunswick 87
Newfoundland 22
Northwest Territories 85
Nova Scotia 118
Nunavut 11
Ontario 482
Prince Edward Island 56
Quebec 188
Saskatchewan 251
Yukon 133
Alberta 199

FIGURE 12.2 Pivot Table of number of orders by year and by province.

5. Create another Pivot Table as in the previous process but add a
“slicer” (found on the Pivot Table “Format” ribbon) to only show
the results of PROFIT for each order above O (in other words,
only count orders that were profitable) (Figure 12.3).
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Profitable Orders
Row Labels & Count of ORDERID [T R A
Alberta 96 | 013
British Columbia 135 -0.12
Manitoba 98 011
New Brunswick 52
Newfoundland 11 -0.06
Northwest Territories 34 -0.05
Nova Scotia 56
-0.03
Nunavut 7
Ontario 245 -0.01
Prince Edward Island 29 0.08
Quebec 89
Saskatchewan 142 O
Yukon 64 0.13
= 0.15
Alberta 98
British Columbia 153 0.19
Manitoba 85 0.21
New Brunswick a5
Newfoundland 9 026
Northwest Territories 63 0.35
Nova Scotia 62 037
Nunavut 2

FIGURE 12.3 Pivot Table of number of orders by year and by province filtered for
profitable orders.

6. Copy and paste both lists side by side as values into another sheet.
Compute the percent of orders that were profitable and enter
into it another contiguous column (Figure 12.4). Also, in another
column, compute the percent difference from one year to the
next. We are looking for provinces with a difference greater than
10% between 2012 and 2011.

All orders Profitable orders  %Profitable CY-PY Change
Row Labels Count of ORDERID Row Labels Count of ORDERID
2009 2153 2009 1058 49%
Alberta 206 Alberta 96 47%
British Columbia 301 British Columbia 135 45%
Manitoba 213 Manitoba 98 46%
New Brunswick 87 New Brunswick 52 60%
Newfoundland 22 Newfoundland 11 50%
Northwest Territories 85 Northwest Territories 34 40%
Nova Scotia 118 Nova Scotia 56 47%
Nunavut 11 Nunavut 7 64%
Ontario 482 Ontario 245 51%
Prince Edward Island 56 Prince Edward Island 29 52%
Quebec 188 Quebec 89 47%
Saskatchewan 251 Saskatchewan 142 57%
Yukon 133 Yukon 64 48%
2010 21422010 1062 50% 0.44%
Alberta 199 Alberta 98 49% 2.64%
British Columbia 284 British Columbia 153 54% 9.02%
Manitoba 197 Manitoba 85 43% -2.86%
New Brunswick 97 New Brunswick 45 46% -13.38%
Newfoundland 21 Newfoundland 9 43% -7.14%
Northwest Territories 118 Northwest Territories 63 53% 13.39%

FIGURE 12.4 Computation of percent difference in orders by province from cur-
rent year (CY) compared to prior year (PY).
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7. Note that the overall CY-PY difference between 2012 and 2011
is only 2%, and Quebec and PEI were the only two that had
percent changes greater than 10%. Of the two, Quebec is more
important, since it had ten times more orders than PEL.

8.Use the TestForSignificanceofABTest.xlsx worksheet found in
the Lab Files folder under the Tools folder to analyze the A/B
data (Figure 12.5). Compute the chi-squared statistic for the A/B
test for overall orders and for Quebec. We see that, in the case of
Quebec, the change was significant. Overall, the 2% change was

not significant.

Overall 2012-2011 Change

DATA
Trials Total Orders Profitable Not Profitable % Conversion
A 2102 1053 1049 2102 50%
B 2002 962 1040 2002 48%
4104 2015 2089 4104
COMPUTATION
conversion no-conversions
A 1032.05 1069.95 2102
B 982.95 1019.05 2002
2015 2089 4104

CHI-SQUARED TEST

p= 0.1906|test for less than .05

FIGURE 12.5 Using A/B testing to test for significance of the CY/PY profit change

for the Quebec province.

Analysis Case 12.3 — Additional Case Using SFO Airport

Survey Data

1. Use the latest SFO Airport ACQ Survey data downloaded from
www.flysfo.com/media/customer-survey-data.

2. Or using the Lab Data set provided in the Analysis Case 12 folder,
find the file 2016_SFO_Customer_Survey_Data.xls.

3.Make sure also to download the previous years data and

data dictionary.
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4. For the purposes of this lab, and in case the Website is not reach-
able, you may use the data sets in the Lab Files folder in the Lab
Data set under the Raw Data folder. Use the 2016 and 2015 data
sets.

5. We are going to answer two questions:
Given that SFO launched a marketing campaign
in 2016 to attract more female customers, did the
campaign succeed?

Given that the airport increased its cleaning staff
and the frequency of cleaning in 2016, did the ef-
forts yield greater customer satisfaction?

6. Open the data files using Excel.

7. To answer the first questions, create Pivot Tables to tabulate the
ratio of male to female customers in the latest year (or 2016) and
prior year (or 2015).

8. Using the TestForSignificanceofABTest.xlsx worksheet found in
the Lab Files folder under the Tools folder, analyze the A/B data
(Figure 12.6). Was the change significant? Could you state with
confidence that the campaign succeeded?

Trials Survey takers Female Male % Conversion
A (20186) 2774 1485 1289 2774 54%
B (2015) 2933 1465 1468 2933 50%

5707 2950 2757 5707
COMPUTATION
conversion no-conversions
A 1433.91 1340.09 2774
B 1516.09 1416.91 2933
2950 2757 5707

CHI-SQUARED TEST

p= 0.0068| test for less than .05

We are 95% confident (or better)
| that the percent differences above are real
and not due to chance

FIGURE 12.6 A/B test results showing the significant change of the 2015/2016
marketing campaign to please female airport customers.
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9. To answer the second question, repeat the process on Q9ALL
on cleanliness (Figure 12.7). Here we will consider success if
the increased number of passengers rated cleanliness a “5.”
Did the percentage of “5” ratings significantly increase from
one year to the next under the new cleaning regime? Since
p > .05, the answer is no.

Q9ALL Overall cleanliness
DATA
Trials Survey takers  Hiscores LO scores % Conversion
A(5's) 2994 1212 1782 2994 40%]|
B (5's) 2868 1093 1775 2868 38%|
5862 2305 3557 5862
COMPUTATION
conversion no-conversions
A 1177.27 1816.73 2994
B 1127.73 1740.27 2868
2305 3557 5862

CHI-SQUARED TEST

p= tes( for less than .05

FIGURE 12.7 A/B test results showing significant difference in satisfaction by the
2015/2016 cleaning improvement campaign to please “highly satisfied” (5s only)
airport customers.

10. What if we changed the condition to an increase in the number
of customers who gave a rating of “4” or “5” from one year to the
next versus a “1,” “2,” or “3”? Did that change the outcome of
the analysis? Again, since p > .05, the answer is no (Figure 12.8).

QOALL Overall cleanliness
DATA
Trials Survey takers  Hiscores LO scores % Conversion
A (4+5's) 2994 2523 471 2994 84%|
B (4+5's) 2868 2382 486 2868 83%[
5862 4905 957 5862
COMPUTATION
conversion no-conversions
A 2505.21 488.79 2994
B 2399.79 468.21 2868
4905 957 5862

CHI-SQUARED TEST

p= 0.2087 |test for less than .05

FIGURE 12.8 A/B test results showing no significant change by the 2015/2016
cleaning improvement campaign in pleasing “satisfied” (4s and 5s) airport
customers.
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Analysis Case 12.4 — Additional Analysis Cases Using Titanic
Data

1. The Titanic had a sister ship, the Britannic, built almost identical-
ly. Due to the Titanic disaster, the shipbuilders made the Britan-
nic ship safer in case of disaster. Unfortunately, the Britannic sank
almost in the same way as the Titanic (though from a human-
made disaster—a torpedo during WWI—and not an iceberg, but
she sank nevertheless). The survival rates, however, were dramat-
ically different. The data may be obtained from www.titanicfacts.
net/ (Figure 12.9).

