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PREFACE

Data Science is all the rage. There is a great probability that every book you
read, every Web site that you visit, every advertisement that you receive, is a
result of data science and, with it, data analytics. What used to be “statistics”
is now referenced as data analytics or data science. The concepts behind
data science are myriad and complex, but the underlying concept is that very
basic statistical concepts are vital to understanding data. This book really has
a two-fold purpose. The first is to review briefly some of the concepts that
the reader may have encountered while taking a course (or courses) in sta-
tistics, while the second is to demonstrate how to use tools to visualize those
statistical concepts.

There are several caveats that must accompany this book. The first one
is that the tools are of a certain version, which will be described below. This
means that there will undoubtedly be future versions of these tools that
might perform differently on your computer. I want to be very clear that
this performance does not mean that these tools will perform better. Three
of these are free and open source tools, and, as such, perform as well as the
group of developers dictate they will in their most current versions. In most
instances, the tool will be enhanced in the newer version, but there might
be a different “buttonology” that will be associated with newer functions.
You will see the word “buttonology” throughout this book in the form of the
mechanics of the tool itself. I am not here to teach the reader statistics or the
different concepts that compose the topics of this book. I am here to show
you how the free and open source tools are applied to these concepts.

Now it is time to get to the very heart of the text, the tools of data sci-
ence. There will be four tools that will encompass the content of this book.
Three are open source tools (FOSS or Free and Open Source), with one
being COS (Common Off the Shelf) software, but all four will require some
instruction in their use. These are not always intuitive or self-explanatory,
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so there will be many screen pages for each mechanical function. I feel that
visual familiarization trumps narrative, so you will not see a lot of writing,
mostly descriptions and step-by-step mechanics. A few of you may be won-
dering how to practice these skills, and for those readers there is a final
chapter that has several scenarios that allow the reader to apply what they
have learned from these tools.

The organization of this book will be on the statistical concept, not the
tool, which means that each chapter will encompass an explanation of the
statistical concept, and then how to apply each tool to that concept. By using
this presentation method, readers can go to the prescribed concept and use
the tool most comfortably applied. Each section will be labeled accordingly,
so they will both be in the table of contents and the index. This makes it sim-
pler for individuals to see their choice of tools and the concepts they have to
apply to those tools.

C. Greco
April 2020
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CHAPTER

FIRST STEPS

1.1

INTRODUCTION TO DATA TOOLS

People have different motivations for pursuing what interests them. Ask
someone about a car and they might say that they hate sedans, or love SUVs,
or would never get anything other than an electric car, or maybe not get a car
at alll People have different preferences and this does not change with data
science (statistical) tools. Some people love Excel, to the point where they
will use nothing other than that software for anything from keeping a budget
to analyzing data. There are many reasons for maintaining dedication, but the
main reason from my experience is familiarization with the object. A person
who has only driven a stick shift loves the clutch, while those that have never
driven a stick will not be as prone to prefer one with a manual gear shifter.

What reasons are there for preferring one software application to another?
From my experience, there are three main points:

1. The software is easy to use
2. The software is available from anywhere
3. The software is updated regularly

Normally it could be put that software is inexpensive, but with the age of
subscriptions software licenses are no longer perpetual, so a monthly payment
is all that is necessary to ensure that the reader has access to the software as
long as the subscription is current. Let’s explore each point and elaborate.
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1.1.2

1.1.3

The Software Is Easy to Use

If an analyst can select a few buttons and—voila—the result appears, it is much
easier than the “p” word. What is the “p” word? Programming! If an analyst has
to do programming, it makes it difficult to get the result. Of course, analysts do
not realize that once something is programmed, it is easier to apply that pro-
gramming, but that is for another book at another time. The main point to get
here is that Graphic User Interface (GUI) software seems to be preferred to
programming software. The COS software is well known and also known to be
easy to use. Some of the FOSS software will require more preparation.

The Software Is Available from Anywhere

In this age of cloud computing, being able to access software seems trivial.
After speaking with colleagues, they like the fact that they can perform and
save their work online so they will not lose it. They also like the fact that
updates are transparent and performed while they are using the tool. Finally,
they like the fact that they do not have to worry about installing the software
and using their memory or disk space.

The Software Is Updated Regularly

The previous section covers this, so we will not elaborate. However, it is impor-
tant to note that the tools that will be covered in this book are updated regu-
larly. Unfortunately, the analyst will have to be the one to opt-in to the updates.

1.1.4 Summary

Now that we have covered why analysts prefer certain tools, a description of
the ones covered in this book will be given in table form to simplify the pres-
entation and (as stated previously) minimize the written word.

Ease (1=Easy, Available Updated
5=Hard)
Excel 1 24/7 Company
R(RStudio / 3 24/7 Analyst
Rattle)
KNIME 4 24/7 Analyst
OpenOffice 2 24/7 Analyst
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1.2 WHY DATA ANALYSIS (DATA SCIENCE) AT ALL?

1.3

The world today is a compendium of data. Data exist in everything we do,
whether it is buying groceries or researching to buy a house. There are so
many free applets and applications that are available to us that we have a hard
time saying no to any of these. As one reference put it, and this author has
generalized, if what you are downloading is free, then you are the product
(Poundstone, 2019). This is poignant, because free and open source (FOSS)
is something that is commonly accessible and available to all of us. However,
why do we need data science to analyze all of this information? In my knowl-
edge, there are a number of reasons why data science exists. First, it exists
to corral the trillions of bytes of information that is gathered by companies
and government agencies to determine everything from the cost of milk to
the amount of carbon emissions in the air. Forty years ago, most data were
collected, retrieved, and filed using paper. Personal computers were a dream,
and data science was called archiving or something similar. Moving toward
electronic media, databases turned mounds of paper into kilo-, mega-, giga-,
and even petabytes. But with that amount of data, analysis turned from pencil
and paper into personal computers, or any computer. Analysts started to real-
ize that dynamic software was the means to getting data analysis into a more
usable form.

Data science grew out of this data analytic effort and uses conventional
statistical methods coupled with the power of computing in order to make
data science readily available to all private and public entities. With the power
to analyze marketing, technical, and personnel data, companies now have the
ability to calculate the probability of their product succeeding, or their reve-
nue growing the next year. With the growth of data science comes the many
tools that make data analytics a possibility.

WHERE TO GET DATA

Now that we have an introduction to the “why” of data science, the next sub-
ject is “where.” Where do you get data to use with data science tools? The
answer to that question, especially now, is that data is available on many web
sites for analysis (Williams, 2011). Some of these web sites include:

1. www.data.gov, which contains pages of data from different government
agencies. If you want to know about climate data, or census, or disease
control, this is the place to go.
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2. www.kaggle.com, which not only contains data, but has contests with
existing data that anyone can join. One dataset contains the various data
collected from the Titanic, including how many died or survived and all
the demographics for analysis and correlation.

3. Just about any federal government agency. If you do not want to go to a
general web site, then go to www.cdc.gov, www.census.gov, www.noaa.
gov, or any separate government web site for data pertaining to things
like Social Security (www.ssa.gov) or even intelligence (www.nsa.gov) for
some historical data.

Now that you have the “whys™ and “wheres” associated with data science
and tools, you now move on to the next step—actually using the tools with real
data. Besides, you have no doubt had enough of this stage setting.

The data for this book was retrieved at the site, hitps://wwwl.nede.noaa.
gov/pub/data/swdi/stormevents/csufiles/, which has the tornado tracking data
for the United States from 1951 until 2018. The government agency NOAA
stands for the National Oceanic and Atmospheric Agency. The recommenda-
tion is to download these files (as many as you like) and use them separately
for the examples in the book. This book will focus on the 1951 tornado track-
ing to make it relatively straightforward. Once you download the data, then
the next step is to import the data into your favorite statistical tool.
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IMPORTING DATA
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The first step to analyzing data is to import the data into the appropriate tool.
This first section will show how to import data using each of the tools—Excel,
R, KNIME, and OpenOffice. Since most analysts are familiar with Excel,
Excel will be the first one addressed and then OpenOffice, since it is very
close to Excel in functionality, for a good introduction to importing data.

EXCEL

The version for this text will be Microsoft Excel 2016, because that is the
version that appears in many federal government agencies. As of the writ-
ing of this book, Excel 2019 is available but not used in public service at this
point.

Importing data into Excel could not be easier. The file that has been
downloaded is a Comma Separated Value (CSV) file, so to import the file into
Excel, go to the file location and double-click on the file. The file will appear
in Excel if the computer defaults to all spreadsheets going into Excel. If not,
open Excel and choose “File” and “Open” to go to the file location and open
the file. The following screens illustrate the operation.
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One caveat at this point with Excel. When opening a file, the default
extension for Excel is the worksheet extension or “xlsx.” If the worksheet is a
CSV, then that default has to be changed, as demonstrated in the preceding
process. Once the extension is changed, click “OPEN” and the spreadsheet



2141

IMPORTING DATA © 7

will appear in Excel. If the purpose is to stay as a CSV, then save it as such
when you complete the work on the spreadsheet. Otherwise, save it as an
“XLSX” file so that all the functionality of Excel remains with the spreadsheet
as the analysis continues.

This is probably the easiest import for any of the applications presented
because of the intuitive nature of Excel.

Excel Analysis ToolPak

From this point forward, for any statistical analysis with Excel, we will be using
the Analysis ToolPak, which will need to be installed as an add-on through
Excel. If the Analysis ToolPak is already installed, it will show in the “Data”
tab of Excel as shown here.

“ Home  Inset  Pagelayout  Fomulas | Data | Review  View  PowerQuery X ]
FromAccess  if [@) connections K Clear = = > IF @rE  fEE %30 B Data Analysis

T From Web \—-E \—-E I Properties # Y T reapply EE a". E [E é g£ =3 T solver

= From Other Existing Refresh - il Sort Filter Tetto Remove Data Consolidate Whatf =~ Group Ungroup Subtotal

[YyFromTedt Sourcesw  Connections | All~ ®® EditLinks p advanced | Columns Dupiicates Validation * Analysisv | v -

Get External Data Connections { Sort & Fifter | Data Tools Outline ] Analysis
Al - (= | ~
R R T il T
- O X

1
12 c@o@ =
i e 83 . -

HEH = % Data Analysis
= a& S S
- -

5 = ?’ Solver
6 | ubtotal

7 -

Analysis

8

9

10

11 1
H 4 M| Sheet1 ‘Sheet? /Sheet3 /3 nKAl u ] 3
| [Epm g O ®

If the Analysis ToolPak is not showing in the Data toolbar, the analyst can
add it simply by going to the “File” tab and choosing “Options” at the bottom of
the left column. A screen will appear showing all the possibilities in the left col-
umn. The analyst chooses “Add-Ins” and the screen below will appear, showing
all the add-ins that are available or not available. Take a second and look at the
add-ins that are available as part of the Excel installation. There are a number
of them, and they are very useful in data analytics. Take time to explore these
add-ins to see how they can enhance your analysis, but in the meantime, finish
installing the Analysis ToolPak add-in to complete this analysis.
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Excel Options ? e
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Customize Ribbon ‘WinZipExpressForOffice ip\adxloader.WinZipExpressForOffice.dll  COM Add-in
Quick Access Toolbar Inactive Application Add-ins
Analysis ToolPak - VBA Mooffice1\LibrandAnalysis\AT PVBAEN. XLAM Excel Add-in
Custom XML Data MuaJ\Microsoft Office\Office 14\OFFRHD.DLL Document Inspector
Date (XML) o s\Microsoft Shared\Smart Tag\MOFL.DLL Action
Trust Center Euro Currency Tools Office\Office 14\Libra\EUROTOOLXLAM  Excel Add-in
Financial Symbol XML} s\Microsoft Shared\Smart Tag\MOFL.DLL Action
Headers and Footers N\ )\Microsoft Office\Office14\OFFRHD.DLL Document Inspector
Hidden Rows and Columns . J\Microsoft Office\Office14\OFFRHD.DLL Document Inspector
Hidden Worksheets . J\Microsoft Office\Office14\OFFRHD.DLL Document Inspector
Invisible Content M )\Microsoft Office\Office 14\OFFRHD.DLL Document Inspector
Microsoft Actions Pane 3 XML Expansion Pack
Document Related Add-ins
No Document Related Add-ins -
Disabled Add-ins i
Add-in: Analysis ToolPak
Publisher: Microsoft Corporation
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Manage: |Excel Add-ins [~] Go...

ok ] [conee |

When selecting Options, the next screen will reveal a number of choices
in the left-hand side column. Choose “Add-Ins” and there will be a list of pos-
sible add-ins for Excel. Choose “Analysis ToolPak,” which will at this point be
in “Inactive Application Add-Ins,” and go down to the bottom of the screen
where it says “Manage:” to ensure that “Excel Add-Ins” is in the text box.
Click on the “Go...” button and the following screen will appear.

Add-Ins ? X

Add-Ins available:

| TAnalysis ToolPak -
Analysis ToolPak - VBA

5| Euro Currency Tools

Solver Add-in

Solver Add-in
Tool for optimization and equation solving
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Click in the checkbox next to “Analysis ToolPak™ in order to activate the
add-in, and it will appear in the Excel toolbar. If it does not, try to close out
of Excel and try the process again. It should work at that point. If it does not
work after repeated attempts and the computer is a government computer,
there may be a firewall in place that will prevent the use of this add-in. If
the system administrator cannot provide the computer with access, there is
a description at the end of this book that will demonstrate the buttonology to
substitute for the Analysis ToolPak.

OPENOFFICE

The first step to using OpenOffice is to download the software from the
OpenOffice website (www.openoffice.org), which is relatively straightfor-
ward. The current version of the software is 4.1.7, which will be the version
that we will be using in this book. When you install OpenOffice you do not
have to install all the different functionalities, and in this instance you just
need the spreadsheet program, so when you open the splash screen you will
see the following:

e OﬁpgﬁOﬁiceM

B -| Text Document E Drawing

: o

“@ Spreadsheet !3 Database
E Presentation E Formula

E Open... b @ Templates...

e
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At this point, select Spreadsheet and this screen will appear, which will
look very much like Excel. In fact, having used Excel between 1998 and 2000,
it will look very much like those versions. What this means is that the function-
ality is not exactly the same, but it will be everything you need for the statistics
concepts in this book.

The first task will be to import data retrieved from the Internet. In
this case it will be the data from a site that tracks tornados occurring in the
United States from 1950-2018. This data will be imported by using the same
technique as in Excel—through the “open” command in the File Menu as

depicted here:
Untitled 1 - OpenOffice Calc
File Edit View |nsert Format Tools Data Window Help
New
Recent Documents »
(B Wizards 5| _— I
G D E
@ Close
=2 Save Ctrl+S
B SaveAs.. Ctd+Shift+S
Save All
“ Reload
Versions...
[$ Export..
Text Import - [StormEvents_details-ftp_v1.0_d1951_c20160223.c5v] X
Import oK
Character set [ westem Europe Windows-1252/wintatin ) [v] RS
Language [Defautt- Engiish (Usa) Fl
Fror o
Separator options
O Eixed width
(® Separated by
O 1ab [ Comma [ other I:I
[0 semicolon [ space
) Merge delimiters Text delimiter £
Other options
[ Quoted field as text

[ Detect special pumbers

Fields

Standard |Standard __ [Standard Standard Standard [Standard _[Stan A
1 BEGIN_YERRMONTH BEGIN DAY BEGIN_TIME END_YEARMONTH EWD DRY END_TIME Ep:s‘;‘-nj;]

| 2 195109 ] 915 195109 2] 915
| 3 195106 L7 2200 185108 17 2200
4 195103 28 510 185103 28 510
5 195105 ] 1830 185105 ] 1830
|6 195107 15 1620 185107 pL 1620
|71 8 1800 185105 g 1800 v
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1B StormEvents debaits fp, 1.0, 41351 20160223 e5. - OpenOffice Cale - 8 X
Ble Edt Yiew oot Fomat Jook Data Window Help x
BB [ BEARVE XRG-F OGN By NOEQ@ Qi M+ g
L@ wal Mo MB/UEzam: hx Wil ee0-2-A- |
[ “ A E = [meneamonm Propertes LI
[] £ F 6 H ] J K L M a | BTet B —
JEEGIN YEARMONTH [EEGIN DAY BEGH_TWE END_YEARMONTH END DAY END_TME EFISODE D EVENT D STATE STATE FIPS_YEAR MONTH NAME WONTH_NUVBER £V | - = |
[2] TR ] 315 15109 3 915 104T282 MESSISSIPPI 2 1951 Septamber o I )
5 195105 7 195106 L) T KANSAS 21551 e 670 . &
o] 185103 E] 510 B F ED) M2 TEXAS 481551 March | B/ U-=h e o
[ 5] 19105 9 30 195105, 9 1830 10099717 OKLAHOMA 40 191 May 5Tol 4
[ 6| 195107 15 1620 196107 15 1620, | 1095742 OKLAHOMA A0 1951 July T ] A =
7] 195105 8 1600 185105 8 1600 10026551 KANSAS 1951 May 5Ta @
[ | 155103 E) 1500 196103 3 150 1010433 PENNSYLVANA. 421951 Maich ITo | E Agument =l
(o] 195105 M 1330 185105 [T 10104534 PENNSYLVANLA. 421951 May 5To - £
[0 155106 o 204 195106 o 10104335 PENNSYLVANIA, 421951 June i EEIE = -
[ | 185107 2 1100 w107 a1 10104535 PENNSYLVANLA. 2 1851y Tl
2] 195104 » 1815 195104 2] 1815 10082587 NEW JERSEY U 1951 Apd Ao | [(Lekt e [0 e text
[ ] 185162 19 1830 15102 1 163 10093453 OKLAHOMA 401951 Fabnuary 2 | [om [
[l 155105 3 % 185105 3 1% 10039190 MCHIGAN %1951 May o i
] 195106 1 1800 195106 1 100 10033151 MCHIGAN %1950 June 6Ta) | | Pk penitioe:
[ 6| 15106 % 1800 195106, % 1600 10039152 MCHIGAN % 1%1Jum §Ta @ [oegens =
1] 196105 8 130 195105 0 m 10093725 OKLAHOMA 401951 May 5T L]
e 15105 19 915 15105 w1 10093726 OKLAHOMA A0 191 May 5T ] gy sachd
[ ] 185105 19 1430 6105 19 1930 1009727 OKLAHOMA Ab 1551 May 5To
[20] 195105 9 12 195105 9 wu 10093728 OKLAHOMA 401951 May 5To B Cell Appearance =]
[21] 195106 5 1000 195106 5 1000 10099729 OKLAHOMA 401951 June 10| || ot bacusomate
El 195106 6 213 195106 213 10039730 OKLAHOMA 40 1851June i
| 3| 195106 L) 2350 195106 & 2350 10038731 OKLAHOMA 40 1951June &Ta
| 185106 7 1100 195106 T 1m0 10098732 OKLAHOMA 401950 June 6T
[] 195105 7 1815 185106 T 1 10039733 OKLAHOMA 41851 June &l | || Collbomdex
[ 155106 7 25 195106 T ;s 10093734 OKLAHOMA 401950 June 6T
I 155106 8 %30 195106 L) 1830 10035735 OKLAHOMA 40 1951 June 6To
[28] 195106 8 1914 195106 8 1 10093736 OKLAHOMA 401950 June T z
155106 8 1915 195106 8 1915 10095737 OKLAHOMA 40 1951 June §To
Exl 155106 ) 195106, ) 10039735 OKLAHOMA 41551 June oo | 3 Sowcdigidins
R 195106 2 1700 195106 A 1 10099735 OKLAHOMA 01951 June 6T =
(=] 186107 1% 1620 W57 (- 10035748 OKLAHOMA 401851y T | ———
El 196107 % 1620 195107 15 160 10099741 OKLAHOMA 01951 Juy T
El 195107 a7 1530 1107 a1 10095743 OKLAHOMA 01951 duy 7T
'35 | 155108 ] 1357 195108 0 1% 10099744 OKLAHOMA 01551 August il
[ 195108 n 1550 185108 T 10095745 OKLAHOMA 01951 Angust BT
El 185109 £l 1620 195109 9 15 10093746 OKLAHOMA 401951 Septamber 9T
El 15110 2 w110 ) 1009574T OKLAHOMA 401551 Ociober 0T
15 185107 2 % 012411 TEXAS 41951 duv furid
T 1 et < 2 )
Shest1/1 Defut splll Sum=0 S ___9lins

Now comes the cleaning and transforming of the data in preparation for
analysis. However, in order to make this file available to other tools, it might
be advantageous to save it as an Excel file, or even a text file. For those that
like Comma Separated Value (CSV) files, most of the data that is found on
many data sites seem to default to CSV files, so leaving this file in the CSV
extension would be fine.

2.3 IMPORT INTO R AND RATTLE

Importing data into the R statistical application is relatively easy if the reader
would download both the R and the RStudio applications. R can be found
in the Comprehensive R Archive Network (CRAN) site for the R applica-
tion (https://cran.r-project.org/), while RStudio can be found at hitps://
rstudio.com/products/rstudio/. Both will need to be installed in order to make
R less program-centric and a little more graphic user interface (GUI). For
the purpose of this book, R will refer to version 3.6.2 and RStudio to ver-
sion 1.2.5019. This will afford some standardization to the different screens
and functions, but we have found that functionality may differ but has never
decreased with later versions. For instance, “GGobi” is one function that does
not seem to work with recent Rattle versions, but we have also found that



12 * Data Science Toots

24

“GGRaptr” works just as well, so GGobi has been replaced, and there is some
work to do on the analysts’ part to get to that conclusion. In making these
references, there is an important point that anyone using R must understand.
GGRaptr and GGobi are part of literally thousands of “packages” that are
available to work with R. These packages reside on the CRAN network or
linked networks that are part of this open source effort. The book will show
you how to install these packages and make them available to your analysis.
These packages are so robust and dynamic that some of them are specifically
made for some of the statistical tests that are in this book. However, as the
analyst will find with R, not everything is set out like a buffet; some of the
items have to be cooked.

IMPORT INTO RSTUDIO

Once RStudio is installed and opened for the first time, this default work
environment screen will appear. There are several things that are important
to know before making any import attempts. First, did installing RStudio go
into the “documents” folder or the “C” drive? This may make a difference in
how RStudio responds to some commands and “packages.” In order to elimi-
nate any possible problems with R or RStudio, it might be advisable to start
the application as an administrator if it is a Windows Operating System. In
this way, the application will automatically have access to files that reside on
protected folders and files.

When downloading an open source product, please ensure that there is
active antivirus software on your machine. Additionally, scan the executable
that has been downloaded before activating the product. Finally, if the plan
is to do the analysis online, ensure there is an active Virtual Private Network
(VPN) purchased and active on the machine. There are many VPN available
online, so pick one and use it. This will prevent any possible active intrusion
that could happen while working with the open source application. People
will avoid open source for these reasons, but understand that some expensive
statistical applications have had some security problems, so just be prepared
and that will prevent any possible mishaps with these software products.

Now let’'s move on with the import for R and RStudio. When the instal-
lation of R and RStudio is done, the first time RStudio is opened, the screen
will appear as the following:
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1 C/R/Chis/BOOKPROECT - RStucic - 8 X
Fle Bt Cod View Plots Sesion Buld Debug Profle ook Hep
O .oy A Goo fietundion 5+ aagins + G .

Comscle  Termindd ¢ Jobs 5 Owwcamest Hutory Csenections =0

CR/Chris/BOOK PROJECT/ & bl | 2 moon Datmet - | = |G-
R version 3.6.2 (2019-12-12) -- "Dark and Stormy Night” LCorme— )

«Copyright (<) 2019 The R Foundation for statistical computing pata

Platforn: x86_64-wes-ningw32/x64 (o4-bit) 0 StormEvents_details_f. 609 abs. of 51 variables

@ is free software and comes with ASSOLUTELY N0
vou are welcome to redistribute it under certain conditions.
Type ‘license()' or ‘licence()' for distribution details.

Natural language support but running in an English Tocale
8 45 3 collaborative profect with many comributors.

Type “contributors()* for more information

“citation()* on how to cite & or R packiges i pubications.

TRe G0 for some denos, "NeTBO)" for on-line b, or
llelp start()’ for an WmaL WTML browser interface To help.

Type 'q0)" To quit R. R | Mt | Padages  Hep | Views =0
Blrse | @ voowe | il o a 2
[workspace Toaded from c:/R/chris/Book PROJECT/.Roata) i Fe— o
> User Library
O acepack Regress 41
assertthat Easy Pre and Post Assertions 021
O backports. Remplementabons of Funcions Introduoed Snce R-300 15
baseSlenc Tooisfor basebd encedling 03
O & Boost o = Headar files 16901
bitope Bitwasa Oparstions. 104
0 aircDeice Embeckable Cairo Graphics Device Driver 228
ealoois ‘Tooks: mowing window stistis, GIF, Basefd, ROC ALC, e 1TA3
) caleanger Transiate Spreadshest Cell Ranges 1 Rows and Calumns 110
checkmate Fast and Versatle Argument Checs 194
0 a Helpers for Deveioping Cammand Line Interiaces. 200
cor Read and Write from the System Clipbeard aro
() colorspace A Toolbex for Manipulating and Assessing Colors.and Palettes 141
conmplot Visualization of a Comelation Matrax 0
0 wapn Colored Terminal Output 134
dataable Extension of ‘data frame 1128
) DeoptimR Diferentiel Evohution Optmization in Fure R 108
dgent Create Compact Hash Digess of R Objects (]
[]_dptest ‘Harigan's Dip Test Statistic for Unimadainy - Camected 0151

Each of these areas on the screen represents a “pane.” Customizing these
panes is done by clicking in the “View” in the top toolbar. Let’s explain each
pane separately. The one on the left is the “Console” pane where program-
ming is performed. Although this book is not centered on programming, there
are times when the analyst must enter certain commands to perform a task.
This pane is where it will happen. This left-hand side pane acts as two when a
file is imported. At the moment the file is imported, another pane will appear
called the “Source” pane, which will reveal the dataset in its entirety. More on
this after the import. The two right-hand side panes show the history of the
commands that are entered (top) and the different packages that are installed
(bottom). There are tabs at each of these panes which apply to each pane’s
function. What is great about RStudio (and there are plenty of great features
about RStudio) is that if you click on the “View” and select “Pane Layout,” you
will see the following screen, which can help you decide where you want each
of the panes during development. You can choose exactly where you want
each part of the development scheme.
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Options

R General

& Code

‘:9 Appearance
-~ Pane Layout
Bl Packages
@ R Markdown
@% sweave

*7 Spelling
W cvswn
o,

'8, Publishing

- Terminal

Choose the layout of the panes in RStudio by selecting from the controls in each
quadrant.

[ Environment, History, Connectio v |
(&) Environment
(] History
() Files
[ Plots
() Connections
() Packages
[ Help
[+ Build
(¥ VCs
[ viewer

| Source v

[ Files, Plots, Packages, Help, Vie v |
() Environment
[ History
(] Files
[« Plots
(7) Connections
(] Packages
(¥ Help
() Build
[ves
() Viewer

| Console v

OK | Cancel \ | Apply

One caveat at this point, but this caveat is optional. While using RStudio,
you can set where you want your project to be stored. From experience, some
analysts do not save their project or even make a project, but instead rely on
RStudio to do so automatically. RStudio will save files to the main R directory,
but you can save them to a more specific folder which will hold your project
material. The method to open a new project and save that project is to select
“New Project” from the File menu, and you will get this screen.

New Project
Create Project
New Directory N
=5 Start a project in a brand new working directory
E Existing Directory N
¥ Associate a project with an existing working directory
=
Version Control N
Checkout a project from a version control repository
‘ Cancel |
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The choices are self-explanatory, so we will let you explore where you
want to place your project files. Once you do that, RStudio will open in that
project. If you want it to open another project, you guessed it, you use the
“Open” selection in the File menu.

Those that have used R before might prefer the “basic” R screen with-
out the assistance of RStudio, which is appreciated. RStudio will show the
programming that is incorporated into the different mouse clicks, which will
be shown later. First, importing the data is the next step to get RStudio (and
Rattle) working.

To import data into RStudio, you select “import dataset” from the File
Menu. This is shown in the following screen grab. Ensure that “From Text
(readr)” is selected to include the CSV files that are being imported.

e C:/R/Chris/BOOK PROJECT - RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help

New File » b 5 - Adains -
New Project...
Open File... Ctrl+O
Recent Files > . R
and stormy Night
Project... pr statistical Computi
S bit)

Open Project in New Session...

Recent Projects » PLUTELY NO WARRANTY.
der certain conditions

S ey

e ClrlsS From Text (readr)... Tel
Save As... From Excel...

Save All Ctrl+Alt+S From SPSS... e
Publish... From 5AS... .
e From Stata...

Close CriaW k PROJECT/.RData]

Close All Ctrl+Shift+W

Close All Except Current Ctrl+Alt+Shift+W

Close Project

Quit Session... Ctrl+-Q

When the choice is selected, the following screen will appear with plenty
of blank text boxes. Reviewing these separately will help to make sense of
those text boxes.
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Import Text Data

File/URL:

Data Preview:

Import Options:

Name: (@ Fist Row s Names  Deimiter:[Comma ¥ )
sip: [ o] () Trim Spaces Quotes: [ Default v
&) Open Data Viewer  Locale:

7) Reading rectangular data using readr | import || Cancel |

There are many components to this screen, but the main one is the top
text box where the file name is placed to retrieve it either from the Internet
or your computer. For the purposes of this book, the focus will be on already
downloaded files that exist on the computer. The same file used in previous
examples, which is the 1951 Tornado Tracking, will be used here also.

Import e Dafa

FlefURL:

Data Preiew:

Once the file is inserted into the “File/URL” box, usually through using
the “Browse...” button, then the file will appear as a preview in the large
open text box. An avid R analyst may wish to know the background program-
ming, and that is in the bottom right text box. If one has R, one can cut and
paste the code and get the same results, except that the file will be saved
in your R file rather than the RStudio area (most of the time they are the
same, given that the analyst installs both R and RStudio in the same folder).

Once the file is imported into RStudio, the analyst will see the file in the
File Pane, which in this case is in the top left-hand side of the screen, shown
as follows with the main screen first and the file pane second.
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© C/RCHBOOK PROKCT - RStude - 8 x
Fle ESA Code Wiew Ploli Session Buld Debug Profle Toos Heip
o -op - &[4 Gomtennam | 5« asses -  soocrmoect
P T i TR — =0
)| 7 re a @ i | 7 impon Dvaset - | (LRl
“ BEGIN_YEARMONTH BEGIN DAY ° BEGIN_TIME ° EMO_YEARMONTH END_DAY ° EWD_TIME EVENT_ID STATE il Giobw Envirorment = Q
1 195108 L] $15 195108 il 915 10047262 miss = Data
2/ 135108 w 2200 195106 w 2200 tooaras | xanch | O Stormivents_detatls.f. 269 obs. of 49 varfables
3 155103 28 S0 195103 £ 510 01242 TEXA © Stormivents.decallsf_|00F ots. of 51 varfables
4 1ss0s B 1% 1wsies B 10 wossnr | oms
s 1sm07 i 1620 o107 N 1620 loes | oms
s . 1000 o808 . 1000 womesl | xawt
7 195103 30 1500 195103 0 1500 10104933 L
8 195105 1 1330 195105 i 1330 10104934 L
9 195106 E 2204 195106 27 2204 10104535 PEN.
10 155107 n 1100 195107 n 1100 10104536 PENS Files  Plots  Packages  Help  Viewer =0
1 s 2! 108 o n 1018 toesser  new  Drsn | @ uoome | B hacm a ]
Name Secen Verion
12 15102 1 103 108102 1 103 s 0w | -
s [ 5 T e 3 W] womse | wen || A o - ol
« ’ [ sssertthat sy Pre and Post Assertons 021 oo
‘Showing 1 to 15 of 269 entries, 45 total columns. O beckpors. Reimplementations of Functions Intoduced Since R-3.00 115 ®0
— ) basbtenc Tookfor baet encodng ot %o
- =015 - Bo0st G+ Hasder Fies 18001 )
C/RICHR00K PROXCT! O bw Sivise Opentons 104 oo
® 15 free :Mmu IM"CM:: \ﬂl:! AliH'ILV ..i Hﬁ:l’:. [0 eaireDevice ‘Embeddable Cairo Graphics Device Driver. £ LX)
You are wele E v corta : - *
e T iCense0 or Hcencel” for aisteioution cetatis = e o o v B beb
Natural language support but running in an English locale ) cracmate Fast and Versatie Argument Chects 194
& 15 2 collaborative project with many contributors. O« Halpersfor Developing Command Uine Interfices. 208
e *contributors()' for sore information a 0 dor s 4ng Vet rom the Sysem Cibonrd ar0
‘citation()* on how to cite k or R packages in publications. [ eclorspace & Toolbex tor Manipuiatmg and Assestng Colory and Palettes el
Type ‘demo()’ for some demos, 'help()' for on-line help, or ) complet Viasuakzation of a Correlation Matrix. 08
'm‘P-_“il:l()' for an WTML browser fnterface to help. [ ermyon Colored Terminal Output 134
P a0 o quit R [ datatable Ertension of data rame’ 1128
(workspace Toaded from C:/a/Chr4s /800K PROJECT/. Roata] O Diopsink Oifeerial Evoition Optimization o Pure & 184
i O dgen Crast Compact Hagh Digests of R Objecs 15
! T [ dipwst Hamigan's Dip Test Statistic for Unimodabity - Comected 0757 &
[ stormEvents_details_ftp_v1_0_d1951_c2... * —i=]
) 7 Filter Q
“ BEGIN_YEARMONTH BEGIN_DAY BEGIN_TIME END_YEARMONTH END_DAY END_TIME EVENT_ID - STATE
1195109 9 915 195109 9 915 10047282 MISS ~
2| 195106 17 2200 195106 17 2200 10028729 KANS
3 195103 28 510 195103 28 510 10120421 TEXA
4 195105 9 1830 195105 9 1830 10099717 OKLA
5| 195107 15 1620 195107 15 1620 10099742 OKLA
6 195105 8 1800 195105 8 1800 10028691 KANS
7 195103 30 1500 195103 30 1500 10104933 PENNM
8 195105 11 1330 195105 11 1330 10104934 PENR
9 195106 27 2204 195106 27 2204 10104935 PENM
10 195107 21 1100 195107 21 1100 10104936 PENN
11| 195104 25 1815 195104 29 1815 10082587 NEW
12| 195102 15 1830 195102 19 1830 10099493 OKLA
13 195105 3 1335 195105 3 10039190 MICH
-
« e >

Showing 1 to 15 of 269 entries, 49 total columns

There is a caveat here that is vital when using RStudio. When a file is
imported into RStudio, it becomes a “tibble.” This is a term that means the
dataset is of a particular type, and as such will need certain R packages in
order to expeditiously analyze the data. No worries, since the tibble is also
analyzed using conventional R tools, which can be used through RStudio.
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2.5 RATTLE IMPORT

R has a particularly robust package called Rattle that is so useful that it must
be separated from R while describing importing (or any other function for that
matter). Installing Rattle begins with the RStudio pane called “Files, Plots,
Packages, and Help” (the lower right-hand side pane). As depicted in the fol-
lowing screen, this contains a number of packages that are already installed
in the R, and subsequently RStudio, application. When first installing R and
RStudio, the number of packages will be limited to those that are included in
that installation. The other packages are installed either separately or come
as a joining of other packages in order to activate the main package being
installed. This all sounds confusing, so describing the process for installing
Rattle should clear this up rapidly.

The first step when installing a package is to ensure the “Packages” tab is
selected as shown in the following. Remember that this pane is located at the
bottom right of the RStudio work environment. Notice the “install” button at
the top left-hand side of the screen. This is the one we will be using to install

the packages.
Files Plots Packages Help Viewer
B instal | @ update | B Packrat
Name Description
User Library
() acepack ACE and AVAS for Selecting Multiple Regression Transforma
() assertthat Easy Pre and Post Assertions
(] backports Reimplementations of Functions Introduced Since R-3.0.0
((] basebdenc Tools for base64 encoding
(] BH Boost C++ Header Files

When choosing “install” the following popup will appear, showing
a CRAN server where the package is stored (and can be downloaded and
installed) along with a blank text box for the package. Caveat: the computer
must be connected to the Internet or this part will fail. Start typing Rattle into
the blank text box and, without finishing the word, “rattle” will appear. Notice
that “Install dependencies” is checked. This is important since many packages
have sub-packages that are independent, but to which this package has links
in order to function. Leave this in its default mode for now.
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Install Packages
Install from: (?) Configuring Repositories
| Repository (CRAN) v |

Packages (separate multiple with space or comma):

| ratt |
rattle rary:
rattie.data |hris/Documents/R/win-library/3.6 [Defaulf] v |

Install dependencies

[ instan | [ Cancel |

Click on the “Install” button and there will be a flurry of activity on the
bottom left pane of RStudio. This is good because that means that RStudio
found the server where the package resides and is downloading and installing

the package.

[21 [1100 (10104936 | PENN | | Files T Plots | Fackages | Help
| 18% downloaded

| URL: ... ://cran.rstudio.com/bin/windows/contrib/3.6/rattle_5.3.0.zip

=

TTTJ backports
— [] basebdenc

A
-t | T Ty

Console Terminal x  Jobs x

C:/R/Chris/BOOK PROJECT/ ~
downloaded 5.1 MB

package ‘rattle’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
C:\Users\Chris\AppData\Local\Temp\RtmpuOI52A\downloaded_packages

B install.packages("rattle")

Installing package into ‘C:/Users/Chris/Documents/R/win-1ibrary/3.6"

(as ‘1ib’ 1is unspecified)

grying URL "https://cran.rstudio.com/bin/windows/contrib/3.6/rattle_5.3.0.zip’
content type "application/zip' Tength 5322861 bytes (5.1 MB)

downloaded 5.1 MB

package ‘rattle’ successfully unpacked and MD5 sums checked
The downloaded binary packages are in

C:\Users\Chris\AppData\Local\Temp\Rtmpu0oI52A\downloaded_packages
> |
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Now that Rattle has been installed, there is still one more step that must

be accomplished, actually activating the package on R and RStudio. If the
analyst types “Rattle” on the screen without loading the package, the message
is clear.

Console Terminal *  Jobs x

C:/R/Chris/BOOK PROJECT/

trying URL 'https://cran.rstudio.com/bin/windows/contri
Content type 'application/zip’ length 5322861 bytes (5.
downloaded 5.1 MB

package ‘rattle’ successfully unpacked and MD5 sums che

The downloaded binary packages are in
C:\users\chris\AppData\Local\Temp\Rtmpu0oI52A\do

> rattle()

Error in rattle() : could not find function "rattle"

Rattle has to be loaded into R in order for it to be active. To do this is simple.
One way is to type the following in R:

>library (rattle)

Another is to use the “packages” tab in the screen to the bottom right (in

this book’s configuration of the viewing pane) and check the checkbox next to
Rattle (as shown in the following screen). Since RStudio is attached to R, the
code will appear as if by magic in R.

9| 195106 H 2204 195106 2 2204 10104935 PENA
10 195107 a 100 185207 a 100 101493 PENK || FRes | Plols | Packages | Help | Viewer
1 15108 ] 1815 195104 ) 1815 ey en | D @ pose | ot a
Nasme Description \Version
12| 195102 1 1830 195102 13 1830 W09 OOA T i Prvae Confgurationfor % Pokages 03
13 155105 3 1335 195105 3 1335 10039290 MIGH | (] plogr ‘The ‘log’ Ce + Logging Library 020
| EEEEETTE ¥ O phr Tools for Splitting, Applying and Combining Data 185
L 0 prabehs Functions for hustering and Testing of Presence-Absence, 231
Showing 1 to 16 of 263 entries, 49 total columns. 2 a0 Multlacus Data
PR e e -0 O o Abstrections for Promise-Sased Asynehronous Programming 110
TR L0 pm Functonsl Programming Tools 033
0% Encapsulted Ceses with Reference Semaniics 1
natural language support but running in an English Tocale @ nte Graghical User nterfsc forDato Science iR 530
R is a collaborative project with many contributors. D Kdobrews Coorbrener haees 12
Type ‘contributors()’ for mere information and [ ‘Seamless R and C++ Integration 193
“citation()’ on how to cite R or R packages. in publicaions. 0 e RendRectngi et Do i
Type ‘demo()’ for some denos, "help()” for on-line help, or O redd Read Excel Fies: 131
*help.start ()" for an HTNL browser interface to help. 0 remich Match Regular Expresions with » Nicer A1 101
e 90" to quit v ) remotss RPackage Instalstion from Remate Repositoies ncuding ‘GtHus' 210
[workspace loaded from C:/R/chris/B00K PROJECT/.RData] [0)  reshape Flexibly Reshape Data 088
reshag Flexibly Reshape Data: A Reboot of the Reshape Package 143
> library(rattle) D redeped bl Reshape 8
Rattle: A free graphical interface for data science with R. 0 rogobi Interfece Between & and 'GGobi 212
versfon 5.3.0 Copyright (c) 2006-2018 Togaware Pry Ltd. 0 Rete R Bindings for Gtk 280 and Abore 22036
:yrg rattle()’ to shake, rattle, and roll your data. 0 g Focions orBseTpes nd Core o T Fsres s
z . i 2

]
|0

D

oo e o

b oo/ e oo o oeoeeoeo ooele

ooeooeooeoeoeoee
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Files Plots Packages Help Viewer =]
0 install | @ update | M Packrat Q |G
Name Description Version
() pkgconfig Private Configuration for 'R’ Packages 203 20 .
L [ plogr The 'plog’ C++ Logging Library 020 LX)
O plyr Tools for Splitting, Applying and Combining Data 185 (X<}
() prabelus Functions for Clustering and Testing of Presence-Absence, 231 [ ]
Abundance and Multilocus Genetic Data
) [O) promises Abstractions for Promise-Based Asynchronous Programming 1.1.0 X
) purr Functional Programming Tools 033 -] H
L O Bs Encapsulated Classes with Reference Semantics 241 [ ]
rattle Graphical User Interface for Data Science in R 530 -]
() RColorBrewer ColorBrewer Palettes 1.1-2 [N ]
() Repp Seamless R and C++ Integration 103 [N ]
m () readr Read Rectangular Text Data 131 [ ]

The previous screen shows the Packages tab with rattle checked. The
moment an analyst performs this selection, the programming pane will come
to life as follows and load the Rattle package, along with any dependencies that
may come with the package that were not installed the first time. In some ways,
R and RStudio anticipate what the analyst will require before they need it.