Total persons Survival
Shi Survived
- on board Rate
Titanic 2222 1517 68%
Britannic 1065 1030 97%

FIGURE 12.9 Survival statistics of the Titanic and Britannic transatlantic ships.

2.The question we want to answer is:

Did the changes make a significant difference in
survival rates?

3.We set up the analysis as an A/B test and, using the TestFor
SignificanceOfABTest.xlsx tool, we can compute a p-value to
guide our answer (Figure 12.10).

The Britannic had changes made over her sister ship Titanic yet met the same fate.
Did the changes make a difference in survival rates?
DATA

Trials  OnBoard Survived Died % Survival
A (Britannic) 1065 1030 35 1065 97%|
B (Titanic) 2222 1517 705 2222 68%|
3286.95 2547 740 3287
COMPUTATION
conversion no-conversions
A 825 240 1065
B 1722 500 2222
2547 740 3287

CHI-SQUARED TEST
p= Iﬂtest for less than .05
We are 95% confident (or better)
that the percent differences above are real
and not due to chance

FIGURE 12.10 A/B test results showing that the Britannic survival rate was statis-
tically significantly higher than the Titanic’s.

4. The answer is: the changes made a significant difference.
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Chapter 13 helps you explore an exciting new area of data analysis:
text analytics. New tools have recently been developed to extract
meaning from unstructured text data easily. That data may come from
open-ended responses in surveys, or tweets, emails, or Facebook
postings. It could be a database of contracts or a collection of books
in electronic form. Some of the tools are functions in Excel. We use
the COUNTIF function to estimate the sentiment analysis in prod-
uct reviews. We also use open-source Web-based text analytic tools
to create word clouds and perform simple word frequency analysis to
extract some underlying meaning from text.

To exemplify the techniques, we load the text files of five travel
books, amounting to over one million words of text, and perform
some fundamental analysis. The situation is analogous to extracting
meaning from a corpus of Facebook postings, email logs, or Twitter

feeds.

This technique answers the business question: “What are they
saying?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exercises.

Analysis Case 13.1 — Unstructured Text Analysis |

1. Using the Lab Data set provided, open the Lab Files folder and
in the Analysis Case 13 folder find these text files:

InnocentsAbroadMark Twain.txt
MagellanVoyagesAnthonyPiagafetta.txt
TheAlhambraWashingtonIrving.txt
TravelsOfMarcoPolo.txt
VoyageOfTheBeagleDarwin.txt
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2. Use a Web browser with access to the Internet.

3. Load the Voyant text analysis program found at https://voyant-
tools.org/ (Figure 13.1)

V@YANT

see through your text

Add Texts W O?

Open Upload V REVCE

t Tools is a web-based reading and analysis environment for digital texts.

FIGURE 13.1 Web-based text analytic tool data entry screen.

4. Load all five texts into the corpus for analysis (Figure 13.2). Use
the resulting analysis to explore the texts. Notice the resulting
word cloud, a very popular analysis tool for text data.
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&, Voyant Tools ?

< o ’ O romssens ’

5 Terms S BB Document Terms ?

@®great | @said | @city ®like @ time

saystoy 3 [ 3
miles 2 -3 (D o H InnocentsAbroadMarkTwain 0.0030-
=10k
g 1ngold Project Gutenberg's The Innocents Abroad, by Mark Twain 20
@ = Q) i i g
o SF B (Samuel Clemens) g‘,mg
Saldet PR This eBook is for the use of anyone anywhere at no cost and with £
) e d = :1sland aimost no restrictions whatsoever. You may copy I, give it away or o001s
£ vda = - re-use it under the terms of the Project Gutenberg License S00010
d "c A Q Qs included &
gran o b:éd E = with this eBook or online at www.gutenberg.net 00005
people QO f q came Title: The Innocents Abroad
0 g 2 . Author: Mark Twain (Samuel Clemens)
“ iCO untI‘y Release Date: August 18, 2006 [EBook #3176] -
Corpus (Documents)
Scale Terms: = € > ? ?  Reset & Display
[EETI & Documents & Phrases ? @ Bubblelines £ Correlations. ?
‘This corpus has 5 documents with 912,126 total words and 44,210 unique word forms. Created about Document Left Term | Right
10 minives ofic 1) Innoc.... Another Blunder—Lostinthe  great  City~Found Again--A Frenchy
Document Length: " 1) Innoe... the Land: broadonthe great  Plains--Peculiarties of French Cars
+ Longest: TravelsOfMarcoPolo (242817); VoyageOfTheBeagleDarwin (211151)
+ Shorest ik — 1) Innoe. Aflame-The Louvre Palace--The  great  Park ~Showy Pageantry-Preserv.
1)Innoc...  National Burying-Ground-Among...  great  Dead-The Shrine of Disappointed
Vocabulary Density: 1) Innoe.... in an Unromantic Aspect-The  great  Square of St. Mark and
+: Figheat-Megelanyoyageantiony .. D40 ThatlhambreVashing 0% - 1) Inoc... and Abroad-Sepulchres of the great  Dead-ATilt at the
items: (s ? 1654 context s expand (s Scale

FIGURE 13.2 Results of analyzing one million words of text in a corpus of five

travel books.

5.1In the center of the display, there is a search box. Use it to
search for the term “volcano.”

Which traveler saw volcanoes?

6. Search for “island.”

Which traveler seems to have more references to
islands?

7. Repeat for the word “sea.”
8. Do these results make sense?

9. Explore by searching for more single words and word combina-
tions on your own.

10. Look for other text visualization tools at: https://voyant-tools.
org/docs/#!/guide/tools.
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Analysis Case 13.2 — Unstructured Text Analysis 11

Using Excel for Sentiment Analysis

1. We will use the Excel COUNTIF function to generate an analy-
sis of text fields for the purposes of performing customer senti-
ment analysis.

2. We will answer this question:

Do customers feel positively or negatively about
a product?

3. Using the Lab Data set provided, open the Lab Files folder and
in the Analysis Case 13 folder find the Product Reviews.xlxs data
file.

4. Navigate to the Product Reviews worksheet. Scrape the rows for
the Windex brand (709-1056). Paste the rows into a new work-
sheet and label the worksheet Windex. Scrape the top row of the
Product Review worksheet with the variable names and insert
them in the top row of the newly created worksheet.