Console  Terminal x  Jobs x
C:/R/Chris/BOOK PROJECT/

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type "contributors()’ for more information and

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.

[workspace loaded from c:/R/chris/BOOK PROJECT/.RDatal

> Tibrary(rattie)

rRattle: A free graphical interface for data science with R.
version 5.3.0 Copyright (c) 2006-2018 Togaware Pty Ltd.
Type ‘'rattle()’ to shake, rattle, and roll your data.

> |

‘citation()" on how to cite R or R packages in publications.

To activate Rattle, type the following in the programming pane:

>rattle ()

At this point, the analyst has installed and loaded the package, so Rattle
will show the first screen in a separate window that will be will appear as:
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<R R Data Miner - [Rattle] — [m] bl
Project Tools Settings Help o Rattle Version 5.3.0 tegaware.com

@ (i = = ‘ = | ® 4 |
. Execute New Open Save Export Stop Quit
Datz Explore Test Transform Cluster Associate Model Evaluate Log

Source: @ File (O ARFF (O ODBC (O RDataset () RDataFile O Library O Corpus (O Script

Filename: Separator: |:| Decimal: D [ Header
[ partition [ 70/15/15 22 =

) Target Data Typ:
@ nput @ gnore Weight Calculatar: [ @ Auto O Categoric O Numeric O Survival

wWelcome to Rattle (rattle.togaware.com).

Rattle 1s a free graphical user interface for Data Science, developed using R. R 1s a free
software environment for statistical computing, graphics, machine fearning and artificial

intelligence. Together Rattle and R provide a sophisticated environment for data science,

statistical analyses, and data visualisation.

See the Help menu for extensive support in using Rattle. The two books Data Mining with
Rattle and R (https://bit.lysrattle_data mining) and The Essentials of Data Science
(https://bit.ly/essentials_data_science) are available from Amazon. The Togaware Desktop
Data Mining Survival Guide includes Rattle documentation and is available from
datamining.togaware.com

Rattle is licensed under the GNU General Public License, Version 2. Rattle comes with
ABSOLUTELY NO WARRANTY. See Help -> About for details.

Rattle Version 5.3.0. Cupyright 2006-2019 Togaware Pty Ltd. Rattle is a registered .
trademark of Togaware Pty Ltd. Rattle was created and implemented by Graham Williams with
contributions as acknowledged in *library(help=rattle)".

[Te Begin: Choose the data source, specify the details, then click the Execute button.

This screen is the home screen for Rattle and where the functionality of
the tool is performed. The first step is to import the data into this tool. This is
where R and Rattle are linked. Once the data is imported into R (or RStudio
in this case), then it is made available to all other tools, in this case Rattle.
In order to import the data into Rattle, use the “Filename” box in the main
screen as follows:

Source: @ File (O ARFF (O ODBC (O RDataset (O RDataFile ) Library

Filename: Separator: |:| Decimal: D [ Header
[ Partition 2 2

. Target Data Tj
.Input .Ignore Weight Calculator: |:| ® Auto

In this case, using the radio button choice of “File” compels you to reveal a
filename in order to import the data. Use the same location of the data you did
for OpenOffice and ensure that the “Separator” is a comma (since it is a CSV).
Also, ensure that “Header” is checked, since this data does have a header.
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However, since the data has already been loaded into R, the analyst can
choose the “R Dataset” radio button as follows to reveal the dataset already in
R. Choose the first file and click on “Execute” in the first iconic toolbar and

the data will be imported to Rattle.

G R Data Miner - [Rattle]

Project Tools Settings Help

] X

0 Rattle Version 5.3.0 togaware.com

G ‘ b B < ‘ ® 4 |
i Execute New Open  Save Export Stop  Quit

Dat: Explore Test Transform Cluster Associate Model Evaluate Log

Source: O File O ARFF (O ODBC @ RDataset (O RDataFile O Library O Corpus O Seript

Data Name: v
StormEvents_details_ftp_v1_0_d1951_c20160223
[ Partition %
StormEvents_details_ftp_v1_0_d1954_c20160223
} Target Data Type:
.Input .Ignore Weight Calculator: l:] [ ® Auto O Categoric O Numeric O Survival

No matter how easy it seems, there are always some configuration changes
to the dataset in order to make it more amenable to Rattle. In this case, once
the data is imported (executed), a warning message appears as follows. This is
easily fixed by just selecting one risk variable rather than having the numerous
variables that Rattle picked.

® X
[T  Environment History Connections
More than a single Risk variable h identi
e (TSEVENT_ID, 13EVENT_TVPE, 4EVENT_NARRATIVE), Onky |- (Rattle (StormEvents details ftp_v1 0 d1951_c20160223)] - o X
a single variable is allowed. Settings  Help @) FRottie Version 5.20 togoware.com
Please change the role of one of the variables. 3 = a = ‘ . L] ‘
Rattle 530 lew Open Save | Expot | Stop  Quit
fest Transform Cluster Associate Model Evaluate Log
e O ARFF O ODBC @ RDataset O RDstaFile O Library O Compus O Seript
5105 & 1800 | DataName: ‘SmrmEvmb_dmils_Rp_ﬂ_D_dI'J§1_=201m
5103 30 1500
5105 1 1350 | B Pertition [rortsrs | [ B [view|
5106 27 2204 i Target Data Type
107 0 1100 | @'t @gnore Weight Calculstor 1 @® Auto O Categoric O Numeric O Survival
5104 29 1815 | M. Varizble DataType Input  Target  Risk Ident Ignore  Weight  Comment ~
5102 19 1830 1 BEGIN_YEARMONTH  Numerc @& (o] (s} (o] o] o] Unique: 12
5105 3 1335 | 2 BEGIN_DAY Numeric @ o] Q (@] Q (@] Unique: 31
3 BEGIN_TIME Numeric @ (o] Q Unique: 100
) e © O © o
1to 16 of 269 entries, 49 total columns 4 ENDYEARMONTH  Numeric © - o o o o Unique: 12
5 END_DAY Numeric @ (o] [e] o] o] (o] Unique: 31
Terminal x| Jobs x 6 END_TIME Numeric @ (o] Q (o] o] (o] Unique: 100
/500K FROJECT/ 7 EVENTID Numeric O (o] @ o] o] (@] Unique: 269
collaborative project with many coni @ STATE Categoric @ o o) o @) o] Unique: 35
fnm:ri'huto;“;‘([)' fu; more infornﬂ;!nn 9 STATEFIPS Numeric @ o o] o] o] o Unique: 35
onQy* on to cite R or R packads) i yvea Constant O (o] [e] (o] @® (o] Unique: 1
demo() ' for some demos, ‘help()' for| 11 MONTH_MAME Categoric @ O o] [e] (o] (o] Unique: 12
start()' for an HTML browser interfa .
q()" to quit Rr. 12 MONTH_MUMBER Numeric @ (o] Q o] Q [e] Unique: 12
. 13 EVENTTYPE Categoric O o [C] [s] Q [e] Unique: 1
ace loaded from c:/R/Chris/BOOK PRO
P 14 CZ_TYPE Constant O (o] [s] [e] ® @] Unique: 1 v
ary(rattle) < >
D AF ical i
L S o Derermining varsbl roles and charactertics-.
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2.6

Since choosing whether a variable is input, target, risk, ident, ignore, or
weight is done with a touch of the mouse, it is easy to fix this by just picking
one variable to be the risk. But before this is done, a little explanation is nec-
essary to describe the different types of variables that the analyst will associate
with each of these data types.

The following table gives a brief description of each of these data types
taken from the CRAN. When the word “dynamic” is used, that means that
these can be changed by the analyst any time a different model or evaluation
is performed. The analyst simply changes the radio button choice and clicks
on “Execute” again. The dataset is automatically changed. What is important
about this last section is that any time the analyst wants to change the target
or risk variables, a simple backtrack to the dataset and Execute will change the
dataset variables. In some cases, as will be explained later in this text, some
charts allow for interactive changes which will automatically change the target
or risk factors in the dataset. The best is yet to come.

Type | Description

Input The independent variables

Target The dependent variables

Risk Dynamic value that is used in risk charts

Ident Have a unique value for each record

Ignore Variables that are removed

Weight Variables that are valued more than other variables in order to
show importance

Now that the file is imported into RStudio and Rattle, the next tool used for
import will be KNIME.

IMPORT INTO KNIME

KNIME is a data analysis tool developed in Europe and, in this author’s expe-
rience, combines conventional statistical analysis with systems engineering
process flow. The tool has “nodes” or modules that are self-contained analy-
sis and transformation mini-tools to break down the dataset and analyze that
dataset into the desired components. Before importing, the analyst must
download the KNIME application.
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Remember that the same warning for this open source tool applies. Make
sure the antivirus software is active and activated and that you scan the exe-
cutable before activating the KNIME software. Caution is important here,
but the tool will be worth all this effort.

After over twenty years of performing data analysis and teaching the
same, this author has never seen a tool such as KNIME. This should not be
construed as an unwavering endorsement of KNIME, but for data analytics,
the tool provides a wide variation of “nodes” that, when placed in a flow-
chart-like process, can provide the analyst with a continuing stream of dataset
transformation and analysis. We highly recommend that any analyst at least
try this software to see if it fits your needs.

The installation is relatively easy. Go to the KNIME site (www.knime.
com) and download the most current version of the application. For the pur-
poses of this book, the version will be 4.1.0, but again this application has some
very fundamental functions that will not change in the foreseeable future, so
no worries on updates to this text for a while.

One caveat: This is a very “memory hungry” application, so it is advisable
to have at least 8§ GB RAM, and if the computer has 12-16 GB the application
will work faster. Once you download the application and open it, this splash
screen will appear. It may be a few seconds for this to appear, and it may not
contain all the icons that are in this one, but later on this will be explained.

After opening the KNIME application, the following screen will appear
with many different panes. For the moment, the “node repository” pane will
be the main focus. The following screenshots show the first splash screen, the
entire KNIME work area followed by the node repository pane. One recom-
mendation is to explore the KNIME tool thoroughly, since there are many
ways to combine these nodes or modules into one process flow, as will be
demonstrated later with just one or two of these nodes.

Open for Innovation

KNIME

Version 4.1.0

(Build December 06, 2019)

Installed Extensmns

Loading org.eclipse.equinox.p2.ui.sdk.scheduler

Copyright by KNIME AG, Zurich, Switzerland, http://www.knime.com/, contact@knime.com
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The “IO” portion of the node repository will be the one that will import
the dataset for analysis. Since the original file was a CSV, that is the one that
will be imported into KNIME. The following screens show the process for
selecting and importing the data. Please pay special attention to the other
options available for importing to see the plethora of choices from KNIME.

£ Node Repository R

[F= 8

v 10

v D Read
* Excel Reader (XLS)
[+ File Reader
AlFY ARFF Reader
B, CSV Reader
=, Line Reader
B, Table Reader
Pt PMML Reader
4, Model Reader
[ Fixed Width File Reader
D32 List Files
@, ORCReader
% Parquet Reader
i" Read Excel Sheet Names (XLS)
[3* Read Images
r Explorer Browser

» -B Write

» [ Other

> [ File Handling

== Cache

~

W

As you can see, the “CSV Reader” is one of the KNIME nodes. The node
is active within the workspace by clicking and dragging the node into that
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workspace. Once that is completed, the workspace will appear as this (with an
added node for effect). The “CSV Reader” node (or node 1) has a yellow indi-
cator, which means that the data is either not available or not “cleaned,” which
means there needs to be configuration with the data to turn the light green.

o
Node 1

@ Welcome to KNIME Analytics Platform

'CSV Reader

A\ *2: TEST_PROJECT 53

Statistics

| se]
Node 2

Just as a note, the analyst can also name the workspace as if opening a
new project in R. This will be discussed later; currently, double-click on the
“CSV Reader” node after placing it in the main workspace and this screen
will appear. Notice that there are several default choices in the configura-
tion, including those in “Reader options,” and for now those are fine. What is
essential is that “Has Column Header” and “Has Row Header” are checked
and that “Column Delimiter” shows a comma.

Dislog - 2:1- CSV Reader = m| -
File
Settings Limit Rows Encoding Flow Variables Memory Policy
~Input location:
v‘ Browse... IZ‘
[JCustom connection timeout [s]: [ 1/%]
~Reader options:
[, | cotmnpelmiter | Row Delimiter
DQ.BEC"\U Elcammtdnar
[ Has Column Header [] Has Row Header
[C] support Short Lines
ok |[ sy ][ cance | [@]
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At this point, the next step would be to use the “Browse...” button to
search your computer for the file to be imported. Once that is done, the
screen should appear similar to the image below.

Once this is completed, click on the “Apply” or the “OK” button to import
the data. At this point, the data is imported into KNIME. However, before
clicking “Apply” explore the other tabs to see how they are part of the overall
configuration of this dataset.

The first tab is the “Limit Rows” tab, shown as follows. This tab will assist
the analyst to determine which rows to include in the dataset. This is one of
the fundamental concepts of data science, which is to “understand the data”
(part of CRISP-DM). If the analyst does not understand what requirements
are associated with the data, it will be difficult to determine which data is use-
ful. In this case, the analyst can skip the first line or lines as is determined by
the data content, along with limiting the number of rows to scan.

Dialog - 2:1 - C5V Reader = O x
File
Settings  Limit Rows Encoding Flow Variables Memory Policy
~ Input location:

DATA\StormEvents_details-ftp_v1.0_d1951_c20160223.csv vl Browse... |

[] Custom connection timeout [s]: 1H5
~Reader options:
[ | coumnpeimiter [\ | Row Delimiter
l:’mutedw lementchar

[] Has Column Header ] Has Row Header

| oK [[ appy |[ cance \

Why would an analyst do this? There are terms associated with only taking
part of the data for analysis (such as “training data”), but suffice it is to say that
performing analysis on a part of the data is much quicker than performing it
on all the data, and the evaluation can take place later on a larger portion of
the data. This tab helps to accomplish this function without much effort.
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This type of configuration customization is just one feature that makes
KNIME very flexible as a software product. Fortunately, because the tool is
open source, there are many community sites and collaboration efforts that
help to describe these screens and their function. The reason for the detail
here is that there are times when the analyst needs immediate association
between the function and the statistical concept. This is provided here.

Dialog - 2:1 - CSV Reader — O X
File

Settings LimitRows  Encoding Flow Variables Memory Policy

[ Skip first lines 1

[ Limit rows S

[ 5can limit (number of lines) 5015

[ ox [ 2wy |[ Coca |[®]

The next tab is the “Encoding” tab which is shown as follows. There are
times when certain text encoding is important for programming or other ana-
lytical efforts. The analyst may never apply these settings, but it is important
to know where they are in case encoding needs to be applied to the dataset.
In most cases, the “Default” radio button is the one that applies, so there is no
need at this point to change that choice. However, in cases where raw text is
imported, some of the other choices may make the transition to KNIME both
smoother and more useful to the analyst.
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Dialog - 2:1 - CSV Reader ot O X
File
Settings LimitRows Encoding = Flow Variables Memory Policy
~Select a character set for decoding:
®) default

() Us-Ascl
(O 150-8859-1
QUTF-8

QO UTF-16LE
() UTF-16BE

O UTF-16

O user defined

[ ox | 2y [[ cnce |[®]

The next tab is one that exists throughout the KNIME application called
“Flow Variables.” Although this will not be used in these statistical applica-
tions, they can be used in future node flows. These are analyst-defined values
that exist so that each node does not have to be set individually as they refer
to the dataset. This book will not delve into these, but the KNIME websites
give a more than adequate explanation to the use of these variables. What will
be said about flow variables is that the analyst can set them at the text box
that is next to each variable. This will “force” the variable across each of the
subsequent nodes in the flow diagram. The analyst needs to remember that
the flow variables, once set and applied, must be removed and the dataset
refreshed each time the flow is executed. This is simply done by clicking on
the “Apply” button after each reconfiguration. A message will appear that tells
the analyst that the node has been changed, shown as follows.
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A Dialog - 2:1 - CSV Reader = B X
File
Settngs | LmtRowsEncodng Flow Vriables Memery Polcy
& | v|| | =
[g7] rowDelimiter [ vl ]
_[&] quote | vl| |
.[BY] hasRowHeader [ v | |
{7 hasColeader [ vl |
-[17] imitRowsCount | .| J
..{1] skpFirstlinesCount | .| |
_.[37] charactersetiame | 9l | K
OK || Apply || Concel |

Confirm reset... X

Warning, reset node(s)!
New settings will be applied after resetting this and all connected nodes. Continue?

[] Do not ask again

o =

Once the “OK” has been clicked, the dataset will have a new configuration
and the flow must be “Re-Executed.” It is at this point that a review is nec-
essary of the “Stoplight” approach to KNIME. If the reader would like more
information than found in this book, the references to all the open source
tools are in the Reference section of this book.
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2.6.1 Stoplight Approach

Each node in KNIME is governed by looking at the node to see the status
of that node. If the node has a “green” light, that node has been executed or
activated within the flow. The following “CSV Reader” node has the green
light, which shows that it has been executed. If anything is changed in the
“Configuration” of this node, then the light will change to either “yellow” or
have a “caution triangle” below the node. If the light is yellow, then right-
clicking on the node and clicking on the “Execute” choice will execute the
local node (the one that is the focus of the node at that time). To execute ALL
the nodes attached to the one in focus, go to the main toolbar and click on the
“double arrow” icon shown as follows to execute ALL the nodes attached to
the selected node. If a node has a caution triangle, then that means that some-
thing is wrong with either a node that “feeds” the caution node, or something
is wrong with the configuration. The best way to reduce or eliminate these
caution nodes is to ensure the configuration on the feeding node is correct by
testing the node through right-clicking on the feeding node and looking at the
result of that node. An example of this follows.

CSV Reader

Node 1

KNIME Analytics Platform
File Edit View Node Help

D-HE@#H IO |3 =AR0O0
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Configure... F6
Execute F7
Execute and Open Views Shift+F10
Cancel F9
Reset F8
Edit Node Description... Alt+F2
New Workflow Annotation

Connect selected nodes Ctri+L
Disconnect selected nodes Ctrl+Shift+L
Create Metanode...

Create Component...

P EHANYYLIHOP0D

Compare Nodes
Show Flow Variable Ports

Cut

Copy

Paste

Undo Delete
Redo

Delete

REQH W K

In the previous screen, “File Table” is selected, since that is the result of
the node. This will show the table that is the result of executing that node.
Once confirmed, the node will show a correct configuration for the process
flow. If incorrect, double-click the node to reveal the configuration screen, or
right-click and select “Configure...” to enter the configuration screen.
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DESCRIPTIVE STATISTICS

3.1.1

The topic that is commonly introduced in statistics is descriptive statistics.
Many students have already been exposed to many of these, including mean,
median, mode, variance, and standard deviation. As promised, this book is
not going to delve into the formulas for these or force the student to do them
by hand. The main reason for stating them here is to apply each data science
tool to show these descriptive statistics, hopefully with one function within
the tool.

Excel

Excel, as discussed previously, has this magical function called the Analysis
ToolPak, which will provide the analyst with descriptive statistics without
each calculation being inputted into the application. The first step is to open
the dataset and then open the Analysis ToolPak, as depicted in the following
two screens.
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9= StormEvents_details-ftp_v1.0_d1951_c20160223.xbsx - Microsoft Excel - 0 ¥
%’m Insert Page Layout Formulas Data Review View Power Query a 0 o@ &
E :}v Calibri W AN = EE] P | SiwepTet General - ﬁ ﬁ i == % @ ;:i:‘js""" ﬂ m
g BR[O A BB R Bmacon: | 8- 0 |38 O o | e |, A
Clipboard 1 Font I} Alignment I Number | Styles Cells | Editing
G178 e %] 0
Fliee D e [ BT
| 1 [BEGIN_TIME END_YEARMONTH END_DAY END_TIME EPISODE_ID EVENT_ID STATE STATE_FIPS YEAR MON"
12| 915 195109 9 915 10047282 MISSISSIPPI 28 1951 Septe
13| 2200 195106 17 2200 10028729 KANSAS 20 1951 June
L4 510 195103 28 510 10120421 TEXAS 48 1951 Marc
[ 5 | 1830 195105 9 1830 10099717 OKLAHOMA 40 1951 May
16| 1620 195107 15 1620 10099742 OKLAHOMA 40 1951 July
L7 1800 195105 8 1800 10028691 KANSAS 20 1951 May
| 8| 1500 195103 30 1500 10104933 PENNSYLVANIA 42 1951 Marc
&) | 1330 195105 11 1330 10104934 PENNSYLVANIA 42 1951 May
ﬂ 2204 195106 27 2204 10104935 PENNSYLVANIA 42 1951 June
|11 1100 195107 21 1100 10104936 PENNSYLVANIA 12 1951 July
112 | 1815 195104 29 1815 10082587 NEW JERSEY 34 1951 April
13 1830 195102 19 1830 10099493 OKLAHOMA 40 1951 Febru_|
H 4 ¥ ¥ StormEvents_details-ftp v1.0_d1 /MONTH /%3 7 [ F—— ¥ |
Read) El ] 4
Data Analysis ? X
el o< ]
Anova: Two-Factor Without Replication A
Corda
Exponenhd Smoolhng
F-Test Two-Sample for Variances
Fourier Analysis
Histogram
Moving Average
Random Number Generation o

When the analyst selects the “Data Analysis” icon at the far right of the
previous screen (after selecting the “Data” tab), the pop-up screen appears
with many options for using the data analysis functions. The one that is the
focus on this chapter is the “Descriptive Statistics” choice (in blue). The ana-
lyst will select this option and click the OK button, and the next screen will
appear. At once, the analyst will notice that there are many text blanks to fill,
but this is not a problem as long as there is a dataset on which to apply this
function.
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Descriptive Statistics ? >

Input
ioutRange: |

[ox ]
Grouped By: (® Columns

O Rows
[] Labels in First Row

Output options

O Qutput Range: |
(® New Worksheet Ply: | l
(O New Workbook

[[] summary statistics
[[] confidence Level for Mean: 95 |%
[Jkth Largest: 1
[] kth Smallest: 1

The first blank to fill is the column or columns that need to be resolved to
descriptive statistics. The analyst can do this either manually or by selecting
the columns from the dataset. There is a caveat here, mainly pertaining to
columns versus rows. If the dataset has column names and data going down
the column and THIS is the data you need resolved, then ensure the “Group
by:” choice has the “Columns” radio button selected. If “Rows” is selected,
then the analysis will be done by row rather than column. Most datasets are
configured or organized by column, so that is why the column radio button is
already selected. Once that is completed, the next step is to fill out the screen
as follows to get descriptive statistics for TOR_LENGTH, which is basically
the length of the tornado from the first sighting to dissipation. Ensure that
“Summary Statistics” is checked; otherwise, the results will not be what the
analyst expects.
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Descriptive Statistics ? X
Input

Input Range: |SAHS1:SAHSZ70 : |
Grouped By: (® Columns

Oaow

E Labels in first row

Qutput options

(O Output Range: | : |

@® New Worksheet Ply: | TOR_LENGTH ]

(O New Workbook

[ summary statistics
[~ confidence Level for Mean: |95 |'36
Kth Largest: 5
[ kth Smallest: 5

One word of caution is necessary at this point. The default selection under
“Output options” is to designate an output range. If the analyst does this,
the results will be in the same worksheet as the dataset. This could prove to
crowd out the worksheet so that the analyst will have to scroll beyond the
dataset cells to see the functional results. It is recommended to always use the
“New Worksheet Ply:” option and name the worksheet something similar to
the previous title. This will ensure that the dataset sheet will remain just the
dataset, rather than adding unnecessary columns to that worksheet.

Another item that is necessary is the “Level in first row” checkbox, which
is important. Normally, column headings (or labels) are important for naming
each column. Not checking this box will tell Excel that there are data, not
names, in the first row. That could prove hazardous should there be column
headings in that row.

Notice that there is a “95%” in the text box next to “Confidence Level for
Mean:” which indicates that, should this dataset be a sample of the larger data-
set, this function would show you a range where there would be a 95% chance
that it would contain the mean. This will be covered under “Confidence Inter-
vals” in the next section, but suffice it to say that it will be important to check
this box and set it for 95% (since this is the conventional confidence level for
Statistics).
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“Kth Largest” and “Kth Smallest” have been checked and marked with a
“5” to demonstrate how to use this option. Basically, what this will show is the
“5th Largest” and “5th Smallest” values in the dataset. This might be useful if
the analyst wanted to find out how a certain value ranked among all the other
values.

When the “OK” is clicked, the following will appear in an additional work-
sheet in your Excel workbook. The analyst will immediately notice that there
are many terms that are recognizable and those that are not.

Y | A | B |
1 TOR_LENGTH
2 T
|3 |Mean 4.443494424
|4 |Standard Error | 0.623786189
|5 |Median 0.5
6_Mode 0
7 |Standard Deviation 10.23085418
|8 |Sample Variance 104.6703773
19 |Kurtosis | 25.67453191 |
110 [Skewness | 4.376062845
(11 |Range - 926
(12 |Minimum ) o 0
113 [Maximum %26
dlsum | 11953
s (Count 269 |
6 |Largest(s) | 448
117 [Smallest(S) 0
18 |Confidence Level(95.0%) | 1.228144665
0] -
20 i

« » | TORLENGTH [ stormEven

This result should provide the analyst with a description of the data, much
like seeing a person should provide a description of that person. Again, this
book is not a statistics primer, so it will not delve into the specifics of each
of these titles. Most importantly, remember that this function will give you
a good preview at a dataset variable even before any graphs or charts are

produced.

3.1.2 OpenOffice

OpenOffice, although much like Excel, does not have an Analysis ToolPak
that is available for that software. As such, it will take more effort to have the
same result as Excel.
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The first step is to open the OpenOffice Spreadsheet and open the data-
set that was imported in the last step. The result should look like the following

screen:

a StormEvents_details-ftp_v1.0_d1951_c20160223 csv - OpenOffice Calc - o X

Fle Edt Yiew |nset Fgmmat Jools Data Window Help X

B-EB-Un B RBERIVE KGO C- @Ml hy HEEQ @ i e P )

LB [ M FBrUl= bxRid|lee 0-2-A-

Az - o E
b B C ] | E F [ H | e [

1 [BEGIN_YEARMONTH _BEGIN_DAY |BEGIN TIME |END_YEARMONTH |END_DAY [END_TIME [EPISODE ID EVENT ID |STATE [ jﬁJ

195109 9 915 195109 9 915 10047282MISSISSIPPL | g

B 1951oai 11| 200 1951Dﬁi 17 2200; 10028729 KANSAS

4 195103 28 510 195103 2 510 10120421 TEXAS 4

5 | 195105 gi 1saoi 195105 gi 1330; 10099717/ 0KLAHOMA ®

6 195107 15| 1620 195107 15 1620 10099742 OKLAHOMA

| 7] 195105 si mmi 195105| 8 1800 10028691 KANSAS g7

: 1951031 30 1500 195106! 0 1500 10104933 PENNSYLVANL .

|9 | 195105 11 1330 195105| 11 1330 10104934 PENNSYLVANL

i 195106 2 204 195106 27 204 10104935 PENNSYLVANL

[ 1] 195107 21 1100 195107 21 1100 10104936 PENNSYLVANL

n 195104 29 1815 195104 2 1815 10082587 NEW JERSEY

[ ] 195102 19] 1830 195102 19 1830 10099493 OKLAHOMA

" 195105 3 1335! 195105 3 1335 10039190 MICHIGAN

[ 15 | 195105‘ 1 1sooi 1951oa| 1 1800; 10039191 MICHIGAN

[ 195106 2% 1800 195108 % 1800 10039192 MICHIGAN

7] 195105 18 1730 195105 13 1730 10099725 0KLAHOMA

m 195105 19 1915 195105 19 1915 10099726 OKLAHOMA

1n an anan ANE4NE] anl anon AnnnnTATInr Aunkas Y

B seer/ ) < i I

Sheet1/1 | Defoutt | |so| [ | Sum=195109 |e———6 %

At this point, the descriptive statistics will include the following items:
Mean

Median

Mode

Standard Deviation

Kurtosis
Skew

Minimum

Maximum

© ® N O n A W N =

Confidence Level for Means

All of the previous items were part of the descriptive statistics included
in the Excel Analysis ToolPak. This is the case with OpenOffice. However,
follow the formulas and it makes it repeatable.



StaTisTICAL TESTS ° 41

The first formula will be for mean (or average). The formula will appear
as this when placed in the formula bar of OpenOffice:

=AVERAGE (AH2 :AH270)

This formula should be placed after the AH270 cell to prevent any cir-
cular calculations. The next formulas should be placed after (lower than) the
AVERAGE calculation. One word of caution is necessary at this point. Ensure
that you make AH2:AH270 an absolute reference (dollar signs before both
AH2 and AH270 to look like this—$AHS$2 and $AH$270). This will prevent
the AVERAGE result from being included in the calculation below it and so
on. The formulas should appear as the following:

=MEDIAN (SAHS2 : SAHS270)
=MODE ($AHS$S2: SAHS270)

=STDEV (SAHS$2 : SAHS270)
=KURT ($SAHS$S2: $SAHS270)
=SKEW ($AHS2: $AHS$270)
=MIN ($SAHS$S2:$AHS270)

=MAX (AH2 :AH270)
=CONFIDENCE (0.95;AH274;269)

The results of these calculations are as follows (to the left). Next to those
results are the results from Excel (the screen to the right). This is important!
How do the results compare? Are they substantially different, or relatively
similar? This is now to verify your tool accuracy.

Mean 4.4434944238) [ 4 A | B

Median 0.5 1 TOR_LENGTH

Mode 0 2

Standard Dev 10.2308541821| |3 |mean 4.443434424

Kurtosis 25.6745319148 4 |standard Error 0.623786189

Skew 4.376062845| |5 |Median 0.5

Minimum 0| [6 |Mode o

Maximum 926 7 _|Standard Deviation 10.23085418| |

Confidence Level for Means | 0.039115622| |8 |Sample Variance 104.6208773)
9 |Kurtosis - | 25.67453191
10 [Skewness 4.376062845 |
11 |Range 92.6|
12 |Minimum o
13 |Maximum 92.6;
14 [Sum 1195.3|
15 |Count 269,
16|largest(S) | = 448
17 |Smallest(5) o
18 |Confidence Level(95.0%) | 1.228144665|
19] :
20 |

T | TORLENGTH | stormEven
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31.3

Most noticeable is the large discrepancy between the Confidence Levels
of OpenOffice and Excel. After reviewing the formulas, the “alpha” that is
desired for OpenOffice is the difference between “1” and the Confidence
Level, which means that, for OpenOffice, the proper number is “.05” (or 1 -
.95), NOT “.95” as originally submitted. After this formula change (illustrated
as follows), the Confidence Level result is also below the formula. The dis-
crepancy no longer exists. This is important to remember—not every formula
is exactly the same between Excel and OpenOffice.

=CONFIDENCE (0.05;AH274;269)

(=]

18] Confidence Level(95.0%) | 1228144665 ‘
19 Confidence Level for Means | 1.222598464]
|

20

{ ) TOR LENGTH | StormEv

Another difference between Excel and OpenOffice is that any separa-
tion in the formula must be done with a “,” in Excel and a *;” in OpenOffice.
The analyst will receive an error message when the wrong symbol is used in
OpenOftfice. The warning is to relieve some angst for analysts that normally
feel there is a problem with the software should an error appear. In this case,
it is simple to change from a comma to a semicolon.

With Excel and OpenOffice formulating descriptive statistics, RStudio/
Rattle and KNIME will be a little more challenging, but certainly not insur-
mountable. RStudio is first and then KNIME.

RStudio/Rattle

The first step is straightforward—open the RStudio application and Rattle
package as was mentioned in the Importing Data section to receive to the
following screen.
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@R R Data Miner - [Rattle (StormEvents_details_ftp_vw1_0_d1951_c20160223)] — m] X
Project Tools Settings Help o Rattle Version 5.3.0 togaware.com

& | O B @ | <l | ®© 4 |
o Execute New  Open  Save Export Stop Quit
Datz  Explore Test Transform Cluster Associate Model Evaluate Log

Source: (O File O ARFF (O ODBC @ RDataset O RDataFile O Library O Corpus O Seript

Data Name: ‘Stm&!nﬂ_details_ﬁp_vl_o_m 951_c20160223 El

B parion 1015715 [Seet] [0 F| [View] [eai

. Target Data Type
.Input .Ignof! we-ngalculmnl:l [ @® Auto (O Categoric (O Numeric O Survival

No. Variable Data Type Input Target Risk Ident lgnore Weight Comment ~

20 INJURIES_DIRECT Numeric O @] (@] @] ® (@] Unigque: 17

21 INJURIES_INDIRECT Constant O @] @] o] ® (@] Unique: 1

22 DEATHS_DIRECT Numeric O O O o ® O Unigue: 6

23 DEATHS_INDIRECT Constant () @] @] 9] ® O Unique: 1

24 DAMAGE_PROPERTY  Categoric O @] @] @] ® @] Unique: 8

25 DAMAGE_CROPS Constant O O O @] ® O Unique: 1

26 MAGNITUDE Constant O O O O ® O Unigue: 1

27 MAGNITUDE_TYPE missing @] O (@] O ® O Unigue: 0 Missing: 26!

28 FLOOD_CAUSE missing O @] @] o] ® (@] Unique: 0 Missing: 26!

29 CATEGORY misging O (@] O ®] ® O Unique: 0 Missing: 26!

30 TOR_F_SCALE Categoric O @] @] O [C] (@] Unigue: 5 Missing: 39

31 TOR_LENGTH Numeric @ (@] (@] @] (@] (@] Unigue: 71

32 TOR_WIDTH Numeric O O O O @ O Unique: 39

33 TOR OTHER WFO missina_ () @] @] O ® O Unique: 0 Missing: 26! ¥

< I >
Roles noted. 269 observations and 15 input variables. No target thus no predictive modelling nor sampling.

Notice “Roles noted” at the bottom of this screen. The analyst can pick
any target for determining statistics. In this case “TOR_LENGTH” was cho-
sen to be consistent with the same variable used in the previous sections/tools.
Please notice the part of the screen marked “Partition,” which is checked.
What this means is that Rattle will automatically separate the data into per-
centages for training and validation; in this case 70% of the data will be used
for training. This sampled dataset is not the entire dataset but is automatically
randomly selected so that the analyst can test the different functions on a sam-
ple of the dataset rather than using the entire dataset. For a small dataset this
is not necessary, but for larger datasets, this not only advantageous but neces-
sary to save computing time. In this case the box is checked, but uncheck this
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box (shown as follows) so that descriptive statistics are only performed against
the entire dataset, to be consistent with other sections.

@ R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223)] - O X
Project Jooks Settings Help G Rattle Version 520 togaware.com
& D B & ‘ = | @ 4 |
Export

© Execute | New  Open  Save Stop  Quit
Date | Explore Test Transform Cluster Associate Model Evaluate Log

Source: (D File (O ARFF (O ODBC (@ RDataset (O) RDataFile (O Library (O Corpus (O Seript

Data Name: |StormEmu_amik_rq:_w_o_mgﬂ_czmm El

O Partition  [0/15015| B2 [a2 5 [Edit]

i Target Data Type
.I"F"'|t .Igrmre Weight Calculator: l:l [ (O Aute (O Categoric ® Mumeric (O Survival

No. Variable Data Type Input Target Risk Ident Ignore Weight  Comment L
4 MAGNIIUUE_IYPE missing ) (W] L] L [L ] Unique: U Missing: &t
28 FLOOD_CAUSE missing (@] (@] @] O (O] @] Unigue: 0 Missing: 26
20 CATEGORY missing O @] O O ® @] Unique: 0 Missing: 26
30 TOR_F_SCALE Categoric (O @] O O ® @] Unigue: 5 Missing: 39
31 TOR_LENGTH Numeric @ @] O 9] Q @] Unique: 71

32 TOR_WIDTH Numeric O O O O ® O Unigque: 39

33 TOR_OTHER_WFO missing O O O O ® O Unique: 0 Missing: 26!
34 TOR_OTHERCZ STATE missing O @] (@] @] (O] @] Unique: 0 Missing: 26!
35 TOROTHER.CZFIPS missing O @] (@] @] ® @] Unique: 0 Missing: 26!
3 TOR_OTHERCZ NAME missing O @] @] O @® @] Unigue: 0 Missing: 26!
37 BEGIN_RANGE Constant O @) O 9] @® @] Unigque: 1

38 BEGIN_AZIMUTH missing (@] @] @] O (O] @] Unigue: 0 Missing: 26
39 BEGIN_LOCATION missing O @] (@] O ® @] Unique: 0 Missing: 26
40 END_RANGE Constant O @] O @] ® (@] Unigque: 1 "
« N

Once this screen is attained, the next step would be to ensure that “Exe-
cute” is clicked to lock in the dataset and the variables. Once that is com-
pleted, select the radio button next to the “Data” tab called the “Explore” tab.
The following screen will appear:
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R RData Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223.rattle)] - a X
Project Tools Settings Help o Rattle Version 5.3.0 togaware.com

b E’.E|-ﬁ]‘. I|
Export

lnms @

i Execute | Mew  Open  Save Stop  Quit

Datz Explore Test Transform Cluster Associate Model Evaluate Log

Type @ Summary O Distributions (O Correlation (O Principal Components (0 Interactive

Summary [] Describe [/] Basics [ Kurtosis [] Skewness [ Show Missing [] Cross Tab
[Rattte timestamp: ZU19-017-31 ©B:18:58 Chras =

Basic statistics for each numeric variable of the dataset.

$TOR_LENGTH

XX
nobs 269,000000
NAS 0.800000
Minimum 0.900000
Maximum 92.608008

1. Quartile 0.800008
3. Quartile 4.160068

Mean 4.443494
Median 6.500000
Sum 1195. 360000
SE Mean 0.623786
LCL Mean 3.215356
UCL Mean 5.671639
Variance 104.678377
Stdev 16.230854
Skewness 4.327380
Kurtosis 24.968456

Rattle timestamp: 2019-12-31 08:18:59 Chris

Kurtosis for each numeric variable of the dataset.
Larger values mean sharper peaks and flatter tails. v

< I >
Find: Find Mext

Data summary generated,

Notice from the previous screen the radio buttons that are selected and
the boxes that are checked. What this combination does is provide the analyst
with the most information from clicking on the “Execute” icon. In this case
it provides many different results similar to the ones that were produced by
both Excel and OpenOffice. Going screen by screen will reveal these results
in a more organized fashion.

The first few parts of the descriptive statistics screen in Rattle show a
column with all the different summary statistics, which is nearly similar to the
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Excel and OpenOffice screens. The Excel screen is placed beside the sum-
mary results screen of Rattle to show the similarities. Again, it would seem
that the numbers match the original results from Excel, which verifies the
algorithm in (so far) all of the different tools. This is a good thing! Consistency
is the key for statistics, so having the same results shows consistency. The one
result that is slightly different is the kurtosis, but this is probably because of
rounding in the calculation and of no concern to the data analyst. A defini-
tion of each of the row names in the Rattle result is included in the following
table. The aspects that are very interesting, and of special interest, are the
“LCL” and “UCL,” which are included in the Rattle result. This designates
the “Lower Confidence Level” and “Upper Confidence Level,” which are the
same as the “95% Confidence Level” in Excel. Since this looks different, take
the mean and add the “95% Confidence Level” from Excel, and then take the
mean and subtract the “95% Confidence Level” from Excel, and you will get
the UCL and LCL respectively. Rattle presents the same result in a different
manner. Please do not let that throw you as an analyst. Different tools may
present results differently, but that does not mean that they are inconsistent
in result, just different in format.