5. Scrape the Windex reviews.text and reviews.title columns. Paste
the columns into a new worksheet and label it Windex Reviews.
Move the reviews.text column to column C. Add the title of Re-
views to column A and inset consecutive numbers down the col-
umn. Notice that there are 348 reviews. You should have some-
thing like what is shown in Figure 13.3:
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A B c
1 Review reviews.title reviews.text
2 1 Doesn't clean windows Leaves windows with streaks, although it
3 2 not what it used to be it leaves streaks bad . i used windsheild w
4 3 Streaky windows Very disappointed in this product. It leave
5 4 The New Windex Formula Leaves a Nasty Film  Windex used to be good years ago. Since
6 5 Very Disappointed Having used Windex for years, | noticed i
7 6 Windex has lots its touch Despite the long reputation this product
8 7 Film left after using Windex | have used windex for many years (only |
9 8 BAD very very BAD Why did they change the formula it's awf
[ 10 9 leaves streaks! | have yet to buy a glass cleaner that doe
11 10 Leaves a film on the glass an mirrors Windex used to be good years ago, the la
12 11 Doesn't work - Frustrating I've used Windex for 30 years and not sur
13 12 Nothing but streaks | have used Windex for 30 years and now
14 13 What Happened | have used Windex original for over 50 yt
15 14 Glass cleaner not working like they did to a few yi | used all windex products for years. Now
16 15 Streaks everytime Have tried windex with a squeegee, micr
17 16 Streaks everywhere Washed my car windows 4 times using di
18 17 Windex Advanced This is the most useless product that Johr
19 18 This product streaks Cleaned my car, wash windows and then
20 19 Haze on my windows I've used Windex all my life and while it's
21 20 no longer a good glass cleaner Windex used to be the best but whatevei

FIGURE 13.3 Extracted product reviews for the Windex product.

6. We will use both the title text and the review text columns to as-
sess sentiment.

7. Create a list of words expressing likes for the product (e.g.,
“good,” “love,” etc.) and enter them in one column in the spread-
sheet near to the data set. Create another list of words expressing
dislike for the product (it could be the opposite of the “good”

words, e.g., “bad,” “hate,” etc.).

8. Use the COUNTIF function to count all occurrences of your
words for liking and disliking in both the review and title text col-
umns. The form of the COUNTTIF function should be something

like this for each column:

=COUNTIF(B$2:B$348," *good*")
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9. Tabulate and summarize the results as in Figure 13.4. Score the
sentiment of the reviews by subtracting total dislikes from the
total likes and dividing by the total count. If the number is posi-
tive, then we can conclude people feel “good™ about the product;
if negative, we can conclude otherwise. The closer the number is
to +1, the more they love the product, and vice versa.

Sentiment Analysis
TITLE REVIEW ALL

Positive Word Count Count Count
good 21 36 57
positive 0 0 0
best 22 29 51
easy 6 14 20
great 53 68 121
love 21 37 58
always 17 50 67
140 234 374

Negative Word Count Count Count
bad 3 4 7
negative 0 0 0
worst 0 2 2
hard 0 7 7
poor 0 0 0
hate 1 3 4
never 2 18 20
6 34 40
Score 0.918 0.746| 0.807

Very positive reviews

FIGURE 13.4 Sentiment analysis of the Windex product from text comments in
the reviews using the Excel COUNTIF function.
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10. Keep in mind these are very approximate numbers (not very
exact or scientific answers) and very dependent on the list of
words we count. But it gives a good overall business answer.

11. Now copy the text in columns B2:C348 (both title and text) into
the computer buffer. We are going to compute a word cloud
and compare it to the COUNTIF score.

12. Use the Voyant tool explored earlier in this chapter and cre-
ate a word cloud and do a word frequency analysis. Be sure to
remove product-specific words from the STOPLIST (such as
Windex, product, reviews). See Figure 13.5. Do the sentiment
analysis computed with COUNTIF and what you see in the
word cloud match?

used

original job work _ ®

windows
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FIGURE 13.5 Sentiment analysis using a word cloud analysis of the Windex prod-
uct from text comments in the product reviews.

13. Repeat steps 4-9 for the brand Rubbermaid. The results are
mixed, still positive but not by much. The computed sentiment
score is shown in Figure 13.6.



TEXT ANALYTICS » 129

Sentiment Analysis
TITLE REVIEW ALL
Positive Word Count Count Count
good 27 71 98
positive 0 2 2
best 0 15 15
easy 3 14 17
great 48 142 190
love 12 129 141
always 2 17 19
92 390 482
Negative Word Count Count Count
bad 10 34 44
negative 0 5 5
terrible 19 10 29
hard 5 191 196
poor 0 0 0
hate 6 15 21
never 3 27 30
43 282 325
Score 0.363 0.161| 0.195
Very positive reviews

FIGURE 13.6 Sentiment analysis using the Excel COUNTIF function of the
Rubbermaid product from text comments extracted from the product reviews.

14. Use the Voyant tool explored earlier in this chapter and create
a word cloud and do a word frequency analysis. Don't for-
get to add common words to the STOPLIST (mop, Rubber-
maid, bottle, etc.). Do the sentiment analyses computed with
COUNTIF and the word cloud match? (Figure 13.7.)
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FIGURE 13.7 Sentiment analysis using a word cloud analysis of the Rubbermaid
product from text comments in the product reviews.
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Chapter 14 presents techniques useful when dealing with data sets
too large to load into Excel. We want to use all the valuable techniques
developed in Chapters 3-12, but if only we can get the table into a
spreadsheet. One useful way is to randomly sample the too-big-to-fit
table and analyze the sampled table made up of the sampled rows.
Excel has a randomization function, and we could use it to extract
the sample rows. But, wait, we can’t get the table into Excel! So we
must use a different tool to perform the sampling. This is where we
bring in the use of the R program. There is an exercise in this chapter
where you are guided on how to set up and use R to extract a mean-
ingful sample of rows for a large data set. You are also shown how to
compute how many rows your sample you will need to obtain statisti-
cally significant results using the sample table. Once the sample rows
are extracted, Excel may be used to get useful answers from the skills
learned in earlier chapters.

This technique answers the business question: “How do we work
with tables too large to load into Excel?”

As in previous chapters, we demonstrate the technique in the first
exercise and allow for more challenging work in subsequent exercises.

Analysis Case 14.1 — Big Data Analysis

Using Sampling to Work with Large Data Files

1. The premise of this exercise is that we wish to use Excel as our
analysis tool but are aware of its limitations with respect to very
large files. Typically, it’s not the number of variables that is the
problem but rather the number of rows, as we saw from Analy-
sis Case 1. Let’s say we have a very large data file, hundreds of
megabytes consisting of hundreds of thousands or perhaps mil-
lions of rows. How do we use Excel in this case when we can’t
load the entire file in a spreadsheet? The answer is a trade-off.
We are willing to accept a slight decrease in accuracy in our sta-
tistical results for the convenience of using Excel for the analysis.
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2. The technique is to randomly sample the large (or big data) file
and obtain a random sample of manageable rows of data. We will
first use one tool to compute an adequate sample size, and then
we will use another tool to sample the original file. We will use a
free Web-based tool to compute sample size, and then we will use
a free cloud-based program, RStudio, to extract a random sample.

Table 14.1 Characteristics of the data files used to demonstrate the
sampling of large data sets.

Name Size(MB) Rows Columns Source Description
ORDERS.csv 1.8 8,400 22 Company Office supplies orders
Community.csv 70 376,000 551  US Census 2013 ACS census file
Courses.csv 73 631,139 21 MIT edX 2013 MOOC Courses

BankComplaints.csv 306 753,324 18 USFTC  Bank complaints to the FTC

3. First, let's compute an adequate sample size. The entire file is
our population. For example, we wish to have .95% confidence
in our statistical analysis using our sample and to have no more
than a 1% margin of error in our results (these are very typical
parameters in business). Let’s take the 306 MB BankComplaints.
csv big data file with 753,324 rows. Using an online sample size
calculator found at www.surveymonkey.com/mp/sample-size-
calculator/, we see that we will need a random sample of 9,484
rows to achieve our desired level of accuracy and margin of error

(Figure 14.1).
Calculate Your Sample Size:
Population Size: @
Confidence Level (%):
Margin of Error (%): Z}
Sample Size:
CALCULATE 9’ 484

FIGURE 14.1 Using an online sample size calculator.
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4. As an additional exercise use the online calculator to compute
the necessary number of random rows in the other sample files
for various accuracy levels in the following table (Table 14.2).
Note that the rightmost column has the answer!

Table 14.2 Computed elements of the sampling of data sets under
study.

Name Size Population  Confidence =~ Margin of Random
(MB) Rows Level % Error%  Sample Rows
ORDERS.csv 1.8 8,400 95 1 4,482
Community.csv 70 376,000 95 1 9,365
Community.csv 70 376,000 99 1 15,936
Courses.csv 73 631,139 95 1 9,461
Courses.csv 73 631,139 95 2 2,394

5. We will now use a popular free cloud version of the R program:
RStudio Cloud. (If you feel ambitious, download and install
RStudio on your computer so you will have a permanently in-
stalled sample extraction tool for future use. Otherwise, proceed
to learn the technique with the cloud version.)

6. Navigate to hitps://rstudio.cloud/, create a free account, and then
proceed to the next step.

7. In RStudio Cloud, create a new project. The typical RStudio
interface appears. Note the “>_" prompt in the lower-left-hand
corner of the screen. It should be blinking, waiting for your R
commands. The resulting screen in your browser should look
something like this (Figure 14.2):
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Your Workspace / Untitled Project « cickto name your project
File Edit Code View Plots Session Build Debug Profile
O -~ Go to file/tunctic ~ Addins ~
Console  Terminal 5
R version 3.4.2 (2017-@9-28) -- "Short Summer"

Copyright (C) 2017 The R Foundation for Statistical Computin

g
Platform: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

SO

Tools Help

R34.2 ~
Environment History  Connections -]
o ~ Import Dataset = = & List ~ -

"} Global Environment ~

Files Plots Packages Help Viewer 8y |
© NewFolder © Upload © Delete « Rename {j More ~
/I\ Home
A Name Size Modified
project
R

-

FIGURE 14.2 Interface screen of RStudio Cloud cloud-based platform.

8. First, we will upload all the files we will be sampling.

9. Using the Lab Data set provided, open the Analysis Cases folder
and then open the Analysis Case 14 folder within it, and find the
files ORDERS.csv, Courses.csv, and Community.csv.

10. Click on the “Files” tab in the lower-right-hand pane of the
RStudio desktop on your browser. Then, click “Upload” in the
new row. You will get the following interface (Figure 14.3):

Upload Files
Target directory:
/\Home

File to upload:

Browse... No file selected.

TIP: To upload multiple files or a directory, create a zip file.
The zip file will be automatically expanded after upload.

OK Cancel

FIGURE 14.3 Details of using the RStudio Cloud tool to upload files to the Web
to be analyzed.
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11.

Click the “Browse” button and upload each of the three files,
one after the other. Be patient, as some of the larger files take
some time to upload. When done, the “File” area in the upper-
right-hand screen should like this (Figure 14.4):

Files Plots Packages Help Viewer — =
O] New Folder | @& | Upload @ Delete |=]Rename {av More ~
& Cloud > project R
A Name Size Modified
)
®7 .Rhistory 0B Mar 1, 2020, 4:52 PM
i Community.csv 71.3 MB Mar 1, 2020, 5:05 PM
| Courses.csv 66.9 MB Mar 1, 2020, 5:11 PM
R| project.Rproj 205 B Mar 1, 2020, 4:52 PM
ORDERS.csv 1.7 MB Mar 1, 2020, 5:20 PM

FIGURE 14.4 Screen of the uploaded data files ready to be processed with an R

script.

12.

13.

14.

1S5.

We will start with sampling the smaller file (ORDERS) and then
move on to the larger files.

In the upper-left-hand panel, pull down the “File” > “Open”
function and select the ORDERS.csv file from the list. That
loads the file into the workspace (note the “Source” panel now
appears and has information about the file).

Drop down to the lower-left-hand panel and click in front of the
“>_"cursor. It should start blinking, ready for your command.

We will enter the following sets of commands one after the
other:

> set.seed (123)

> Y <- read.csv (“ORDERS.csv”)

> View (Y)

> index <- sample (l:nrow(Y), 4482)
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> 7 <= Y[index, ]
> View (Z)
> write.csv (Z,’Z.csv’)

16. Make sure to enter the random number of rows required (4482),
but without a comma, or the comma will be interpreted as a
part of the command and not as part of the number.

17. We are using “Y” and “Z” as temporary containers for our data.

18. Note that the “Source” upper-left-hand panel shows the origi-
nal data in table form (the result of the “View” command).

19. Also, note that the upper-right-hand panel shows two files in the
workspace, Y and Z, and their characteristics. Note that Y has
the original set of rows, 8,399, and Z has the sample rows, 4,482.
The random sampling was done with the “sample” command.

20. We outputted the sample rows to the Z file, and the program
wrote it out to the disk as Z.csv. Now the lower-right-hand
panel has that file in the directory (Figure 14.5).

ORDERS.csv 7 z [~  Environment History Connections =
Filter - # Import Dataset + & List «
“ ROWID  ORDERID Y Y  sal (i Global Environment +
2463 7322 52256 11/4/10 Not Specfied 2 Data
v 8399 obs. of 22 variables
8 7253 /5/09 Critica i
asal| son 5 ile. el “ z 4482 obs. of 22 variables
2986 1500 11585 315/09 Medium 1”7 Values
2| 2n i il 5 index int [1:4482) 2463 2511 2986 1842 3371 47..
33N 2468 17953 82012 High 7 Files Plots Packages Help Viewer -
4761 2105 15045 8/20/10 Not Specified " Q. New Folder O | Upload © Delete o Rename = { More -
Cloud - project x
6746 1772 12706 11/20/09 Critical 46 - L] B :
4 Name size Modified
»
t
Y] Rhistory 08 Mar 1, 2020, 4:52 PM
Console  Terminal Jobs =0 Community csv 713 M8 Mar 1, 2020, 5:05 PM
Courses.csv 66.9MB  Mar1,2020,5:11 PM
> set.seed(123) m £ projectRproj 2058 Mar 1, 2020, 4:52 PM
> Y <- read.csv(“ORDERS.csv")
> View(¥) ORDERS.csv 1.7 MB Mar 1, 2020, 5:20 PM
> index <- sample (1:nrow(Y), 4482) Zesv 1.1 M8 Mar 1, 2020, 5:24 PM
> Z <- Y[index, ]
> Vview(Z)

iKY

FIGURE 14.5 RStudio Cloud interface screen showing the data file (upper left), R
script (lower left), details of the input and output data files (upper right), and files
in a directory (lower right).
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21.

22.

23.

24.

Now we need to download the file from the cloud directory to
our computer. You will want to checkmark the box next to the
Z.csv file. In the lower-right-hand panel, click on the “More”
icon (it looks like a blue gear). Select “Export” and follow the
directions to download the file to your desktop for now. You
should rename the file ORDERSSample.csv as you save it. (It
is important to note that we only used Y and Z as temporary,
easy-to-use containers.)

To check on our work, we will compute some results using both
the original population and the sample rows and compare.

Open ORDERS.csv and ORDERSSample.csv. Notice that the
sample data set contains a new column (at the extreme left)
that identifies each sample row uniquely (a random number).
You need to label that column (for example, “SAMPLEID”).

Using pivot tables, tabulate the total sales by region for both
files. Compare the results from both tables (Figure 14.6). Com-
pute the difference between the total population and the sam-
ple. You will find it to be well within the 5% margin of error.