Basic statistics for each numeric variable of the dataset. | .4 A | B |
TR LENGTH 1 TOR_LENGTH
| . 2
X...X.1 13 |Mean 4.443494424
nobs 269.000000 =
NAs 0.680000 4 [Standard Error 0.623786189
Minimum 0.600009 |5_|Median 0.5
Maximum 92.660000 |6_|Mode 0
1. Quartile  0.000000 |7_|Standard Deviation 10.23085418
3. Quartile  4.100000 |8 [sample Variance | 104.6703773
Mean 4.443494 9 |Kurtosis 25.67453191
gsg.la" ngggggggg 10 |Skewness 4.376062845
SE Mean 0.623786 R Range 728
LCL Mean 3.215350 12| Minimum 0
UCL Mean 5.671639 i Maximum 92.6
Variance 104.670377 114 |Sum 1195.3
Stdev 10.230854 15 [Count 269
Skewness 4,327380 16 |Largest(s) 44.8
Kurtosis 24.968456 W7 |smallests) ol
18 | Confidence Level(95.0%) | 1.228144665
19|
20
« » | TORLENGTH | stormEven
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Row Name | Definition

Nobs Number of Objects

NAs Missing Data

Minimum Minimum Value

Maximum Maximum Value

1. Quartile First Quartile (25th Percentile)

3. Quartile Third Quartile (75th Percentile)

Mean Arithmetic center of data

Median Physical center of data

Sum Additive values of all data

SE mean Standard Error (standard deviation/
square root of objects)

LCL Mean Lower Confidence Level of Mean

UCL Mean Upper Confidence Level of Mean

Variance Sum of Squares difference between
each value and mean

Stdev Standard Deviation (square root of
Variance)

Skewness Positive means right skew, negative
means left skew, 0 means normal
distribution (or close)

Kurtosis The “peak” of the data (higher value
means sharper peak)

So far, a comparison of all the results seems to point to some very small
discrepancies that can be caused by the type of formula or by rounding in that
formula. Fortunately, the tools are consistent in their main figures, which says
that using several tools to verify the results is something that needs further
exploration, which will happen in this book.



48 ° DaTA Science ToolLs

3.1.4 KNIME

KNIME is modular in nature, so using the node that will give you descriptive
statistics is the best way to perform this function as easily as possible. There
is some data preparation that must be done prior to this step. The first step is
to open KNIME to either a new project or one that you have already saved

as shown.
A\ “0: TEST_PROJECT £3 (@ Welcome to KNIME Analytics Platform = 0
CSV Reader A

As one can see, an analyst can add any of the nodes that are available
within KNIME to the workspace. But which one to add? Where is information
on that node? The answers are available right in the workspace of KNIME’s
application. Choose the “Statistics” node located within the “Statistics” part
of the “Analytics” category of nodes. The location is shown as follows. After
locating the node, left-click and hold, pulling the node onto the workspace.
After you relocate the node, connect the nodes by clicking and holding onto
the “black triangle” located on the right side of the “CSV Reader” node and
connect it to the “Statistics” node. The workspace is now ready for performing
the function of the node.

£ Node Repository K| | ~=n

> .‘! Manipulation A
> @ Views
v . Analytics
> . Mining
v D) Statistics
> Jll Hypothesis Testing
9y Cronbach Alpha
B Standardized Cronbach Alpha
1 Rank Correlation
i Statistics
E Crosstab (local)
>i Value Counter
T Linear Correlation
& Numeric Outliers
& Numeric Outliers (Apply}
» ++ Distance Calculation
> 7 PMML
> S DB
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After placing and connecting the nodes, double-click on the “Statistics”
node and this screen will appear. What this screen does is perform descriptive
statistics on the variable or variables that the analyst chooses. In this case,
only “TOR_LENGTH” will be chosen, to be consistent with the other tool
functions. The way to clear the right side of the screen (where the variables
the analyst wants evaluated exist) is to click on the double left arrow (<<) and
then on the left side of the screen choose just TOR_LENGTH, moving it to
the right side of the screen with a click of the single right arrow (>). Now the
node is configured with the variable, but other preparation needs to be set
before clicking on “Execute.”

Dialog - 0:3 - Statistics - [m} X
File

Options | Histogram Flow Variables  Job Manager Selection Memory Policy

[] Calaulate median values (computationally expensive)
Nominal values
(®) Manual Selection () Wikdcard/Regex Selection () Type Selection
- Exdude - Include
| Y Ater | Y Fiter
S| FLooD_cAuse 2 El DITOR 4=
| S| CATEGORY
| S| TOR_F_SCALE ] :
| 1| TOR_WIDTH
§| TOR_OTHER_WFO
| S| TOR_OTHER _C2_STATE l E
| S| TOR_OTHER_CZ_FIPS
gm_m}m_cz_m IEI
| 1| BEGIN_RANGE
| S| BEGIN AZIMUTH b
() Enforce exdusion (®) Enforce indusion
Max no. of most frequent and infrequent values (in view):
Max . of possble vakues per column (n output table):
[ Enable Hiite

ok || Ay || Conce |

Notice the two text boxes below the selection screens. What they denote
is the maximum number of different values and the maximum number of val-
ues in the variables that the analyst chose. If there are more than 20 different
values, KNIME will ignore them. It might be beneficial to change this to a
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higher number to account for a higher number of value changes in case there
are unique values in the variable or column. In this case, a change to 100
should suffice for TOR_LENGTH. The second block is sufficient since the
number of rows in this dataset was about 300, so the number placed in this
block should more than cover this column.

Once that is completed move on to the next tab, “Histogram,” which will
look like the following screen. There is not much to change here unless the
analyst needs more pixel space or a larger image. The screen will default to
SVG, but it can be changed to PNG if desired. Explore both to see which one
will suit your presentation or article.

Dialog - 0:3 - Statistics - m] X
File

Options | Histogram | Fow Variables = Job Manager Selection = Memory Policy

mmgrmformat

Heght: [100 |

[ Show minjmax values

[ ok ][ Ay || cance |

Once all the screens meet the analyst’s needs, click OK or Apply and a
message may appear stating that the node has been changed and asking if the
analyst wants this change. Click OK again if this message appears and you
want to change the node.

One note of caution is necessary here. On the first screen, the analyst will
notice that the block labeled “Calculate Median Values” is not checked. This
is by design, since calculating median values is computationally arduous, espe-
cially with many variables. Unfortunately, for the purposes of this demonstra-
tion, median values are part of the descriptive statistics that are necessary, so

this block will have to be checked.
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After the configuration is complete, the analyst should see the “CSV
Reader” and “Statistics” nodes in a flow configuration connected with the
output of CSV Reader to Statistics. By clicking on the “double green arrow”
(illustrated as follows), the analyst will execute all the nodes and green lights
should appear on all the nodes as in the screen following the double green
arrow illustration.

&@ooaq

A\ 0: TEST_PROJECT §2 @ Welcome to KNIME Analytics H

CSV Reader
Statistics
s
Node 1 (o0 |

Node 3

If the analyst right-clicks the “Statistics” node, they will see a choice to
view the summary table shown as follows. This will present the result to the
analyst of the function that was just performed. Following are both this screen
and the screen for the results.

Once the table appears, the analyst will notice that the table contains all
the different variables. If the analyst scrolls to see TOR_LENGTH, it will
show the same results as other tools.

B Configure... F6
© Execute F7
B  Execute and Open Views Shift+F10
@ Cancel F9
BE Reset F8
= Edit Node Description... Alt+F2
=0 New Workflow Annotation
-~ Connect selected nodes Ctri+L
¥ Disconnect selected nodes Ctrl+Shift+L
Create Metanode...
B Create Component...
@  View: Statistics View
Q? Compare Nodes

Show Flow Variable Ports

Cut

Copy

Paste
Undo
Redo
Delete

Statistics Table
Nominal Histogram Table

BEB Q0 @&

Occurrences Table
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File Hilite Navigation View
Table "default” - Rows: 25 | Spec - Columns: 16 Properties Flow Variables

RowDD (5] Colum DI [[D]Mex [[D]Mean [[D]5t deviston [[D] Varisnce [[D]Skenness [[D]Kurioss [[D Oieaisl

TOR_LENGTH  [TOR_LENGTH 0 92.6 4.443 10.231 104.67 4.376 25.675 1,195.3

CUMULATIVE PROBABILITY CHARTS

3.2.1

Although covered in a very rudimentary way in most statistics classes, a cumu-
lative probability chart is a very useful way of presenting data to show where
the main issues arise. As an example, if a manager wanted to see which depart-
ments were taking the most paid time off (PTO) a year, by month, the man-
ager might use this chart in order to determine which departments (and which
months) seem to have the most inclination toward PTO for employees. It
always surprised me that, when performing this statistical function, the main
months for PTO were not December or January, but more toward the spring
and autumn. This correlated with graduations (college and high school), along
with football games (specifically away games). In all, this is useful for many
industries, from banks to metal fabrication. This book will address each tool
with the same dataset that has been used all along and will focus on two vari-
ables, TOR_LENGTH and MONTH_NAME, in order to see if the tornados
occur the most during certain months and use the probability chart to show
this data.

Excel

Excel has an already existing function prepared for cumulative probability
charts, otherwise called Pareto charts. The analyst does not have to proceed
through a pivot table or chart and can automatically make a chart from the
dataset selection.

As stated before, the analyst should select the two columns that will be
charted, namely TOR_LENGTH and MONTH_NAME. To do this, select
the first column and hold the “CTRL” key down while selecting the second
column. After this is completed, select “Insert” from the main toolbar and
select “Recommended Charts.” This will produce the following screen.
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Insert Chart

Recommended Charts | Al Charts

S o IR_LINGT e
LLL-LE MO

I

sEEVNEERD

P ER RV

TOR_LEMETH

suspsnwnnl

'iililllilgl}lilllli];lllill

TOR_LEETH

b d bl |

l%llliil};i}lillili];llli}l

T

L3

Line

Sum of TOR_LENGTH by MONTH_NAME

450
400
350
300
250
200
150
100

°f«,ff*°‘°“"*”"~*§«f’f‘f£

A line chart is used to display trends over time (years, months, and days) or
categories when the order is important, Use it when there are many data

points and the order is important.

[ ox || cancat |

At this point, select the “All Charts” tab (to the right of the selected tab)
and you will see the following screen.
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Insert Chart 7 X

Recommended Charts | AllCharts

Recent

Templates . E
Column
Line Histogram

Pie (Chart Tite

Bar x
Area
XY (Scatter) @

Stock PASATIIIIEI LTS
Surface
Radar

Treemap

PEAXBERESMeRERS
E

Sunburst

[ii# Box & Whisker
] Waterall
By Combo

Lok || Gneet |

Once you select “Histogram” from the left menu, two sub-choices appear
in the right screen at the upper-left column. The one to the left is a conven-
tional histogram, and the one to the right is the cumulative probability plot.
Choose the one to the right, and the finished chart will appear in preview
as shown.
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Insert Chart ? X
Recommended Charts All Charts
Recent

Templates hi]i!h
Column
Line Pareto

Pie Chart Tite
Bar

Area

T XY (Scatter)
Stock Jj;!jl,p/f;j‘;g—m
Surface
@ Radar

ﬂ Treemap
@ Sunburst

kil Box & Whisker
P Waterfall
lfy Combo

«-EEEHRERERR
BEEBEBEEDG

EEESMeRERS

| ot || camcn |

Click OK and the chart will appear, but what does it mean? The interpre-
tation is that there are greater tornado lengths (basically longer tornados) in
some months than in others. In order to do the conventional Pareto measure-
ment, keep looking right until the 80% mark is achieved, and that will show
the months that produce 80% of the longer tornados. The months would be
June, February, May, August, and April. Remember that this only takes into
consideration the year 1951
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The analyst can now do a similar chart with states and see the states in the
United States where 80% of the longer tornados occur. Try it and you will be
shocked by the states that have the longer tornados. Not the ones you would
expect! The magic of dataset analysis.

Chart Title

1450 100%
400 90%
350 80%
200 70%
250 60%
50%
200 40%
150 0%
100 20%
50 10%

0 0%

3.2.2 OpenOffice

OpenOffice does not have the “magic” button that Excel possesses, but it
does have the ability to produce a camulative probability chart within its pivot
table capability.

The first step is to open OpenOffice and ensure that the same dataset
that was loaded into Excel is loaded in OpenOffice. The screen at this point
should be the same as the following:

StormEvents_details-ftp v1.0_d1951_c20160223.csv - OpenOffice Calc - a X
File Edit View Insert Format Tools Data Window Help x
B E-0e B REEAR P KaE-¢ 0@ @NHby HOEQ O | Mé % §
@ Flw FlB/U Esm=c ax% ¥ e 02 A )
B2 MAE=] ‘ =
-“ B 3 ] [ F [ H [ 4=
| 1 [BEGIN_YEARMONTH BEGIN_DAY BEGIN_TIME [END_YEARMONTH END_DAY [END_TIME [EPISODE_ID EVENT_ID STAN @
2 195109‘ ﬂ 915 195109 9 915| 10047282 MIS! | 3k
3 195108 17 2200 195106 17| 2200 10028729 KAN |
4 195103 28 510 195103 2_81 510 10120421 TEX -4
15 | 195105 9 1830 195105 9 1830 10089717 0KL | @
& 195107 15 1620 195107 15 1620 10099742 OKL B
[ ] 195105 8 1800 195105 8 1800 10028691 KAN | *=
8 195103 30 1500 195103 30 1500 10104933PEN |
19| 195105 1 1330 195105 11 1330 10104934 PEN 1
10 195108 27 2204 195106 27 2204 10104935 PEN
|1 185107, 21 1100 195107 21 1100 10104936 PEN
12 195104 29 1815 195104 29 1815 10082587 NEV
| 12| 185102 19 1830 195102 19 1830 10099493 OKL
“ 195105 3 1335 195105 3 1335 10039190 MICI
[ ] 195106 1 1800 195106 1 1800 10039191 MICI
16 195106 26 1800 195106 26 1800 10039192 MICI
7 195105 18 1730 195105 18 1730 10099725 OKL v
610 [ P Sheet1 « I s| ||
| Default | | I Sum=0 l@——e—®o |1u0%
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The next step to do is to insert a pivot chart (just as with Excel) in order
to use the “group-by” approach to the data and enable the cumulative prob-
ability function. This is located in the “Data” area of the main toolbar and is
shown as follows. Select “Pivot Table” and then “Create,” at which time the
next screen will appear.

ﬁ StormEvents_details-ftp_v1.0_d1951_c20160223.csv - OpenOffice Calc
Eile Edit View |Insert Format Tools Data Window Help

B-rE2-d= BB S Define Range... & - - B
(P WD ===55&

Multiple Operations...
Text to Columns...
Group and Outline

Select Source X
Selection
@® Current selection
(O Data source registered in OpenOffice
() External source/interface

The “Current selection” radio button will be the default in this situation;
click OK to display the table as follows.



58 ° Data Science Toots

Pivot Table I3
Layout Fields =
Bage Fieks | BEGINYEA..|  vEAR R
BEGIN_DAY | MONTH_N.. |
Column Filds | BEGIN TIME | MONTHN.. |
END_VEAR... || EVENT_TvPE |
END DAY | czTvee | m
END_TIME |  CZFIPS | m
EPISODED | CZ NAME |
s Data Fields EVENT.ID wro |
STATE | BEGIN_DAT.. |
STATE FIPS | CZTIMEZO. |
<IN >
Drag the fields from the right into the desired position.
Result
Selection from [Ssheet1 SAS1:SAZSZI9 \
Results to ‘-n:wshr.et- E‘ ‘ | n
[ Ignore empty rows: [ Identify categories
[ Total columns [ Total rows
M Addfilter [4 Enable drill to details

There is a lot of activity in this screen, but the first step is to ensure that
the information below the “More” button is correct. Ensure that “Selection
from” represents the data you want in the pivot chart and that “Results to”
is to a new sheet. This way, the data will not be “shoehorned” into the same
worksheet as the other data. Explore the “checkboxes” so that they match the
analyst’s configuration in order to get the most analysis for the function. After
that configure the Pivot Table as follows for this example. The reasoning is
that the requirement is to understand how tornado length is associated with
the month of the year. The analyst will place “MONTH_NAME” into the
Row Fields and “TOR_LENGTH” into the Data Fields as follows.

Pivot Table

X

Layout

Page Fields

Column Fields

MONTH_N... Sum - TOR_LENGTH

Fields
END_DATE_...I FLOOD_CA...I IL,
INJURIES_DI...I CATEGORY'

INJURIES IN..| TOR F Scate| Help
DEATHS DL..| TOR LENGTH|

DEATHSN..| TOR WIDTH |

Row
Fields Data Fields

Drag the fields from the right into the desired position.

DAMAGE_P‘.AI TOR_OTHER.‘.I

DAMAGE_C.,.I TOR_OTHER,.,l

SOURCE I TOR_OTHER...I
MAGNITUDEI TOR_OTHER...l
MAGNITUD... | BEGIN_RAN... |
< >
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Notice that TOR_LENGTH has “Sum” to the left of the column header.
The sum is appreciated, but the average tornado length is where the real
requirement is located. In order to change “Sum” to “Average,” left-click on
the gray bar marked “Sum-TOR_LENGTH” and look to the right to see there
is an “Options...” selection that is dark gray. Click on that alternative and the
following screen will appear. Choose “Average” and click OK to get the label
change on TOR_LENGTH. At this point, click OK and the data will then
appear as a regular dataset with just month and tornado length.

Pivot Table X
Layout Fields
: (R
END_DATE ...| | FLOOD_CA...|
PageFelas | |
INJURIES_DL...| | CATEGORY
| Column Fields | INJURIES_IN...| | TOR_F_SCALE| Help
DEATHS_D... | TOR_LENGTH |
1 4 Remove
MONTH_N...
Data Field X =
Eunction oK
2
Fields
Count (Numbers only) .
Drag the fields fromthe| Name:  TOR LENGTH More ¥
Result
Selection from [ssheet1.sas1:sazszr9 |
Results to [- undefined - [Z]| [ssheet1.sasasn |
[ Ignore empty rows [ Identify categories
[~ Total columps B4 Total rows
Add filter Enable drill to details

Now, the analyst must revert back to their knowledge of Excel prior to
Excel having the ability to place the same variable in the rows for different
purposes. OpenOffice does not allow this, but part of the work is already
done. The analyst must sort the numerical data in descending order to show
the same sequence of months as in Excel. That screen is as follows:
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StormEvents_details-ftp_v1.0_d1951_c20160223.csv - Open|
Eile Edit View |Insert Format Jools Data Window H

‘B-E-H= BB a5 Y K

P [aral F[oe [ B 2
A4B15 HcE=[2 |
- = =
1 |Filter
2
3 [MONTH_N=ME
4 413
JMF ebruary 162.3
6 125
7 gust 119.9|
117.7|
eptember 66.5
November 61.8
43.7
32.9
December 28|
anuary 22.5
ElOctober
| 16 |Total Result] 1195.3 g}
131 151/ 2 1_Sheet T}, Pivot Table Sheet1 1/ || <
Sheet2/2 | Default

What has been accomplished thus far is just part of the requirement for
the cumulative probability chart. Once this is done, add two more columns
and perform a running total; the formulas are shown in the next screen for the
running total and the running percentage. When this is finished, the next step
will be to insert a chart to properly display the results.

StormEvents_details-ftp_v1.0_d1951_c20160223.csv - OpenOffice Calc
File Edit View Inset Format Tools Dats Window Help
a2 U= [ RaR Y EXbn-d D @B
;& [l Fl[w B 7 U|= &% ¥ % d
[2] K E =
A B [ C [ D

: |Total Result 1195.3
4 [June 413 =B4 =C4/$C$16
5 |February 162.3 =C4+B5 =C5/$C$16
s [May 125 =C5+B6 =C6/$C$16

ugust 119.9 =B7+C6 =C7/$C$16]
s |April 117.7 =C7+B8/ =C8/$C$16
| @ [September 66.5| =C8+B9 =C9/$C$16|
| © [November 61.8] =C9+B10/=C10/$C$16|
n [March 43.7] =c10+B11|=C11/$C$16)|
2 July 32.9] =C11+B12/=C12/$C$16
= [December 28] =C12+B13|=C13/$C$16
1 [January 22.5] =C13+B14|=C14/$C$16
15 |October 2| =C14+B15=C15/$C$16
16 IMONTH_NAME[- =C15

|TS1 1 [EA D), Sheet1 ), Pivot Table Sheet1 17 || < i i
Sheet2/2 | Defautt | |sm ||
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B stormEvents_details-ftp v1.0_d1951_¢20160223.csv - OpenOffice Cake

e Edit View Inset Fomat Jools Data Window Help

BEHS ) EER VE KES-¢ D @8Nk MCEQ O M4
(@ N MB/Usz===|hx¥ulee0-2-A-)

£n MAE =]

7 —— b ————

3 |Total Result 1195.3Running Total Running Percentage

4 [June 413 413 35%

| 5 |February 162.3 5753 48%

s [May 125 700.3 59%

7 jAugust 119.9 8202 89%

& [April 17.7] 9379 78%) This hits the 80% mark!
| ¢ [September 66.5 1004.4 84%|

n [November 61.8) 1066.2 89%
EllMarch 437 1109.9 93%

2 July 329 1142.8 96%.

| 1 [December 28 1170.8 98%)

« [January 225 1193.3 100%

15 |[October 2 1195.3 100%

16 IMONTH_NAME[- 1195.3

Sheetl ) Fivot Table, Sheetl 1/ [] € L0 S

Sheet2/2 | Default | [sof«| | Sum=0 |

There are some configuration steps that must be accomplished before
the analyst gets the same results as with Excel. Now, let’s look closely at the
necessary steps.

The first step is to use the “Insert” toolbar to insert a chart; in this case
the normal bar chart is fine, but there is a combination bar line chart depicted
as follows that works very well in this situation. Once this is selected, the next
screen will appear to show the different chart choices.

dls Data Window Help
I R R R P TAL Y YOG
o [ BIU| b ¥ MeED-2-A- L

[125
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Chart Wizard X
Steps Choose a chart type
- — |i Column
e R B Bar AN ~
2.Data Range @ Pie
3.Data Series b Area
4, Chart Elements 55 Line Columns and Lines
I3 XY (Scatter)
Ii-f Bubble Number of lines
[ Net
[isi Stock
Column and Line

[l [ Mew»  [[ e [ anel |

Once the Column and Line chart is selected, go to “2. Data Range” to see
the range of data included in the chart.

Chart Wizard X
Steps Choose a data range
Datarange
1.Chart Type
|§Pivo Table_Sheet1 1" SAS3SES16 &)
3,Data Series (O Data series in rows

4,Chart Elements (® Data series in columns

[] First row as label

First column as label

| << Back || Next>> | | Einish | | Cancel \

It would appear the data is as desired, but there needs to be removal of
some of the data to make the table “cleaner.” In this case, move on to “3. Data
Series” to view all the series that are on the chart.
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Chart Wizard %
Steps Customize data ranges for individual data series
1.Chart T P Data ranges
Lha
* Rome
2.Data Range Column C Y-Values §'Pivot Table_Sheet1_1'.$B$3:5B$16
3. Data Series Column D
Column E

4, Chart Elements

Range for Name

| Jic]

B oo
E IS'P'lvotTable_Sheet1_1'.5AS3:SAS16 l

| << Back ‘ [ Next >> | I Einish I | Cancel \

As the analyst reviews the chart and the table, it would be advisable to
remove Column E, which does not contribute to the table, and Column C,
which is just the running total, leaving Column B, which shows in descending
order the tornado lengths by month, and Column D, which is the percentage

of those lengths. Removing them is simple—select the column and click on
the “Remove” button. The finished screen is as follows:

Chart Wizard X
Steps Customize data ranges for individual data series
Data seri ata
1. Chart Type == LoRIEEE
Column B Name
2.Data Range Y-Values

§'Pivot Table_Sheet1_1'.5D$3:5D516

3. Data Series

4, Chart Elements

Range for Name

| [
(] s

. |§'Pivot Table_Sheet1_1'SAS3:SAS16 |
T = [ [

At this juncture, the analyst needs to turn their attention to the chart,
which now shows what seems to be just one element. The reason for this is
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because the other element’s highest value is 100 (100%) and does not appear
within the range of the numbers. The analyst will need to make a secondary
axis for this percentage, and that will enable the data to appear.

The next step will be to establish the secondary axis. This is done by first
establishing a line for the percentage running total (Column D). Right-click
on the chart and choose “Chart Type” as shown:

Format Chart Area...

1400 Insert Tites..

Insert/Delete Axes...
Delete Legend

b ChartType...
Data Ranges...

By Copy

B Paste

1200

1000 -

800 -
H Column B

600 Column D

400

February September December
Total Result August March October

Chart Type X

=

Columns and Lines

b Column

& Bar

@ rie

m Area

g Line

5 XY (Scatter)

% Bubble Number of lines
Net

|ii Stock

Column and Line

| oK || canca || Help |

By performing this function, the analyst will then reveal a yellow line that
goes across the x-axis. This line represents the percentage running total. The
goal is to get this line to display on the same graph as the columns. Dou-
ble-click on the yellow line and the following screen will appear. Ensure that
you attribute this line to the “Secondary y-axis,” since the goal is to display
both the raw numbers and percentages on the same graph.
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Data Series X
Options Line

Align data series to

QO Primary Y axis
@ Secondary Y axis

Plot options
Plot missing values (@) Leave gap
O Assume zero

O Continue line

[ Include values from hidden cells

| Ok || Concel || Help || Reset |

This will produce the following chart, which does not show the true per-
centage but more of probability between 0 and 1. To change this to percent-
age, double-click on the right-hand side numbers and this screen will appear.

Secondary Y Axis X

Scale Positioning Line Label Numbers Font Font Effects
Category Format Language
Number Al |-13% |Defau|t - English (USA) |
Percent
Currency -13.0%
Date [J Source format
Time
Scientific
Fraction
Boolean Value v

123456.79% |

Options

Decimal places [ Negative numbers red

[ Thousands separator

Leading zeroes

Eormat code

[0.00% | [~ [&] [*]

oc ] [“canca | [ ep | [ et ]
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Click on the tab marked “Numbers” and remove the check in the check-
box labeled “Source Format” and then choose “Percent” from the left-hand
list. Click OK and the following chart will appear.

1400 o 120.00%
1200 - 100.00%
1000 -
- 80.00%
800~
+60.00% . Coumn B
600 Cdumn D
- 40.00%
400
200 _ 20.m%
0 o 0.00%
February September December
Total Result August March October

At this point, explore some of the other functions within the chart to
reduce the numbers in order to eliminate the additional space at the top of the
values so that the chart looks like the one that follows. A significant amount
of work, but the same result. Once the analyst practices this function, it will
become second nature.

1200 - 100.00%
~90.00%
10007 - 80.00%
800 - - 70.00%
60.00%
600 - - 50.00% I Column B
~40.00% Cdumn D
4007 - 30.00%
200 | - 20.00%
~10.00%
0 T + 0.00%
February September December
Total Result August March October
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3.2.3 R/RStudio/Rattle

The process for producing graphs in Rattle is very simple. However, the pro-
cess for producing a graph similar to the ones that have been covered is much
more complicated. Since the process for producing conventional graphs is
more straightforward, the subject shall take a slight turn off the main road for
this tool in this convention.

In Rattle, there is an “Explore” tab that provides many different functions
for the analyst. One of those is “Distributions,” which offers the analyst a wide
array of data visualizations and, together, could do the same as the cumulative
probability plot presented in previous sections. The first distribution is the
“Cumulative” chart, which is simple enough to choose using the checkbox on
the “Distributions” area, which is shown as follows.

@ R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223)] - O x
Project Jools Settings Help o Rattle Version 5.3.0 togaware.com
- 0O B & | Ll ‘ @ 4 ‘
| Execute New Open Save Export Stop Quit

Datz | Explore | Test| Transform  Cluster Associate Model | Evaluste Log

Type: (@) Ty @ Distributi O c i @] Principal Components O Interactive

Numeric: [] Annctate  Group By: [MONTH_NAME [~]

Benfords: [ Bars StartingDigit [1 | Digits 1 1o @ abs O +ve O wve

No. Variable Box Plot  Histogram Cumulative Benford Pairs Min; Median/Mean; Max -~
15 CZ_FIPS O O O [} [} 1.00; 87.00/101.76; 760.00

21 INJURIES_DIRECT O O O O O 0.00; 0.00/1.95; 100.00

23 DEATHS_DIRECT O O O O O 0.00; 0.00/0.13; 6.00

33 TOR_LENGTH O O O O 0.00; 0.50/4.44; 92.60

34 TOR_WIDTH O O O O O 7.00; 33.00/130.46; 1760.00

45 BEGIN_LAT O O O [ [} 27.10; 37.63/37.55; 46.77

46 BEGIN_LON O O O O ] -123,23; -96,83/-84,18; -70.53 v
< B L b B N e R e ST SRR TP R >
Categoric: Clear

No. Variable Bar Plot Dot Plot Mosaic Pairs Levels ~
9 STATE O O O O 35

12 MONTH_NAME O O O O 12

13 EVENT_TYPE O O O O 1

16 CZ_NAME O O O O 190

18 BEGIN_DATE_TIME [J O O O 239

20 END_DATETME [ O O O 239

25 DAMAGE_PROPERTY [ O O O 8 v
< N R B P O S R O e L R S R LR SR >
Oneplot has been generated,

On this screen, there is a “Group By:” drop-down box where the analyst
can choose the variable by which the main categoric variable is grouped, the
same as in a pivot table. In this instance, the numeric variable TOR_LENGTH
is not paired with any other variable. In other words, the resulting graph pic-
tured as follows does not have an association with the MONTH_NAME as in
the previous sections.
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What the previous chart shows is that about 80% of the tornados have
lengths that are under 15, but it does not relate length to MONTH_NAME.
There is a relationship chart that does depict this, but not in the same way as
in previous sections. This is the “Pairs” checkbox, where the analyst can select
both TOR_LENGTH and MONTH_NAME as follows:

3 Piot Zoom - O X

TOR_LENGTH

Cor : -0.0791
April: NA
August: NA
December: NA
February: NA
January: NA
July: NA
June: NA
March: NA
May: NA
November: NA
October: NA
September: NA

0000004~

HINOWHVIA NIS3E

0000002~

0000000~

EnmmiEi e e A

1951025 1951050 195107.5 1951100 1951125 0 25 50 75
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In order to have a true cumulative probability chart, a transformation of
the data will have to be completed and programmatic plots of the data will
have to take place to produce something similar to the previous results. In
order to do this, the analyst will have to rely on RStudio in order to conduct
this section rather than Rattle. We would urge the analyst to explore more
Rattle distributions and similar functions to see it separately.

In the meantime, back to RStudio and the cumulative probability chart.
The first step to do is to import the dataset into RStudio, which is covered in
the section on Importing Data. The next step is to isolate the variables that we
want to use for our cumulative probability chart, which is MONTH_NAME
and TOR_LENGTH. RStudio provides a very nice Integrated Development
Environment (IDE) that is on default at the bottom left-hand side of the
screen.

The following screen shows some of the programming done to isolate the
variables and make a cumulative raw sum of the tornado lengths. The result-
ing table is as follows, along with the programming.

: StormEvents_details_ftp_v1_0_d1951_c2... * : X
Py | & | 7 Fitter
MONTH_NAME TOR_LENGTH ~

12  june 413.0

11 | February 162.3

10 May 1250

9 | August 1199

8 | April 117.7

7  September 66.5

6 November 61.8

5  March 437

4  July 329

3 December 28.0

2  January 225

1 | October 2.0

xyz<-xy%>%group by (MONTH NAME) $>%
summarize (TOR_LENGTH=sum (TOR LENGTH) )
What the previous programming achieves is grouping the data by
MONTH_NAME and TOR_LENGTH, summing up the raw tornado lengths
and grouping them by month, much like it was done in the Pivot Tables in the

previous sections. Now comes the task of performing a cumulative percentage
and then plotting that in RStudio. The results depend on adding a column
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with the cumulative sums and then taking those sums and changing them to
percentages. The screen and programming show the table necessary to make
the cumulative probability chart.

Now comes the challenging part. Everything in the table is exactly the way
it should be when making the chart in applications like Excel or OpenOffice.
Unfortunately, R is not made for charts that have two y-axes as must be done
in this particular instance. Therefore, it is time to do some more programming
in order to properly display this chart. The challenge is doing it so that the
result will mirror the results from other tools.

[ | stormEvents_details_ftpv1_0.d1951_c2.. ¥ | | |wyzadd * | |z x [ |xyzsort x

G | & 7 Ftter
“|MONTH_NAME ~|TOR_LENGTH ° TORLENGTH CUM * TOR LENGTH_PROB
1 June 4130 4130 3455200
2 February 162.3 575.3 4813018
3 May 125.0 700.3 58.58780
4 | August 1199 820.2 68.61876
5 April 117.7 937.9 7846566
6 | September 66.5 1004 4 84.02911
7 | November 61.8 1066.2 89.19936
8 March 437 1109.9 92.85535
9 July 329 114233 95.60780
10 | December 28.0 11708 97.95031
11 January 225 1193.3 99.83268
12 October 20 11953 100.00000

> xyzsort[,"TOR_LENGTH_CUM"]<—cumsum(xyzsort$TOR_LENGTH)

> xyzsort[,"TOR_LENGTH_PROB"]<—cumsum(xyzsort$TOR_
LENGTH/1195.3)

> xyzsort [, "TOR_LENGTH PROB"]<-cumsum((xyzsort$TOR
LENGTH/1195.3)*100)

> install.packages ("latticeExtra")
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The previous chart is pretty close to the previous cumulative probability
charts, but there is room for some formatting. There is plenty of room to
explore R, RStudio, and Rattle, and we will let the analyst continue to do
the fine-tuning of this application. The programming to get this result is as
follows, and the resources for these programming tips are located in the Ref-
erences section.

xy<-StormEvents details ftp vl 0 dl951 c20160223 FIXED
COMMENT: Using "xy" as variable for imported dataset

xyz<-xy%>%group by (MONTH NAME) 3>%summarize (length=sum
(TOR_LENGTH) )
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COMMENT: This acts like a Pivot Table, taking the tornado
length (TOR_LENGTH) and grouping them by month (MONTH
NAME)

xyzsort<-arrange (xyz,desc (xyz$TOR LENGTH))
COMMENT: This sorts the tornado lengths in the dataset
xyzsort[,"TOR_LENGTH_CUM"]<—cumsum(xyzsort$TOR_LENGTH)

COMMENT: This allows the cumulative sum of the tornado
lengths after the arranging

mnum<-c(1,2,3,4,5,6,7,8,9,10,11,12)

COMMENT: This provides for the row number that is
associated with the MONTH NAME (caution: This means that
"1l" = June, NOT January as the row sequence makes a
difference.)

objl<-xyplot (xyzsort$TOR LENGTH ~ mnum,
xyzsort, type="h", lwd=50)

COMMENT: This requires the "LATTICEXTRA" package be
installed and sets up the first series for the chart. The
"h" type mean histogram

obj2<-xyplot (xyzsort$TOR LENGTH PROB ~ mnum, xyzsort,type
="1",1lwd=2,col="steelblue")

COMMENT: This also requires the LATTICEXTRA package and
sets up the second series for the chart. The "1" (lower
case L) type is line.

doubleYScale (objl,0bj2, add.ylab2=TRUE,use.style=FALSE)

COMMENT: This provides the dual y-axis that you need
for the chart and plots one as bar chart and the second
(cumulative) as line chart

Yes, this is very complicated, but until R provides for an automated cumu-
lative probability chart, this is just one of the many programming ways to
perform this application. Unfortunately, programming is not just necessary in
this instance, but required. Fortunately, there are numerous references for

most of these types of applications. Please explore them using your favorite
search tool.
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3.2.4 KNIME

The KNIME tool is also relatively complicated when it comes to cumulative
probability charts, but there are nodes available to transition the dataset to the
chart that, once done, can be adapted to other datasets of similar construc-
tion. Like a flow chart, the nodes form a step-by-step approach to the transfor-
mation of data into a chart. This process will proceed node by node for clarity.
During the last section on KNIME, the statistics node was attached to
the CSV Reader node in order to obtain descriptive statistics. In this case,
there will be a number of nodes in order to get a table that is reflective of the
ones in the past sections. Each of these nodes will transform the data into an
end-product that the analyst can then export into Excel, OpenOffice, or R. In
this case, export the finished table into OpenOffice as shown in the following
and use the section on OpenOffice to make the CSV output into the cumu-
lative probability chart. Sometimes it is just easier to export and use another
tool and then try to complicate a chart result. In this case, exporting is easier.
The first node that is necessary to make the table is the “GroupBy” node,
found by using the search block in the lower left-hand side menu grouping
as shown. The analyst can also go to Manipulation -> Row -> Transform ->
GroupBy in order to get to the node. Left-click on the node and drag it to the
workspace and connect it to the CSV Reader node that the analyst had used
previously. The screen should now appear as the following screen.

&] Node Repository fio] | | GroupBy | v =7
v ¢ Manipulation
v Row
v (2] Transform
J- GroupBy
v @ Views
v [*7 Local (Swing)
v 27 JFreeChart
i) GroupBy Bar Chart (JFreeChart)
v S DB
v [ Query
23 DB GroupBy
v = Database (legacy)
v [ Manipulation (legacy)
2 Database GroupBy (legacy)
v &} Tools & Services
v & Apache Spark
v Row
gy Spark GroupBy
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A\ O:TEST_PROJECT 22 (@ Welcome to KNIME Analy
CSV Reader
ode 1
?psy GroupBy
Node 8 Node 4

The screen shows two GroupBy nodes side by side connecting to the CSV
Reader node. This is deliberate since the analyst will need both these nodes to
incorporate into the final new table. The first node will be the one on the right
(labeled Node 4). Double-click on this node to reveal the screen.

Dialog - 0:8 - GroupBy - O X
File
Settings | Desaiption Flow Variables Job Manager Selection Memory Policy

Groups | Manuzl Aggregation = Pattern Based Aggregation  Type Based Aggregation
- Group settings

- Grow

[ Ater

S| MONTH_NAME

>
7

TLL

—[=[=le lﬁlﬂl“‘lﬁ\:I“l@\—l—i—lﬁl—lﬂ =
b

Column naming: | Aggregation method (columnname) +| [ Enable hiiting [ Process inmemory (] Retain row order

Mnin.mlriq.leud.lesperm Uﬂledehi‘lﬁ[:‘

[oc ][ woy |[ cna |[@)]
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Use the single arrow (>) to move MONTH_NAME over to include it in
Group Settings. What this does is to group the next column or columns by the
Group name, which is MONTH_NAME. In essence you are doing the same
as moving MONTH_NAME into the “Columns” space of the Pivot Table in
Excel or OpenOffice. Once this is completed, please explore this screen to
see some of the other options. None of these will be changed with the appli-
cation, but in the future, exploring these options will present the analyst with
many more derivations of this tool and node.

Next, move from the “Groups” tab to the “Manual Aggregation” tab to see
the following screen. Moving TOR_LENGTH into the column as shown will
now group TOR_LENGTH by MONTH_NAME. Ensure that the option
“sum” is selected from the drop-down for this variable.

Click OK or Apply and OK to configure the node and remember to exe-
cute the node using either the single green or double green arrow. Once that
is completed, right-click on Node 8 and select the last option at the bottom of
the sub-menu for that node as depicted in the following screen.

W \_imwﬁ!
o > T b i

! E)} Configure.. F&

N O Execute F7

B) Executeand Open Views Shift+F10

0 Cancel F9

AH Reset F8

™ 4 = Edit Node Description... Alt+F2
O &l NewWorkflow Annotation

NO B Connect selected nodes Ctrl+L

1 :fF Disconnect selected nodes Ctrl+Shift+L

Iy + Create Metanode...
. Create Component...
o

Noi G2  Compare Nodes

Show Flow Variable Ports
|
|of Cut
e 2B Copy
— [y Paste
| ¢ Undo

o ‘E() Redo
K Delete

Once the Group table option is selected, the resulting table will appear as
in the following screen. This is a “preview” table and would need to be exported
if the process was ended here. For now, this will serve as a placeholder to
ensure the results are what the analyst expects.
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Group table - 0:4 - GroupBy

File Hilite Navigation View

Table "default” - Rows: 12 | Spec - Columns: 2 | Properties

Row ID [S]MONTH... |[D] Sum(T...
Row0 Apri 117.7
Row1l August 119.9
Row2 December (28
Row3 February  [162.3
Row4 January 22.5
Row5 uly 32.9
Row6 June 413
Row? March 43.7
Rowd May 125
Row9 November  [61.8
Row10 lOctober 2
Row1l September  |66.5

So far, so good. What this table shows is the sum of the tornado lengths
per month, but notice that the months are in alphabetical order. The tornado
lengths have to be sorted in descending order so that the bar graph portion of

the cumulative probability chart is complete.

The next node to implement is the Sorter node, located here in the lower
left sub-menu. Once that has been selected, dragged and dropped, and con-
nected to the GroupBy node, double-click on the Sorter node to reveal a

screen showing the different configuration options.