1 Using the sample 2 Using the entire file
IORDERSSample.csv ORDERS.csv
Row Labels ~ Count of ROWID Average of SALES Row Labels ~ Count of ROWID Average of SALES
Wtlantic 587 1858 Atlantic 1080 1865
INorthwest Territories 211 2224 Northwest Territories 394 2033
Nunavut 36 1246 Nunavut 79 1473
Ontario 989 1715 Ontario 1826 1678
Prarie 915 1759 Prarie 1706 1663
Quebec 420 2125 Quebec 781 1934
West 1046 1900 West 1991 1807
Yukon 278 1671 Yukon 542 1800
Grand Total 4482 1842 Grand Total 8399 1776
Difference in total Sales 3.7%

FIGURE 14.6 Comparison of the same analysis using the entire file and the sample
showing less than 5% error difference.

25.

Note that whereas the computed total from the sampled file
is quite accurate when compared to that computed using the
entire original file, there is a much wider error in the individual
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regional results, especially for those regions with fewer rows. If
you repeat for the PROFIT variable rather than SALES, you
will see a much wider variation.

Repeat these steps using the two other data files as
additional exercises.

26. Repeat the process for the Community.csv and Courses.csv files
for a 95% confidence level and a 2% margin of error. Compute
the summary of one of the variables for both the total popula-
tion and the sampled files and compare.

Analysis Case 14.2 — Additional Case Using the
BankComplaints Big Data File

1. You will find that if you try to load the BankComplaints.csv
300 MB file in RStudio Cloud, it will give you an error. The free
cloud version only allows smaller files to load. One solution is to
get a paid subscription and continue, but if we are only using R
for its easy sampling capability, it may pay to stay with free ver-
sions of RStudio (or find yourself some other way to sample very

large data files).

2. Our proposal is for you to install RStudio on your PC or Mac
computer. Then you can use the techniques of the previous ex-
ercise as they are given. (The interface to RStudio is identical,
so just follow the instructions given, except now you can load a
300 MB or 3 GB or whatever size file you need to sample.)

3. As a first step, locate the free RStudio program on the Internet
and download and install. You may obtain it here: www.rstudio.
com/products/rstudio/download).

4.Once installed, try it out on the 300 MB BankComplaints.csv
file. Compute the number of random rows to select for an ad-

equate sample for a 95% confidence level and a 1% margin of
error (Table 14.3).
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Table 14.3 Computed parameters of the sampling of the data set
under study.

Population Confidence Marginof Random Sample

plate (A1) Rows Level % Error % Rows

BankComplaints.csv 306 753,324 95 1 4,484

5. Use the R commands given earlier to sample the file and save it
as BankComplaintsSample.csv. (Make sure to use the correct file
name in the commands.)

6. Use the file of samples to tabulate the percentage of complaints
by state to discover the states with the most and the least com-
plaints.

7. Add the size of the population of each state and normalize the
complaints per million residents of each state. Get the states with
the least and the most complaints per capita. Compute other
descriptive statistics of this variable.

8. Using the Analysis ToolPak, get summary descriptive statistics
(Figure 14.7).

COMPLAINTS/PERSON

Mean 24.46
Standard Error 1.45
Median 24.25
|Mode HN/A

Standard Deviation 10.24
Sample Variance 104.91
Kurtosis -0.53
Skewness 0.43
Range 41.82
Minimum 6.76 AK
Maximum 48.58 MD
Sum 1222.99
Count 50.00

FIGURE 14.7 Descriptive statistics of the sample extracted from the BankComplaints.
csv data file.
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MTA - $142,110
NYC Transit Authority - $94,140

NYC Health and Hospitals Corp - $60,755

NYC Dept of Health - $59,550

NYC Housing Authority - $54,971
NYC Police Department - $51,803
NYC Dept of Environmental Protection -...
NYCED - $28,459
NYC Environmental Protection - $18,855

NYC Employees Retirement System - $18,725




142 « DATA ANALYSIS FOR BUsINESs DEcISIONS 2/E

The Case

Consider being called into a meeting to review a pitch to be used
by your company for a customer meeting. This company has been
doing business with the City of New York for many years, and they
want to reinforce the partnership they have with the City. Part of the
pitch is to demonstrate how good a vendor they have been to the
City by showing how much business various city agencies have done
with your company. The sales department intends to use the follow-
ing slide (Figure 15.1) to demonstrate the state of the relationship as
a vendor. It is your job to analyze and suggest changes to the slide to
make the case more compelling.

Itis the purpose of this lab to analyze the slide and data visual and
create a new slide. We will analyze the slide along six major dimen-
sions: Story, Signs, Purpose, Perception, Methods, and Charts. These
six dimensions are described at the start of each of the six labs in this
chapter. We will use a template with a checklist of appropriate ques-
tions that need to be answered during the analysis.

City of New York Activity Summary

$644,000 in
NYC Agency Engagements
Since 2014

Top 10 NYC Agencies
Partnering with ACME

uMTA - $142,110
w NYC Transit Authority - $94,140
1 NYC Health and Hospitals Corp - $60,755
_  NYC Dept of Health - $59,550
s — & NYC Housing Authority - $54,971
> y u NYC Police Department - $51,803
NYC Dept of Environmental Protection - $30,267

« NYCED - $28,459

NYC Employees Retirement System - $18,725

= NYC Environmental Protection - $18,855

FIGURE 15.1 Case study slide to be analyzed and modified and made more
compelling.
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The Analysis Template

We will use the analysis template provided as follows to analyze and
improve charts, or data visualization, along the six dimensions out-
lined. The six dimensions are discussed in detail at the start of each
of the six cases that follow. We are using the tool as a guide to the
eye and to improve your discrimination. Using the analysis template
and the associated questions produces an imperfect indicator, but
it should be sufficient to guide you in making improvements to any
chart. We hope that by using the tool multiple times, you will then
begin to internalize the questions and, eventually, you will not need
to use the tool.

To use the tool, consider answering the question associated with
each principle. Consider each question and then use the following
rough criteria: answer YES if the chart fulfills the question for the
most part (>70%) and NO if the chart is deficient in that question
(<70%). Then elaborate: what would you do to improve the chart in
this dimension? This process requires a rough pass-fail judgment on
the issue. It’s not perfect, and it is not meant to create an exact mea-
surement of the visual’s perfection. It is meant to develop and refine
your power of discrimination when analyzing and improving charts:
what looks good and what does not.

Story
Create a Visual Story - Is the point of the visual very clear?

Make It a Prop - Has the visual been simplified and focused?

Emulate Legendary Storytellers — Are past masters and the
basic charts that they pioneered emulated?

Signs
Signs - Is the use of signs and symbols appropriate?
Communication - Is the signal-to-noise ratio high?

Function - Is the chart functionally informational rather than
beautiful art?
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Purpose
Need - Does the chart fulfill organizational information needs?

Audience - Does the chart allow for audience biases, needs, and
journeys?

Frame - Does the visual answer a well-framed analytical

question?

Perception

Seeing — Does the eye of the viewer focus on the most important
point being made?

Mind - Have the principles of the Gestalt psychology of perception
been thoughtfully employed in the visual?

Quality - Does the visual inform the viewer and dispel his
ignorance?

Method

Color - Is color used judiciously and sparsely?

Chart junk - Is the visual clear of unnecessary visual elements not
leading to a clear point being made?

Title — Does the title of the chart convey the point being made with

the chart?

Charts
Right Chart - Does the type of chart being used match the level of
judgment required?

Selection — Does the chart type used match the business question
being answered?

Tables — Are referenceable visuals (tables) readable with
appropriate conditional formatting and thumbnail graphs used for
emphasis?
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Analysis Case 15.1 — Story

Create a Visual Story — Is the point of the visual very clear?

As the saying goes, a picture is worth a thousand words. Does your
visual make a clear point that would take a lot of words to convey?
What is the point of the visual? Does your audience get the point? Is
your story clear?

Make It a Prop — Has the visual has been simplified and focused?

Famous chart maker Stephen Few admonishes us that numbers
have an important story to tell. Our numbers rely on us to give them
a compelling voice. A data visual should not tell the whole story
but be a prop to be used by the storyteller. Charts support the story-
teller. Charts are not the whole story. Charts are a complement for the
storyteller by summarizing complex data in a single image.

Emulate Legendary Storytellers — Are past masters and the basic
charts that they pioneered emulated?

We have a rich data visualization heritage; we stand on the shoulders
of giants, as it were. They are master storytellers who invented and
used data visuals as their props. The question is, can you improve
your visual by emulating famous chart makers? Are your visuals
rooted in their iconic chart exemplars? For example, see the word of
folks like John Snow with his London Cholera Map; Charles Minard
and Napoleon’s March on Moscow; Hans Rosling who invented
Gapminder and moving bubble diagrams; Joseph Priestley and
his Chart of Biography and his New Chart of History; and finally,
Florence Nightingale and her radar charts of the Crimean War.

Case Analysis

Review the case study and the chart to be improved. Use this exercise
to practice analyzing a chart along the Story dimension. Make sure to
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use the analysis questions from the template, repeated as follows. In
the end, after you have gone through the three principles, you will be
able to answer:

What is wrong with the visual being analyzed
along these dimensions?

What can be done to improve the visual along all
these dimensions?

1. Create a Visual Story - Is the point of the visual very clear?
2. Make It a Prop - Has the visual been simplified and focused?
3. Emulate Legendary Storytellers

Analysis Case 15.2 - Signs

Give Them a Sign - Is the use of signs and symbols appropriate?

People need a strong sign to be able to make good decisions. Are we
using signs and symbols properly in our visuals? Does the visual use
cultural cues properly? Do we transgress any cultural conventions?
Is our audience expecting the symbolism we use in our chart, or are
they surprised and confused by it? The science of sign making has
three parts: (a) the signifier, the intended meaning; (b) the signified
or significant, which is the symbol or icon that stands in for the signi-
fier (for example, a “dog” is represented by a “picture of a dog”); and
(c) the sign, the combination that makes up our understanding.

It’s Like a Communication System — Is the signal-to-noise ratio high?

Sign making for our charts is part of setting up a communication sys-
tem. We must ask, as with any communication system, does our visual
send a strong, unmistakable signal? Will the receiver, our audience,
be able to decode it? Or is there too much noise, and what can we
do to reduce it? In an effective presentation, the audience gets your
point even in the presence of noise.
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Design for Function - Is the chart functionally informational rather
than beautiful art?

We should ask ourselves as we create our charts: does the chart
inform or entertain? We should avoid having our chart be prized and
classified as beautiful art, especially if it fails to inform. We are talk-
ing about functionally over making the chart pretty. Avoid frilliness.
Have we sacrificed clarity to make our chart pleasing to the eye? We
should strive to inform and not to create a chart that appeals to emo-
tions, but rather to reason leading to good decisions.

Case Analysis

Review the case study and the chart to be improved. Use this exercise
to practice analyzing a chart along the Sign dimension. Make sure to
use the analysis questions from the template, repeated as follows. In
the end, after you have gone through the three principles, you will be
able to answer:

What is wrong with the visual being analyzed
along these dimensions?

What can be done to improve the visual along all
these dimensions?

1. Signs — Is the use of signs and symbols appropriate?
2. Communication — Is the signal-to-noise ratio high?

3. Function — Is the chart functionally informational rather than
beautiful art?

Analysis Case 15.3 — Purpose

Consider the Information Need - Does the chart fulfill organizational
information needs?

We use our presentation and its embedded graphs to fulfill the needs
of the requester and of the organization. We should make sure our
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visuals fulfill an organizational, informational need. We should only
be bringing data that is vital to the organization and its mission. We
should also consider if the requester will be satisfied with this level of
information and the news you bring. And most important, does the
visual help them make a decision? In other words, does it educate
your requester and audience sufficiently to satisfy their needs?

Consider the Audience — Does the chart allow for audience biases,
needs, and journeys?

Together with the audience’s information needs, we should consider
all other aspects of our viewers and listeners. What are their biases,
what journey are they on, what will they do with the information?
Then we must match the visual style to the audience’s biases, needs,
and journey. The visual must take into consideration their point of
view and account for their biases, education, and training. It should
help them with their journey to make their numbers. Any mismatch
would introduce noise, perhaps confuse, and the audience would
miss the point you are making.

Answer Well-Framed Analytical Questions — Does the visual answer
a well-framed analytical question?

In the end, to satisfy the information need, we must present our
results of answering well-framed analytical questions stemming from
those needs. The analytical questions were posed and answered as
part of the analysis process. The creation of the communication set of
visuals is not the time to discover or search for the answers. We select,
out of the many analytical questions we used to inform ourselves of
the answers, those few that are the most important. They contain the
key evidence, the facts, that support our conclusions. Those key facts
must pop out of our visuals as clearly evident.
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Case Analysis

Review the case study and the chart to be improved. Use this exercise
to practice analyzing a chart along the Purpose dimension. Make sure
to use the analysis questions from the template, repeated as follows.
In the end, after you have gone through the three principles, you will
be able to answer:

What is wrong with the visual being analyzed
along these dimensions?

What can be done to improve the visual along all
these dimensions?

1. Need — Does the chart fulfill organizational information needs?

2. Audience — Does the chart allow for audience biases, needs, and
journeys?

3. Frame — Does the visual answer a well-framed analytical question?
Analysis Case 15.4 — Perception

Use the Eye-Brain System of Seeing — Does the eye of the viewer focus
on the most important point being made?

The eye is attracted unconsciously to strong focal points in images.
Therefore, you should decide which are the most important things
you want your viewers to focus on and make them stand out when
they first view the chart. They can use Gestalt principles, color the-
ory, employment of the right chart, removing chart junk, and other
methods to assist in focusing. You have to guide their viewing so they
get the point, almost unconsciously.
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Employ the Gestalt Principles of Perception — Have the principles of
the Gestalt psychology of perception been thoughtfully employed in the
visual?

One way to assure that we are guiding the eye to the most important
elements of the chart we have designed is to use the principles of the
Gestalt psychology of perception. Have the principles been used to the
greatest advantage? The most important principle for our purposes is
to make sure the visual has good figure/ground differences. Does the
main point visually stand out? Then we can consider secondary effects
such as asking if the grouping has been used to best effect. Has con-
nectedness been used effectively? Has flow been used properly?

Design with Quality — Does the visual inform the viewer and dispel his
ignorance?

A quality chart is one that is full of information; in other words, our
visuals must be “alive.” To be “alive,” a visual must provide a service.
The service is the resolution of a tension the viewer brings to the
chart. They want to know. If the chart informs, the tension is relieved,
and the viewer then “knows.” If the viewer is still puzzled over the
information after viewing, the chart does not have the living quality
of informing and releasing the tension of ignorance.