£ Node Repository R || sorter

|vr:nﬁ

v “‘ Manipulation
v | Column
v [*] Transform
‘.ﬂ; Column Resorter
:ﬂ' Reference Column Resorter
v == Row
v [*] Transform
l‘[’ Sorter
v S DB
v [ Query
£it DB Sorter
v & Database (legacy)
v [ Manipulation (legacy)
EH’ Database Sorter (legacy)
v & Tools & Services
v ﬂ Apache Spark

v Row

14 SparkSorter




CSV Reader
T T
U |
_Node 1 W\
'\. GroupBy
\
> >

,S(orter ,é:rter
' /
Z’ i :7 o It r/—
o I3
Node 9 /N'og!e 5
Dialog - 0:5 - Sorter - m]
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File

Sorting Filter ' Flow Variables = Job Manager Selection Memory Policy

Sort by:

(O Ascending
(® Descending

Add columns

[[] Sortin memory
[[] Move Missing Cells to end of sorted list

ok ||

Apply | | Cancel

|

One note before continuing with this process. Please notice that the
GroupBy and now the Sorter are located under the “Row” category. This may
at first be confusing because the analyst is looking to sort the column, but
KNIME places this Sorter in the Row category because each row is being
sorted as part of the column. This may sound as if it is not intuitive, but the

analyst must think of this throughout using KNIME. It is not wrong, just a
different perspective.
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Once the Sorter node is dragged, dropped, and connected, double-click
the node to reveal this screen. Again, any time the analyst double-clicks the
node, it is telling the application to configure that node. This is the easiest way
to move into the configuration mode. Also, remember at this point that we are
working on Node 5, the right-hand side of the duplicate nodes.

Dialog - (:5 - Sorter — O X
File

Sorting Filter | Flow Variables | Job Manager Selection Memory Policy

Sortby:
| D[ Sum(TOR_LENGTH) ~ O Ascending
(®) Descending
Add columns
[[] Sortin memory
[J Move Missing Cells to end of sorted list

[ ok || appy || Concel |

This configuration screen is straightforward. First, set “Sort by:” with
“Sum(TOR_LENGTH)” from the down arrow and ensure that “Descending”
is selected from the right side. Do not worry about the area marked “Add col-
umns,” since this would add columns that would be placed in the sorting hier-
archy, much like choosing additional sorting columns in other applications.
Do not worry about the rest of the choices; click Apply and OK or just OK to
configure the node. At this point, the node will be “yellow” and will need to be
executed to activate the flow. Click on the single green arrow while this node
is selected, or the double green arrow to execute all the nodes. The resulting
table is recovered by right-clicking the node and choosing Sorted Table. That
screen is displayed as follows:
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Sorted Table - 0:5 - Sorter
File Hilite Navigation View
Table "default™ - Rows: 12 | spec - Columns: 2 = Propert]
Row ID [s]mONTH.... |[D] Sum(T....
Row6 June 413
Row3 February 162.3
Rowd May 125
Rowl August 119.9
Row0 April 117.7
Rowil ' 66.5
Row9 INovember 61.8
Row?7 March 43.7
Row5 3uly 32.9
Row2 December 28
Row4 January 22.5
Row10 October 2

If the analyst refers back to other tools at this point, they will see that
the numbers are the same. This is, as stated before, a good way to verify the
analysis process. Now that the table is summed and sorted, the next step is
to calculate the probability so that the table can be used to track both the
tornado lengths and the probability of those lengths (percentage actually, but
essentially the same) compared to the total lengths throughout the months.

Please double-click on Node 8 to get to the following screen, which is the
configuration for the percent (or probability) of the tornado lengths.

Dialog - 0:3 - GroupBy - [m} X
File
Settings Description Flow Variables Job Manager Selection | Memory Policy
Groups Manual Aggregation  Pattern Baced Aggragation  Type Based Aggregatior

k

To change multiple cok } dlick for
Colurmn Aggregation (dick tochange)  Missing | Parameter

ot e SRR U] (et i [[Prces menry  [Jhaanrovarde
Maximum unique values per group | 10,0001 Value deliter |, |

o [ aey |[ cna ][@)
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The analyst will notice that the “Aggregation” is now “Percent” rather
than “Sum” so that the column will now have a percent. The “Groups” tab will
still have the MONTH_NAME column chosen, since this is the first column
that the analyst wants to see in the table. Once Node 8 is configured and
executed, right-click and choose “Group Table” to see the table that resulted
from that flow.

Group table - 0:8 - GroupBy
File Hilite Navigation View
Table "default” -Rows: 12 | Spec - Columns: 2 ' Prog
Row ID [S]MONTH... | [D] Percent...
Row0 \April 10.037
Rowl August 10.037
Row2 [December 3.717
Row3 February 4,461
Row4 January 1.115
Row5 July 8.55
Row6 June 28.996
Row7 March 2.23
Row8 May 21.561
Row9 INovember 4.461
Row10 (October 0.743
Row11l September  |4.089

As the analyst can see, the percentages are not sorted and will need to be
sorted so that the table will match the raw numbers that were sorted earlier.
This will necessitate another “Sorter” node (Node 9 in this case), and the
Sorter node will be about the same as Node 5, except instead of the sum, the
analyst will be sorting by descending order the percentage of the tornado

lengths.
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Dialog - 0:9 - Sorter — ] X
File

Sorting Filter | Flow Variables Job Manager Selection = Memory Policy

Sort by:
| D[ Percant*(TOR_LENGTH) v | O Ascending
(®) Descending
Add columns
[[] Sortin memory
(] Move Missing Cells to end of sorted list

ook [ my |[ cna [[Q)

As the analyst can see, the “Sorting Filter” tab looks exactly the same in
this node as in Node 5, so there is no real difference. As stated before, please
explore the other tabs and the other options within those tabs, since there
are undoubtedly some that will enhance the KNIME experience with data
analysis.

Once the calculating and sorting is finished, it is time for the tornado
lengths to be accumulated. This is done through a node called “Moving
Aggregation,” which is located at the left-hand side sub-menu as shown here:

£ Node Repository Lo} ’ movin

v % Other Data Types
v A Time Series
v [ Smoothing
i‘ Moving Aggregation
‘I’ Moving Average
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As the analyst can see, the name “movin” is in the search box, which
means that the full node title is not necessary to get to the node that the ana-
lyst needs.

Once the Moving Aggregation node is dragged, dropped, and connected,
the flow will look similar to the one that follows. Please note that the analyst
can move nodes around the screen and place them in any configuration. This
helps reading the workflow diagram for the analyst and those that may use the
flow after the analyst is finished as well as the flow transitions to others as a
template for further enhancement.

A\ O: TEST_PROJECT 23 (@ Welcome to KNIME Analyi

CSV Reader

Node 8 Node 4

The first node that will be discussed is Node 10 (the bottom right-hand
side of the previous screen). This node is going to provide a cumulative calcu-
lation of the sorted tornado length sums above it (Node 5). Double-clicking
Node 10 will produce this screen. Note that there are several tabs to this
screen.
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Dialog - &£10 - Moving Aggregation - O X
File

Settings Description Flow Variables  Job Manager Selaction Memary Polcy

r General settings
Window type 5
") Forward () Ceniral (3) Badkward Wedowlength[21 | ] Resolve missing values forincomplete vindows
[ Cumudative computation [] Remave agaregation columns (] Remove retained colums
- Aggregation settings
Manual Aggregation  pattern Basad Aggregation  Type Based Aggregation
Avalable columns Sebect To change multiple columns use right mouse dick for conbe:xt menu.
"W".""‘E Colum Aogregation (ko change)  Missing | Parameter
s Dlsngoeioer) b ol
add >>
£ < remove

mmﬂnespum Valie delmiter Column naming &wewﬂmuhdﬁmlmrun} v|

o [ wwy [ e [0

Please take a close look at the screen. There are several configuration
choices that are important in this step. First, ensure that the “Cumulative
computation” box is selected, which will gray out the “Window length” choice.
Also ensure that the correct column is added using the “add >>" button; in
this case “Sum(TOR_LENGTH)” is the column the analyst wants to accu-
mulate. Once the OK button is clicked, then the analyst must remember to
execute the node in order to activate the flow process and complete the cal-
culations. The table produced from this entire process is the following screen.
Please notice the additional column produced by this process.
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Now that the number accumulation is completed, the next step is to accu-
mulate the percentages, which is done in the same way (with the same type
nodes) as the preceding section. This time, focus on Node 11, which is illus-
trated as follows. The only difference is that the analyst is now concentrat-
ing on the percent column instead of the sum column, but the calculation

Moving average values - 0:10 - Moving Aggregation
File Hilite Navigation View
Table "default” -Rows: 12 | Spec - Columns: 3 ' Properties = Flow Vari
RowID  |[S]MONTH...|[D]Sum(T... |[D]Sum(Su...
Rows June 413 413
Row3 [February 162.3 575.3
Rows [May 125 700.3
Rowl |August 119.9 820.2
Row0 |April 117.7 937.9
Rowil [September  [66.5 1,004.4
Rowd November  [61.8 1,066.2
Row7 [March 43.7 1,109.9
Row5 July 329 1,142.8
Row2 December |28 1,170.8
Row4 January 22.5 1,193.3
Row10 October 2 1,195.3

required would still be “sum” as depicted here.

File

Dialog - 0:11 - Moving Aggregation

Settings Description Flow Variables Job Manager Selection  Memory Policy

- General sattings

Window type

e ) re—

A cumulative computation [] Remove agaregation columns [[] Remove retained columns

Manual Aggregation | Pattern Based Aggregation = Type Based Aggregation

Available columns Select To change multiple columns use right mouse dick for context menu.

$ | MONTH_NAME Column Agoregation (dick to change) ~ Missing | Parameter
D] Percent™{TCR LENGTH) | D] Percent*(TOR _LENGTH) fsum | 1]

add >>

Mmmnmu\rﬂ.!upsm v&zd&m[:] Column naming | Aggregation method (column name)

o [ ey [ om0
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Once the node is configured and the OK button is clicked, please remem-
ber to click on Execute to activate the flow. The completion of this step will
produce the following table, which is the accumulated percentages (the total
should be 100).

Moving average values - 0:11 - Moving Aggregation
File Hilite Navigation View
Table "default” -Rows: 12 | Spec - Columns: 3 Properties = Flow Variables

RowID  [[S]MONTH...|[D]Percent...|[D] Sum(Pe...
Rowé June 28.996 28.996
Row8 [May 21.561 50.558
Rowd |April 10.037 60.595
Rowl |August 10.037 70.632
Row5 July 8.55 75.182
Row3 February  [4.461 83.643
Row9 INovember  |4.461 88.104
Row1l September _|4.089 92.193
Row2 December  [3.717 95.911
Row7 [March 223 98.141
Row4 January 1115 99.257
Row10 [October 0.743 100

The resulting tables from both the numbers and percentages must now
be joined into one table. There is a node for just about everything in KNIME,
and joining is no different. Find the “Joiner” node in the sub-menu on the
bottom left of the KNIME screen by typing the name in the search box.

ﬁ Node Repository L] | joiner

v ." Manipulation

v || Column
v [*7 Split & Combine
1,|f Joiner
é Cross Joiner
vES DB
v [ Query
=4 DB Joiner
v & Database (legacy)
v [*] Manipulation (legacy)
2%} Database Joiner (legacy)
v &} Tools & Services
v ﬁ Apache Spark
v || Column
v [ Split & Combine
¢y Spark Joiner
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In this case, the Joiner node is located as part of the “Column” category.
The purpose of the Joiner is to join columns, which is exactly what the analyst

wants in this case. Once the analyst drags and connects the Joiner node, the
resulting process will look similar to this screen.

A O TEST_PROJECT 33 @ Welcome to KNIME Analytics Platform
CSV Reader
Statistics
oo |
Node 3
| Groupey
|
e Ao
o/
Nodg 4 Joiner
/ // I !
>
Sorter Sorter [ ¥ 4
/ / A
/ / ~
/ / e
Nl “:,7 Rt ',7/// Node 12
Node 9 _Node 5 /
" fon | _oving A% ..
v Mo 1/ %
v >
[ee | oe |
Node 11 Node 10

Please ensure that both nodes that are Moving Aggregation are connected
to the Joiner node. There are two input connections to the Joiner node to

make the joining of two columns possible. Double-clicking the Joiner node
will reveal the configuration screen.

Dizlog - 0:12 - Joiner - m] X
File
Joiner Settings | Column Selection  Flow Variables Job Manager Selection  Memory Policy
Join Mode
—
Joining Columns
(®) Match all of the folowing () Match any of the following
Top Input (left' table) Bottom Input (right’ table)
[S]MonTH e | [S]monm e A1
Performance Tuning
Maximum number of apen files: 200
[ Enable hiiting
Row IDs
Rnwti‘njﬁede:‘:l
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The first tab is “Joiner Settings,” which helps the analyst decide what col-
umn to “key” the joining. In this case the “MONTH_NAME” column exists
(and is the same) between the two sets of columns used, so that is the keying
column. “Join Mode™ has several options, but the default option is the one
used this time. Remember that “Top Input” and “Bottom Input” should both
have the same column to key if that is the purpose of the node. In order to
keep the columns with the same calculations and in the correct sorted order,
there is nothing else that the analyst needs to do at this point.

The resulting table is found by right-clicking the Joiner node and choos-
ing the option at the bottom of that sub-menu called “Joined Table.” The
table appears as in the following screen.

Joined table - 0:16 - Joiner
File Hilite Navigation View
Table "default” - Rows: 12 | Spec - Columns: 5 ' Properties Flow Variables

RowD  |[S]MONTH... |[D]Percent...|[D] Sum(Pe... | D] Sum(T... |[D]Sum(su...
Row6_Row6 [June 28.9% 28.9% 413 413
Row_Row8  |May 21,561 50.558 125 700.3
Row0_Row0  [April 10.037 60.595 117.7 937.9
Rowl Rowl |August 10.037 70.632 119.9 820.2
RowS_Row5 [y 8.5 7.182 329 1,142.8
Row3 Row3  February (4,461 83.643 162.3 575.3
Rowd_Rowd  |November  [4.461 [83.104 618 1,066.2
Row1i Rowll [September  [4.089 92.193 66.5 1,004.4
Row2 Row2  [December  [3.717 95.911 P 1,170.8
Row7_Row7  [March 223 |98.141 43.7 1,109.9
Row4 Rowd  [January 1115 |99.257 22,5 1,193.3
Rowl0 Row10 [October  [0.743 |100 2 1,195.3

This is the table that would be completed with the charts. Unfortunately,
KNIME does not have a camulative probability chart, and the amount of pro-
gramming necessary to produce this chart is beyond the scope of this book.
KNIME does have the nodes necessary for line charts or histograms, which
are located in the sub-menus. An example of the node is depicted as follows,
with the result following that screen. This is about as close as you can get to a
cumulative probability chart with the available KNIME nodes.
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A "0 TEST_PROJECT 53 @ Welcome to KNIME Analytics Platform =\
CSV Reader A

v
>
A% Line Plot - 0:18 - Line Plot (local) — ] x
File Hilite
413 |
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Fortunately, KNIME does have the capability to export (write) files to
many of the applications that perform data analytics, some of which are in this
book. The one that will suffice for this section is the CSV type file.

In order to export or write the file, there is a node called CSV Writer
which, once dragged, placed, and connected, provides the ability to export
the finished table to a CSV file. The workflow diagram follows along with the
location of the CSV writer.

A KNIME Explorer 53 = B A GTESTPROJECT 52 @ Welcome to KNIME Analytics Platiorm
EE B[S V| B CSV Reader
» L My-KNIME-Hub (hub.knime com) ‘7‘ Statistics
5 4 EXAMPLES (knime@hub.knime.com) | i
v 4 LOCAL (Local Workspace] om | Line Plot local)
> [*7 Example Workflows Node1 | om —I
A TESTPROJECT / | Node 3 /
GroupBy | Groupay [/ om
1
{ Node 18
>Fr 1
mf' m/ /
/ / R /
£ Workflow Coach 22 B=B Node 8 Node 4 Joiner/
Node recommendations only available with usage data reporting. ,-'f ﬁ: P .l lf >
Hode! ¢ Sorer forer )
/ | M
>4 7 o "/’7 Node16 |
/ o ; \
- = s 3 \
4y Noce Repostory ! l:' g Noge 9 Noges / \ o=
’ &I‘_’i A | Moving Aggregation _-Woving Aggregation’ | MNodet
» [} Read y i . / \ -
o Pwree A S s wiier
B csv Witer »‘
g ek er NCE:ﬁ N[i:n
B Table Wiiter o o L8
T DML Writer Node 18
A Model Writer Q

Now double-click on the CSV Writer node to reveal the configuration
screen. In this screen, the main entry is the location and file name of the
export file. In this case, the analyst can make this location anywhere from
the local computer to a network server. Also, ensure that the “Write column
header” box is checked. Otherwise, the columns will have no headers. Once
that is done, the file can be opened by a tool that opens CSV files. In this
case, this would be OpenOffice. Once that is done, the section on OpenOffice
cumulative probability charts can be implemented.
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43 Dialog - 0:19 - CSV Writer - O X
File

o= v T
Settings | Advanced | Quotes | CommentHeader Number Format
~Output location:

I v‘ Browse... lm
- Writer opti

[ wirite column header

[ Don't write column headers if file exists

] write row ID

(] Compress output file (gzip)

1f file exists....

) Overwrite (O Append (@) Abort

ok [[apy [[ came [ [@)]

BB KNIME_Data,csv - Opendffice Cale - 0D X
Bile [dt View Inset Format Tooks Data Window Help X
‘B-@2-Em \HﬁB '5IX%@'¢ DrE-@uB by HEEQ Ojéi Ly

P B (A F o :BIU'Eggégjx‘.‘&‘.%EéD'g'é'l

T I
| -l [ B C ) | E O — H T
FRIMONTH NAME [Percenti(TOR LENGTH) |Sum{Percent"(TOR_LENGTH)) Sum{TOR_LENGTH) |Sum(Sum(TOR_LENGTH)) [
| 2 [lune 28.9962825279 289962625279 | [E |

3 |May 2156133829 505576208178 125 7003 [ f
4 |Apil 10.037174721 60594795539 " 979
5 [August 10037174721 706319702602 18,9 8202 i3
| 6 uly 7’9-152155_13_3#__._.._.__ 29 1428 -

7 [Febuary 636431226766 16023 5753 ®
8 _|Novernber 881040852193 618 1066.2

9 mber 92.1933085502 6.5 10044 [ &]
10_|December 959107806691 ] 11708 I |
11_|March 98.1412639405 a7 1108.9 [

12 January 992665055762 25 11933 [

| 13 |October 100 2 11963
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16
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| 191 |

2
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3 [

24 |-
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Remember, if the chart is not available in the tool, export the file and use
the available tool to make the chart. If a feature is not available in one tool, it
will be available in the other (and probably easier too).

T-TEST (PARAMETRIC)

3.3.1

The t-test is something that compares data from a perspective of means. The
test is very valuable when comparing items such as test grades, inventory, or
even if the amount of a product placed in a bag meets the standard for that
quantity (such as candy or nails). The background of the t-test is interesting,
but that is best left to the statistics instructor, since these types of stories help
to build a better understanding of why the concept was initiated. For those
that are interested, it is best to use a search engine and type in “History of
Student T-Test.” There will be more than enough results to get a very good
understanding of the concept. Suffice it to say that the t-test is used when
the analyst has a sample of data and the population standard deviation is not
known. This is true in many data analytics cases. Finding a population stand-
ard deviation is not always possible.

Some might question why the word “Parametric” was placed in parenthe-
ses next to the title of this section. The word parametric when associated with
statistics means that the method is related to an algorithm as part of a table
or normal distribution. There are non-parametric tests such as the Wilcoxon
class of testing, but that is beyond the scope of this book. Suffice it to say that
parametric tests are those that most analysts have used in the past, whether
they be chi-square, t-tests, or Z-tests. Please explore this to become more
familiar with the lexicon of data analytics.

Excel

Excel, through the Analysis ToolPak, provides a perfect platform for the t-test.
The process for performing this statistical test is relatively straightforward.
First, the analyst opens the Excel application and the dataset, in this
case the same one used for other concepts and tools. The resulting screen is
as follows, but understand that this worksheet contains two pieces of data.
The first is from 1951 and the second is from 1954. What we are trying to
see is if the average tornado length was greater in 1954 than in 1951, even
though there was more tornado activity recorded in 1954. If this were a
hypothesis, the null hypothesis would be that the average tornado length
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of 1951 = average tornado length of 1954; while the alternative hypothesis
would be that the average tornado length of 1951 was less than (<) the aver-
age tornado length of 1954.

One assumption that will be made during this section is that the variances
between these two datasets are unequal. Using the F-Test that is provided in
the Analysis ToolPak will prove this, which will be discussed in a subsequent
section.

The first step to do is to combine the tornado datasets from 1954 and from
1951. These datasets are available from the site mentioned in the section on
where to get data. Ensure that both of these datasets are in the same work-
sheet. The next thing that the analyst must do is to open the Analysis Tool-
Pak, which is in the Data tab. After activating the ToolPak, choose “t-Test:
Two-Sample Assuming Unequal Variances,” and at this point fill in the two
text boxes with the columns of “TOR_LENGTH” from 1951 (first) and then
1954 (the one below the first text box). Ensure that “Labels” is checked to
account for column headers, and pick the location as being a new worksheet.
Once this is completed and you click OK, you will receive the following result.

us [JOEO Review |

m

Help

[iFrom Access & T show Queies (2 Comnectons | 4, % Clear 2[5 FlashFill Bocooicate | FR A | AE UH S
[ From Web. =r FE [ From Table ”E} [ Propertes 2 Y Ve Reapply ER B Remove Duplicates 23 Relationships @ i EL'E
FomOther | Exiing | New Refesh 3| Sot | Fter o, Whatf Forecat | Group Ungroup Subtotal

[iFromTert  Sources~ | Connections | Query~ LORecentSources | gy~ [t Links B Vo Advanced | Cojumns S5 Data Validation ~ Analysis+ Shest | v v

GetExemal Data Get& Tanstom Comnections SottaFiter DataToos Foreast Outine
e - x v £ N R e B
4 A el i eI D A e S|Pl A e | S| S B8 e [ | N L M e e R T ol R [ el | QUS| SR [ SR
1 |tTest: Two-Sample Assuming Unequal Variances
2
3 TOR_LENGTH TOR_LENGTH |
4 |Mean 440390424 5.320003284 . T - s '
e o eomss U165t To-Sample Assuming Unequal Variances
6 |Observations %9 609
7 |Hypothesized Mean Difference 0 I
8 |df 535,
hsat Liseress o TOR_LENGTH | TOR_LENGTH
10 |P(T<=t) one-tail 0124062547
11]tcritical one-tail LeaTI06762 ;Mean 4443494804 5320003284
[2P(rest) two-tail. 0248125093 -Variance 104.6703773 114.6427058
EtCntlnl(wo—\ill 1.964408014
ul ‘Observations 269 609
15
16| _Hypothesized Mean Difference 0
17
1] ~df 535
19
| ~tStat -1.156176268
2 o
2 ~ P(T<=t) one-tail 0.124062547
& ~t Critical one-tail 1.647706762
;% P(T<=t) two-tail 0.248125093
% -t Critical two-tail 1.964408014
) !

> |2sampe [1o51 [0 | @
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At this point, it is important to understand what this result describes. Basi-
cally, the test was completed at a 95% confidence level, which means that if
the “P(T<=t) one-tail” is .05 or less (<.05), then the null hypothesis is rejected
and the two tornado length averages are the same, while if the “P(T<=t) one-
tail” is greater than .05 (>.05), the null hypothesis is not rejected (in some
statistical circles, the word is accepted, but there are many arguments about
this word or not rejected). This means that, according to the t-test, the analyst
has shown that the average tornado length is not different between 1951 and
1954 at the 95% confidence level. This again assumes unequal variances.

OpenOffice

While Excel provides a nice app for performing t-tests, OpenOffice relies on
formulas. This next section will perform the same testing on the same datasets
and get the same results.

The first step, as with all data analysis, is to import the appropriate data-
sets. This is done with the import function of OpenOffice, which was covered
in the section on importing data. The method for combining the worksheets
into one workbook is the same as with Excel, resulting in the following screen.
There is an alternative way of inserting worksheets, as shown in the screen
following the OpenOffice workbook. In this case, the analyst is inserting a
sheet from a file, which can also be done in Excel.

) StomEvents_details-ftp_v1.0_d1951_<20160223-FIXED.csv - OpenOffice Calc - o x

File Edit View Inset Format Jools Data Window Help x
‘B-E2-ds ZEAS YEIXKLD-¢B-c- @44k AeE 0  Fée|
; ;
[ | Mo MBr/UIez==s= hx¥haWMeae O-2-A-)
Al ] & £ = [8eGINYEARMONTH ‘ .
A B G D H L [
1 BEGIN_DAY BEGIN_TIME |END_YEARMONTH EVENT_ID |STATE [ ] ﬁ‘
2 195403 24 200 5403 10099832/OKLAHOMA
195404 27 1830 195404 10098430 OKLAHOMA. “'
195405 1 1745 195405 10098659 OKLAHOMA s
B 195408 30 1645 195408 10083324/0HI0 &
195408 30 2000 185409 10083325/0HI0
| 7 195410 11 1730 195410 10083326/0HIO @
8 195402 20 150 195402 0M4TI4MISSISSIPRL | [Po
9 | 195404 % 1900, 195404 10047325 MISSISSIPPL | |, o @]
10 195404 % 1900 195404 10047326MISSISSIPPL | |0 =
1 195404 % 1930 195404 10047327 MISSISSIPPI
12 195404 KL 2200 195404 10047328 MISSISSIPPI
13 195405 Fij 1430 195405 10047329 MISSISSIPPI
14 196406 3 600| 195406 10047330 MISSISSIPPI
15 195407 9 900 195407 10047331 MISSISSIPPI
16 | 195402 20 35 1956402 10047321 MISSISSIPPI
1 195402 20 100, 195402 10047322 MISSISSIPPI
18 195402 20 130) 195402 10047323 MISSISSIPP
19 195403 15 2000 195403 10104950 PENNSYLVA
20 195404 30 955 195404 10122923
195404 K[ 1000 195404 10122924 [CONFIDENCE:
195404 30 1005 195404 10122925
=l 195404, 30 1030/ 195404 10122926 flpha; STOEV; size
195405 1 1415 195405 10122927 v Returns a (1 alpha) confidence interval for ..
1 10 P P 195, 1954/ < ] Il
Sheet2/2 | Default | Sum=0 |@——o——@[10%
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Insert Sheet
Position
O Before current sheet

X
[ x|
(® After current sheet

Sheet
@® New sheet

No. of sheets

Nape [Sheet3 }

O From file

U] Link

At this point, there will be a need to use some formulas in order to get the
t-test result. On the far right of the screen are five icons, the bottom of which
is the formula wizard. Please activate that wizard, which will show another
screen pane called “Functions.”

Functions

x
[statistical c
~

SKEW
SLOPE

SMALL
STANDARDIZE
STDEV
STDEVA
STDEVP
STDEVPA
STEVX

TDIST

TINV
TRIMMEAN
VAR

VARA

VARP

VARPA
WEIBULL
ZTEST

EICEE 1=

[TTEST:

data_1; data_2; mode; Type
Calculates the Ttest.
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Before TTEST is selected, it is recommended that a new worksheet is
inserted and the cell Al is selected. That will provide a place for the result of
the TTEST to reside. The following screen shows the finished formula with
a legend below it to show what some of the parameters within the formula
provide.

1) StormEvents_details-ftp_v1.0_d1851_c20160223-FIXED. csv - OpenOffice Calc - u] X
File Edt View Inset Fomat Tools Data Window Help *
BE-H= B BER VS KG9 C- @8l by AQEQ @ i Mé g
B [ Mo MBrUulss==s- bhx¥eW e D-2-A-)
[Trest [l & ® o [-TESTCIssrARRAHTY 1954 AGRAGSIE: :3) | Functions Xy
B | @ | D | E [ F 1=y 7| o
E='ITEST('1951'.AH2:AH2?0; '1954' AG2:AG610; 1; 3) @
: T | sLOPE &
= SMALL
STANDARDIZE
3 ISTOEV @
4
B e e
STOEVPA.
i = 2
E -
o [TRIMMEAN
]
= VAR
9 VARA
1 VARP
0 VARPA I
'WEIBULL
k' P
12 e —!
= E:
13
data_1; data % mode; Type
4 w | |Calculates the Ttest.
rﬁm<_ i | |V—
Sheet3/3 | Defautt | nsar |sm <] | Sum=0 |@——@[mx

Looking between the semicolons, which is the same as the comma for
separations between parameters in Excel, the first two parameters are the
cell contents of the 1951 and 1954 tornado lengths. The last two denote the
mode and type of t-test. The “1” means that this is a one-tailed test. Yes,
that means that “2” would mean a two-tailed test. The last parameter is a
“3,” which means that this is a two-sample test with unequal variances. The
number “1” means a paired sample test, and the “2” means that it is a two-
sample test with equal variances. A great site to get the lowdown on t-tests for
OpenOftice is located here: https://wiki.openoffice.org/wiki/Documentation/
How_Tos/Calc:_TTEST function.

Once the formula is activated with an ENTER press, the following num-
ber will appear: - 0.1240626151. If the analyst would look back at the Excel
output, this number is the p-value for the one-tailed test. It means the same
here as it did in the preceding analysis. It appears the tornado lengths are
considered equal under this statistical test.
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3.3.3 R/RStudio/Rattle

The R tool, and Rattle specifically, are challenging when conducting the t-test,
but with a little patience and a little programming, everything will be fine.

To start with Rattle, first open the package by the method discussed
in the section referencing importing data using Rattle, but there will be
a slight twist to this import. First, transform the data using R so that you
have three columns—MONTH_NAME, TOR_LENGTH_1951, and TOR_
LENGTH_1954. In this way, the t-test will be set like the previous sections
in OpenOffice and Excel.

To establish three columns, first import the 1951 dataset, which should
already be completed, and add the 1954 dataset, which is done the same way
as importing the 1951 dataset. After that is completed, then the analyst will
want to isolate and make a table with the three columns.

The screen showing both datasets in the RStudio source pane is shown
as follows. Remember that the analyst wants to shorten these file names with
letters and numbers. It will be much easier in the programming if those are
shortened.

torl951<-StormEvents details ftp vl 0 dl1951 c20160223
FIXED

torl954<-StormEvents details ftp vl 0 d1954 c20160223

Once that is completed, then the analyst can make a t-test from the fol-
lowing commands, again assuming unequal variances and using a 95% confi-
dence level. The following are the commands, followed by the resulting t-test.
The results are exactly the same as in the previous sections, with an exception
of the negative confidence interval, which will be explained in a later section.

t.test (torl9518TOR LENGTH, tor1954STOR LENGTH, alternative=
"less",paired=FALSE,var.equal=FALSE,conf.level=0.95)

Welch Two Sample t-test

data: torl951$TOR LENGTH and torl954STOR_LENGTH

t = -1.1562, df = 534.86, p-value = 0.1241
alternative hypothesis: true difference in means is less
than O

95 percent confidence interval:
-Inf 0.3734851

sample estimates:

mean of x mean of y

4.443494 5.322003
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The previous result matches the p-value (.1241) from previous sections.
The R application even writes out the alternative hypothesis for you, which
is convenient. So far, all tools agree with each other, which proves valuable
when convincing someone that the results have been verified.

3.3.4 KNIME

The main advantage that KNIME has over other tools is that, if a node exists
that performs the test function, then setting that node in the process flow
allows for the transformation and testing of that dataset. There is a node for
the t-test that exists in KNIME. However, the analyst is faced with combin-
ing two datasets so that the tornado lengths can be compared with the same
accuracy as in previous sections.

In KNIME, if there are two datasets used, then simply add another CSV
Reader node at the beginning of the flow and place the second file into that
node for further use. Once both files are imported via nodes, the challenge
then comes to ensure the t-test is properly found, dragged, placed, and con-
nected. The t-test node is located in the sub-menu on the left (use the search
box and type “t-test” in that box). The placed and connected node for the
t-test is shown on the following screen along with the necessary nodes to per-
form the t-test.

The first step is to isolate the columns that will be used in the test, in this
case the 1951 and 1954 tornado lengths. This isolation will be done with the
Column Filter nodes, which will be placed one against each CSV as shown.
The screens for this are shown after the workflow.

A\ 0: TEST_PROJECT A 0: DOUBLE FILE 53 @ Welcome to KNIM... A 2 05_Independe... =' [m
~
CSV Reader
iy
it
[ee ] ¥
Node 1 [s0 |
Node 3
t-test
= groups t-tes
s »
CSV Reader Column Filter e | :
Node 7 e |
-
B > o
e | oo |
Node 2 Node 4 B
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File

Dialog - 0:3 - Column Filter

Coln Fiter  Flow Variables - Job Manager Selection | Memory Poicy

(® Manual Selection () Wildcard/Regex Selection () Type Selection

:::::

|8|cz_mvPe

| 8] MONTH_AME
| 1| MONTH_NUMBER
| 8| EvenT_TvpE

| 8| BEGIN_DATE _TIME
[8lcz eEzone

(® Enforce exdusion

Indude

|Tﬁfer

[1]¥EaR
|D|TOR_LENGTH

& B E E

(O Enforce indusion

o ([ mwy |[ axa ([0

In both nodes for the Column Filter, the screen will look the same, but
it is important to note that these will have two separate years, 1951 and 1954.
That is why choosing the YEAR column will help differentiate the rows once
the two columns are joined. The joining is done using the CONCATENATE
node, which is shown as follows. In this case, the analyst will want a union of
the rows, since that will add the rows from 1954 to the rows of 1951. This is

vital, since the next step will use the different years.

File

Settings Flow Variables Job Manager Selection Memory Policy

Dialog - 0:7 - Concatenate

- [m] X

Duplicate row ID handling

O skpRows

Oy

(O Fail Execution

Column handiing
(O Use intersection of columns

(®) Use union of columns
Hiling
[ Enble hiting
ok |[ apy |[ cmca |[@)
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The end product of this node is illustrated as follows. Note that there
is now one column—TOR_LENGTH—with years 1951 until that column is
exhausted, and then 1954. This will be an important distinction when the ana-
lyst will add the t-test node.

At this point, it is time to add the node that will actually perform the
statistical test—the t-test node. In this case, the name of the node is the Inde-
pendent groups t-test, which the analyst can find by typing that into the search
box. The configuration screen for this node (once it is connected) is as follows.
Note the different settings in the configuration box, since this is necessary to
get the most accurate response. Also, remember to place the 1951 group in
the first box, and the 1954 group in the second box. At this point, the hypoth-
esis is the same as in the previous sections, that the null consists of both 1951
and 1954 having the same average tornado lengths, with the alternative being
that 1951 has less of an average tornado length than 1954. The results for this
node are viewed by right-clicking on the node and selecting the first option
from the bottom of that child window as shown.

Dialog - 0:6 - Independent groups t-test - O X
File

Settings | Flow Variables Job Manager Selection  Memory Policy

Grouping column; || | |\“EAR w
Group one: |1951 v
Group two: [1954 v
Confidence Interval (n %): [95.0
Test columns
® Manual Selection () Wikdcard/Regex Selection
Exclude Include
| Aiter ] [ riter
1| YEAR El [D]ToR_LENGTH
O Enforce exdusion (® Enforce indusion

[ o ][ Ay || cance \
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T h: E} Configure.. Fé
X O Execute F7

~ Noc B Execute and Open Views Shift+F10

: Cancel F9

Reset F8

Edit Node Description.., Alt+F2

New Workflow Annotation

Connect selected nodes Ctrl+L

Disconnect selected nodes Ctrl+Shift+L

Create Metanode...

Create Component...

View: Test statistics

SEEYN L HO

I
-3

Compare Nodes

Show Flow Variable Ports

Cut
Copy
| [ Paste
<¢J Undo Delete
roups t| > Redo
roups t % Delete
- B Levene Test
B Descriptive Statistics

roups t
| B

Once the analyst chooses “Independent groups t-test” from the menu,
the following screen will appear. Please compare these results with the results
from the other sections. There will be some slight differences between this
one and the three others. However, the results are the same and the null
hypothesis is not rejected, meaning that the there is no statistical significance
to the point that 1951 is less than 1954 in tornado lengths.

Independent groups t-test - 0:6 - Independent groups t-test
File Hilite Navigation View
Table "default” -Rows: 2 | Spec - Columns: 10 Properties | Flow Variables

RowD  [[S]TestCo...|[S] Variance Assumption [D] df [D] p-value (2-taied)
Row0 [TOR _LENGTH |Equal variances assumed 1,136 876 0.2562790899191453
Row1 [TOR_LENGTH |Equal variances notassumed  [-1.156  [534.858 0.2481252302253254
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This is just one of three outputs from this node. The other two outputs
include an “F-test” (Levene-test) which can give the analyst the probability
that the two samples have equal or unequal variances. That screen is illustrated
as follows. The result is that the test is greater than the alpha (.05 is smaller
than the result), which would mean that the variances are unequal. Given that
the overall number of 1954 tornados are triple that of 1951, this would seem
logical. However, the test helps confirm the observation. Of course, remem-
ber that not all tools are created equal. If the analyst has some doubt as to
the veracity of this result, refer to the other tools and conduct similar tests to
ensure the accuracy and consistency of your answer.

Levene-Test - 0:6 - Independent groups t-test
File Hilite Navigation View
Table "default” - Rows: 1 | Spec - Columns: 5 | Properties = Flow Variables

RowD  [[§]TestCo...|[D]teststa...|[T]dft  [[1]df2  [[D]p-value (Levene)
Row0 TOR_LENGTH |0.539 1 876 0.4630543501369...
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CORRELATION

4141

Correlation is probably one of the most recognizable statistical concepts, in
this author’s opinion. Whenever someone hears correlation, they may think
that one factor causes the other, but as many statisticians and data analysts
will state—correlation does not mean causation. However, correlation is still
a powerful concept that can be readily performed with these tools in a some-
what straightforward fashion. In this book the correlation will not be shown
on a scatterplot (that may come later), but it will be shown with a matrix show-
ing the variables and how they are associated with one another through a cor-
relation number. This number is between 0 and 1, showing the relationship
between these two variables. For instance, if there is a correlation of .90, that
is considered to be a very high positive correlation. What that means is that, as
one variable increases, the other variable increases. If the correlation is —90,
this is a very high negative correlation, which means as one variable increases,
the other decreases. An example of a negative correlation would be the years
on a car and its price. The correlation is something that exists in all of the tools
and will be addressed one tool at a time, much like the other sections.

Excel

Correlation is very easy in Excel, especially when using the Analysis ToolPak.
In this section, the analyst will make a test of correlation between the tornado
length and the tornado width, or how much area the tornado occupied. To do
this, the analyst will first use the same file that has been used in the previous
sections, mainly the 1951 tornado survey. Once the file is imported (or opened
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once saved), the analyst will then open the Analysis ToolPak in the same way
as in other sections. The analyst will then pick the Correlation choice from
the Analysis ToolPak as shown in the following screen. The screen is already
completed showing the two columns that must be chosen, and the fact that
they must be side by side. This may require moving some of the columns next
to each other, but with Excel this is also somewhat simple.

Correlation ? b

Input
iput Rnge: sosisesz 2]
Grouped By: @® Columns
Ot

[ Labels in First Row

Output options
Ooupurange [ [7]
© New Worksheet B

O New Workbook

The correlation result for this combination is as follows, but what does it
mean? The meaning of this result is that there is less than a .10 relationship
between tornado length and tornado width (remember for 1951 only), so no
matter the length of the tornado, predicting how wide it will be is almost
impossible.

I

am s 2 :,EE;; 2 e e
et Extemal Data Get & Tansiom Conmetions So & Filter Data Took Foreat Outting Aatpze
Al B x v £
A A | B | C BB G HittE e
1 TOR_LENGTH TOR_WIDTH
2 TOR_LENGTH 1
3 |TOR_WIDTH = 0.040134815 1
4 4
5_
6 |
7—
a—
g#
10]
1)
12
| toRienGH | Sheen | chatt | Comlution [ Comeaiont | Sheets | Stomvents destfp. i | MONTH [ ® (]
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If the analyst were to plot this on a scatterplot, again using Excel, the chart
would look similar to this, which indicates no predictability between tornado
length and tornado width.

Comparison of Tornado Length (X)
and Tornado Width (Y)

1000
900
800
700
600
500
400
300
200
100 * °

o0 @ e® o %

20 30 40 50 60

As long as the analyst has columns that are beside one another, a cor-
relation can be conducted to do what is called a multiple correlation. Basi-
cally, it is done the same way as the correlation done previously, but just with
more correlations in the matrix. There is some information on this featured in

Chapter 7 of this book.

4.1.2 OpenOffice

OpenOffice is very similar to Excel in the correlation area, but instead of
using the Analysis ToolPak, regular formulas are the conventional method for
OpenOffice. In this case, the file will be the same with the same two variables.
The big difference is that the first step will be to pick a blank cell to place the
formula and then use the following formula for the correlation between tor-
nado length and tornado width:

=CORREL (AH2:AH270;AI2:AI270)

When the analyst presses the ENTER button, the following screen
appears. This shows the correlation between these two variables.
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E StormEvents_details-ftp_v1.0_d1951_¢20160223 xlsx - OpenOffice Calc - a x

File Edit View |nsert Format Jools Data Window Help x

BB P BER VE KRG dD-C-@NRby HO @ O | [ e+ §

{89 Al Mo MBprulsz==saxPhB e 0-2-A-)

AHTS AE =] ‘ Functions x x
AG Al I A [ [ i m

[ |F3 9.6 300 . [l Pl

x1|F3 18.2 200 | ‘:“'”’“" W

268 |F2 A7 4 50 [ | ConrboNCE @

— -~ + CORREL

oF2 0 7280 || I ®

wm (F3 21.9 150 [ o @|

m : ! DEVSQY et

m Correlation 0.0401348147 [ e

a |

|| Forechst

2 [ | [Prest

1 GAMMA

% || [oammanist .

m |

&7 L | o

g | ata_1; Dota 2

70 | w | |Retums the comelation coefficient.

1 14/ P11 TOR _LENGTH / Sheetl ), StormEvents details-ftp 1.0 d1 (MONTH, < o H|

Sheet3/4 | PageStyle_StormEvents_ detals-ftp_v1.0_.d1 |sw =] | Sum=0 |g——o—@ |m%

As the analyst can see, the correlation result matches the result from
Excel. If a multiple correlation is necessary, then that will be covered in the
next section on regression, since there is functionality within OpenOffice to
do multiple regression and therefore multiple correlation.

R/RStudio/Rattle

The R application is very versatile as it applies to conventional testing, and
correlation is no exception. The process for performing the correlation test-
ing is more intuitive than with many other tools. In this section, Rattle will be
used to perform the correlation function, but discussion will also entail the
use of RStudio in the programming functions behind the correlation process.

First, ensure the file with the 1951 tornado tracking is imported into the
Rattle package that should be activated after opening the RStudio application.
This is shown in the previous section in importing data. After the importing,
ensure that you click on Execute so that the data is loaded, and if error mes-
sages appear (which will in this case), assign each variable to either “input” or
“ignore.” In this case, assign all the variables by TOR_LENGTH and TOR_
WIDTH to the “ignore” radio buttons in order to limit the correlation. The
analyst can choose to do correlations on all the variables, called multiple cor-
relations, but this can be cambersome and memory consuming. The finished
screen should resemble the image that follows:
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@R R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED)] -_— () >
Project Tools Settings Help o Rattle Version 5.3.0 togoware.com

§|D|‘]‘°ﬂl

Execute New Open Save Export Stop Quit
Dat: | Explore Test Transform Cluster Associate Model Evaluate Log

Sourcee O File (O ARFF (O ODBC @ RDataset (O RDataFile (O Library O Corpus (O Script

Data Name: |StormEvents_details_ftp_v1_0_d1951_c20160223 FIXED

0 action e

. Input . Ignore Weight Calculator: l:l ’r‘l‘ng;;[::: TC’)F‘C goric O ic O
Ne. Variable Data Type Input Target Risk Ident Ignore Weight Cormment ~
27 DAMAGE_CROPS Constant O (@) (@) @] @® @] Unique: 1

28 SQURCE missing O (@] (@] (@] ® (@] Unique: 0 Missing: 26!
29 MAGNITUDE Constant () (@] (@] QO @ (@] Unique: 1

30 MAGNITUDE_TYPE missing O (@] (@] O ® (@] Unique: 0 Missing: 26t
31 FLOOD_CAUSE missing O @] (@] (@] ® @] Unique: 0 Missing: 26!
32 CATEGORY missing O (@] QO (@] O] (@] Unique: 0 Missing: 26!
33 TOR_F_SCALE Categoric (@] (@] (@] (@] ® (o] Unique: 5 Missing: 39
34 TOR_LENGTH Numeric @ (@] o @] o O Unique: 71

35 TOR_WIDTH Numeric @ (@] (@] O (@] O Unique: 39

36 TOR_OTHER_WFO missing O (@] (@] (@] @ (@] Unique: 0 Missing: 26!
37 TOR_OTHER_CZ STATE missing O (@] (@] O (O] (@] Unigque: 0 Missing: 26!
38 TOR_OTHER_CZ FIPS  missing O (@] (@] (@] @ (@] Unique: 0 Missing: 26!
39 TOR_OTHER_CZ_NAME missing O O (@] (@] (O] (@] Unique: 0 Missing: 26t
40 BEGIN_RANGE Constant O (@] (@] (@] ® (@] Unique: 1 v
< >

After clicking on the “Execute” icon in the toolbar, go to the “Explore” tab
in order to use the correlation function. At this point, the analyst will follow
the choices in this screen in order to receive the results that are displayed. If
the results appear different from this screen, please ensure that the “Pearson”
method is chosen under the drop-down box. If other methods are chosen, dif-
ferent results will appear, and somewhat drastically different, so be cautious
and check the work.

@ R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED)] - a X

Project Tools Settings Help o Rattle Version 5.3.0 togaware.com
@ | 5] =) | L | ® 4 |

i Execute | New  Open  Save Export Stop  Quit

Date Explore Test Transform Cluster Associate Model Evaluate Log

Type O Summary Q Distributions @ Correlation O Principal Components O Interactive

[ Ordered [] Explore Missing [] Hierarchical Method:

Correlation summary using the 'Pearson' covariance. "

Note that only correlations between numeric variables are reported.
TOR_WIDTH TOR_LENGTH

TOR_WIDTH 1.00000000 0.04013481

TOR_LENGTH ©.04013481 1.00000000

Rattle timestamp: 2020-01-88 08:47:40 Chris
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As is shown, the correlation number (.04013) is the same as those that
were presented in other sections. The ease with which this was done is pretty
impressive. For single file functions, Rattle is a good option for data analysis
using correlation.

4.1.4 KNIME

The flexibility of KNIME is based on the node functionality, and the KNIME
tool does have the ability to do a correlation with a node. To do this, open
KNIME to the ongoing project, or even create a new project and start with
importing the 1951 tornado tracking as was done in the import section.
Once this is completed, add the correlation node to the CSV Reader node as
depicted in the following screen.

RRIME Analytics Platform
File Edit View Node Help

O-EBEQ#I]{wE ([{=ARCORO0OOE=RAELIZCO00|$T >

£ KNIME Explorer 53 = O | AGTESTPROECT A GDOUBLEFIE M "2 Comelation 53 =g
BEBléfl | B "

3 du My-KNIME-Hub (hub knime.com)
» A% EXAMPLES (knime@hub.knime.com)
v 4 LOCAL (Local Workspace)
> (] Example Workflows
A Correlation

A DOUBLE FILE
£ TESTPROJECT [CSV Reader Linear Comelation
£y Worlow Coach 52 B=n0 om oin
Node recommendations only available with usage data reporting. foge 1 Hoed
J— | C—
v @ Analytics
v @ Mining

v [*7] Feature Selection
B! Correlation Fitter
v 3 Statistics
R Rank Conelation
15, Linear Correlation
¥ o Other Data Types R i R | >

3¢ 2 Time Seri

The configuration of the Linear Correlation node consists of identifying
the two variables to be tested, and in this case it will be the TOR_LENGTH
and the TOR_WIDTH. These should be set in the configuration screen as
shown in the following manner. Please ensure that the columns or variables
the analyst identifies are correct, because this tool, like any other tool, will
give the analyst the results that have been inputted, since it cannot predict
what the analyst wanted, just what they chose. The analyst will want to right-
click on the Correlation node and choose the option at the bottom of the
sub-menu called Correlation Measure. This will reveal the following screen
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and give the analyst an indication of the correlation between these two vari-
ables. Please remember that part of data analysis is not always picking the best
correlation variables. There is a constant testing and reforming of hypotheses
in order to analyze correctly. Please take that into consideration as this next
screen is presented.

Correlation measure - 2:2 - Linear Correlation
File Hilite Navigation View
Table “default” -Rows: 1  Spec - Columns: 5 Properties Flow Variables

RowlD  |[8]Firstcol...|[§]Second... || D] Correlation value
Rowd TOR_LENGTH [TOR WIDTH [0.04013481465483142

The analyst will immediately notice that the “Correlation value” is the
same as the ones in previous sections. The main reason for using the same val-
ues and variables was to demonstrate to the analyst that the tool used for the
function would not present different results. In this case, all tools presented
the exact same result. The main cause of inconsistency could be a rounding
issue or using a different formula, but in this case, all tools used the Pearson
correlation method, and the formula for that method is very consistent across
the many statistical texts. Some of these texts are included as references to

this book.

REGRESSION

The one statistical concept that data analysts seem to understand, at least
the ones that this author has taught, is regression. In fact, this author has
seen regression applied to datasets that did not need this type of analysis.
However, linear regression is somewhat important and needs to be addressed
with respect to these tools. A quick review of the concept is necessary in order
to set the stage for the subsequent demonstrations.

Linear regression is using a linear equation (sorry about that, it is neces-
sary to relive the nightmare of high school math) to plot a possible prediction
of future values based on past results. In essence, X-Y coordinate points are
plotted using the two variables in the dataset that the analyst has chosen, and
an equation is formulated from the plotting of those points. The equation that
is formulated is a linear equation (conventionally) forming a line that tries to
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4.2.1

split the data points where one half of the points are on one side of the line
and half are on the other (approximately). In this section, the analyst will be
applying tools to formulate this predictive equation. More explanation of the
equation will be given after the first tool, in this case Excel.

Excel

Excel, through the Analysis ToolPak, has a Regression function that does the
job of presenting the Regression results in a quick fashion that can be used in
presentations. The first step is to import the data of the 1951 tornado tracking
so that the analyst can implement regression against two or more variables.
In this instance, the analyst will be using regression against two variables, the
tornado length (TOR_LENGTH) and the tornado width (TOR_WIDTH),
for demonstration purposes.

After activating the Analysis ToolPak and choosing “Regression” from the
menu, the analyst will select two variables for testing. The first will be the
y-axis variable, which is called the “response” variable or “dependent” vari-
able, and the second will be the x-axis variable, which is the “predicted” vari-
able. In essence, at the completion of this task, what the analyst will place in
the “x” will result in a “y.” In this case, the analyst can place a width in the “x”
and the result will be a tornado length. Again, this is for demonstration pur-
poses and should not be construed as true predictive analysis for predicting
tornado lengths. Remember that this is just one year of data.

Regression ? X

Input
l:put! Range: B
Input X Range: salszsaIs270 [ %]
[ Labels [] Constant is Zero
[ Contidence Level: %

Output options

|

O Output Range:

(® New Worksheet Ply: REGRESSION_TOR2

O New Workbook
Residuals

[] Residuals [] Residual Plots
[ standardized Residuals [ Line Fit Plots

Normal Probability
[[] Normal Probability Plots




More StaTisTicaL TesTs © 111

The result of the regression analysis is as follows. Please notice all the
different numbers on this screen. The ones that are important to the analyst
immediately will be those that encompass the regression equation.

[ From Access E_h :! [l Show Queries | = e
[ From web - [ElFrom Table s apoly B8 Remove Duplicats 07 Relationship:
[iFrom Test i;“,,?" &mé.:;.[bmm= Al | Edit Links 1y =time nced mhmgmwamv
Gat External Data I Gat & Transform Connadtions ‘Sort & Fiter Data Taoks: ~
7 &
11A|B|C,DLE\FJGIH|I,J\K|L,MLN\OJPICE
1 |SUMMARY OUTPUT
= | I N
3 |Regression Statistics
4 Multiple R 0.04013
5 |RSquare = 0.00161
6 |Adjusted R -0.00213
7 |Standard £ 10.2417
dilovsenatic  269)
9|
10 ANOVA
1 df 55 Ms F__ gnificance F
1{Regressinn 1 451857 451857 043078 051217
13 Residual 267 28006.5 104.893
14 Total 268 28051.7
15
16 Coefficie dard Ern_ tStat  P-value lower 95%Upper 95%ower 95.0%pper 95.0%
17 |Intercept  4.22962 0.70436 600488 6.2609 28428 561643 28428 5.61643
18 XVariable 0.00164 0.0025 0.65634 0.51217 -0.00328 0.00656 -0.00328 0.00656
19 | I
20 . =

The numbers that are of interest to the analyst include the ones that are in
the column “Coefficients” for both “Intercept” and “X Variable” (which in this
case is TOR_LENGTH). The resulting regression equation will be y=0.0164x
+ 4.22962. This means that if the analyst wants to know what tornado width
they should expect, the analyst places the tornado length for the “x” variable,
multiplies it by .0164, and adds 4.33962 to find the approximate tornado
width. Here is where regression can be misused. First, this is for one year
only, taking into consideration 12 months, not all of which have tornados, or
tornados of any length. Second, the correlation, as covered in the last section,
is very slim—being .040—which means that there is less than .1 correlation,
an extremely low correlation between day and tornado length. If the analyst
wants to do a multiple regression, that can be done through this tool, but the
columns for the data must be next to each other, so that demonstration will
be discussed later. The main purpose for these variables is to ensure that the
tools give a consistent result. The main point here is that these two variables
are not a good combination for the purpose of regression, given the correla-
tion and the lack of longitudinal data.
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4.2.2 OpenOffice

The OpenOffice regression function is comparable to the “pre-Analysis
ToolPak” formula for Excel. The formula function is called “linest” and is
called an “array formula.” What this means is that the result of the formula is
carried across several cells. To make a formula an array formula, before press-
ing the ENTER key, combine the CTRL-SHIFT-ENTER keys to transform
the formula into an array formula. The formula will be enclosed in “curly”
brackets ({}) rather than parentheses.

The first step to using the regression formula in OpenOffice is to open the
file that has been used in the previous sections and ensure that the variables
selected are TOR_LENGTH and TOR_WIDTH for this demonstration.

The next step is to place the formula for regression in a blank cell (much
like an analyst does in Excel). Remember that a semicolon separates the
parameters of the formula—not commas. The formula for regression will look
similar to this (for the specific columns/variables mentioned previously).

=LINEST (AH2:AH270;AI2:AI270;1;1)

At first blush, this formula would look very much the LINEST formula
in Excel, except for the semicolons. The difference between this and other
formulas in OpenOffice is remembering the CTRL-SHIFT-ENTER in order
to see the entire result of the regression analysis. The following screen shows
what happens when you finish the formula in this fashion.

B-2-inZBRER Y o dB-@- @Bl
B [ania Mo M BIfUlss=s=s= 4%
K E = [i=LINESTAH2AHTGARAT1;T)
AG AH Al [ p—) AK
m |F3 21.9 150
m
m TOR_LENGTH [TOR WIDTH _
Regression 0.001639459| 4.229615
27 0.002497892  0.704363
s 0.001610803 10.24174
27 0.430778393 267
m 45.18570962 28006.48
s
m
280
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What do all these numbers mean? How do they relate to the result in
Excel? The following table will shed a little light on the previous cells in
OpenOffice. The site to get the full translation is located here: https://wiki.
openoffice.org/wiki/Documentation/How_Tos/Calc:_LINEST_function.

For this book, just a few of the cells in the table are included.

“x” value “y” intercept

R’ (explained in
this section)

“F” (Levene Test Degrees of
explained in this Freedom (beyond

book) scope of this book)

What does this table tell us? The first cell on the left is the same as the
“X Variable” from the Excel result (AI 273 in this case). The second cell (“Y”
Variable) is the same as the “intercept” (A] 273). The “+*” is the square of
the “r” correlation value and would reflect the value marked “R Square” in
the Excel table. Those cells in the previous table are the most important at
this juncture and the most valuable to the data analyst using the tool. Using
the table cells explained, a linear equation can now be formulated, and the
correlation can be calculated. Not as “pretty” as Excel, but it gives the same
results.

4.2.3 R/RStudio/Rattle

The Rattle package within R provides a perfectly adequate method of regres-
sion analysis. The steps for setting up the data to be analyzed in this fashion
are the same as before—import the same data as has been used in the past
sections and use TOR_LENGTH and TOR_WIDTH for the regression anal-
ysis. The Rattle screen for the data should appear as the following:
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@R R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED)] - O x
Project Tools Settings Help o Rattle Version 5.3.0 togaware.com
G 4 ‘ D = | <l ‘ e 4 ‘

i Execute Mew  Open  Save Export Stop  Quit

Datz Explore Test Transform Cluster Associate Model Evaluate Log

Source (O File (O ARFF (O ODBC @ RDataset (O RDataFile O Library (@] Corpus O Script

Data Mame: [StormEv!M!_d!lails_ftp_v‘l_D_d‘l951_:201502?3_“}{5[)
OJ Partition [70/15/15 [2 D [View]

. Target Data Type
.Inpu‘t .lgnure Weight Calculator : ’V ® Auto (O Categoric (O Mumeric O Survival

No. Variable Data Type Input Target Risk Ident Ignore Weight  Comment A
31 FLUUD_LAUSE missing (U (@) @) @) ()] U Unique: U Missing: 20!
32 CATEGORY missing O (@) O @] ® O Unique: 0 Missing: 26!
33 TOR_F_SCALE Categoric O O O @] ® O Uniques 5 Missing: 39
34 TOR_LENGTH Numeric O ® O O (@] O Unique: 71

35 TOR_WIDTH Numeric @ O O @] QO O Unique: 39

36 TOR_OTHER_WFO missing O (@] (@] @] ® (@] Unique: 0 Missing: 26!
37 TOR_OTHER_CZ STATE missing O O O O ® O Unique: 0 Missing: 26!
38 TOROTHER.CZFIPS missing O @] O O ® O Unique: 0 Missing: 26!
39 TOR_OTHER_CZ NAME missing O (@] ® @] (@] (@] Unique: 0 Missing: 26!
40 BEGIN_RANGE Constant O O O @] ® O Unique: 1

41 BEGIN_AZIMUTH missing O QO QO @] ® O Unique: 0 Missing: 26!
42 BEGIN_LOCATION missing O O @] @] @® O Unique: 0 Missing: 26¢
43 END_RANGE Constant O O O O ® O Unique: 1

44 END_AZIMUTH missing O (@] (@] @] ® (@] Unigque: 0 Missing: 26! .
q 2 T

Please notice that all of the other variables have been placed in “Ignore”
since the analyst will have no need of them at this point. TOR_LENGTH
has been placed in the “Target” column, while TOR_WIDTH will be placed
in the “Input” column. This is the same as placing TOR_LENGTH in the
“y-axis” and TOR_WIDTH in the “X-axis.” For the future use of multiple
regression, the other variables may be reentered into the “Input” column to
include them. If any changes are made to the dataset, ensure that the analyst
clicks on the “Execute” icon. Otherwise, the table will be as it was before the
changes. Execute saves the changes.

Once the data is set and the Execute icon is clicked, go to the “Model”
tab and select the “Linear” type and “Numeric” below that choice. After that,
click on the “Execute” icon and the following screen will appear. It is evident
that the results here by Rattle match the results from the other tools.
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G R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED)] - O x
Project Tools Settings Help @) Rattle Version 5.3.0togaware.com
@

0O E|-d|. I|
Mew  Open  Save | Expot | Stop  Quit

Execute

Type: O Tree (O Forest | Boost (0 SVM (@ Linear (O Meural Met (| Survival O Al

® Numeric O Generalized Poisson () Logistic () Prebit () Multinomial Medel Builder: Im
summary of the Linear Regression model (built using lm): ~
call:

Im{formula = TOR_LENGTH ~ ., data = crsSdataset[, c(crssinput,
crsgtarget)]7

Residuals: )
Min 10 Median 3Q Max
-6.115 -4.284 -4.084 -0.684 87.824

coefficients:

Estimate Std. Error t value Pri=]t])
(Intercept) 4.229615 8.704363 6.005 0.00000000623 ***
TOR_WIDTH ©.001639 ©.002498 0.656 0.512

Ssignif. codes: © '*=*+' 9,901 '**' ©.01 '*' 9.05 "."' 0.1 * ' 1

Residual standard error: 10.24 on 267 degrees of freedom
Multiple R-squared: ©.801611, Adjusted R-squared: -0.002128
F-statistic: 0.4368 on 1 and 267 DF, p-value: 8.5122

=== ANOWVA =——==
analysis of Variance Table

Response: TOR_LENGTH

pf Sum Sq Mean Sq F value Pr(=F)
TOR_WIDTH 1 45.2 45.186 ©.4308 8.5122
Residuals 267 28006.5 104,893
[1] "\n®
Time taken: 0.01 secs

Rattle timestamp: 2020-91-08 18:36:29 Cchris

w
B S G s

Linear model evaluation has been plotted.

For now, it appears that every tool has agreed with the others concerning
this concept, so this would be a great way to verify results from regression. With
the function being so readily available and relatively simple to use, there is no
reason why verification of results would not be undertaken in this situation.

4.2.4 KNIME

KNIME is the final tool that will be addressed in this regression concept.
As in the other cases, the KNIME application does have a node available
for regression analysis. Once the data is imported through the CSV Reader,
the analyst can connect the data to the regression node, called the Linear
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Regression Learner node, found by typing in the word “regression” in the
search box. Once the node is dragged, placed, and connected, double-click on
it to open it, revealing the following configuration screen.

Dialog - 2:2 - Linear Regression Learner - m] x
File
Settings Flow Variables Job Manager Selection | Memory Policy
Target
Values
® Manual Selection (O Widcard/Regex Selection
Exclude Indude
‘Yﬁter ‘ |YH&‘E{
| 1 | pAMaGE_crops - 1 [ToR_WIDTH
D3 fos [ o]
| | MAGNITUDE
| 8| MAGNITUDE TYPE
S| FLOOD_CAUSE
|8 | caTEGORY I |I|
|S| TOR_F_SCALE
|8| ToR_OTHER_WFO E
| 8| TOR_OTHER _CZ_STATE
S| TOR_OTHER_CZ_FIPS N
(@) Enforce exdusion O Enforce indlusion
Regression Properfies
Diecetned et ok
Missing Values in Input Data Scatter Plot View
(O Ignore rows with missing values. First Row: E]
(®) Faill on observing missing values. Rannmh
o [ ay |[canca ] [@]

Configure the screen exactly as it appears in the previous figure, using
TOR_LENGTH as the target (the same as Rattle) and TOR_WIDTH as
the column to include against this target. Click OK and execute the node
(remember the green arrow). Once the node is executed, right-click on that
node and choose “View: Linear Regression Result View.” This will produce
this window, which shows the same results as in the past sections.

Linear Regression Result View - 22- ...  — ] X
File

Statistics on Linear Regression

TOR_ WIDTH  0.0016 0.6563 05122
Intercept 42296 07044  6.0049 6.23E9

Multiple R-Squared: 0.0016
Adjusted R-Squared: -0.0021
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If the analyst desires, they can also select the menu choice below the one
producing this window to show the scatterplot result, which will match the
scatterplot in Excel.

Linear Regression Scatterplot View - 2:2 - Linear Regression Learner - ] X
File HiLite
g287] "
B80.0—
70,0
80.0—
-
5007 w,
L -
400
-
300 N "
-
- = @m
200 ¥ . "
L]
L] L]
1u.u—}l " =
ill- n" R
o =L:'L: Ha® W E"= = - u
T T T T T T T T T T T T T T T
132 382 632 882 1132 1382 1832
7 257 507 757 1007 1257 1507 1760
Default Settings | Column Selection Appearance
Mouse Mode | Selection v| | Fit to size | | Background Color | [] Use anti-aliasing

It is very important that the analyst understand that regression is a model
and must be verified and tested through evaluation techniques. This is beyond
the scope of this book, but the tools presented here have a wide array of test-
ing functions for this purpose. As stated before, exploring each or all of these
tools will enhance knowledge of both data analytics and statistics.

CONFIDENCE INTERVAL

The confidence interval has been making a comeback in the statistics arena.
In his book, Statistics Done Wrong, Alex Reinhart explains that the confi-
dence interval is a simple statistical method that has not been used as often
as necessary, which has led to some interesting, if not inaccurate, results
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(Reinhart, 2015). Since confidence intervals are a relatively simple method to
gauge the effect of a value on another value, a brief explanation is necessary
before heading into the tool use.

When a data analyst addresses a confidence interval, they are using the
one-dimensional perspective of a confidence level. Although this may sound
confusing, a simple illustration will probably help to clarify the concept. If an
analyst were to remove the bell curve from the standard normal curve, the
result would be as follows:

<
<

\J

The center vertical line represents the mean, and the lines to the right and
left represent the different standard deviations plus or minus that mean. The
arrows represent the 95% confidence interval based on the 95% confidence
level. In essence, what this means is that, given a sample of a population, the
confidence interval will tell the analyst what the chances are that the mean is
located between those intervals. In other words, at the 95% confidence inter-
val, there is a 95% chance that the mean lies somewhere between the Upper
Confidence Level (UCL) and the Lower Confidence Level (LCL).

How does this help with data analytics? The answer again derives from
Reinhart, who addresses confidence interval with an almost reverent tone in
his book. Throughout the book, he gives a wide variety of examples, most from
real studies, that provides explicit defense of using the confidence interval.
The bottom line in confidence intervals is that it helps to provide verification
of the results of studies. For instance, if a sample shows the average length
of a person’s employment is 8 years and, using a 95% confidence interval,
the range is between 6 and 10, the analyst can state that with 95% certainty,
that the average of a person’s employment in the population is somewhere
between 6 and 10 years. (Reinhart, 2015). The whole idea of the confidence
interval is to provide the analyst with a reading on how well the study was con-
ducted. Reinhart stated that if the interval is too wide, as in our example the
result was 1-20, that would mean that there was not enough sampling done
and that it is necessary to gather more samples in order to narrow the interval
(Reinhart, 2015).

The reason for learning the confidence interval is to incorporate it into
any study or analytical project the analyst has to perform, and to show that the
actual method is simple, effective, and available within a wide variety of tools.
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4.3.1 Excel

Excel, through the Analysis ToolPak, has the ability to present the confidence
interval as part of the overall descriptive statistics portion of the ToolPak. This
procedure starts with the import of the data, again using the 1951 tornado
tracking data, and opening the Analysis ToolPak. Select Descriptive Statistics
from the ToolPak menu and use TOR_LENGTH as the column to be used,
but this time only choose the first 100 rows. This will be the sample that will
be used to compare the confidence interval to the actual population mean at
the end. Please realize that just picking the first 100 rows is not a true random
sample, but that will be discussed in a later section. For this demonstration,
this will suffice.

Once the Analysis ToolPak is opened and the column and rows are cho-
sen, the screen will appear as the following screen:

Descriptive Statistics ? X

Input
Input Range: SAHS1:5AHS101 ﬂ
Grouped By: @® Columns
Osom

Labels in first row

Output options

O Qutput Range: | — 2 ]
(® New Worksheet Ply: SAMPLE_Cl

O New Workbook

Summary statistics

Confidence Level for Mean: 95 %
D Kth Largest: 1

[ kth Smallest: 1

A word of caution concerning this screen. Please notice that “Labels in
first row” is checked. If there are no labels in the selection, Excel will auto-
matically take the first row and use it as a label, not reporting it in the data
analysis. This will lead to problems with any analysis done on the data. Just
a word of warning to those that use the default settings or configurations.
Please check these setting before clicking OK. Also, please notice that Sum-
mary Statistics and Confidence Level for Means are both checked. If the ana-
lyst does not check the Summary Statistics block, that will be a problem, but
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if they do not check the Confidence Level for Means block, the result that is
desired in this situation will not appear. As stated before, please ensure that
the configuration is the way that is desired before executing. The result of the
confidence level is in the following screen. But what does it mean?

Y

|u @

e

T Respply Bf Remove Duphcates 25 Relstionships |
s s | 5o ‘

Get Extemal Dats Get & Transtorm Connections. | Sort & Filter Data Tools

2 [x v & : ; :

A A e el B R e

1 TOR_LENGTH

2

|3 Mean 4,548

4 | Standard Error 1.14657019

zMedian 0.5

6 |Mode 0

7 |Standard Deviation 11.4657019

8 |Sample Variance 131.462319

|9 | Kurtosis 36.5874097

|10 Skewness 5.41425399

11 Range 92.6

EMinimum 0

13 | Maximum 926

14 Sum 454.8

15 | Count 100

16 | Confidence Level(95.0%) 2.275044

4+ .| REGRESSION1 | REGRESSIONMONTH | REGRESSIONTOR | SAMPLECI | StormEvents detaik-fip.v10.d1 | MONTH | i | [+]

The Confidence Level (95.0%) row in the result states that the confidence
level is 2.275044. What this means is that, with 95% confidence, the popula-
tion mean is somewhere between +£2.275044, which means, taking into con-
sideration that the sample mean is 4.548 according to the summary results,
the population mean is somewhere between 2.272956 and 6.823044. To fur-
ther show this result, take the entire TOR_LENGTH column into the mean
for the summary statistics, using the ToolPak with the following result.



MoRrEe StaTisTicaL Tests © 121

o | reamm . | Ba = autosum
T e = R
= ¢ romurars | .| B B-an = EMegedCone v | $-% 0 WS ym'm'm Neutral of| = s e, TR0

Clipboard &l Font & Rignment &l Number & Styles Coms Eating
EM L v &

A A [aEae ey o e e e e e e ke e R R
1 TOR_LENGTH

2

3 |Mean 4.44349442
4 | Standard Error 0.62378619
5 Median 05
6 |Mode 0
7 |Standard Deviation 10.2308542
8 |Sample Variance 104.670377
9 |Kurtosis 25.6745319
10 |Skewness 4.37606284
11 |Range 9256
12 |Minimum 0
13 |Maximum 92.6
14 |Sum 11953
15_(Inunt 269
16 |Largest{5) 448
17 |Smallest(5) 0
18 |Confidence Level(95.0%)  1.22814466
1]

20

The population mean is 4.4349442, which is between 2.27 and 6.82. If the
confidence level is lower, the range will also be lower, so a confidence level of
80% will produce a range that will be narrower.

4.3.2 OpenOffice
The OpenOffice function of the

confidence interval does not have the same

convenience of the Analysis ToolPak of Excel, but it does the job. The first
step is the same as other sections; import the 1951 tornado data and pick an
empty cell in that worksheet to display the confidence interval as shown.

B StormEvents_details—ftp_v1.0_d1951_c20160223 xlsx - OpenOffice Cale
File Edit View Inset Format Tools Data Window Help
(BB 2 BERSEX G- D@ hy AOEAO i ¢
@m0 [ B B/U/====0h%¥uM ee0-a-Aj
AE -
AE A6 Al Al I AK S
62 F1 0 33
23 F2 4.1 350
264 F1 0 33
265 F1 0 230
266 F3 9.6 300
27 F3 18.2 200 B
28 F2 47.4 50
|25 | F2 71 250
|| F3 21.9 150
mn
@ Standard Deviation| 11.4657018622
s Confidence Interval 2.2472362707 -
%E}‘ S »Iv
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In this example, the Confidence Interval results are placed at the bottom
of the TOR_LENGTH column. In this way, selecting the column should be
much easier. Remember that only the first 100 rows will be selected, but
in this instance start at AH2, not AH1. OpenOffice does not have the same
regard for headings, so ensure they are not included in the data pull. The for-
mula for the confidence interval must include the standard deviation, which
is STDEVA or the standard deviation of a sample. This formula should be
placed in AH272.

=STDEVA (AH2:AH101)

Now what this does is provide the ability of the confidence interval to
employ the standard deviation into the confidence interval formula, which
should be placed in AH273, and should look like this:

=CONFIDENCE (0.05;AH272;100)

An explanation is necessary on the previous formula. The “0.05” in the
beginning is what is called an “alpha value.” When statistics refers to “alpha”
it means the probability that there is a “false positive” from the results. This
is also called a Type 1 error, but the real calculation to determine the alpha
is taking 1 — Confidence Level. In this case, the confidence level is 95% or
.95. If the analyst takes 1-.95 the result is .05. A long explanation, but it is
one that is necessary with OpenOffice, since the tool uses alpha much more
than confidence level. The result does not match exactly those of Excel, but
again this could be a rounding situation or one where the formula for the con-
fidence interval has a more exact calculation than the other. The difference is
not drastic (.03 difference), so these results could be used to verify each other.
The standard deviation is exactly the same, which gives much credence to the
veracity and consistency of these tools.

One more point before leaving OpenOffice. Remember, the more sam-
pling, the narrower the range of the confidence interval. This will hold true in
all the other tools, and in any other statistical tool involved in data analysis. As
with any study, the more sampling, the more accurate the results, as long as
the sampling is done randomly.

4.3.3 R/RStudio/Rattle

The use of Rattle for confidence interval is about the same as with the Analysis
ToolPak in Excel. The first step is to import the data and have it prepared for
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the method. In this case, the only active input will be TOR_LENGTH. Also
notice that the “partition” block is checked. The notation “70/15/15” means
that the data is split into 70% training, 15% validation, and 15% testing. What
that means is that 70% is sampled, which would be about 140 rows. This
is slightly more than what this test entails, so change the partition block to
37/39/24, which will make the training data at 37%, making the rows 99 and
very close to the previous sections. The newly configured screen is as follows:

R R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED)] — () >
Project Tools Settings Help 0 Raottie Version 5.3.0 togaware.com
BN | O | =l | ® 44 |

- Execute New Open Save Export Stop Quit

Datz | Explore Test Transform Cluster Associate Model  Evaluate Log
Source: (O File (O ARFF (O ODBC @ RDataset (O RDataFile O Library O Corpus O Script

Data Name: IStolmEvmts_details_ftp_vi_O_d 1951_c20160223_FIXED

B2 partiton CR

. Target Data Type
.lrlpu‘l .lgnore Weight Calculator: :l [ ® Auto O Categoric O Numeric O Survival

Mo, Variable Data Type Input Target Risk Ident Ignore ‘Weight Comment ~
29 MAGLNI VUL Lonstant \_J (W] (U] (W] - [w] uniques: |

30 MAGNITUDE_TYPE missing O Q (@] (@] ® QO Unique: 0 Missing: 26!
31 FLOOD_CAUSE missing O o] O @] @ o] Unique: 0 Missing: 26!
32 CATEGORY missing O (@] (@] (@] (O] (@] Unique: 0 Missing: 26!
33 TOR_F_SCALE Categoric O o (@] (@] ® (@] Unique: 5 Missing: 39
34 TOR_LENGTH Numeric O ® o o O o Unique: 71

35 TOR_WIDTH Numeric @ Q (@] (@] (@] (@] Unique: 39

36 TOR_OTHER_WFO missing O (@] (@] (@] (O] (@] Uniques 0 Missing: 26!
37 TOR_OTHER_CZ_STATE missing (O Q (@] O (O] (@] Unique: 0 Missing: 26!
38 TOR_OTHER_CZ_FIPS missing O QO (@] (@] ® (@] Unique: 0 Missing: 26!
39 TOR_OTHER_CZ NAME missing O (o] O o O] @] Unique: 0 Missing: 26!
40 BEGIN_RAMNGE Constant (O (@] (@] (@] (O] (@] Unique: 1

41 BEGIN_AZIMUTH missing (@] (@] (@] (@] ® (@] Unique: 0 Missing: 26!
42 BEGIN_LOCATION missing O (@] (@] (@] ® (@] Unique: 0 Missing: 26
Bl S S e s e e

Rales noted. 269 ob ti and 1 input vari The target is TOR_LENGTH. Nurneric. Regression models enabled.

This is where Rattle goes the extra mile automatically. Notice that next to
the partition block there is a “seed” button. What this does is randomly sam-
ple the dataset using the seed value as a beginning point. This means that this
data will be randomly sampled, and that will be tested with the next screen for
descriptive statistics, illustrated as follows. Ensure that the boxes are checked
almost all the way across except for the last two.
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@R R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED]] _— O *

Project Jools Settings Help o Rattle Version 5.3.0 togaware.com
D = | | | e 4 [
Export

Execute | New Open Save Stop Quit
Datz Explore Test Transform Cluster Associate Model Evaluate Log

Type @ y O Distributi O Comelation (O Principal Components (O Interactive

Summary 4] Describe (4 Basics [ Kurtosis B Skewness (] Show Missing [ Cross Tab

ermegs 4,935612 o
Kurtosis 30.986836
$TOR_LENGTH i
X...X.1
nobs 99.000000
NAs 0.0e06e08
Minimum 0.000000
Maximum 44.800000
1. Quartile 0.000000
3. Quartile 2.500000 .
Mean 3.417172
Median 0.500000
Sum 338.300000
SE Mean 0.759196
LCL Mean 1.910573
UCL Mean 4.923771
Variance 57.061437
Stdev 7.553902
Skewness 3.368222
Kurtosis 12.285123

Rattle timestamp: 2020-061-09 14:29:59 Chris

Kurtosis for each numeric variable of the dataset.

Larger values mean sharper peaks and flatter tails.

Positive values indicate an acute peak around the mean. v
< D TR >

| Eind Next

Find:

Data surmmary generated.

KNIME

KNIME provides a node for confidence intervals, but it is part of another
node, so it is important to use research in order to see how these nodes can
be used in several types of methods. First, it is important to use the sampling
of TOR_LENGTH as we did in the other sections. In this case, the node
to include is called “Row Sampling.” Once that is dragged, placed, and con-
nected, the configuration should look like this for random sampling. However,
please note the many combinations of sampling that are available with this
node. The configuration to be used in this section is as follows:
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A KNIME Explorer 52

% Cormelation
A\ DOUBLE FILE
A\ TEST_PROJECT

£y Workflow Coach 53

ﬁ Node Repository
v .‘! Manipulation

v Row
v [ Transform

BEE|SSG | B

> Ao My-KNIME-Hub (hub.knime.com)
> A% EXAMPLES (knime@hub.knime.com)
v ﬁ LOCAL (Local Workspace)
3 [ Example Workflows
1% Confidence Intervals

Node recommendations only available with usage data reporting.

Rl[wsmp |7 =0

B Row Sampling

= B | AGTISTPROECT A C:Comelation @ Welcome

CSV Reader

Node 1

B=8

i

Node 3

Dialog - 2:3 - Row Sampling — O X

File

Sampling Method | Flow Variables Job Manager Selection Memory Policy

(@ Absolute 100 -
O Relative[%] 105
O Take from top
(O Linear sampling
(@ Draw randomly
O satted saing
s oo s
[ ok |[ aepy || canca |

As the analyst can see from the configuration screen, the current sample
is for 100 values that are drawn randomly. KNIME provides one node for this
sampling and, from experience, it is a good way to get a sampling with one
step. The sampling is completed, but there still needs to be a node that pro-
vides the confidence interval, and that node comes from the Single Sample
T-Test node. Once that node is dragged, placed, and connected, the following
screens will show the final flow and the configuration screen for this node.
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& KNIME Explorer 5% = 0 | AGTISTPROECT  AGComelton @ WekometoK.. A "2 Confiden. 33 ™
BEE|$E V| B

» -‘-:‘E My-KNIME-Hub (hub knime.com)

5 Ay EXAMPLES (knime@hub.knime.com)

v 4 LOCAL (Local Workspace)

3 [ Example Workflows

[ Confidence_ntervals CSV Reader
% Comelation »
A DOUBLE ALE £,
A TEST_PROJECT

single sampie
tiest

Node 1 Node 2
) Workflow Coach 52 B=n

Node recommendations only available with usage data reporting.

ew— A - -c
v § Analytics
v 3, Statistics
v )' Hypothesis Testing
N Single sample t-test
v ‘& Workflow Abstraction
v K Configuraticn

Dizalog - 2:2 - Single sample t-test
File

Settings | Flow Variables Job Manager Selection = Memory Policy

Test value: 0.0 ]
Confidence Interval (n %): [95.0 |
Test columns
(®) Manual Selection () Wildcard/Regex Selection
Exdude - Indude
| Y rAiter | [Y Ater
|1 | NURIES_DIRECT " D] TOR_LENGTH
| 1 | INJURIES_INDIRECT
| 1| DEATHS _DIRECT
| 1 | DEATHS_INDIRECT
| | DAMAGE_CROPS
| 1| MAGNTTUDE I El
| 1| ToR_wIDTH
| 1| BEGIN_RANGE
| |END RANGE hd
(®) Enforce exdusion (O Enforce indusion

[ o ][ ey |[ cmet [[Q

As the analyst can see from these screens, the configuration for the
t-test node is straightforward. The Confidence Interval is 95%, which can be
changed, and the variable is TOR_LENGTH. Notice that the “Test value” is
0. There is a reason for this in this instance. Under normal t-tests with one
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sample, the null hypothesis would be based on the mean of the sample being
equal to a value. The test value is that value, so it is good to know why that
block is available within this node. This will not be used in this case. After
executing all the nodes, the following result is available by right-clicking on
the t-test node and choosing “View: Test Statistics.” The analyst can see the
CI (Lower Bound) and CI (Upper Bound). That means that the population
mean is somewhere between these two values. There is a 95% chance that it
is between these two values. Do not worry about the any of the other numbers
in this row, since they relate to the t-test. However, as the analyst can see, the
numbers are very close to the other sections, which shows that the results are
at least somewhat consistent with the sample of 100.

Test statistics - 2:2 - Single sample t-test = ul X

File
Single Sample T-Test
Descriptive Statistics

TOR_LENGTH 100 4.716 11.3613 1.1361
Single Sample Test
Confidence Interval (CI) Probability: 95.0%

TOR_LENGTH 00 41509 % 4.716 24617 6.9703

4.4 RANDOM SAMPLING

Through years of teaching statistics and data analytics, random sampling is
a commonly misunderstood concept from students. Students often consider
picking the first 10 or 20 values in a dataset random sampling when it is not
random. Random is taking into consideration all values equally (Reinhart,
2015). This is what some researchers do not do by reason of convenience or
necessity (Reinhart, 2015). However, in order to properly measure the center
of a dataset or to accurately predict the effect of an event on another event in
a population, an accurate sample is necessary. There are several methods to
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4.4.1

perform this function, and all the tools mentioned have ways of random sam-
pling. Some of these have been mentioned in the previous sections, but this is
a refresher on those methods.