Case Analysis

Review the case study and the chart to be improved. Use this exercise
to practice analyzing a chart along the Perception dimension. Make
sure to use the analysis questions from the template, repeated as fol-
lows. In the end, after you have gone through the three principles,
you will be able to answer:

What is wrong with the visual being analyzed
along these dimensions?

What can be done to improve the visual along all
these dimensions?
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1. Seeing — Does the eye of the viewer focus on the most important
point being made?

2. Mind — Have the principles of the Gestalt psychology of percep-
tion been thoughtfully employed in the visual?

3. Quality — Does the visual inform the viewer and dispel his igno-
S
rance?

Analysis Case 15.5 — Method

Use Color Effectively — Is color used judiciously and sparsely?

Color should be used judiciously. It really enhances the chart. But
if you use Excel, for example, the program chooses which colors to
display based on some internal formula. That does not always lead to
the best color combination. You must also use color sparsely. Most
of your chart should be in black and white. Color should be left for
those elements you want to use to draw the viewer’s attention. For
example, you could gray out the axis somewhat to make it fade into
the background. Does your use of color grab the viewer’s attention?
Color that is used should also be semantically correct.

Remove All Chart Junk - Is the visual is clear of unnecessary visual
elements not leading to a clear point being made?

Chart junk is anything in your visual that detracts from the viewer’s
comprehension of our charts. ]ust as we must declutter when we pre-
pare our family home to be sold, you should clear up the viewing
space in a visual as much as possible. Be ruthless. Use the redo and
undo function in your chart maker. Put the feature in and then delete
it. Go back and forth, putting it in and taking it out repeatedly to
determine if valuable information would be lost if it was not there.
Is there a simpler way to make that point? Remove unnecessary or
confusing visual elements in charts and graphs. Any markings and
visual elements can be called chart junk if they are not part of the
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minimum set of visuals necessary to communicate the information
understandably.

Tell the Story with the Title — Does the title of the chart convey the
point being made with the chart?

Consultants at McKinsey and Company, the world-famous consulting
powerhouse, have a wonderful practice in titling their presentation
slides. The title of the slide (or even the visual, but not both) makes
the business point of the graph explicitly. It tells the viewer what the
graph means right in the title. They don’t let the viewers try to figure
it out for themselves. They may draw an incorrect conclusion. You
need to tell them, right there, at the top of your slide. Be succinct but
express it as a complete thought; a phrase will suffice. Charts should
also have direct labeling for series. Avoid using a legend that makes
the viewer’s eye go back and forth and get lost as they try to get the
point. Tell them directly what each chart feature is.

Case Analysis

Review the case study and the chart to be improved. Use this exercise
to practice analyzing a chart along the Methods dimension. Make
sure to use the analysis questions from the template, repeated as fol-
lows. In the end, after you have gone through the three principles,
you will be able to answer:

What is wrong with the visual being analyzed
along these dimensions?

What can be done to improve the visual along all
these dimensions?

1. Color — Is color used judiciously and sparsely?

2. Chart junk — Is the visual clear of unnecessary visual elements
not leading to a clear point being made?

3. Title — Does the title of the chart convey the point being made
with the chart?
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Analysis Case 15.6 — Charts

Use the Right Chart — Does the type of chart being used match the level
of judgment required?

Researchers have developed a useful scale for elementary perceptual
tasks, which we apply to decide the type of graph that should be used
for the level of accuracy desired. This functional scale tells us that the
higher the encoding methods, the more accurate the comparison it
facilitates. Linear charts such as bar charts and line charts and scatter
plots afford the highest level of accurate comparison. Charts like pie
charts are good for gross but not accurate comparisons. They afford
other types of judgment such as contributions to the whole. The least
accurate, but still useful, are color scales used in coloring a map with
data as in GIS plots. This should guide us to match the type of graph
to use for the question being answered. Using this scale, we can ask:
(a) is the right chart being used for the intended purpose? and (b)
does the visual use the right level of encoding for the level of accurate
judgment desired?

Select the Chart Type Effectively — Does the chart type used match the
business question being answered?

Consider answering a few basic questions in the use of the chart
type that was selected: (a) are the charts answering the right busi-
ness question? (b) does the chart match the business question being
presented? and (c) have the four basic chart types been used properly
(bar, line, pie, scatter)? Each chart type is best suited to presenting
answers to certain types of questions. For example, a Pareto bar chart
is excellent for showing the 80/20 percent contributions for certain
contributors. Pie charts are best for contributions to a whole. Match
the point you are trying to make to the type of chart that suits that
type of information best.
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Enhance Table Data for Emphasis — Are referenceable visuals
(tables) readable with appropriate conditional formatting and
thumbnail graphs used for emphasis?

When using tables in our visuals, we must ask: are we using the table
to analyze or to tell? Is the use of referenceable or glanceable visuals
appropriate? Also, we must ask if the referenceable visual has been
designed to be legible and readable. Do the tables have enough white
space? Has shading of the table been used appropriately and spar-
ingly? Has the emphasis been appropriately added with conditional
formatting? And have thumbnail graphs such as sparklines been
employed to add insight?

Case Analysis

Review the case study and the chart to be improved. Use this exercise
to practice analyzing a chart along the Charts dimension. Make sure
to use the analysis questions from the template, repeated as follows.
In the end, after you have gone through the three principles, you will
be able to answer:

What is wrong with the visual being analyzed
along these dimensions?

What can be done to improve the visual along all
these dimensions?

1. Right Chart — Does the type of chart being used match the level
of judgment required?

2. Selection — Does the chart type used match the business ques-
tion being answered?

3.Tables — Are referenceable visuals (tables) readable with ap-
propriate conditional formatting and thumbnail graphs used
for emphasis?



DATA VisuALIZATION ¢ 155

Analysis Case 15.7 — Putting It All Together

Create a new chart you will propose to your company to be used in

place

of the chart they were going to use. Do this without looking at

the solution chart generated by an expert. Make sure your revised

chart
1.
2.

3.
4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
1S.
16.
17.
18.

does the following:

It tells a good story.

It can be used as a prop.

It emulates traditional charts made by experts.

It makes a good sign.

It sends a strong signal.

It is functional, not artistic.

It fulfills the organizational need.

It allows for audience biases and journey.

It answers a well-framed analytical question.

It focuses the eye of the viewer on the most important elements.
It employs proper Gestalt perception principles.
It dispels viewer ignorance.

It uses color appropriately.

It is free of chart junk.

It has an appropriate title.

It supports the level of judgment needed.

It matches the business question being answered.

It is glanceable with appropriate conditional formatting and
thumbnail graphs for emphasis, if there is a table.
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A Possible Solution

ACME partners well with top 10 Agencies

MTA - $142,110
NYC Transit Authority - $94,140
NYC Health and Hospitals Corp - $60,755
NYC Dept of Health - $59,550
NYC Housing Authority - $54,971
NYC Police Department - $51,803
NYC Dept of Environmental Protection -...
NYCED - $28,459

NYC Environmental Protection - $18,855 $644,000 in total
NYC Agency purchases

NYC Employees Retirement System - $18,725 i
. in past three years

FIGURE 15.2 Case study slide modified and made more compelling.
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Business Questions and Analysis Techniques for Addressing Them

Basic Techniques
Type of Best
Business TyRes of Analysis Examples Graphic
. Variables ‘
Question Technique

How much revenue
did we receive last
Continuous, = Descriptive = Y€ar by customer
How many?  {jstrib- statistics, type and sales
How much?  uted over averages, territory?
categories time series  What was the aver-
age sale per sales-
person last month?