Excel

Excel has the Analysis ToolPak, which in turn has a function for sampling,
but when the analyst does this, they will get duplicates in the process. A way
of preventing duplicates is the assignation of a unique value to every event,
thereby preventing duplicates. The first step in this process is to load the
dataset that has been used in past sections—the 1951 tornado tracking. Once
that has been completed, insert a column at the beginning of the data and
name it “Random Numbers,” since this will be the unique number that will
be assigned to each row.
In the first row of that column, place the following formula:

= RAND ()

After that step, ensure that all of that column has the same formula by
double-clicking the “fill handle” located at the bottom right-hand side of the
formula cell (the “fill handle” will resemble a bold plus sign). By double-
clicking on the fill handle, all the blank cells in the formula column will be
filled with a random number. In fact, every time the analyst does any calcu-
lation or presses the ENTER key, the rows will reshuffle. This will make any
sample of the data truly random. The finished dataset, before shuffling and
after shuffling, is shown as follows:

sl — = = = X
UM - X v S | sRanD)
4 A B e [l ol o e e e ] If
1 |RANDOM NUMBER BEGIN_YEARMONTH BEGIN_DAY BEGIN_TIME END_YEAREND_DAY END_TIMEEPISODE_|EVENT_ID STATE
2 195109 9 915 195109 9 95 10047282 MISSISSIPF
3| 195106 7 200 195106 7 2200 10028729 KANSAS
4 195103 28 510 195103 8 510 10120421 TEXAS
5 195105 9 1830 195105 9 1830 10039717 OKLAHOM
6 195107 15 1620 195107 15 1620 10099742 OKLAHOM
7 195105 8 1800 195105 8 1800 10028631 KANSAS
8 195103 30 1500 195103 30 1500 10104933 PENNSYLY,
9 195105 1 1330 195105 1 1330 10104934 PENNSYLV]
10 195106 27 2204 195106 7 2 10104935 PENNSYLY,
1] 195107 u 1100 195207 21 1100 10104936 PENNSYLV]
12 195104 2 1815 195104 2 1815 10082587 NEW JERSE
13 195102 19 1830 195102 19 1830 10099493 OKLAHOM
14 15105 3 1335 195105 3 133 10039190 MICHIGAN
15 195106 1 1800 195106 1 1800 10039191 MICHIGAN _
Starmévents details-#p v1.0.41 | @) il .
e (] B - .
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In order to sort to ensure that the random number covers all the columns,
use the sort option in the Data tab of the screen, the one that resembles the
following screen. By clicking on this icon in the toolbar, the following menu
will appear. Use the down arrow to choose the column with the random num-
ber and click OK.

Sort ? X

| *4] Add Level || X Delete Level || E2) Copy Level ||EE| Options... | 4] My data has headers

Column Sort On Order
Sortby [RANDOM NUMBER [ | Cell Values [V]| |smatiest to Largest V]

A [EE

= Sort

[ ok |[ cance L

One word of caution at this point for this function. Please ensure the cell
selected is the one in the RANDOM NUMBER column. Otherwise, the ana-
lyst will only be sorting based on the column selected. If the selected column
is a month column, then the sorting will be on the month name—not on the
random number. If the selected cell is the random number, the analyst will
see the columns shuffled accordingly. This is a simple way of shuffling the
deck without fear of the data being biased through systematic sampling with-
out randomness.

4.4.2 OpenOffice

Think of OpenOffice as very similar to Excel, with some very slight differ-
ences in formulas. Because of this, random sampling in OpenOffice will be
very similar to the process in Excel.

The first step is, of course, to import the dataset, after which the ana-
lyst performs the same functions as Excel by inserting a column and nam-
ing it RANDOM NUMBERS and placing the same formula as Excel in that
first cell of that column. The screen should resemble this when that step is
completed:
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B stormEvents_details-ftp 1.0 d1951 <20150223-OPEN OFFICE csv - OpenOffice Calc - 0 X
File Edit View Inset Format Tools Data Window Help X
B-EE= B RAR Y XEE B0 @by NOEQ IO i [6 4|
(B F[0 FB/UEzz=Ax¥useen-n-A-]
CONFIDENCE KR [-Ranp || Properes *
0 | G [ D a BTt as
RANDOM NUMBER ~ BEGIN_YEARMONTH |BEGIN_DAY BEGIN_T® [ ]
=RAND() 195109 9 sru--n  wu ¥
: 195106 17 @
] 195103 28 Ll Ll ®
5 195105 9 e i
‘ 195107 15 SSESSpy = g
7 195105 8 gt Cynptet
) 195103 30 — Oveyea
) 195105 11 b
] 195106 27 @ e
] 195107 21 o .
© 195104 29 prfurames
i 195102 19 =1
L e i d T y
Sheet1/1 | Defouit | INskT |s[*| | Sum=0 [e——+o—0 [m%

If this screen looks familiar, it should be, since the formatting is very sim-
ilar to the prior section. Oh, and the double-clicking of the “fill handle” also
works with this tool. This makes it much easier to copy the formulas down a
column, including all rows. A bit of caution here is necessary. If any rows are
blank or contain blank values next to the column that you are double-clicking,
there may be a stop at the row, so it is beneficial for the analyst to check the
column to ensure that all rows have a random number.

Once that step is completed, go to the Data tab of the toolbar and choose
the Sort option. Once that is completed, the following screen will appear:

Sort Range

X

The cells next to the current selection also contain data. Do you want
to extend the sort range to A1:BA270, or sort the currently selected
range, A2A270?

Extend selection Current selection Cancel

Tip: The sort range can be detected automatically. Place the cell cursor
inside a list and execute sort. The whole range of neighboring non-
empty cells will then be sorted.
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Choose the “Extend selection” button in order to have the entire dataset
placed under the focus of the random number sort. In this way, the entire
dataset (with rows intact, which is very important), will be sorted based on the
random number column. Then simply continue sorting to shuffle the dataset.
One recommendation on sorting the dataset is to not save the dataset until the
analyst knows that all the rows are still intact.

Sort X

Sort Criteria Options

Sort by
@ Ascending
[RANDOM NUMBER El O Descending
Then by
@ Ascending
- undefined -
| undefin |ZI| Q Descending
Then by
@) Ascending
[- undefined - EI

Descending

[ ok || cancel || Hep || Reset |

The following screen shows the “options” tab of the same menu as pre-
viously. Although the analyst may gloss over this tab, it is important to see
the different options that are offered with this sort function to ensure that
they match the analyst’s intentions. A checkbox like “Range contains column
labels™ is important when sorting since, if the box is unchecked, the head-
ers will be sorted with the data. This could be a messy result that will affect
the different tests conducted by the analyst. In other words, be careful about
these different screens and explore them whenever possible.
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Sort X

Sort Criteria Options
[ Case sensitive
M Range contains column labels
] Include formats
[ Copy sort results to:
|— undefined - il | |
[] Custom sort order
|Sun,MDn,TuE,Wed,Thu,Fri,Sat E

Language Options

[Defautt - English (USA) | ~]

Direction
@ Top to bottom (sort rows)

O Left to right (sort columns)
Data area: $A$1:$BAS270 (unnamed)

oc | [ Gance | [ e || gem

4.4.3 R/RStudio/Rattle

The sampling done with Rattle has been covered in past sections but will be
refreshed with this specific topic. Once the Rattle package is activated within
RStudio and the dataset is loaded, the next step will be to random sample
the data. In this case, the entire dataset will be included in the sampling,
whereas in the past section specific columns were identified in the Data tab.
The Dat a tab should look like this if the analyst wants to sample 50% of the
dataset (called the training dataset) and use that as a way of testing the differ-
ent methods and functions. At this point, the analyst should ensure that there
is only one “Risk” variable (the tool will warn you if there are more) and that
the “Partition” values add up to 100 (the tool will warn you about this also).
The following screen will sum it up for the sampling. One note here is impor-
tant—the “seed” value is a value usually based on the computer clock, but by
setting the same seed, the same random values are regenerated, which can be
useful when comparing testing on the same dataset. However, the analyst can
reset the seed by pressing the “seed” button. The default of 42 is fine to start
this process.
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@ R Data Miner - [Rattle (StormEvents_details_ftp_v1.0_d1951_c20160223_FIXED)] - ] X
Project Tools Settings Help o Rattle Version 5.3.0 togaware.com
@ | D B 4 ‘ e 4 ‘

D Brecte | New Open  Save | Expot | Stop  Quit

Datz Explore| Test Transform Cluster Associate Model Evaluate Log

Source O File O ARFF (O ODBC @ RDataset O RDataFile O Libray O Corpus (O Seript

Data Name: | StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED v

@ Pattion '

. Target Data Type
.Input .Ignnre Weight Calculator :l [ ® Auto O Categoric O Numeric O Survival

How does the analyst know if the sampling actually occurred? Use a very
simple function within Rattle (like summary statistics on the “Explore™ tab),
and the following screen shows that there are 188 observations, which is 50%
of the entire dataset. The sampling worked, and there are the appropriate
number of values in the testing. If the analyst has a specific number that they
need to sample (that will be discussed in a supplement), then it is relatively
simple to calculate that number. The total amount of rows is 279, so take
the number that is needed to sample, say 140, and divide that number by
the total number of rows. That percent is what you feed into the “partition”
block of the Data tab in Rattle. In this case it would be 140/279, which would
be approximately 50%. However, please remember that the sampling can be
adjusted to whatever sampling is needed to either increase the “power” of
the statistical test (which will be discussed later), or else any other factor that
would help to increase the accuracy of the statistical method or test.
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R R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223_FIXED)] -_ [} *

Project TJools Settings Help o Rattle Version 5.2.0 togaware.com
O B & | < | ® 4
Export

@ |
Execute New Open  Save Stop Quit
Dat: Explore Test Transform Cluster Associate Model Evaluate Log

Trpe @ y O Distributi O Correlati O Principal Components O Interactive

B4 Summary [] Describe [J Basics [] Kurtosis [] Skewness [] Show Missing [] Cross Tab
Below we summarise the dataset.

~
The data is limited to the training dataset. o
Note that the data contains 132 observations with missing values.

Enable the 'Show Missing' check box for details.

Data frame:crs$dataset[crs$train, clcrs$input, crs$risk, crs$target)] 188 observations a

Levels Storage NAs

BEGIN_YEARMONTH double ©
BEGIN_DAY double ©
BEGIN_TIME double @
END_YEARMONTH double @
END_DAY double ©
END_TIME _double ®
STATE 35 integer ©
STATE_FIPS ‘double ®
MONTH_NAME 12 integer ©
MONTH_NUMBER double 3]
CZ_FIPS ~double ®
CZ_NAME 198 integer [¢]
BEGIN_DATE_TIME 239 integer ©
END_DATE_TIME 239 integer @
INJURIES_DIRECT double @
DEATHS_DIRECT double [:]
DAMAGE_PROPERTY 8 :'!nt eger [:]
TOR F SCALE 5 integer 25 »

< R e R e R P T >
Find: Eind Next
Data summary generated.

4.4.4 KNIME

KNIME has the ability to sample through, wait for it, a node for this purpose.
There is one thing that needs to be explained about the nodes in KNIME.
Unlike other tools, KNIME explicitly associates nodes with the rows in the
dataset. This is important when using KNIME, because this is actually very
accurate. When sampling is done on any dataset, if the column headers deal
with variables, sampling is done with rows in mind. It is one of the areas
in which KNIME is different from other tools, but that difference does not
make it incorrect, just a different perspective with a different lexicon.

The first step with KNIME is dragging and placing the CSV Reader node
with the imported dataset, and then dragging and placing the Row Sampling
node, connecting it to the CSV Reader node. A quick reminder: each node
has to be configured and executed before the process can be completed.
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The next step is setting the sampling to what the analyst desires. This is
done by double-clicking the Row Sampling node to reveal this screen.

Dialog - 2:2 - Row Sampling — O X
File

Sampling Method | Flow Variables = Job Manager Selection Memory Policy

@ Absolute 100431

(O Relative[%] 103

(O Take from top

(O Linear sampling

(® Draw randomly

O Stratified sampling ['sToATA_source .
s o e

[ J[ ey ][ concel [[@]

Please notice that the analyst can select a percentage of the dataset to
sample or an absolute number. Also notice the “Use random seed” block,
which the analyst can set to the same seed that was set in Rattle. Along with
that, if the Rattle partition is set to 50%, the analyst can set that percentage in
this configuration screen to 50% also to see if the sampling produces a similar
or different result. This is a great way to determine the different results using
two different tools, both testing consistency and accuracy of the methods. In
this case, the analyst sets the random seed to the same as with Rattle and the
number to 188, which is the same as with Rattle. The executed node produces
the following results:

TOR_LENGTH [TORLENGTH |0 926 4.874 10.944 119,769 4.446 25.933 916.3
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The analyst can check this with the Rattle results to see their proximity
in values. The bottom line is that the sampling methods in some of the tools
are much easier, and little if any duplication is completed with random sam-
pling in mind. Some tools have functions that are made for sampling, while
others need a little more configuration. However, it is evident that sampling
will continue with the data analyst for the future, since population analysis is
somewhat arduous. Sampling is important and consistent if done randomly.
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POWER

Power is something that an experienced undergraduate instructor in statistics
would cover with some passing interest, but certainly not in any great detail.
According to one reference, power is not only an option, but it should be a
requirement (Reinhart, 2015). For a better understanding of power, a review
of the types of errors is necessary. The focus of hypothesis testing in this book
has been the Type 1 error (or false positive). By stating an “alpha” of .05, the
analyst is conducting a Type 1 error, which means that there is only a 5%
probability that there should be a false positive. A false positive means that
the test reveals a result that may be incorrect, like a flu test result pronounc-
ing someone with the flu that does not have it. In the power test, the Type
2 error is practiced, which is a false negative. Basically, what this means is
that, if the power is 80% (or .8), there is an 80% chance of a test saying that
someone does not have the flu that will in fact not have the flu. There is still
a 20% chance of the false negative, or someone who was tested for flu who
tested negative but really does have the flu. In the statistics world, 80% power
is acceptable and conventional. The real challenge behind this is that there is
a required number of events that must be sampled in order to produce this
80% power result. What is going to be demonstrated here is the process to get
to that sampling result, and therefore a more accurate statistical result.
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5.1.1 R/RStudio/Rattle

Excel does not have the ability to do power except by manually inputting a
formula, and the same goes for OpenOffice. In order to make this as easy as
possible for the analyst, this section will only focus on the tool in this text that
can perform the power function straight from an existing function. This will
be the R/RStudio/Rattle tool.

The first step to performing this procedure is to import the required
datasets, which will be the 1951 and 1954 tornado tracking data, focusing on
the TOR_LENGTH variables as in a previous section. Once this is accom-
plished, determine the function that will be needed; in this case it will be the
“pwr” package, which can be installed like any other package in R or RStudio,
as described in a previous section. Once this is completed, simply fill in the
parameters of the formula with the values in order to get the missing value.
For instance, if the analyst wants to know how many samples they need to
have an 80% power (which is the same as having an “alpha” of .05), when they
have two variables with means of 5 and 4, with a population standard deviation
of 5, the analyst needs to find out how many samples they need in order to
attain the 80% power. In R/RStudio, after installing the “pwr” package, the
analyst needs to put the following formula into the RStudio workspace.

> pwr.norm.test (d=.2,sig.level=.05,power=.8,alternative=
"two.sided")

Mean power calculation for normal distribution with known

variance
d=0.2
n = 196.2215
sig.level = 0.05
power = 0.8
alternative = two.sided

The reason for using “two.sided” is that the analyst does not care if one
mean is less or greater than the other, just whether they are equal or not
equal. The number of values needed to get an 80% power will be 197, since
events are usually integers, so 196.2 is rounded up. What would happen if
the analyst wanted to see if one mean was greater than the other? How many
events would be needed then to get the 80% power? This is a simple change
in the formula, so that the formula would now read as follows, but the alterna-
tive would be change to “greater” in order to properly address the alternative
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hypothesis. The reader may remember that hypothesis testing was addressed
in a previous section, and one aspect of hypothesis testing that remains consis-
tent was that the null hypothesis is always about one value equaling the other
value (such as meanl=mean2, etc.). The alternative hypothesis would be one
of three: either “one value is less than the other value,” “one value is greater
than the other value,” or “one value does not equal the other value.” The “two.
sided” means the third option, or that one mean does not equal the other
mean. The “greater” option means that one mean is greater than the other
mean. If the analyst changes the alternative to “greater,” the result changes
to the following:

> pwr.norm.test (d=.2,sig.level=.05,power=.8,alternative=
"greater")

Mean power calculation for normal distribution with known

variance
d=0.2
n = 154.5639
sig.level = 0.05
power = 0.8

alternative = greater

As the analyst can see, the sample changes from 197 to 155. This means
that, in order to get the 80% power, it would be less sampling effort if the
alternative hypothesis is greater. At this point, the last option or “less” has not
been chosen, but this is not possible with a “d” that is positive. The reason is
that part of the calculation that goes into “d” is (mean1l-mean2)/standard devi-
ation. If the “d” is positive, then “less™ is not an option because meanl-mean2
is positive. The analyst would have to change the “d” to a negative number
in order to employ the “less” option. Spoiler alert: the value after doing this
will be the same number as the “greater.” The reason for this is because the
analyst is testing a normal distribution (or what the analyst thinks might be a
normal distribution).

That is the R/RStudio answer to the power calculation. As one can see,
it does take some effort on the part of the analyst, but it is still much simpler
than performing the same function in any other tool. As such, this section will
only address the R/RStudio tool for the power calculation. More information
on the power tool and its importance is available by looking at the references
located at the back of this book.
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5.2

F-TEST

5.21

The F-Test is a way of testing whether the two variables being tested have
equal or unequal variances. This is important whenever a two-sample t-test is
being conducted, since the calculation to the T Statistic is different for equal
or unequal variances. This test is also called the Levene Test, named after the
author of an essay on this method (Levene, 1960), which detects with a con-
ventional chance (usually 95%) whether the variances are equal between the
different variables between datasets or within a dataset. Most of the tools have
this function already available, but it is interesting that they do not seem to
be used to check the variances prior to employing the t-test, which has slight
variations in the formulas depending on whether there are equal variances
or not. There is a fantastic website that can help the analyst with the Levene
concept and explanation, along with formulas and tools (Technology, 2013).
This is considered an out of the ordinary technique, because the analyst needs
to employ this prior to conducting other tests.

Excel

Excel has the Analysis ToolPak, which can readily perform the Levene F-Test
and actually has a selection for this in the ToolPak. The process for employ-
ing this is straightforward. The first step is to import the data, which in this
case will be the 1951 and 1954 tornado tracking as was done for the t-test.
After import, open the Analysis ToolPak and select F-Test Two Sample for
Variances, which is just below Exponential Smoothing. At this point, please
select the columns (two columns) of data to be compared, just as it appears on
the following screen.

F-Test Two-Sample for Variances ? X
Input
Variable 1 Range: | $AGS1:5AGS610 | 2 |
Variable 2 Range: IAIS1:SAISZ70 EI
M Labels
Alpha:
Output options
O Output Range: l IEI

@ NewWorksheet Ply: | F-TEST |
O New Workbook
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The analyst will notice that the “Labels” block is checked and that a new
worksheet is being created to hold the results. For the purposes of this sec-
tion, the 1951 and 1954 columns marked “TOR_LENGTH,” which have
been the staple of these demonstrations, is being used again for consistency.
The analyst might question the reason for using any type of testing to see if
the variances are different, since they are different if the analyst did a sum-
mary statistics of the datasets. However, because of the number of events in
each sample, and the difference between them (279 vs over 600), making a
judgement on the variances based on sight is not really adequate for statistical
testing. By performing the Levene Test, the result tells the analyst what the
chances are that the variances are unequal given the disparity in the sample
numbers. This is important for the subsequent t-test. The result from the
previous Excel Levene Test follows. What does it all mean?

013 £
A A ‘ B C L. D E F i
1 |F-Test Two-Sample for Variances
2
3 TOR_LENGTH TOR_LENGTH
4 |Mean 5.322003284 4.443494424
5 |Variance 114.6427058 104.6703773
6 Observations 609 269 1
1 |df 608 268
8 F 1.095273647
9 |P(F<=f) one-tail 0.195331243
10 |F Critical one-tail 1.190155543
1]
| samtrs desisto-adn | 1 [ s Tanwiaade | © o —n
m o —h—+ =

The area on which the analyst will want to focus is the last three rows,
which tell us if the null hypothesis (that both variances are equal) is correct.
The “F” is 1.09 and the “F Critical one-tail” is 1.19. Since the F is less than the
F Critical, the analyst will not reject the null hypothesis, which means that the
two variances are equal. If the analyst wants to confirm, look at the “P(F<={)
one-tail,” which shows a value of .193. This value is greater than the “alpha”
that was set at the configuration screen, which was .05. If the p-value from
the F-Test is greater than the alpha, then the null hypothesis is rejected, and



142 * Data Science Tools

we can deduce that the two variances are equal. In this case, the p-value is
greater than the alpha, pointing to a chance that the variances are equal. At
this point, the analyst can then select the correct choice of t-test in order to
run that procedure.

5.2.2 R/RStudio/Rattle

The Levene Test for Rattle is a relatively simple procedure. However, and this
is important, Rattle only accommodates one dataset at a time. In order to do
a combination of variables, the analyst will have to prepare the data prior to
inserting it into Rattle, or else use the RStudio inherent programming feature.
In this case, the RStudio programming feature is the choice, simply because
it is just one or two lines of code.

The first step is the usual—import the data, which should already be
accomplished. Then there is the necessary prerequisite step of ensuring that
the proper package is installed. In this case, the var.test function is located
within the STATS package, which is already installed in R and subsequently
automatically installed in RStudio. The way that the analyst can find this will
be explained in the supplemental information.

Once the proper package is installed and activated, it takes one line of
code to ensure that both files are adequately compared. Just remember that
both files have to be imported into RStudio in order for the comparison to
happen.

The following lines of code and the results are included for review. Again,
remember that these results may not be the same as with Excel. The main
reason is that the underlying algorithm may be slightly different, but the
results will be the same.

> torl951<- StormEvents details ftp vl 0 d1S951 c20160223
> torl954<- StormEvents details ftp vl 0 d1954 c20160223

> var.test (torl19513TOR_LENGTH, tor1954STOR_LENGTH)
F test to compare two variances

data: torl951$TOR _LENGTH and torl954STOR_LENGTH

F = 0.91301, num df = 268, denom df = 608, p-value =
0.3907

alternative hypothesis: true ratio of variances is not
equal to 1
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95 percent confidence interval:
0.7478819 1.1237249
sample estimates:
ratio of variances
0.9130138

The analyst will notice that the RStudio package includes the alternative
hypothesis, which is helpful. Basically, what this means is that if the p-value is
less than the alpha (which, as has already been discussed, is .05), then the null
hypothesis can be rejected. However, in this case the p-value is greater than
the alpha value, so the null hypothesis is not rejected, which means that there
is a statistical probability that the two variances are equal.

5.2.3 KNIME

KNIME has a node to perform the Levene F-Test (surprise!), but it is part of
another node called the One-Way ANOVA, so doing a search on the Levene
F-Test will not reveal the appropriate node. There is some preparation needed
before the F-Test can be done.

The first step will be to import the two files (1951 and 1954 tornado
tracking) via the CSV Reader node. There will be two CSV Reader nodes to
accommodate the two files. Once that is completed, drag and connect the
Concatenate node as shown in the following screen. Configure the node as
shown after the workflow screen. There is something to remember about the
results that are about to be revealed. They may be different from the other
tools, but no worries. Again, the difference is usually because of the internal
workings of the tools, and the results will be the same as to the hypothesis
choice. In addition, if there is any difference between the original data and
the data that is chosen for the analysis, there will be differences in the results.
The one aspect of being consistent is to understand the data and ensure that
all aspects of the data are the same for every test. As in experimentation, if
the subjects are not the same in an aspect that is important to the test, the
test will be biased.
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Levene-Test - 2:6 - One-way ANOVA
File Hilite Navigation View
Table "default” - Rows: 1 | Spec - Columns: 5| Properties ' Flow Variables

RowlD  |[§]TestColunn (D] teststatitic (evene)  |[1]df 1 (D] p-value (Levene)
Hrow [TOR IENGTH 0.5% L 8% 0.4630543501369...

It is important to emphasize that this result from KNIME leads to the
same conclusion as the other tools. Since the p-value is .463 and the alpha is
.05, the p-value is greater than the alpha, which will lead to the same result—
that the two variances between the 1951 and 1954 tornado lengths have a very
good probability of being equal.

MULTIPLE REGRESSION/CORRELATION

5.3.1

There are instances when analysis demands that several variables are tested
for a relationship. In this case, some of the tools provide a direct method for
performing this function. However, there is some caution when using multiple
regression. According to one source, it is important to understand the conse-
quences of multiple regression or correlation. One of these is called overfitting
the data (Reinhart, 2015). In essence, in any dataset, using multiple correla-
tion can usually result in at least one variable relating to another. The trick to
this is to ensure that the analyst has the requirements prior to conducting this
test, thereby reducing to eliminating this situation. There is an entire book on
spurious correlations, which is the result of the analyst looking for a relation-
ship instead of remaining unbiased. This book should be required reading for
all future data analysts (Vigen, Tyler, Spurious Correlations: Correlation Does
not Equal Causation, Hachette Books, New York, 2015.).

Excel

To perform either a multiple regression or correlation in Excel is simple given
the Analysis ToolPak. Instead of selecting just one column for the “Y,” select
several columns. However, and this is important, all columns selected must be
contiguous. There cannot be a column between those that the analyst wants to
test. Therefore, the analyst will have to ensure that the data is properly format-
ted and cleaned prior to conducting this test. The procedure for performing
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a multiple regression is to first consider the variables that the analyst will be
regressing. In this case, it will be TOR_LENGTH or tornado length and
BEGIN_DAY and BEGIN_TIME, which is the day and time when the tor-
nado occurred, respectively. The analyst wants to know if they can predict the
tornado length from the day and time the tornado began. In order to do this,
the 1951 tornado file, which will be used in this case, has to be imported, and
the Analysis ToolPak has to be loaded. There is one other item that needs to
be considered. The columns being considered must be together, so the ana-
lyst will have to ensure that is completed prior to implementing the multiple
regression. The next consideration is which variable to use as the dependent
variable and the independent variable. The dependent variable is the “y” and
the independent variable is the “x”. This is important since it will determine
which column to use in the function.

Once these steps are completed, the analyst can use the Analysis Tool-
Pak and select “Regression.” Once that is selected, the following screen will
appear, and it’s configured so that the “y-axis” or the dependent variable is the
TOR_LENGTH and the “x-axis” or independent variables are the BEGIN_
TIME and BEGIN_DAY. The result should be plugging in a time and day
and getting an estimated tornado length based on those two variables. Please
realize that this is approximate and needs to be validated through actual use.
However, for the purposes of this text, this example will do nicely.

Regression ? X
Input
i e
Input X Range:
Labels [:l Constant is Zero
[ contidence Level: %
Qutput options

O Qutput Range: I - |
(® New Worksheet Ply: MULTI-REGRESSION

(O New Workbook

Residuals

[ Residuals [ Residual Piots
[ standardized Residuals [ Line Fit Plots

Normal Probability
[] Normal Probability Plots

The result is the following screen. The equation shows the intercept (y)
and the two x values (BEGIN_TIME and BEGIN_DAY). Although the rela-
tionship is tenuous, there is a workable formula resulting from this function.
One more aspect of multiple regression is the correlation, which is very low
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to the point of nonexistence. If the analyst is trying to predict tornado length
from the two independent variables, it will produce a result, but the associa-
tion of these two variables is tenuous with tornado length.

BES -m - Multiple Regression-DXCELals - Excel TERERA
E HOME  INSERT  PAGELAYOUT  FORMULAS | DATS | REVEW VIEW  ACROBAT  TEAM Signi
e[ § (REE YR AEH I - B o2 |FEE R

fy FomOhe | Ging | febsh \ T3] St | P iw Tt lah Renowe  Dida Corohbte Wik Resorsti | Gop Ungop St~

‘Sources: Connections | All* & Columns Fill Duplicates Validation: Analysis
Connedions Sort & Fiter Data Tools Qutline il Analysis -

) X vk

4 A B G D Exuik| it Gel et D Rk L[
3 Regression Statistics L
4_Mu||i|:|EH 0.061961094

5 |RSquare 0.003839177

6 |AdjustedR Square | -0.00365075

7 Standard Error 10.24951233

8 | Observations 269

9

10| ANOVA

1 df 55 MS F Significance F

WLRegremiun 2 107.6952964 53.8476 0.51257844 0.599539607

3 Residual 266 2794396582 105.053

14 | Total 268  28051.66112

15

16 Coefficients ' Standard Error  tStat P-value Lower 95%  Upper 95% | Lower 95.0% Upper 95.0%

17 | Intercept 4.587879354 2357912284 1.94574 0.05273%44 -0.05466678 9.23042549 -0.05466678 9.23042549

18 | BEGIN_DAY 0.062088764  0.074515009 0.83324 0.40545785  -0.0846255 0.20880303 -0.0846255 0.20880303

19 |BEGIN_TIME -0.00072515  0.00120338 -0.60259 0.54729196 -0.00309451 0.00164421 -0.00309451 0.00164421

v | Muliple Regression | Multiple I details-tp 1.0 1 ® i [ EE

5.3.2 OpenOffice

As with other functions, OpenOffice does not have the Analysis ToolPak to
efficiently produce a result, but it can do multiple regression based on formulas.
After importing the same data as used with Excel, the “linest” formula is used
with contiguous columns, after which the formula is transformed into an array
formula by using CTRL-SHIFT-ENTER, which produces the following result:

N R B R YN TALYI LY
B [wia Mo FB/Uls=s==s= % ¥hdles 0-a-A
B K E = [rnesTozoamgacan)
A =) |_ T D E 6 H

1_|BEGIN_YEARMONTH [BEGIN DAY |BEGIN_TIME |TOR LENGTH [TOR WIDTH

2 195109) 9 915 01 100
195106] 1 200 07 39-0.00072515] 0.062088764] 4.587879354

4 195103 % 50| 05 17| 0.00120338/ 0.074515009| 2.357912284

5 195105 ) 1830 0 331 0003839177 10.24951233 #N/A

6 196107 1 1620] 0 100/ 0.512678441 266#N/A

7 195105 g 1800] 0 33] 107.6952964] 2794396582 #N/A

8 195103 0 1500] 01 2 A WA A

9 195105] 1l 1330 8 B A WA A

10 195106] 7 20| 197 B

11 195107 2 100 01 k¥
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The way to read this result is to look at F3 (selected), and that is the same
as the number in BEGIN_TIME in the Excel readout. In other words, it is one
of the “x” values. The other “x” value, BEGIN_DAY, is located in G3, and the
intercept is located at H3. Basically, what this means is the formula would read as:

-0.00072515x+.062088764x,+4.587879354.

What this means is if an analyst wants to know what the tornado length
would be on the 9th of a month at 0900, then the analyst would plug these
numbers into “x” and “x,” and add the intercept to get the tornado length. To
reiterate, this is just an example and does not show a relationship between
these factors. This is for demonstration only.

5.3.3 R/RStudio/Rattle

In multiple regression, Rattle is a good choice for this function because it is
one available within the package. The configuration is the same as in other
sections, the first step being to import and assign the particular variables the
appropriate designator. As shown in the following screen, there has to be a
“target” variable assigned, otherwise the regression function will not work. In
this case, the target function will be the tornado length or TOR_LENGTH
variable, since that is the one that will be the dependent variable. The other
factors, the time and day, will be the independent variables, similar to the
previous configuration in OpenOffice. After this is completed, click on the
“Execute” icon and the following result will appear.

G R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223)] - a X
Project Tools 3Settings Help o Rattle Version 520 togaware.com
. @ 0D B & Ll o 4 |
- Execute New  Open  Save Export Stop  Quit
Dat: Explore Test Transform Cluster Associate Model| Evaluate Log
Source O File O ARFF (O ODBC @ RDateset O RDataFile O Library O Corpus O Script
Data Name: | StormEwvents_details_ftp_v1_0_d1951_c20160223 j
B Target Data Typ
@ rput .‘9"'"! Weight Calculator ® Auto O Categoric O Mumeric O Survival |
No. Variable Data Type Input Target  Risk Ident Ignore  Weight  Comment ~
1 BEGIN_YEARMONTH  Numeric O (o] Q Q @ Q Unique: 12
2 BEGIN_DAY Numeric @ o} o] o] o} o] Unique: 31
3 BEGIN_TIME Numeric @ O (@] (@] (o] @] Unique: 100
4 END_YEARMONTH Numeric O (o] @] 8] ® (@] Unique: 12
5 END_DAY Numeric O ] (@] Q ® Q Unique: 31
& END_TIME Numeric O (o] QO (@] ® (@] Unique: 100
7 EPISODEID missing O o] (@] Q ® Q Unique: 0 Missing: 268
8 EVENTID Numeric O (o] QO (@] ® (@] Unique: 269
9 STATE Categoric O (o] (@] ] @® o] Unique: 35
10 STATE_FIPS Numeric O (o] (@] Q ® Q Unique: 35
11 YEAR Constant O O o] o] @® @] Unique: 1
12 MONTH_NAME Categoric O O (@] (@] ® Q Unique: 12
13 EVENT_TYPE Categoric O O @) o] [0} e} Unique: 1
14 CZ_TYPE Constant O (@] Q @] ® (@] Unique: 1 v
< e S ] >
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Once the data is configured, move to the “Model” tab in order to perform
the regression. The screen is configured just like the one as follows and, once
the “Execute” icon is pressed, the results will show as illustrated.

The entire screen can be somewhat overwhelming, but the results are very
similar to the previous sections, in that the numbers across from BEGIN_
TIME and BEGIN_DAY are the same as those provided by other tools, and
reflect most closely the Excel readout.

One word of caution from configuring these screens. It was noted in pre-
vious Rattle sections that the analyst must pay attention to the data options
to ensure that the dataset will include all the rows. Remember the “Parti-
tion” options? This is important, since performing any function in Rattle will
produce different results with different settings in the Partition option. If
the analyst is just using Rattle, there are preparation steps that are not just
important, but vital in order to ensure consistent results.

G R Data Miner - [Rattle (StormEvents_details_ftp_v1_0_d1951_c20160223)] - O X
Project Tools Settings Help @ Fottie Version 5.20 togaware.com
& D B @ |4 0 &

| Execute | New Open Save Export | Stop  Quit

Dat: Explore Test Transform Cluster Associate Model Evaluate Log

Type: O Tree (O Forest () Boost () SVM @ Linear () Neural Net () Survival O All

® Numeric O Generalized () Poisson () Logistic ) Probit () Multinomial Model Builder: Im

Summary of the Linear Regression model (built using lm):

>

call:

Im{formula = TOR_LENGTH ~ ., data = crs$dataset[, clcrssinput,
crsstarget]])

Residuals:

Min 1Q Median 30 Max
-6.,192 -4.421 -3.624 -0.204 87.434

Coefficients:

Estimate Std. Error t value Pri>|t])
flnter:ept] 4.5878794 2.3579123 1.946 9.8527 .
IBEGIN_DAY 0.0620888 0.0745158 ©.833 0.4055
BEGIN_TIME -0.0007252 ©.0012034 -0.603 0.5473

Signif. codes: @ ‘***' .01 **** 9.01 *** @.65 *'.' 0.1 * * 1
Residual standard error: 10.25 on 266 degrees of freedom
Multiple R-squared: 0.003839, Adjusted R-squared: -0.003651
F-statistic: 0.5126 on 2 and 266 DF, p-value: ©.5995

==== ANOVA ====

Analysis of Variance Table

Response: TOR_LENGTH
Df Sum Sq Mean Sq F value Pr(>F) v
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5.3.4 KNIME

The multiple regression node located in KNIME is not immediately visible.
The node is located at the location in this screen. Again, placing “regression”
in the search block will identify the location of the node as follows:

MNodeRepository )| linearregression vo R

v @ Analytcs
v e Mining
v [*] Linear/Polynomial Regression
M Linear Regression Learner
v &} Tools & Services
v {1 Apache Spark
v @ Mining
v [ Prediction
Lﬂ Spark Linear Regression Leamer (MLIib)

The KNIME multiple regression is relatively straightforward. The Linear
Regression Learner node is placed and connected to the CSV Reader node.
By double clicking the Linear Regression Learner node, a screen will appear
that will allow the user to choose which is the target column and which are the
“independent” columns. This is done like other nodes of this type.

Once the node is configured, execute both nodes and after the user
receives a “green light,” then right click on the Linear Regression Learner
node and choose the coefficients and statistics table to see the results. The
user should use the same method of reading these results as described in
previous sections.

It is important to remember that every node that the analyst needs
is probably available in KNIME, but sometimes it takes some searching
in order to get those nodes. One additional note is that there are plenty
of community communications available if an analyst needs assistance in
KNIME. In some cases, these communities include actual processes that
are complete and available for download in order to test and see how the
process works. Researching these nodes is practical and contributes to the
learning process with these tools. Along with research is practice, which is
extremely valuable.
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BENFORD’S LAW

5.4.1

Benford’s Law was developed to detect anomalies in numeric data, namely
accounting inputs. The basic theory behind it is that numbers that are “nor-
mally distributed” reflect a descending curve from “1” to “9.” By imple-
menting Benford’s Law, the analyst can detect if there are irregularities
in numbers, which could lead to revealing fraudulent submissions. This is
used by accountants and financial analysts to help curb fraud and account-
ing issues (Statistical Consultants Limited, 2011). The one tool that seemed
to accomplish this with little effort was Rattle, since it has it as an option
in the functions provided with the tool. One note of caution here is that
Rattle (and R in general) works on packages, which means that there are
times when there will be a package needed in order to complete a function
within Rattle. When this happens, Rattle will tell the analyst that a package
is needed and ask if the analyst wants the package installed. If the analyst
picks the no option, the package will not be installed, and the process will
end. The one point about analysts who depend on Rattle is that they trust
the tool to download items and not install malware or other memory hungry
files. In the years using Rattle, this has not happened to this author, but
there is no guarantee on the 100% safety issue with this tool. However, the
same can be said for more well-known tools that are trusted and used by
companies and the federal government that have installed files that hackers
used for malware. In every case, it would be wise for any data scientist to
activate and continue any antivirus software that they have installed on their
computer.

Rattle

The configuration of Benford’s Law for Rattle is a little complicated, but it is
still very robust compared to using formulas in some of the other tools. Rattle
places Benford’s Law in the “Explore” tab under “Distributions.” When the
analyst selects the Distributions radio button, the following screen is revealed
and selecting Benford’s Law is as easy as checking a box. However, there is
some preparation that accompanies that check.

First, go back to the “Data” tab and ensure that TOR_LENGTH is selected
as the “Target,” since that is the variable that the analyst wants to use to see if
it conforms to Benford’s Law. Ensure that, once TOR_LENGTH is chosen,
the analyst clicks on the “Execute” icon to activate that within the dataset.
Also remember that there is no need to “ignore” all the other variables, since
the target is the one that will be the primary variable considered under the
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Benford’s Law button. One reminder is that the “Explore” tab has a wide
array of functions that are available for data analytics, so please attempt these
different combinations to see if there is a function that will fit the analyst’s
need.

Once the data is appropriately selected as shown in the following, the
next step will be to ensure that the configuration of the “Explore” tab is cor-
rect for the function to work. A word of warning here is to ensure that the
dataset is appropriate for the function. When the analyst selects the data,
there may be a temptation to use the “R Dataset” option within the “Data”
tab. Although this would be fine for many of the functions, the Benford’s Law
option needs to be reading a “data frame,” which is not the type of dataset
resulting from the “R Dataset” choice. The dataset produced by that choice
is called a “tibble,” which is a type of dataset very flexible with many of the
packages available within R and Rattle. However, it is not compatible with the
Benford’s Law function. Therefore, instead of using the “R Dataset” option,
it is best to choose “File” as the source. In this way, by using the file directly
from the computer, there is no transformation from R to make it into a tibble.
The previous statement is just a suggestion, since there are commands that
can change a tibble to a “data frame” right in R; but if programming is not
preferable, then importing a regular computer file is the right option.

Once the data has been selected and imported, there is a need to make
a variable a “target,” and in this case TOR_LENGTH has been chosen. This
will ensure that the appropriate function will recognize and focus on TOR_
LENGTH as the factor to be considered. The followmg screen shows the
appropriate choices. One note is that the “partition” checkbox is unchecked.
In this case, all rows will be considered in this function, but as in the previous
section on “training” datasets, the analyst can choose to determine what per-
centage is needed (sampling) to do the test and then validate it with another
part of the entire dataset.