-Age
Are there any sales o
Is the data OQuartiles personnel who had 0
widely 7. score * outstanding sales o
. -SC 50
dispersed? Continuous Point, last quarter? Did ©
Are there Summary any employee score :: ‘
any outliers? above all others in i
the leadership test? o
Range of monthly o
sales by sales- n :
How is Categorical person over CY . l | [
the data and Box Plots compared to PY. N
distributed? = Continuous Range of expenses 2 f !
by category over last | ob— - -
quarter.
How are the salaries
. of our employees
How is . . distributed? What
the data Continuous = Histogram | o
. is the distribution of
distributed? . L
housing prices in the
county?
Which ts h
Which |c_ products had
. the highest cus-
are the Categorical, ) .
.. ¢ Bar Chart | tomer ratings? Rank z
significant nominal .
categories? all companies by
’ their capitalization.
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Intermediate Techniques

Type of Tyt Best
Business VZriabIes Analysis Examples Graphic
Question Technique
Which customers :
Who or contributed to most -
which are Continuous | Pareto of our revenue last -
the most year? Which are i~
important? the most prevalent o
complaints?
Which are the best prmem
vendor products ’
for lowest cost and s
Which are Continuous 2 X 2 highest perfor- KL X
the best 9 variables  Analvsis mance? Which L 4 1|
choices? ) Yok employees have i
the best perfor-
mance in sales and
leadership? -
Are the Continuous Scatter Can we use one ;
factors 9 variables plot,.cor— factor as an indica- i
related? compared relation tor of what another §
analysis variable will do? i
Time Have our sales been
What are the . series, increasing year after
trends? (‘]ontmu.ou‘s, regression, = year? What will our
Forecasts? time series forecasts, sales be in the next
line charts = three months?
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Advanced Techniques

Type of Best
: Types of : ]
Business Variables Analysis Examples Graphic
Question Technique
Can we create a ®
Can we A model with model to design a E w
redict an many con- Multivariate = store given certain F oo
E tcome? tinuous input | regression input parameters »
u ? ) 5 .
variables to achieve a certain P —
level of sales?
A continu Given a customer CogTe T
. response on a
Can we ous variable conriinuous vari
predict predicting Logistic able question. can
. . ¢ uesuon, Ce
a binary one of two regression we te(%l whether the
outcome?  categorical )
outeomes customer is male or
female?
SE=llltll s«
What are Text analy- Can we analyze T smﬂ'éa-— S = Roit
conle Unstructured  sis, word 10,000 emails to find ;_ametlmﬂmeeai'ga'e“
Ea E 5 text frequency customer sentiment e
yings analysis and tie it to dates?
Contingenc Can we use gender :;3;.‘.::‘:!::: ]
. i - ) ) )
Are the Categorical, ,g Y as an indicator of : i;“;i
. analysis and
factors two variables Chi-Squared preference for our e s i)
_Squ: ] . e
related?  compared d product for this : ———

test

roup of customers? R i s
p
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Data Sources

1

. Data set ORDERS.CSYV. This data set was made available cour-

tesy of Tableau, Inc. as Open Source and is derived from their
Sample-Superstore training dataset. The data set may be found

at: https://community.tableau.com/servlet/JiveServlet/download
Body/1236-102-2-15278/Sample%20-%20Superstore.xls.

.Data set BankComplaints.csv. This data set was made avail-

able courtesy of the U.S. Government Department of Consumer
Affairs as part of their Consumer Complaint Database, a pub-
licly available unrestricted data set. The data set can be found at:
https://catalog.data.gov/dataset/consumer-complaint-database.

.Data set SFOCustomerSurvey.csv. This data set was made

available courtesy of the San Francisco Airport as an Open Data
set available at https://data.sfgov.org/browse?q=sfo.

. Data set Football.csv. This data set was made available by per-

mission of Michael B. Lafferty, the author of the original news
article: Lafferty, M. B., (1993, November 21), “OSU scientists
get a kick out of sports controversy,” The Columbus Dispatch, B7.
The data set may be found at: https:/www3.nd.edu/~busiforc/
handouts/Data%20and%20Stories/t%20test/Helium%20F oot
balls/Helium%20Football%20Data.html.

.Data set courses.csv. This data set was made available cour-

tesy of the Harvard Dataverse Project, under DVN/26147_2014,
HarvardX, publisher: Harvard Dataverse, title: HarvardX Per-
son-Course Academic Year 2013 De-Identified dataset, ver-
sion 3.0, UNF = {UNF:6:WSoYmsP5KeX2t/6g2]iEuw==, year:
2014, version: V11, doi: 10.7910/DVN/26147, URL.: https://doi.
org/10.7910/DVN/26147.

. Dataset calcium.csv. This data set was made available by per-

mission of John P. Holcomb, Jr., PhD, Cleveland State Univer-
sity. The data set may be found at: https://academic.csuohio.edu/
holcombj/clean/cleaningassignment.htm.
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installation and activation, 10-13
Regression function, 62-68
analytics, text, 122-130
ANOVA inferential analysis, 92-99
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big data analysis, 132140
box plots, 22

C
chart junk, 151-152

charts, data visualization dimension, 144,

153-154
chi-squared analysis, 102-110
cleaning data files, 6-7
color, usage of, 151

communication system, signs/symbols as,

146
contingency analysis, 102-110
correlations, 61-68
interpretation of, 64
COUNTIF function, 122, 125-130

D

Data Cleansing Cycle, 1, 2

data files
characteristics of, 3, 133
cleaning, 6-7
large, working with, 132-140
shaping, 3-5

data visualization, 142-156
charts, 144, 153-154
method, 144, 151-152
perception, 144, 149-151
purpose, 144, 147-149
signs/symbols, 143, 146-147
story, 143, 145-146

dependent variable, 70

descriptive statistics, 16-29
five-point summaries, 16, 17-20
pivot table, 21, 22-27, 48, 49
tabulation, 22-25, 27-29
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eye-brain system of seeing, 149

F

five-point summaries, 16, 17-20
forecasting, 78-90

frequency distributions, histograms, 31-35
FREQUENCY function, 32, 33

future values, 78-90

G
Gestalt principles of perception, 150

H
histograms, 31-37
age distribution, 35-37
frequency distributions, 31-35

1

independent variable, 62
inferential statistics, 92-99
installation

Analysis ToolPak, 10-13

L

linear regression, 61-68
multivariate, 70-76

M

method, data visualization dimension,
144, 151-152
multivariate linear regression, 70-76
predictive modeling, 71-74

(0]

outcome variable, 70

P

Pareto analysis, 39-49

Pareto bar chart, 153

perception, data visualization dimension,
144, 149-151

pivot table, 21, 22-27, 48, 49

plotting function, 78

predictive modeling, 71-74

predictor/independent variable,
62

purpose, data visualization dimension,
144, 147-149

p-value, 92, 102

R

regression
linear, 61-68
multivariate, 70-76
R program, 132, 134

S

scatter plots, 51-59
conversion into 2X2 chart, 52-57
sentiment analysis, customer,
125-130
shaping data files, 3-5
signs/symbols, data visualization
dimension, 143, 146-147
statistics
descriptive. See descriptive statistics
inferential, 92-99
story, data visualization dimension, 143,
145-146
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tabulation, 22-25, 27-29 unstructured text analysis, 122-130
text analysis, unstructured, 122-130
text analytics, 122-130

time series, 78-90 A

trends, prediction, 78-90 variable

trials, design and analysis of, dependent/outcome, 70
112-119 independence, test of, 102-110

t-Test, 92-99 predictor/independent, 62

2X2 chart, convertion scatter plot into, relationship between, 62-66

52-57 visualization, data, 142—-156
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