Once the dataset is imported and the data is configured, it is time to go to
the “Explore” tab and process the choices necessary to activate the Benford’s
Law functionality within Rattle.
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G R Data Miner - [Rattle (StormEvents_details-ftp_v1.0_d1951_c20160223-FIXED.csv)] — o x
Project Jools Jettings Help o Rattle Version 5.3.0 togoware.com
: O B & | <l | ® 4 |

Export

o
Execute New  Open  Save Stop Quit

Date | Explore Test Transform Cluster Associate Model Evaluate Log

Source: @ File O ARFF O ODBC (O RDataset () RDataFile O Library O Corpus (O Script

Filename: Separator: |:| Decimal: D 7] Header
0 Pt C o

; Target Data Type
.Irlput .Ignul: Weight Calculstor I:I @ Auto (O Categoric (O Numeric O Survival

No.Varigble =~ DataType Input  Target  Risk ldent  Ignore  Weight  Comment &
28 DAMAGE_CROPS Constant O @] O O (C] O Unique: 1
29 SOURCE missing O (@] (@] (@] [C] (@] Unigue: 0 Missing: 26!
30 MAGMITUDE Constant O (@] @] @] (O] @] Unique: 1
31 MAGNITUDE_TVPE missing O O (@) (@) ® (@] Unique: 0 Missing: 26!
32 FLOOD_CAUSE missing O @] O O @® O Unique: 0 Missing: 26!
33 CATEGORY missing O O @] @] ® @] Unique: 0 Missing: 26!
34 TOR_F_SCALE Categoric @ @] @] @] (e} O Unique: 5 Missing: 39
35 TOR_LENGTH Mumeric O ® @) (@) (@] (@] Unigue: 71
36 TORWIDTH Numeric @ @] O O (@] O Unique: 39
37 TOR_OTHER_WFO missing O (@] (@] (@] [C] Q Unigue: 0 Missing: 26!
38 TOR_OTHER_CZ_STATE missing O @] (@] (@] [C] @] Unigue: 0 Missing: 26!
39 TOR_OTHER CZ FIPS  missing O O (@) (@) [C] (@] Unique: 0 Missing: 26!
40 TOR_OTHER_CZ NAME missing O @] @] O @ O Unique: 0 Missing: 26!
41 BEGIN RANGE Constant () (@] @] @] ® (@] Unique: 1 v
< e N R R R SO, *
Roles noted. 269 observations and 24 input variables. The target is TOR_LENGTH. Numeric. Regressi Jels enabled

The first step would be to select “Distribution” from the options, and one
window with two screens will appear. For now, the top one will be the focus of
this section. Choose a variable for the Benford’s Law option and then ensure
that the “group by” choice is a variable that will show a valid association. In
this case DAMAGE_PROPERTY was shown as the categorical variable. The
choices should appear as follows:
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@R R Data Miner - [Rattle (StormEvents_details-ftp_v1.0_d1951_c20160223-FIXED.csv)] - O x
Project Tools Settings Help o Rattle Version 5.3.0 togaware.com
N | ] = | = | ® 4 |
Execute New Open  Save Export Stop Quit

Data | Explore Test Cluster  Associate Model | Eval Log

Type: (O Summary @ Distributions (O Comelation (O Principal Components () Interactive

Numeric: (] Annotate  Group By: |DAMAGE PROPERTY [~]

Benfordss [A Bars StartingDigit |1 =) Digits |1 = @ abs O +ve O -ve

No. Variable Box Plot  Histogram Cumulative Benford  Pairs Min; Median/Mean; Max ~
(WA T [ (] (W] (] (] LARE 84007 1U 1L 71D 7oL

23 INJURESDIRECT [ O (] O O 0.00; 0.00/1.95; 100.00

25 DEATHS_DIRECT O O O O O 0.00; 0.00/0.13; 6.00

35 TOR_LENGTH O O O O 0.00; 0.50/4.44; 92,60

36 TOR_WIDTH O O O O (| 7.00; 33.00/130.46; 1760.00

47 BEGIN_LAT O O O O O 27.10; 37.63/37.55; 46.77

48 BEGIN_LON O O m] | O -123.23; -96.83/-94.18; -70.53

49 FND LAT [l M m ! (] 30.53% 39.33/3R.81 4592 -
< I R S >
Categoric: Clear

Ne. Variable Bar Plot DotPlet  Mosaic Pairs Levels ~
10 STATE O O o O 35

13 MONTH_NAME O O ] O 2

15 EVENT_TYPE O O a O 1

18 CZ_NAME O O O O 190

20 BEGINDATETME [] O m] O 239

22 END_DATE_TIME O O O O 239

27 DAMAGE_PROPERTY [] O O O 8 v

Once the choices are made, click on the Execute icon and check the
RStudio plot screen which is, as a default, located at the bottom right quarter
of the screen. There the analyst should see the following screen which, as a
warning, could seem very complicated. The main line on which the analyst
should focus is the one marked “Benford,” which shows the probability that
the first digits will appear in normal data. For instance, looking at the Benford
line (red), the “1” digit appears around .30 or 30% of the time. If the analyst
is looking at the “red” dot that appears at the top of the graph, this is not the
Benford line but one that is depicting the number of “1” digits that appear
in TOR_LENGTH when addressing 25M or 25 million dollars of damage.
However, with other DAMAGE_PROPERTY figures such as 2.5M or 25K,
the line is somewhat close to the Benford line. This means that there is some
similarity between those figures and the normality of the Benford Law.
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e
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However, even though the graph may not be discriminating, there is a
program in R/RStudio that gives a judgement on whether Benford’s Law is
adhered to by the data. The programming line for this is shown as follows as
it would appear in R:

> benford (torl9518$TOR LENGTH, number.of.digits=1, sign=
"positive",discrete=FALSE, round=3)

From this line, the following result will appear. As the analyst can see,
it judges the data as nonconforming to Benford’s Law, but at the end quali-
fies that statement with stating that no real-world data will totally conform to
Benford’s Law. This is important, since reflection of real data to a theory is
not a realistic outcome.

Benford object:

Data: torl951$TOR_LENGTH

Number of observations used = 157
Number of obs. for second order = 69
First digits analysed =1
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Mantissa:

Statistic Value
Mean 0.476
Var 0.089
Ex.Kurtosis -1.098
Skewness -0.112

The 5 largest deviations:

digits absolute.diff

1 5 13.57
2 6 9.51
3 1 9.26
4 2 8.35
5 7 2.10
Stats:

Pearson's Chi-squared test

data: torl951$TOR LENGTH
X-squared = 28.47, df = 8, p-value = 0.0003927

Mantissa Arc Test

data: torl951$TOR LENGTH
L2z = 0.0039588, df = 2, p-value = 0.5371

Mean Absolute Deviation (MAD): 0.03218442
MAD Conformity - Nigrini (2012): Nonconformity
Distortion Factor: -34.24091

Remember: Real data will never conform perfectly to
Benford's Law. You should not focus on p-values!

This shows that this function can be done with relative ease from this tool,
with no additional programming necessary. One additional comment is that,
in order for this to work, the analyst may have to install the “benford.analysis”
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package that is part of R but is not automatically installed with the base R or
RStudio.

LIFT

5.5.1

Lift is a method of evaluating a predictive model. Many times, the analyst will
conduct a model or test without evaluating the potential value of such a test.
In this case, Lift can evaluate the predictive value before running the actual
test. Think of the value of such a function. If the test is not valuable or not
appropriate, why run the test? In the book Data Science for Business (found
in the reference section) the authors present an example of someone going
into a store and buying a combination of products. The lift will determine the
feasibility of predicting whether someone buying a specific combination of
those products, whether it be beer and eggs, or beer and potato chips. This
is based on a probability of buying one product, and then the other product.
The formula is included in the book, which this author would highly recom-
mend every analyst read, especially if they are part of a large company that
makes its revenue producing and selling products, specifically consumables
(Provost, 2013). What this has done is show the feasibility of predicting the
purchase of a combination of products. The best tool of the ones described in
this text to perform the lift function is KNIME, since it has a node to perform
this method.

KNIME

As with many other functions, KNIME has a node for calculating lift, which
the analyst can find through the search bar as shown in the following screen.
Please remember that the analyst does not have to type the entire node name,
since KNIME will search as the analyst is typing.

Once the data is imported through the CSV Reader and the Lift Chart
is found, dragged, placed, and connected to the CSV Reader, the next step
is to configure the Lift Chart node. The following screen is one configura-
tion of this screen showing TOR_LENGTH with DAMAGE_PROPERTY
as the predictor value. This means that the method is evaluating the poten-
tial of predicting tornado length from the damage done to the property by
that tornado.
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A\ 0: TEST_PROJECT A 3:DOUBLEFILE A *0: Comelation £3 (@ Welcome to K... »y =8

CSV Reader Column Filter ILift Chart (local)
SR |

Node 1 Node 5 Node 4

v

< I >

The following screen shows the configuration for the Lift Chart (local)
node. As the analyst can see, DAMAGE_PROPERTY is going to be set against
TOR_LENGTH to see if this will make a good predictive model. The user
has to set “Positive label (hits)” specifically to the category of 2.5M (or 2.5
million dollars of damage) to see if it is worthwhile to have a predictive model
against this figure. The analyst can use the down arrow to choose other damage
amounts, but this one should be predictive against tornado lengths, showing an
association between damage and lengths. The result, once executed, is below
this screen. This node allows for both the lift chart and cumulative gain chart,
both of which are useful to the analyst. The lift chart shows great distances
between the measurement (red) and the baseline (green), which is a good indi-
cator of prediction. Also, the cumulative gain chart shows the line rising above
the baseline throughout the chart, which is also a good indicator of prediction.

Dialog - 0:4 - Lift Chart (local) - a X
File
Options | Flow Variables = Job Manager Selection  Memory Policy
rTrue Labels:
Column containing true labes: [ [DAMAGE_PROPERTY v |  Positve label (hits): [2.54 v |

Column containing score (probabiiities): || D | TOR_LENGTH
Interval width in %:

ok |[ apy |[ cama |[Q)
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The following screens are the results of the lift function, as stated previ-
ously. Please notice that there are some formatting options including legend
colors and other specific options. Please explore these since it is always help-
ful to understand how these options may change the appearance of the chart
and enhance the analyst’s and the recipient’s experience with this tool.

Lift Chart - 0:4 - Lift Chart (local) - m] x

Default Settings Color Legend  Appearance
Mouse Mode | Zooming ~| [ Ftwsize | [ BadgwundCoor |  []use antiskasing

Lift Chart - 0:4 - Lift Chart (local) - [m]

Lift Chart| Cumulative Gain Chart

File
100" |

207

B0

7o

60

50

40—

307

20

10™
T T T T T T T T
o 10 20 0 0 50 80 70

Default Settings | Color Legend | Appearance

Mouse Mode | Zooming ~| | Ftwose | | BsdgroundCoor | [Juseantisissing
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Once reviewing these charts, the analyst will know if it is worthwhile to
process a prediction model against these two variables. One note of caution
at this point. The analyst has only picked one category of damage. It might
be worthwhile to check other damage amounts to see if there is any use to
associate these two factors in a model.

Also, the analyst might notice that there is a node in between the CSV
Reader node and the Lift Chart node. That node was placed in the process to
limit the number of columns used for the Lift Chart. It is vital that only the
factors being considered are available; otherwise, there is a slight chance that
KNIME might try to include other factors into the mix, thinking that categor-
ical characteristics are open. This has happened with some nodes, but the way
to counter that is to only use those columns that apply, or stick to the nodes
marked in parentheses (local), since those are the ones that seem to offer the
basics but also seem the most stable. This is, of course, this author’s opinion.

WORDCLOUD

5.6.1

Sometimes the analyst receives data that is all text and wonders how to trans-
form the words into numbers for analysis. It is fortunate that the analyst no
longer has to concern themselves with this transformation. Thanks to algo-
rithms and research by other statisticians and analysts, there is now a func-
tion to take words and analyze those words for the most and least used word.
Although this seems perfunctory, the function provides the analyst and the
recipient of the analyzed data with a one-screen visual of the “corpus” or
words in text. It is this that will be discussed next, specifically with the tools
that allow this analysis to be completed with the least amount of arduous pro-
gramming or functional steps.

R/RStudio

The R/RStudio combination allows for the quickest method to analyze words
in text. In this case, the data will be a little different than in past sections.
The data imported will be from the 1995 tornado tracking (details) data
from the link described back in the first few sections of the book. Once the
data is opened, delete all the columns except for the column marked “Event
Narrative.” The analyst will use this data as text to extract words that may pre-
sent some patterns valuable to the analysis.
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As a side note, there are some packages that are necessary in order for the
wordcloud to function. Some are installed as part of the wordcloud package,
but you may need to install the “tm” and “RColorBrewer” packages in order
to produce a color visual. If an analyst wants to see what a wordcloud looks
like, there are plenty of sites available to either view one or actually do small
ones free of charge. Just place “wordcloud” in a search engine and there are
plenty of examples available for viewing. There is also an example at the end
of this section.

Once the narrative is isolated, copy all of the text and save the text as a
“.txt” file in order to alleviate any extraneous characters that might be included
as part of a word processing configuration. The “.txt” file is relatively simple
and has very little extraneous characters to fog up the analysis.

Name the file “textanalysis.txt” in order to simplify the identification and
import the file to R/RStudio. However, this time, to import the file as a text
file will need some programming commands in order for the import to be
functional. The following commands are taken from an analytics website that
specializes in R functions (Sankhar, 2018).

> library (tm)

> library (RColorBrewer)

> setwd ("C:/")

> speech = "CORPUS/textanalysis.txt"
> library (wordcloud)

> speech clean<-readLines (speech)

> wordcloud (speech clean)

The previous programming is required in order for the wordcloud func-
tion to operate properly. The first two lines load R packages that help with
the text cleaning and enhance the wordcloud package. The third line sets
the working directory so that the entire file location (which can be a long
line) can be shortened. The fourth line sets the variable “speech” to the text
file. The fifth line opens the wordcloud package, while the sixth line uses the
“readLines” function to read each line of the “speech” text and uses the vari-
able “speech_clean” to store the result. The last line activates the wordcloud
function on the final text. The result of the last line is illustrated as follows:
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The previous wordcloud shows the words that appear the most in the
narrative as the largest and those that appear less as smaller and smaller text.
From this, it looks like “alabaster” appears more than “winston” or “scotts-
dale.” What this may mean, since these are county names, is that one county
may experience more severe storms than another. This can be done without
any numerical analysis. This is not to say that this may answer all the ques-
tions the analyst may have, but it may put some light on an otherwise obscure
dataset in another instance. Employing text analysis can help to reduce some

confusion about the data.

5.6.2 KNIME

KNIME also has a wordcloud function in the node library called “tag cloud,”
which is illustrated in the workflow screen. Note the different nodes, since
each one will be described as it appears left to right in the workflow.

A\ 0: TEST_PROJECT

Word Parser

o . |

A 3DOUBLEFILE A O:Comelation A "2:TextPr.. 53
Term Co-Occurrence
T
B
e
Bag Of Words
Creator 88 |

Node 8

Node 5

Node 6

».

3

Tag Cloud

om
Node 9

]

|
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The first one will be the “Word Parser” node, which takes Microsoft Word
documents and prepares them for text analysis. The configuration for this
screen is as follows and shows the folder location to be analyzed. One warning
is that this is not the file but the folder. The node will search the folder for
Word files and use those for analysis.

Dialog - 2:5 - Word Parser — O X
File

Options | Flow Variables | Job Manager Selection Memory Policy

Selected Directory:
‘C:wsers\chris\pesktop\CORPUS v | ] Browse... |
[[] Search recursively [ 1gnore hidden files

Document category |Defadt category |

—

Word tokenizer | OpenNLP English WordTokenizer |

[] Use file path as title

ok || appy || Cance |

The choice of “Document Type” is unknown, but there are several choices
for this down arrow, including book and proceeding. It is up to the analyst
which one they choose to analyze. The unknown choice fits well for this exam-
ple. The “Word Tokenizer” is the default, and again the analyst can choose
between a number of these types of parsing functions. It would benefit the
analyst to try a number of these to see if they make a difference in the text
mining. For this example, the default is chosen.

The next node in the workflow is the “Bag of Words Creator” node, which
splits the text into words and uses numerical indicators to sum up how many
times the word occurs in a sentence or group of sentences. To see this clearly,
the configuration screen is as follows (first tab).
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Dialog - 2:6 - Bag Of Words Creator = EH %
File
Options.  Flow Variables Job Manager Selection Memory Policy
P —
® O Oipe et
Exdude Indude
‘Ymer ‘ |‘|'er;'
No cobumns in this st lz| Document
[2]
[<]
(©Enforce excusion (O Enforceindusion
[oc ][ wy |[ aa [[0)

There is only one column included in the analysis called “Document,” and
the “Term” column is named “Term” by default. This is important since the
next nodes will rely on the result of this node for further analysis. Once that is

finished, the result of that node looks similar to this:

Documents output table - 2:6 - Bag Of Words Creator
File Hilite Navigation View

Table “default” - Rows: 532 | Spec - Columns: 2 | Properties  Flow Variables:

[£} Document

I'I'Tenn

”* Pingon,03,1638CST- %,,1645CST,,.2,2,%,2,Hail {1.75)

Three-guarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

e

[*= Pinson, 03,1638CST- =,, 1645C5T,,,7,2,,2,Hail (1.75)

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo....

[** Pinson,03,1638CST- *,,1645CST,,,2,2,%,2,Hail (175

Three-quarters inch hail was reported at Oxmoor Valley Galf Club in Homewoo...

/03,1638CS...

Three-quarters inch hail was reported at Oxmoor Valley Galf Club in Homewoo...

*,,1645CST]

** Pinson,03,1638CST- *,,1645CST,.,2,2,%,2,Hail (1.75
™ Pinson,03,1638CST- *,,1645CST,,,2,7,7,

Three-guarters inch hail was reported at Oxmocr Valley Golf Club in Homewoo...

i

[** Pinson, 03,1638CST- =, 1645C5T, 2,Hail (1,75)

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. ...

i

[** Pinson,03,1638CST- *,, 1645CST,,,?,2,2,2,Hail (1.75)

Three-quarters inch hail was reported at Oxmoor Valley Galf Club in Homewoo....

2

** Pinson,03,1638CST- *,,1645CST,.,2,2,2,2,Hail (1.75

Three-quarters inch hail was reported at Oxmoor Valley Galf Club in Homewoo...

Haill

"* Pinson,03,1638CST- *,, 1645CST,,,?,7,7,7,Hail (1,75

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...J—

[i]

™ Pinson,03,1638CST- *,,1645CST, 2,Hail (1,75

Three-guarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

[** Pinson, 03,1638CST- =, 1645C5T, 2,Hail (1,75)

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. ...

"* Pinson,03,1638CST- *,,1645CST,,,2,2,2,2,Hail (1.75)

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

1.750
&
-quart...

"* Pinson,03,1638CST- *,, 1645CST,,,?,2,2,2,Hail {1.75

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

inchll

[** Pinson,03,1638CST- *,, 1645CST,,,7,,7,,Hail (L.75

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

haill

™* Pinson,03,1638C5T- *,,1645CST, ?,Hail (1,75

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

was(]

™* Pinson,03,1638CST- *,,1645CST, 2,Hail (1.75)

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

reported]

™* Pinson,03,1638CST- *,,1645CST,,,2,2,2,2,Hail (1.75]

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

atl

[™* Pinson, 03, 1638CST- *,, 1645CST,,, 7,2, 77,58l (L.75

Three-quarters inch hail was reported at Oxmoor Valley Galf Club in Homewoa...

1oxmaor ]

[** Pinson, 03, 1638CST- =, 1645CST,,,?,2,%,7,Hail (1.7

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

Valleyl]

™* Pinson,03,1638CST- %, 1645C5T, 2,Hail (1. 75)

Three-guarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. ..

Goifll

** Pinson,03,1638CST- *,,1645CST,,,2,2,2,2,Hail (1.75)

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

Qub]

[** Pinson,03,1638CST- =, 1645CST,,,7,2,7,2,5ail (175

Three-quarters inch hail was reported at Oxmoor Valley Galf Club in Homewoo...

inll

[ Pinson, 03, 1638CST- =, 1645CST,,,7,2,%,7,Hail (175

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...

Homewood([]

™* Pinson, 03, 1638CST- %, 1645CST, 12,277 Hail (1. 75)

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo...
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1onefl
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Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo....
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Three-quarters inch hail was reported at Oxmoor Valley Galf Club in Homewoo...

Trace[]

** Pinson,03,1638CST- *,,1645CST,.,2,2,%,2,Hail {1.75

Three-quarters inch hail was reported at Oxmoor Valley Golf Club in |

G

™ Pinson,03,1638CST- =, 1645CST,

Three-guarters inch hail was reported at Oxmocr Valley Golf Club in Homewoo...

area(]
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The node has split the sentences by each word and placed that word as
a row. This would take many hours if done by hand, but this function makes
it seem easy. The next node will take these words and count the number of
times they occur with another one of the words in the text. This is used for
some advanced analysis, such as how words are used in the combination of
other words and such.

This node is called “Term Co-Occurrence Counter,” and the description
of this node, as with all nodes, appears when the analyst clicks on the node, as
shown in the following. Usually these descriptions are enough for the analyst
to know if the node will be useful in the workflow or something that might be
useful in later processes. This is one part of KNIME that makes it very analyst
friendly, in that every node is accompanied with a description.

Ay Description £2 = [m]

>

Term Co-Occurrence Counter

The node counts the number of co-occurrences for the given list of terms
within the selected parts e.g. sentence, paragraph, section and title of the
coresponding document. The order two terms occur is not considered. Thus
the occurrence of T1 followed by T2 is equal to the occurrence of T2 followed
by T1. The output table returns the term pairs in alphabetical order.

Dialog Options
Document column

The column that contains the document to search for the term co-
occurrences.

Term column
The column that contains the terms to compute the co-occurrence for.

Co-occurrence level
Select the co-occurrence level to be calculated. They are ordered from
more general (document co-occurrence) to more specific (neighbors). The
more general levels include the more specific levels e.g. the sentence level W

inrludac tha nainhhnr and titla ~ooaccirranca calenlatinn Matica: Tha

The configuration screen for the node is depicted as follows. The analyst
can choose a number of options for this node, and the ones chosen for this
example work fine with the dataset.
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Dialog - 2:8 - Term Co-Occurrence Counter — m} X
File

Options | Flow Variables ~Job Manager Selection Memory Policy

r Input Columns
- Tem cnes
r Co-occurrence level

(O Document () Section () Paragraph (@) Sentence () Neighbor () Title

r Advanced settings
[ Check term tags [ Skip meta information sections [A Sortinput table

Maximum number of parallel processes

[ ok || apply || Cancel |

Notice that “Co-occurrence level” is set at “Sentence,” but there are other
choices that the analyze can pick, so please explore these nodes to see if there
is a combination that provides the complete results that are needed for the
analysis. The result from this node is the occurrence of the words with other
words in sentences throughout the text. The table is shown as follows:

Co-occurrence table - 2:8 - Term Co-Occurrence Counter - o X
File Hilite Navigation View
Table "default” -Rows: 9534 Spec - Columns: 6 Properties Flow Variables

RowID T Temi [ 7 Tem2 [[1]senten... [[I]neghb... [[1]Tite co. |

Row0 *,,1645CST,,,?,2,2,7,Hail (1.75) Threa-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo... [*]] Pinson[] 2 12 1 |.

*,,1645CST,,,?,2,2,7,Hall (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo... |03, 1638CS... Pinson(] 2 12 1 |
*,,1648CST,,,?,2,2,7 Hall (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Gub in Homewoo... [*,,1645CST[] |,03,1638CS... |2 2 1
*,,1645CST,,,?,2,2,7,Hal (1.75) Three-quarters inch hail was reportad at Oxmoor Valley Golf Club in Homewoo. .. [%,,1645CSTD |0 2 F] 1
*,,1645CST,,,?,2,2,7,Hal (1.75) Three-quarters inch hall was reportad at Oxmoar Valley Golf Club in F FT] 6 12 3
*,1645CST,,,7,2,2,7,Hall (1.75) Three-quarters inch hail was reported at Oxmooar Valley Golf Club in + 20 2 12 1
*,11645CST,,,7,2,2,,Hail (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo... 7| Hail[] 2 F] 1
*,,1645CST,,,?,2,2,7,Hall (175) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. .. (T Hail[] 2 F] 1
*,,1645CST,,,?,2,2,7,Hall (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. .. (] 1.75] 2 12 1
* ,1645CST,,,?,2,2,7,Hall (1.75) Three-quarters inch hail was reported at Oxmoar Valley Golf Gub in Homewoo... )| .75 2 12 1
*,,1648CST,,,?,7,2,7,Hall (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo... )l Three-quart... 2 2 1
*,,1645CST,,,%,2,2,7,Hal (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. .. [Three-quart... jinch 3 13 1
*,,1645CST,,,?,2,2,7,Hal (1.75) Three-quarters inch hail was reportad at Oxmoar Valley Golf Club in Homewoo. . |hai[] linch| 7 17 1
*,,1645CST,,,?,2,2,7,Hall (1.75) Three-quarters inch hail was reportad at Oxmoor Valley Golf Club in Homewoo. .. |hail[] was| 24 124 1
=, 1645CST,,7,7,7,7,Hall (1,75) Three-quarters inch hal was reported at Oxmoor Valley Golf Qub in Homewoo... freported]  was| 35 |32 1
*,,1645CST,,,?,2,2,7,Hall (1,75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. ., [at]] eported] 15 13 1
*,,1645CST,,,%,2,2,?,Hal (1.75) Three-quarters inch hall was reported at Oxmoor Valley Golf Gub in Homewoo... (Oxmooe]  fat] 3 3 1
#,,1645CST,,,,2,2,7 Hall (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. .. [Oxmoor ] jalley[] 3 13 1
=, 1645CST,,7,7,7,7,Hall (1.75) Three-quarters inch hal was reportzd at Oxmoor Valley Golf Gub in Homewoo... [Golfl] falley[] 3 3 i
*,,1645CST ,,,7,2,2,7,Hall (1,75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. ., [Club[] Goiff] 3 3 1
Three-quarters inch hal was reported at Oxmoor Valley Golf Cub in - ub[] in0 5 5 1
Three-quarters inch hall was reportsd at Oxmoor Valley Golf Cubin F in[ 3 13 1
Three-quarters inch hail was reported at Oxmoor Valley Golf Club in F 0D 3 I3 1
*,,1645CST,,,%,2,2,7,Hail (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo... [*] 03,1638C5... 2 0 1
*,,1645CST,,,?,2,2,7,Hal (1.75) Three-quarters inch hail was reportad at Oxmoor Valley Golf Club in Homewoo. .. [¥] *,, 1645CST |2 0 1
*,,1645CST,,,?,2,2,7,Hal (1.75) Three-quarters inch hail was reportad at Oxmoar Valley Golf Club in Homeswoo. . [*] 1] 2 1] 1
=,/ 1645CST,,7,7,7,7,Hall (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Gub in Homewoo. .. ¥ h 2 ] 1
*,,1645CST,,,?,2,2,7,Hall (1,75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoa. ., [*] I?,I] 2 0 1
*,,1645CST,,,?,2,2,7 Hall (1.75) Three-quarters inch hail was reported at Oxmoor Valley Golf Club in Homewoo. .. [¥ 0 2 0 1
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Although interesting, the table is not that useful, but visually it would
help the analyst determine those words that occur the most and those that
occur the least. This visual is provided by the last node called the “Tag Cloud”
which, according to the description, is the same code as provided on a site
called “Wordle,” which the analyst can see on the web page www.wordle.
net and was developed by Jonathan Feinberg (as shown in credits on the web
page). The Tag Cloud node configuration screen is shown, along with the
configuration set for this example. Again, explore the different options for all
these nodes, since they can produce some very interesting visual presenta-
tions for use in the data analysis.

Dialog - 2:9 - Tag Cloud — O ot
File

Options  Display Interactivity Flow Variables Job Manager Selection Memory Policy

General Options
No. of tags to display: | Lmﬂli"

[ Display wamnings in view  [#] Report on missing values

[ Create image at outport
Titkes
Tie:  [STORM NARRATIVE |
Columns
Tag column
| T Termz u |

[ Aggregate tags [ ] Ignore term tags:

Size column
|[I|S=1wumwrﬂlu= ~

[Juse row size property

View and image sizes

o vewimaoe o
Heshtof v

[~] Resize view to fil window ] Display full screen button

ok [ Ay |[ cnca |3
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In this tab of the configuration screen, the analyst has set the title and
subtitle of the visual, along with the tag column and size column. Size Column
will determine the size of the word based on the occurrence or co-occurrence.
The analyst could use other columns for this purpose and get a different result.
For this example, these settings will perform the function. The second tab or
“Display” is next with the following configuration.

Dialog - 2:9 - Tag Cloud — a e
File

Options Display Interactivity Flow Variables Job Manager Selection Memory Policy

Font family: |Iﬂ'|:h!d I
Font scler
Font size minimum: '}55 Maximum: mH"

[] Use bold font face

Colors
[] Use row color property

Orientation
sprs e
e of s
st e
Behaviour

A Display refresh button ] Disable animations

ok |[ sy |[ camca |[@]
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The one choice of “Font Scale” is based on growing the font linearly is
this instance, but there are other scales available from the down arrow, and
those might show some different visuals than the one that the analyst will see
in the following.

The final tab of “Interactivity” provides the analyst with a way of manip-
ulating the final visual, although these sometimes have a way of providing too
many choices for the analyst, which “muddies” the analysis. However, these
choices are here for the analyst to make should they so decide.

Dialog - 2:9 - Tag Cloud - ] X
File

Options  Display Interactivity | Flow Variables Job Manager Selection Memory Policy

View edit controls
[ Enable view edit controls

[#] Enable title edit controls ] Enable subtitie edit controls
[#] Enable font scale contrals /] Enable font size controls

[ Enable spiral type controls  [/] Enable crientation count controls

2] Enable angle controls
Selection
e cn S
FA Publish selection events A subscribe to selection events
[ show selected tags only A Enable "Show selected tags only’ option
FA Display 'Clear selection’ button
Selection column name: [selected (JavaSuipt Tag Cloud) |

Filter
(] Subscribe to fiiter events (no filters available)

ok || mey || cmca | [@)]
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The final result, once the process is completed and connected (and exe-
cuted), is the following visual. Notice how the words show a difference in size
based on the occurrence of the word. As in the R version explained earlier, this
type of analysis could point to some interesting trends and patterns. Although
this example may not be the best to use, examples such as comments on sur-
veys or text comments are great to use for this type of analysis.

JavaScript Tag Cloud View - a x
STORM NARRATIVE egs
“‘\ AR
= ,.:\ 5 :3\5,5 S/
dastal / \ ‘*'% £ &
f - \-’ 40wy

o, .f --~\ —~O S
ARE ,:%Ml‘ fg@ \»rg orted * =
N O S % i~

EROPACT AN S NS AYL

b\ worthwest “ roots h Sy where
I_u; s ' a maing  Nou *,
J'? \’%\\"b&‘?‘”" w‘.o'% e Ao wind N/, Oy 4,/ \”’
AW AN

| Reset | Apply |« | Close |«

These are just some of the tools available for text mining, and the more
involved the analyst gets with this type of data, the more possibilities there
are with analyzing actual text. If the analyst wants to test these functions, pick
a speech from an online source and use that for these types of analytics. The
possibilities are endless.

5.7 FILTERING

Probably the most fundamental task of any analyst is to clean the data so
that only the data that is really pertinent is used in statistical testing. One
of the primary ways of performing this function is by filtering the variables
to ensure that only those variables that are needed are visible. This section
will address that function and use the different tools to show how that can be
accomplished.
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5.7.1 Excel

In the situation with Excel, filtering is accomplished by two methods. The first
method is choosing the “Filter” option from the “Data” tab, while the second
is making the spreadsheet into a data table. Both of those methods will be
demonstrated here.

In the first method the analyst would first import the data; in this case
the data will be the tornado data from 1995, since that contains more than
just tornado data, and the analyst only wants tornado data. The filtering will
eliminate all other data but tornado data.

After importing the data, the analyst will go to the Data tab, and there
the “Filter” choice (which looks like a funnel) exists. Click on the funnel and
the filter down arrow will appear next to all variables (column headings in the
data as shown).

e 3 B &g | REee o0 Wl (@R NI | BB E R & |
P Bl 5 Qx«[bh{ﬁis«lﬂs M s | M W dcanced | o = Dta elidtion - mm ol ]
el omn ot . o comectons Son s D Toos Foreasn out 5 s | -~
Al M X v ok BEGIN_YEARMONTH
il s S ks M e e
1 |STATE [-STATE_FIIYEAR  ;MONTH ) EVENT_TYPE -] CZ_TYPE;CZ_FIPS ;CZ_NAME,WFO
2 |ALABAMA 1 1995 July Hail C 73 JEFFERSON
3_ALABAMA 1 1995 May Hail c 3 BALDWIN
4 ALABAMA 1 1995 May Thunderstorm Wind c 3 BALDWIN
5 | ALABAMA 1 1995 May Thunderstorm Wind C 97 MOBILE
;AlABAMA 1 1995 May Tornado C 97 MOBILE
iALABAMA 1 1995 May Thunderstorm Wind C 3 BALDWIN
8 |ALABAMA 1 1995 July Thunderstorm Wind C 3 BALDWIN
9 |ALABAMA 1 1995 July Thunderstorm Wind C 3 BALDWIN
10 |ALABAMA 1 1995 July Thunderstorm Wind C 3 BALDWIN
11 ALABAMA 1 1995 July Thunderstorm Wind C 3 BALDWIN
12 | ALABAMA 1 1995 July Thunderstorm Wind C 3 BALDWIN
13 |ALABAMA 1 1995 March  Halil c 97 MOBILE
14  ALABAMA 1 1995 April Thunderstorm Wind C 97 MOBILE
15 |ALABAMA 1 1995 May Tornado C 97 MOBILE
T StormEvents details-fipv1.0.41 | @) o —

Scroll until the “EVENT_TYPE” column appears as shown and use the
down arrow to select just tornado from the different choices available. Once
that is completed, only the tornado rows will appear. The analyst can then
select the spreadsheet and copy it to another worksheet to work on just the
tornado occurrences.
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v B 2 | 8 S
" | commstnans | oy~ DoRecentorces | e - || SR i e R
i P i ouee sl e 2
AL - X f | BEGIN_YEARMONTH =
| | | M | N | o | P | a | R
1 [STATE STATE_FIIYEAR - MONTH_%EVENT_TYPE 51CZ_TYPE;|CZ_FIPS ;,CZ_NAMEWFO  (|BEGIN
2 |ALABAMA 1 1995 July Hail 8 stanz c 73 JEFFERSON HHH
= 3l SetZtoa
3 |ALABAMA 1 1995 May Hail oty Color ‘| 3 BALDWIN HHHH
4 |ALABAMA 1 1995 May Thunderstorm Wi ® £ e @ lc 3 BALDWIN P
5 |ALABAMA 1 1995 May Thunderstorm Wi e 'l 97 MOBILE H
6 |ALABAMA 1 1995 May Tornado e (& 97 MOBILE HH
7 |ALABAMA 1 1995 May Thunderstorm Wi Sruessommosien | ¢ 3 BALDWIN HHHH
8 |ALABAMA 1 1995 July Thunderstorm Wi elisesiivuisdinsy | (o 3 BALDWIN Hif#H
9 |ALABAMA 1 1995 July Thunderstorm Wil (g | C 3 BALDWIN HHH
10 |ALABAMA 1 1995 July Thunderstorm Wi o™~ ¢ 3 BALDWIN o
11 |ALABAMA 1 1995 July Thunderstorm Wi [ — 3 BALDWIN HHHH
12 |ALABAMA 1 1995 July Thunderstorm Wina ic 3 BALDWIN HHH
13 |ALABAMA 1 1995 March  Hail c 97 MOBILE HHH
14 |ALABAMA 1 1995 April Thunderstorm Wind c 97 MOBILE H
15 |ALABAMA 1 1995 May Tornado c 97 MOBILE B
StormEvents details-ftp_v1.0_d1 ) ! " ol
e ~“L
Bl 2 et oseoan
EVENT_TYPE =
. 4l SotAtoz
Hail Zl sotZtoA
Hail Sort by Color ,
o B om "EVENT_TYPE
Thunderstorm Wi ,
Thunderstorm Wi Teceiters ’
[Search P
Tornado [ THUNDERSTORM WINDS FUNNE A
o [ THUNDERSTORM WINDS HEAVY
ThunderStorm WI [ THUNDERSTORM WINDS LIGHTN
o [ THUNDERSTORM WINDS/ FLOOL
Thunderstorm Wi | 5uunoesstorm winos/euas
. [ THUNDERSTORM WINDS/HEAVY|
Thunderstorm Wi
a {0 TORNADO/WATERSPOUT
Thunderstorm Wi -
Thunderstorm Wi
Thunderstorm Wina
Hail
Thunderstorm Wind

The second way to filter the columns is by changing the worksheet to a
data table. The process for doing this is relatively straightforward. The first
step is to import the data as before, but this time go to the Insert tab and
choose “Table” in order to change the worksheet (or range) into a data table.
The result of doing so is depicted in the following screen:
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o [ BB RET (B Bo o~
A RezeTable | 3 Comvertio Range e || I 4 Banded Rows: (] Banded Columns

rpetes Toos EtemiTiteDss Tt Opions A
(=3 M & | 655 -
4 o

U END_TIME g EPISODE_ID g EVENT_ID gSTATE gSTATE_FIPSgYEAR g MONTH_NAME g EVENT_TYPE

2 1611 10314233 ALABAMA il 1995 July Hail

3 1750 10314421 ALABAMA 1 1995 May Hail

4 1820 10314423 ALABAMA 1 1995 May Thunderstorm Wind

5 655 10313845 ALABAMA 1 1995 May Thunderstorm Wind
6 1008 10313846 ALABAMA il 1995 May Tornado

7| 1757 10314422 ALABAMA 1 1995 May Thunderstorm Wind

8 1645 10314424 ALABAMA 1 1995 July Thunderstorm Wind

5 1445 10314425 ALABAMA 1 1995 July Thunderstorm Wind
10 1625 10314426 ALABAMA 1 1995 July Thunderstorm Wind
11 445 10314427 ALABAMA 1 1995 July Thunderstorm Wind
12 1345 10314428 ALABAMA 1 1995 July Thunderstorm Wind
13 1310 10313843 ALABAMA 1 1995 March Hail .

StormEvents_details-ftpv1.0.d1 | (@) o 1 ]

[Reacy E o o - o+ 2%

As the analyst can see, the data table comes equipped with filter down
arrows already as part of the transformation, so the analyst can use these as in
the previous paragraphs. There are many advantages to changing the work-
sheet to a data table, but they are beyond the scope of this book and are more
than covered in the many Excel books that are available. This is included in
this book only to use as a comparison to the other tools available here.

5.7.2 OpenOffice

OpenOffice has the same feel as older versions of Excel, so the natural place
to start the filter process would be to go to the OpenOffice Spreadsheet,
import the data, and go to the “Data” tab as in Excel. As shown in the follow-
ing, it is a little different since under the filter option there are several choices.

StormEvents._details-ftp_v1.0_d1995_c20190920.csv - OpenOffice Calc
File Edit View Inset Format Jools Data Window Help

B-E-U= 2 B& Define Range... & YR
Select Range...
L Cr— s == ax¥n
xE = Filter V| S AutoFilter
) K Subjotals_ 7 Standard Filter...
STATE_FIPS [YEA| - ¥ Adancedfiter.. [YPE

: 119 e | s

3 1 15 c P Hide AutoFilter

4 1] 19 Jomremce s Thunderstorm Wir
5 1| 19 erehronge Thunderstorm Wir
6 1 19gomv@ay Tornado

7 1 1995 May Thunderstorm Wir
8 1 1995 July Thunderstorm Wir
9 1 i

1995 Julv Thunderstorm Wir
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The “AutoFilter” choice is fine for this example. As soon as that choice is
selected, the same type of down arrows will appear next to the column head-
ings and the analyst can choose how to filter the data. In this case, choosing
“tornado” seems appropriate.

5.7.3 R/RStudio/Rattle

R has a package called “dplyr” which can be loaded and used within RStudio.
This will filter the database so that only the columns needed will be viewed
and can be loaded into Rattle as an R database. In this case, the analyst wants
to limit the columns to only those rows that have “Tornado” in them, so that is
the term used. However, in order to establish the new database as the filtered
database, and to shortcut the long file name, the analyst decides to store the
imported 1995 Severe Storm database into the TORNADO_1995 database.
This provides for a much easier transition into the programming arena. The
following commands will produce the result needed to continue with any fur-
ther analysis.

> library(dplyr)

> TORNADO 1995<-StormEvents details ftp vl 0 d1995
c20190920

> TORNADO 1995<-filter (TORNADO 1995,EVENT
TYPE=="Tornado")

> View (TORNADO 1995)

The last line (starting with “View”) simply makes the data visible in the
pane for viewing the data in a table format. This helps the analyst ensure that
the filtering was done properly.

5.7.4 KNIME

The KNIME tool can filter using a node for this purpose. The first step will
be to import the 1995 tornado data into KNIME using the tried and true
CSV Reader node and then filter the data using the “Row Filter” node. The
configuration screen for the node is as follows, and you need to explore this
configuration to best fit the needs of the analysis.

It is important to notice the different parts of this configuration screen.
The column is selected at the top right and then “Matching criteria” is selected.
In this case, the analyst only wants the tornado portion of the data, so that is
chosen, but in addition the box for case sensitivity is checked to ensure that
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the variable matches. Notice the “Include rows by attribute value” is selected,
as it should be, since the analyst wants only those rows marked “Tornado.”
Please be careful whenever choosing any other option, because choosing the
wrong one will eliminate all those rows the analyst wants to use!

Dialog - 2:2 - Row Filter a2 O X
File

Filter Criteria | Flow Variables Job Manager Selection Memory Policy

- Column value matching
Column to test: || S| EVENT_TYPE v
| filter based on collection elements
R
(@ use pattern matching
|Tumadu v||£|
@® Inchide rows by attribute value [ case sensitive match [ contains wild cards
(O Exdude rows by attribute value [ regular expression
(O Indude rows by number
(O Exdude rows by number O use range chedking
O Indude rows by row ID lower bound: | |
() Exdude rows by row ID upper bound: I |
O only missing values match

ok [ aey |[ cance [[@)

The finished workflow screen for the KNIME filter workflow is as fol-
lows, and take special note of the added nodes. These nodes are there to
show the different types of tools that KNIME can export, including two tools
mentioned in this text. These nodes can be found in the “IO” category and
can be a major enhancement to the data analysis, since the same data can be
analyzed using different tools. These nodes can also be used to export a num-
ber of datasets in succession since, once the nodes are set in the workflow, the
output can also be consistently determined.
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The reason for including the “Table to PDF” option is that there are times
when the finished analysis is best suited for a report, and there is nothing like
converting the table to PDF to help include that reporting page in the most
flexible document style. Besides, the PDF document can be imported into a
number of tools and used in future data analytics, so the conversion to PDF
only makes sense in the long run. Regardless of the reason, using the output
nodes will help the analyst to be dynamic in their future analytics.



CHAPTER

SUMMARY

6.1

This text was based on a few different statistical concepts that exist currently
within the data analyst “wheelhouse.” If the data analyst is not familiar with
any of the aforementioned concepts, please read the many statistical texts and
references that are either at the end of this book or found in many online and
brick and mortar bookstores. Start with some very basic texts and move to the
more complex. Whatever the analyst does in the way of analyzing data, a good
foundation of statistics is both necessary and productive. There is always more
information on data analytics, data science, and statistics that is out there,
so never let a possible learning possibility pass by. Also, as far as these tools
are concerned, the very “topsoil” of functionality has been demonstrated with
them. There is certainly more information available and more functionality
possible with these applications. It is important that the analyst use these tools
for the purpose of the analysis. Avoid using the tool to display a colorful graph
or to visualize something that may not be valid. The very reputation of the
analyst is at stake when taking loosely connected variables and attempting to
connect them. That is not the purpose of analytic tools. The purpose of the
tools is to provide the analyst the quickest method to calculate something that
would take hours to do with manual methods like a calculator.

PACKAGES

There were several areas that were not discussed at the beginning of the text
that need some clarification now. The first is “package” in relation to Rattle
(and R in general). A package in R refers to a specific programmed function
that acts as a “one-step” procedure to do certain tests and models. These are
critical in making the analytical process as quick and efficient as possible, but
there are some caveats that need to accompany these packages. First, the
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package must be installed in order to be activated. Some are installed with
the basic R installation, but there are many that are not. Rattle is actually a
package that must be installed in order to work. Every time an analyst closes
R (which will consequently close Rattle if it is open), the R base will convert
back to not having the packages activated within R. The package will still
be installed, but it will not be activated until the user does this through the
programming window (which has been demonstrated), or by “checking the
box” next to the package in the IDE right bottom pane of RStudio, depicted
as follows. The packages that are shown are just a fraction of those available
through the Comprehensive R Archive Network (or CRAN), from which any
package can be found and installed. When the analyst installs R, they can
choose which CRAN “mirror” (basically server) to load these packages from.
In some cases, it is beneficial to click on the “install” button in the following
screen and type in a function that needs to be activated. In most cases, there
is a functional sub-program (package) that can do the “messy work” for the
analyst. This is the power of R and Rattle—to help the analyst solve analytical
problems without extraordinary programming expertise.

One more point about packages. These sub-programs may rely (depend)
on other packages and may install these dependencies in order for the pack-
age to work properly. In many instances, this will be announced to the user
and permission will be asked to install the package dependencies. If the user
has any doubt as to the appropriateness of the package or the dependencies,
they can say no to this request. However, that will mean that the package will
not function properly.

Files Plots Packages Help Viewer -]
Ol instal | @ update | [l Packrat Q @
Name Description Version
User Library =
() acepack ACE and AVAS for Selecting Multiple Regression Transformations. 14.1 ]
() askpass Safe Password Entry for R, Git, and SSH 11 PO
() assertthat Easy Pre and Post Assertions 021 Do
() backports Reimplementations of Functions Introduced Since R-3.0.0 115 S O
(] basebdenc Tools for base64 encoding 0.1-3 N ]
() benford.analysis Benford Analysis for Data Validation and Forensic Analytics 015 0
() BH Boost C++ Header Files 1.69.0-1 -]
() bit A Class for Vectors of 1-Bit Booleans 1.1-14 PO
() bit64 A §3 Class for Vectors of 64bit Integers 09-7 @0
() bitops Bitwise Operations 1.0-6 d o
() blob A Simple S3 Class for Representing Vectors of Binary Data (BLOBS') 120 ]
() cairoDevice Embeddable Cairo Graphics Device Driver 228 0
O callr Call R from R 340 ®0
() caTools Tools: moving window statistics, GIF, Base64, ROC AUC, etc 11713 CoN )
() cellranger Translate Spreadsheet Cell Ranges to Rows and Columns 1.1.0 LX)
() checkmate Fast and Versatile Argument Checks 194 ®0
O «i Helpers for Developing Command Line Interfaces 20.0 &0
(J clipr Read and Write from the System Clipboard 07.0 &
() ralasrasea A Tanlhauéne Maninulating snd Arraccins Calaee sad Dalatéar 141 &




6.2

SumMMARY © 179

The nice aspect about RStudio is that, by checking the box next to the
package, the R programming is automatically activated to place the package
at the user’s disposal. There is no other programming that the user has to
accomplish, just make sure the box is checked. This is just one reason why
downloading and installing RStudio is well worthwhile for anyone that wants
to do data analytics with a FOSS application.

ANALYSIS TOOLPAK

The Analysis ToolPak in Excel may not be available for every user, specifically
for those that may work in the federal government, since that is called an add-
in and may be under additional agreements other than the base Microsoft
Office. As a result, the add-in may not be available to those that need it. If this
is the case, then an analyst can always do the “manual” approach to getting the
same data as using the Analysis ToolPak. This is more complicated than using
the convenience of the add-in, but with a little patience and persistence, the
same results will appear.

In order to do this, the first thing is to import the data as done before,
but this time using the bottom of the worksheet to list and use the different
formulas to produce the descriptive summary as in the previous section. The
following screen will show all the formulas necessary to provide the infor-
mation for the tornado lengths (TOR_LENGTH) on the 1951 tornado data.
Each of these formulas will be discussed and the results shown. One hint
about showing formulas in Excel: if there is a need to show the formulas in the
spreadsheet, go to the “Formulas” tab on the main toolbar and choose “Show
Formulas.” If there is a preference to use the keyboard shortcuts, then hold
the CTRL key and press the “~” button, which is located just below the “Esc”
key. This is a “toggle” key that the analyst can continually press to show the
formulas or the results.
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275 =STDEV.P(AI2:AI270) STANDARD DEVIATION
276 =MIN(AI2:AI270) MIN
P77 =MAX|AI2:AI270) MAX
R78 =AI277-AI276 RANGE
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Compare these results with the results from the section on Descriptive
Statistics and there will be little if any difference. Also, the section showing

these formulas in OpenOffice is different since OpenOffice uses ;

>

and

Excel uses “,” so remember these differences when moving between tools.
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This section will contain information that was neglected in the explanation of
some of the other sections along with some exercises for the reader to use in
order to better focus on the different concepts presented in the previous sec-
tions. The answers will include most of the tools, taking the best one for the
problem and working toward others that might do the trick. Not all the tools
will be included in all the answers separately, but each individual tool will be
displayed in at least one of the answers. Please go out to the locations where
data is accessible and use the data for exercises in order to just have some
analytical fun. Otherwise, this book will end up on a shelf, never used but for
a paperweight.

EXERCISE ONE - TORNADO AND THE STATES

The first exercise will explore using some of the tools to analyze which states
seem to have a tornado more than other states. The analyst should never go
into an analysis jumping to conclusions. There may be a hypothesis that the
analyst want to make. This is not a conclusion, but really an assertion. For
instance, the analyst might say that there were more tornados in Texas than in
Connecticut in 2018. This is an assertion that can be verified by data and by
basic analytics.

This section will focus on a particular statistical test and how to either
reject or not reject the null hypothesis based on that test. The first step is
to state the hypothesis as the null hypothesis and then make an alternative
hypothesis. To make it clear, this does not have to be a formal process, but
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using an informal hypothesis formulation helps the analysis to be more pre-
cise, since not stating one allows the analyst to “play the field” concerning the
type of data variables to test and, by virtue of that, expand the relationships
between these fields until one or more are related. This is a biased way of
performing analysis and will result in possible spurious correlations or, worse,
determining that a variable has a cause and effect relationship with another
variable when in fact there is no relationship of that sort.

In this case, the assertion (or claim) is that there are more tornados in
Texas than in Connecticut in 2018. The null hypothesis (not the claim in this
case) would be that there are the same number of tornados in Texas as in Con-
necticut. There are analysts that would try to do a correlation or regression
analysis in order to prove the assertion, but in this case a simple descriptive
analysis is more than sufficient to make the case.

The first step will be to import the data to the tool and then perform
descriptive statistics against that data. After performing that test, the analyst
could show the relationship by a simple bar chart or similar visual. Remember
that there are certain types of data that are more amenable to certain types
of visual presentations. Discrete variables (those that are integers), which are
not time dependent, are more adaptable to bar charts. Longitudinal studies,
those that are based on succeeding years, are better suited to line charts. This
is important since it is that type of association that will allow the analyst to
make a very effective presentation without confusing the audience.

Find the answer to this exercise using any of the tools presented in this
text along with the 2018 tornado dataset (ensure it says “details” on the file
name) at the site mentioned in the first few sections of this text, specifically at
https:/lwwwl.nede.noaa.gov/pub/data/swdil/stormevents/csufiles/.

Remember that this file will have all the storm events, so the analyst will
have to filter the tornados from the rest of the storm events to get the proper
data to analyze. Filtering was addressed in an earlier section.

Answer to Exercise 7.1

The answer to the preceding exercise will require data filtering to ensure that
only tornado rows are included in the data. After that, a simple comparison
of Texas and Connecticut for the count (or average) of tornados will suffice
for the analysis. There is something that may be considered in this analysis.
Factors such as population and land area might have some bearing on the
actual data, specifically on the number of tornados. This would be standard-
ized (“normalized”) by using weights, which in this case is not considered, and
is not within the scope of this book.
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7.1.1.1 Answer According to OpenOffice

The answer to the question using OpenOffice would be very similar to Excel,
except that OpenOffice does not have the Analysis ToolPak.

The steps to analyze the data, considering the hypothesis that there are
fewer tornados in Connecticut than Texas, would be to import the data and
then filter the data to only consider the tornado events. After that, present the
data in a visual that would show the recipient the answer to the question (or
whether or not to confirm the hypothesis).

The data in OpenOffice would look like the following screen, which
shows the entire data, including all severe storms, which would need to be
filtered. The next screen shows the filtered data; and the last screen shows a
bar chart showing the number of tornados per state.

B stormEvents_details-ftp_v1,0_d1995_c20190920.cs - OpenOffice Calc - 0o X
File Edit View Insert Format Tools Data Window Help X
D B Ean PEXbed D - @NBby HOAAIO Y  Fé 4|
F B [l Flio FB/UlsEzamc by ¥alaao-a-A- |
M & T = [ecaiNvearmonTH ‘ 5
I ] ] [ L M [ s
END TIME EPISODE D EVENT ID STATE STATE_FIPS YEAR MONTH_NAME |EVENT TYPE CZ TYPH @

2 1611 10314233 ALABAMA 1] 1995 July Hail C *
3 1750 10314421/ ALABAMA 1 1995May Hail c =
| 4] 1820 10314423 ALABAMA 1 1995 May Thunderstorm Wind C \@
5 655| 10313845 ALABAMA 1] 1995 May Thunderstorm Wind c
[ 6| 1008 10313846 ALABAMA 1] 1995May Tomado c ®
7 1757, 10314422 ALABAMA 1] 1995 May Thunderstorm Wind c
3| 1645 10314424 ALABAMA 1 1995uly Thunderstom Wind C b
9 1445 10314425/ALABAMA 11995 July Thunderstorm Wind c -
Lo} 1625, 10314426 ALABAMA 11995 July Thunderstorm Wind c

1 445 10314427 ALABAMA 1] 1995 July Thunderstorm Wind c
| 12| 1345/ 10314428 ALABAMA 1] 1995July Thunderstorm Wind c

13 1310 10313843 ALABAMA 1] 1995 March Hail (o]
| 14 | 205/ 10313844 ALABAMA 1] 1995 April Thunderstorm Wind c

15 40 10313847/ ALABAMA 11995 May Tomado c

1 325 10313848 ALABAMA 1 19954@ — |Hail C

17 1355 10313850 ALABAMA 1] 1995 May Thunderstorm Wind (o]

18 1402 10313851/ ALABAMA 1 1995May Thunderstorm Wind C

19 1005 10313849 ALABAMA 1) 1995 April Thunderstorm Wind c

2 1449 10314040‘ALABAMA 1] 1995 October Thunderstorm Wind c
[T P2\ sheett / T — i i - )I

Sheet 1/1 | Default | |sm| | | Sum=0 Ie—b—ilmx

The next step is to filter the data so that just tornados are visible in the
EVENT_TYPE column. This is done through the Data choice in the toolbar
and choosing the Filter... option with the Auto Filter... sub-option as shown.
What this will do is to place the funnel next to all the columns, and the analyst
can then choose the variable desired.
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StormEvents_details-ftp_v1.0_d1995_c20190920.csv - OpenOffice Calc
Eile Edit View |[nsert Format Jools Data Window Help
‘B-B-9 = || B &| RefineRange. &9 @
Select Range...
P @ [ana & [ == = = = | Jh 9
B B 5 = - [ % A
1 Subtotals... <7 StandardFilter... ||
STATE ST, ATE Fip|  Validity... ¥ AdvancedFilter.. ||
2_|ALABAMA Multiple Operations...
3 |[ALABAMA g Remove Filter
4 |ALABAMA e Hide AutoFilter
5 |ALABAMA Consolidate... —
& |[ALABAMA Group and Outline » JTornado
7 |ALABAMA Pivot Table + IThunderstorm Wind
8 |[ALABAMA Thunderstorm Wind
9 |ALABAMA Refresh Range Thunderstorm Wind
10_|ALABAMA 11995 July Thunderstorm Wind
11 [ALABAMA 1 1995 July Thunderstorm Wind
12 _|ALABAMA 1 1995 July Thunderstorm Wind
12 |ALABAMA 1] 1995 March Hail
14 |ALABAMA 1 1995[April Thunderstorm Wind
15 |ALABAMA 1] 1995 May Tornado
16 |ALABAMA 1 1995 May Hail
17_|ALABAMA 1] 1995May Thunderstorm Wind
18 |ALABAMA 1 1995 May Thunderstorm Wind
19 |[ALABAMA 1 1995|April Thunderstorm Wind
20 |ALABAMA 1| 1995/October Thunderstorm Wind
21 |ALABAMA 1] 1995June Hail
22 |ALABAMA 1] 1995 April Thunderstorm Wind
23 ALABAMA 1 1995July Thunderstorm Wind
ALABAMA 1 1995/August Thunderstorm Wind
II!I (51 2 D Sheet / <
Sheet 1/1 | Default

The result of this filter is shown in the next screen. Please note that the
tornado factor is now the only one showing. The next step will be to copy and
paste the filtered data into another sheet. This is the same process as one done
in Excel, so select all of the data and paste it into another sheet. Be careful
with this step, however, since the desire is to paste as values and not just paste
everything, since that will include all the unfiltered values, making the copied
sheet contain all of the data, not just the tornado rows. In order to do this,
right-click on the data to be copied and then select cell Al in the blank sheet.
Right-click in the blank sheet and there will be an option called Paste Special.
When that is clicked, the following screen will appear:
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Paste Special

Selection
[ Paste all

Text
Numbers
[ Date & time
[] Eormulas
[J Comments

[] Formats
(] Objects

Options
[ Skip empty cells

[] Transpose
[ Link

Operations
® None

O Add
O Subtract

O Muttiply
O Dvide

Shift cells
(® Don't shift

(O Down
O Right

X
oK

Cancel

If the checkbox is checked for Paste All, the copied sheet will be the same
as the unfiltered sheet. If that is unchecked and the three are checked that are
shown, the copied sheet will be for all intents and purposes a new sheet of just
tornado events. That is the result that the analyst wants to achieve.

{B) StormEvents details-ftp 1.0 1995 <20190920.csv - OpenOffice Cale - u] X
Eile Edit View Insert Fgmat Jools Data Window Help k|
Bl HBER CE KE-d D @b Hoaa @i  [ééy
Hwe  Bv DBI/Uszssc A%VhE eeo-2-A-|
AE - )| =
i e —— K L I M [ I [ I P ~
| 1 |STATE STATE_FIPS|YEAR MONTH_NAME |[EVENT_TYPE [CZ_TYPE CZ FIPS |CZ NAME W
2 |JALABAMA 1 1995 May Tomado Cc 97 MOBILE
| 3 |ALABAMA 1 1995 May |Tornado Cc 97 MOBILE
4 |ALABAMA 1 1995|July Tomado Cc 75 LAMAR
| 5 |IALABAMA 1 1995|April |Tornado C 51ELMORE
& |ALABAMA 1 1995March Tomado Cc 103 MORGAN
| 7 |FLORIDA 12 1995|February |Tornado C 21 COLLIER ;
¢ |ALABAMA 1 1995 May Tomado Cc 77 LAUDERDAL -
9 |ALABAMA 1 1995|April Tornado C 75 LAMAR
1 |ALABAMA 1 1995 April Tomado Cc 53 ESCAMBIA
1 |[ALABAMA 1 1995 March Tornado C 125 TUSCALOOS
12 |ALABAMA 1 1995|Cctober Tornado C 53 ESCAMBIA
13 [MISSOURI 29 1995|June Tornado C 35 CARTER
14 IMISSOURI 29 1995|April Tornado C 141 MORGAN
15 [MONTANA 30 1995/ May Tornado C 0MTZ003 - 0C~
[ [ FI) Fitered Data - Tomado / < I £l I
Sheet2/2 | Defauit L Ism =] | Sum=31 la @ | 160
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From this result, the analyst can now make a pivot table with the STATE
as the x-axis and the Tornado as the y-axis. The analyst will want to ensure
that the two states being compared are Texas and Connecticut as shown in

the following:

B StormEvents_details-ftp_v1.0_d1995_c20190920.csv - OpenOffice Calc | X
File Edit View Inset Format Tools Data Window Help X,
‘B-E-d=E B8 f;f:"a=~ - @NRby AOEQ|O i 60j
(@ F M"‘“ === A%YRB e 0 -2 A
ne MAE=[ & o | -
i SIEELI L M N ] [ P "=
| 1 [STATE |STATE !'"f"“' : MONTH_NAME |EVENT_TYPE |CZ_TYPE |CZ_FIPS |CZ_NAME © ]
| 2 [ALABAMA TM.::':'Z:E:T“ 05 May Tornado C 97 MOBILE *
| 2 |ALABAMA Consolidate... May Tornado C 97MOBILE @
| 4 |ALABAMA Group and Outine » Tornado C 75/LAMAR
5 |[ALABAMA — Tornado C 51/ ELMORE @
s |ALABAMA [ pete | Tornado c 103MORGAN | &
7 [FLORIDA 12 1995 February Tornado C 21/COLLIER
s [ALABAMA 1 1995 May Tornado C 77|LAUDERDAL
9 |ALABAMA 1 1995 April Tornado C 75 LAMAR
1 [ALABAMA 1 1995 April Tornado C 53 ESCAMBIA
1 [ALABAMA 1 1995 March Tornado C 125|TUSCALOO£
2 [ALABAMA 1 1995 October Tornado C 53 ESCAMBIA
13 [MISSOURI 29 1995 June Tornado C 35/CARTER
1 [MISSOURI 29 1995 April Tornado C 141|MORGAN
15 [MONTANA 30 1995 May Tormado C 0/IMTZ003 - 0C+
141141 ], Fitered Data - Tomado,/ 3 [ | ol ||
Sheet2/2 | Defaule | Ism 1" | Sums=31 lo——o—a 1%
Pivot Table >
Layout Fields =
] BEGINYEA..|  vear | [EREEC S0
Fegefelee
BEGIN_DAY | | MONTH_N... |
Column Fields EEGINATIME I EYENTATNEE I
END_YEAR.. | czTvee | e
STATE Count - EVENT_TYPE END_DAY I CZ_FIPS I
move || e | TN
episoED || wro |
Do Data Fields EVENT.ID | BEGIN DAT.. |
STATE | czmezo.. |
STATEFIPS | END_DATE....|
< I >
Drag the fields from the right into the desired position.
Result
Selection from [S'Fittered Data - Tomado'SAS1:SAYS1218 |
Results to |-new sheet - ‘ | | E
O Ignore empty rows | Identify categories
[ Total columns [ Total rows
[ Add filter [ Enable drill to details
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Please configure the Pivot Table screen as in the previous screen, but
ensure that the pivot table is placed in another sheet. Otherwise, the pivot
table will exist in the same sheet as the original data, which could cause issues
if the analyst is not aware of this and selects an entire sheet, which could
include the pivot table, polluting the data with additional numbers.

The result of the pivot table, with the STATE as the rows and the DATA
as the count of tornados, is as follows, and it will be more than obvious that
there are more tornados in Texas than in Connecticut. However, and this
is important, the land area of Connecticut is much smaller than Texas and,
should this be weighted, the numbers would be closer. That is beyond the
scope of this book, but exploring these characteristics will only make the ana-
lyst a much more detailed user of the data.

Data Field Options
Sort by

@ Ascending

‘ STATE EH O Descending
O Manual

=
X

Display options

Layout |Tabular layout E

["| Empty line after each item

Show automatically
mE

Erom |Top

(] [

Using field |

Hide items

CJTEXAS 'y
M UuTAH

K VIRGINIA
K WISCONSIN
¥l OMING

1

<.

Hierarchy
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Data Field

Function
oK

Sum A
Average

Max

Min

Product

Count (Numbers only)

fary 7 [IKY

Name:  EVENT_TYPE More ¥

Help

11

StormEvents_details-ftp_v1.0_d1995_c20190920.csv - OpenOffice Calc
File Edit View Insert Format Tools Data Window Help
BE-d= R BER Y K-
PE [Aral M M BZIUIE
A1 K E = [Fiter
A B C
Filter
2
3 |STATE =
4 [CONNECTICUT 3
5 [TEXAS 229
6 |Total Result 232
7
[ 3
9
10

7.1.1.2 Answer According to Rattle

Forming a chart within Rattle is relatively straightforward. The most difficult
part of this process is the filtering of the data, but that can be done within
both R and Rattle. Filtering using R/RStudio was already covered in a prior
section, so the file TORNADO_1995 already has just the tornado record and
fields prepared. To import this into Rattle, use the data import function as
described in a previous section. Before importing the data, it might be wise to
eliminate all the STATES except for those needed. This is also done through
the filter command with the command line shown here.

TORNADO 1995 1<- filter (TORNADO 1995, STATE=="TEXAS" |
STATE=="CONNECTICUT")
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Notice that there is a pipe (*|”) used for the “or” function, so this line
states that I want the original dataset to be filtered to show only tornados that
have occurred in Texas or Connecticut. After that is finished, then import the
data into Rattle and ensure that the Execute icon is clicked. The user may
have to use the radio button marked “ignore” to ensure that only those two
fields of STATE and EVENT_TYPE are chosen. This is shown as follows:

G R Data Miner - [Rattle (TORNADO_1995_1)] - ] x
Project Tools Settings Help o Rattle Version 5.3.0 togaware.com

® | D B HE °I|

o
i Execute Mew  Open  Save | Export Stop Quit

Source (O File O ARFF O ODBC @ RDataset O RDataFile O Library O Corpus (O Script

Data Name: ‘TORN&DO_IQ!S_!
0 e E i =

. Target Data Type
@ oot @tanore Weight Caiculator :I [ ® Auto O Categoric O Numeric O Survival

No. Variable Data Type Input Target Rizk Ident Ignore Weight Comment L
5 END_DAY Numeric O O O 0 ® @] Unique: 26

& END_TIME Mumeric (O (@] [} @] ® o Unique: 173

7 EPISCDE_ID missing O (@] (8] @] ® @] Unique: 0 Missing: 23,
8 EVENTID Numeric O O @] O @® o Unique: 232

9 STATE Categoric @ QO QO (@] @] @] Unique: 2

10 STATE_FIPS Numeric O Q Q Q ® Q Unique: 2

11 YEAR Constant (O Q Q Q ® O Unique: 1

12 MONTH_NAME Categoric O O O O @® (@] Unique: 10

13 EVENT_TYPE Categoric (8 Q QO (@] Q (9] Uniigque: 1

14 CZ_TYPE Constant (O QO QO Q ® o Unigque: 1

15 CZ_FIPS Mumeric (O Q Q Q ® o Unique: 109

16 CZ_NAME Categoric O (o) o) 0 ® O Uniquez 111

17 WFO missing O Q Q Q ® (@] Unique: 0 Missing: 23.
18 BEGINDATETIME  Categoric O o) o) 0 ® O Unique: 219 v
e s e s e s R

Once that is completed, move to the “Explore” tab and use the “Dis-
tributions” choice of the bar chart to display the two results. The screen to
configure is as follows:
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@@ R Data Miner - [Rattle (TORMADO_1955_1)]
Project Tools Settings Help

& O

i Execute New Open
Datz

Save |

<

Export

Type: (@] Summary @ Distributi Qc

m} X
o Rattle Version 5.3.0 togaware.com
® 4 I

Stop Quit

: Explore | Test Transform Cluster Associate Model Evaluate l.og.

O Principal Components () Interactive

Numeric: [] Annotate Group By: |

B

Benfords: [ ] Bars Starting Digit: |1 @ Digits:

|1 Ig!@ahs O +wveD ve -

Mo. Variable Box Plot  Histog Cur Pairs Min; Median/Mean; Max -~
1 BEGIN_YEARMONTH [] ] O O O 199501.00; 199505.00/199505.43; 199512.00

2 BEGIN_DAY O O O O O 1.00; 12.00/13.64; 31.00

3 BEGIN_TIME O ] Od O O 55.00; 1700.00/1563.54; 2342.00

4 END_YEARMONTH [J O Od O O 199501.00; 199505.00/199505.43; 199512.00

5 END_DAY O O Od O O 1.00; 12.00/13.64; 31.00

6 END_TIME O O O O O 55.00; 1706.50/1567,30; 2342.00

8 EVENTID O O O O O 10317864.00; 10352526.50/10351893.33; 10356081 ,
< I >
Categoric:  Clear

Mo. Varnable Bar Plot DotPlot  Mosaic Pairs Levels -
9 STATE =] ] O O 2

12 MONTH_NAME O a O O 0

13 EVENT_TYPE %] O O O 1

16 CZ_NAME O O O O m

18 BEGIN_DATE.TME [J ] O O 219

19 CZ_TIMEZONE O O O O 4

20 ENDDATETME [ 0 O O 215 .
|« R O R T R e S B R D R R T > |

The result of clicking the Execute icon is shown as follows. The visual is
self-explanatory and matches the results from the OpenOffice screen.

fies Plots Pocoges fep  Views =0
@ Proon | Hoptr |0 % puvish + | @
Distribution of STATE
3
2
J N
o
? o 2
I
TEXAS CONNECTICUT
STATE
Rattle 2020-Jan-29 10:34:05 Chris
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Just a few suggestions. First, the resulting visual will appear in a pane in
RStudio, not in Rattle, so do not be expecting a result at that location. Second,
the number for the Connecticut number of tornados is cut off; it should be 3,
and there will be another graph following this that will show the total, which
will prove that 3 appears here. If the user wants another way of displaying the
result, use the “Dot Plot” function within the Distributions tab to produce
this result.

Files Plots ~Packages Help Viewer -
& B zoom | Begorn~ [0 | % publish ~ | ©
Distribution of STATE
w
CONN&T‘CUT o sa s s i ks R 4 s s 1 PO i i 8 B 8 8 Bttt B 8
@ T | T | |
0 50 100 150 200
Frequency
Rattle 2020-Jan-29 10:40:26 Chris

This shows the great disparity of tornados without the use of total num-
bers. This alone should prove that there are fewer tornados in Connecticut
than Texas (nominally, in any case).

7.1.1.3 Answer According to KNIME

The KNIME tool has the ability to show the result of the analysis with very
few nodes. The first node will be a CSV Reader which will read the entire
dataset into the tool. The second node will be a Row Filter node to just show
the STATE and EVENT_TYPE columns, and the third node will be to visual-
ize the results.

There is an additional node that the user will need in order to make quick
work of the filtering task. This node is called the Rule-Based Row Filter and
will demand a little programming in order to make the filter work as a com-
bination of STATE and EVENT_TYPE. The configuration for this node is
illustrated as follows. The programming will be explained line by line.
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Dialog - 2:4 - Rule-based Row Filter — [m] X
File

Rule Editor | Flow Variables | Job Manager Selection | Memory Policy

Column List Category Description
% Eplsont;;m # | |Logical ~ | |Logical and of two boolean expressions. You can use this in a sequence, #
| L] EVENT I _ like A AND B AND C without parenthesis, but it has no precedence
i STATE BLies regarding to OR or XOR, so you have to use parenthesis around the logical
+ ﬂmﬂfﬂ’s connectives if you want to combine them.
[ POR? -
(5] MoNTH N o {Short-circuit evaluation.)
i EVENT_TYPE NOT 7
[8] cz_TvPE
[T]cz_FPs
[S] cz_name
[8|wro
| S| BEGIN_DATE_TIME
[8] cz_TiMEZONE
[S| END_DATE_TIME
| | INJURIES_DIRECT
[1] INJURIES_INDIRECT v
v
Flow Variable List i
@m‘mdqu e
1 /7 enter ordered set of rules, e.g.: A
2 // $double column name$ > 5.8 => FALSE
3 // $string column name$ LIKE “*blue*" => FALSE D
4 // TRUE => TRUE
5 $STATE$ = "TEXAS" AND $EVENT_TYPE$="Tornado" => TRUE
6 $STATE$ = "CONNECTICUT" AND $EVENT_TYPE$ = "Tornado" => TRUE
v
(@ Indude TRUE matches (O Exclude TRUE matches

[ oK |[aepy  |[ cance | [@]

The first line (line #5 in the configuration screen) is basically setting
the STATE rows to TEXAS and the EVENT_TYPE to Tornado. The sec-
ond line (line #6 in the configuration screen) is setting the STATE rows
to CONNECTICUT and the EVENT_TYPE to Tornado. By placing these
lines one after the other, the user is placing an AND between them and
the data. The resulting table will show only those tornados in Texas and
Connecticut.

The last node in this process is a visualization node to help present the
results. In this case, the Bar Chart node is perfectly acceptable. There are
several to choose from, and two are included in this process. This is the
result of the Bar Chart (JFree Chart) option. The picture is worth 1,000
words.
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bar chart - 2:3 - Bar Chart (JFreeChart) — [m] X
File
e e i I

Number of Tornados

200

175

150

100

75

25

TEXAS CONNECTICUT Tornado

W STATE W EVENT_TYPE

The third column in this chart shows the EVENT _TYPE as Tornado,
which will count both Texas and Connecticut. Most of the tools show this as
part of this function. The finished workflow is shown along with the named
nodes. Remember that the row filter will demand just a little programming.
However, also remember that the analyst can take any tornado tracking year
and run it through this workflow to determine the difference in tornado rate

between Texas and Connecticut. Once the workflow is set, no further config-
uration is required.

A OTESTPROJECT A 3DOUBLEFILE A O:Comelation |/ 2ANSWERT. £ s 5

Bar Chart
CSV Reader Rule based (JFreeChart)

B
s E [es ]
Node 1 (00 | Node 3
Node 4
Bar Chart
oo |

Node 5
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One last comment on KNIME. There are two Bar Chart nodes, one
labeled as (JFree Chart) and the other plain. The plain Bar Chart is not as
friendly as the JFree Chart, so it is recommended that the analyst use the
JFree Chart if there is a choice. The plain Bar Chart is included to demon-
strate that one node can feed two or more other nodes.

7.1.2 Pairing Exercise

One area of analysis that helps to determine changes from one event to
another event is available through t-testing called pairing samples. In essence,
what this entails is taking a sample of data that is paired one-for-one between
one field and another field in order to determine if there really is a change
between one and the other, taking into account chance. For instance, if the
analyst wants to know if an individual can see better before and after cataract
surgery, a pre- and post-testing method would help to determine if this is
true using the paired sampling technique. In order to do this, the following
exercise presents simulated data showing 100 students that have taken a test
before and after a class. Each student is assigned a number (sequentially) that
is the same for each test. Both tests have exactly the same questions, but the
answers are randomized between the pre- and post-test in order to eliminate
students just memorizing answers. The analyst must use the pairing sampling
t-test in order to determine the following question: “Do students perform bet-
ter in the post-test than the pre-test?” From this question, the following null
hypothesis is generated:

H: Students’ post-test scores and pre-test scores are not different
H,: Students’ scores are different between pre-test and post-test

This is called a “two-tailed” test, since it does not matter if the post-test
scores are less than or greater than the pre-test scores. This is a simpler
method of testing, and this will be the preferred option for this specific test.

The text for this exercise is located here, including the two columns nec-
essary for the testing. The analyst can use the import instructions for each
tool in order to get the data into the different analytical applications. Please
note that there are commas included in order to make a comma separated
value file that will help the import into the different tools. If the analyst wants
to download the data, they may do so from the author’s website at wuww.
grectech.com. The analyst will navigate to the download page and will see the
appropriate file listed under “Book Exercise 2.”
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Student, Pre-Testing, Post-Testing

1, 85, 82 39, 88, 82 77, 87, 87
2, 92, 92 40, 61, 90 78, 58, 82
3, 77, 82 4], 99, 99 79, 80, 82
4, 64, 79 42, 63, 78 80, 69, 73
5, 69, 70 43, 75, 91 81, 66, 94
6, 57, 89 44, 75, 93 82, 94, 89
7, 84, 79 45, 65, 88 83, 97, 95
8, 54, 70 46, 76, 99 84, 94, 90
9, 65, 97 47, 95, 75 85, 82, 94
10, 53, 88 48, 89, 88 86, 79, 87
11, 86, 80 49, 89, 77 87, 56, 74
12, 54, 82 50, 53, 78 88, 96, 94
13, 92, 90 51, 87, 97 89, 90, 85
14, 78, 99 52, 53, 79 90, 89, 72
15, 94, 89 53, 96, 89 91, 50, 98
16, 77, 95 54, 93, 83 92, 72, 80
17, 70, 79 53, 73, 71 93, 86, 88
18, 96, 98 56, 81, 93 94, 67, 99
19, 80, 86 57, 96, 98 93, 80, 78
20, 87, 81 58, 85, 81 96, 83, 75
21, 89, 99 59, 75, 92 97, 63, 84
22, 71, 81 60, 71, 94 98§, 50, 90
23, 92, 98 61, 58, 91 99, 82, 97
24, 53, 97 62, 96, 72 100, 88, 76
25, 100, 99 63, 55, 77
26, 54, 89 64, 90, 73
27, 62, 94 65, 66, 74
28, 65, 76 66, 87, 79
29, 91, 92 67, 91, 90
30, 76, 71 68, 85, 86
31, 74, 84 69, 66, 95
32, 95, 99 70, 80, 81
33, 73, 83 71, 84, 89
34, 50, 91 72, 53, 70
35, 85, 81 73, 70, 88
36, 73, 87 74, 59, 78
37, 100, 91 75, 91, 83

38, 52, 88 76, 95, 92
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7.1.2.1 Answer to Exercise 2 — Rattle

The answer to this exercise can be solved within Rattle with just a little effort.
The first step will be to import the data, which is a text file, into Rattle using
the “DATA” tab and then move to “EXPLORE” in order to conduct the t-test.
The finished configuration of the problem is in the next illustration. The expla-
nation for this screen will take each of the sections and describe each for the
analyst. Remember that the main reason for the test was to determine if there
were in fact differences between the first and second test. Also remember that
the analyst wanted a sample, which in this case was set with Rattle through the
DATA tab, using the “partition” setting at 50/25/25, which means that 50% of
the data would be sampled and tested.

The main area for focus in this result is the middle of the screen, where it
shows the p-values for the various “tailed” tests. For the uninitiated in statis-
tics, “tailed” tests refer to whether the analyst is testing if one sample’s mean is
less than or greater than the other sample’s mean. In this case, it would be that
the first sample (the pre-test) is less than the second sample (the post-test) if
it is a right-tailed test, and a left-tailed test for the reverse (the first sample is
greater than then second sample). What does this mean? It signifies that the
alternative hypothesis asserts that, if the first sample mean does not equal
the second sample mean, that the first sample is less than the second sam-
ple. In this case, the analyst wants to know if the post-test results are greater
than the pre-test results. This would then assert that there was knowledge
transfer and that the post-test shows that the students actually learned the
material that they did not know during the pre-test (generally). In order to be
more specific, each question between the students could be run through this
testing to see if there is a significant difference between the pre-test and the
post-test to see if the instructor did in fact increase the students” knowledge.
This is important for the instructor, since it shows if the content helped or
hindered the students. No instructor wants to see that students learn less in
their classroom.

If the analyst wants to know the probability of the pre-test being less than
the post-test, accounting for a chance event that the pre-test could register
more than the post-test, then they would need to look at the “P-VALUE”
section of the screen under “Alternative” and “Less” which gives this num-
ber: .0000001244. What this means is that there is basically a zero chance of
the pre-test being less than the post-test with a 95% confidence level. It also
means that, taken into consideration that chance is not a factor, that pre-test
values are less overall then post-test values.
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Another way of looking at this through this tool is the confidence interval,
which is located on the screen at the “CONFIDENCE INTERVAL” area. If
the analyst takes a look at the “Less:” they will see that the interval at 95% is
~Infinity (-Inf) to -6.3081. If the analyst looks carefully, they will see that
“0” is not included in that range, which means that the pre-test and post-test
means are never 0, pointing to the fact that the pre-test is less than the post-
test. This is one more factor in the overall statistical test and one, as stated
earlier in this book, that is important in the overall analysis of data.

G R Data Miner - [Rattle (BOOK SECOND EXERCISE txt)] o m} X
Project Jools Settings Help o Rattle Version 5.3.0 togoware.com

;;@|D a|-¢1|e -I|
;i Execute New Open  Save Export Stop Quit

Dat: Explore Test Transform Cluster Associate Model Evaluate Log

Two-Sample Tests: O Kolmogorov-Smirnov O Wilcoxon Rank-Sum @ T-test O F-test
Paired Two-Sample Tests: (O Comelation (O Wilcoxon Signed Rank
Sample 1:  |Pre.Testing El Sample 2: |Post.Tming El [] Group By Target: No Target
mu: 8 G
SAMPLE ESTIMATES:

Mean of x: 76.93
Mean of y: 86.03
var of x: 214,2274
Var of y: 70.494

STATISTIC:
T: -5.393
T | Equal var: -5.393
P VALUE:
Alternative Two-Sided: ©.0800802489
Alternative Less: ©.0000001244

Alternative Greater: 1
Alternative Two-Sided | Equal Var: 0.0000001963
alternative Less | Equal Var: 0.90000009814
Alternative Greater | Equal Var: 1
CONFIDENCE INTERVAL:
Two-Sided: -12.4327, -5.7673
Less: -Inf, -6.3881
Greater: -11.8919, Inf
Two-Sided | Equal var: -12.4275, -5.7725
Less | Equal var: -Inf, -6.3115
Greater | Equal Var: -11.8885, Inf

Description:
Sat Feb 81 16:29:02 2020
v
R e S R e e e e
e s R e D ey s R e b e o

7.1.2.2 Answer to Exercise 2 - KNIME

KNIME has a node that will assist with this issue, but first the analyst must
import the data into the tool and work with the data. This is done the same
way as in previous sections, but this time instead of using the CSV Reader
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node, the analyst uses the File Reader node, which will read the text from the
text file. The analyst could use the CSV Reader for this, but it is easier to use
the File Reader for the possibility of the delimiter being something other than
a comma. The workflow is shown in the following screen and will be explained
node by node to ensure the analyst understands both the flow and the differ-

ent nodes.
A CG:TESTPROJECT A 3:DOUBLEFILE A O:Comelaion | *2T-TEST 2 % = &
M
File Reader Row Sampling Paired t-test
o o e
& g 41 e
om om (00 |
Node 1 Node 2 Node 3
v
<mmmTTSIIIII—= >

The first node is the File Reader node, which has the configuration screen
as shown. Note that the checkboxes include those that would be similar to
other nodes. There is also an “Advanced...” block that can be selected, and it
has been included for the analyst to explore as necessary.
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Dialog - 01 - File Reader - [m]
File

Settings Flow Variables Job Manager Selection | Memory Policy
~Enter ASCII data file location: (press Enter to upd: ]

fieC: /Uisers,Chris /Desktop/BOOK % 20SECOND % 20EXERCISE, tt ~ | [ erowse... |

[] Preserve user settings for new location | Rescan

[ read row IDs Column delimiter: |, ~| | Advanced... |
[ read eolumn headers [ igniore spaces and tabs
[] 2ava-style comments &vehemt:l:l
Preview
Click cohuiins header to changs cob operties (= ftype user settings)
Row ID LLI|F|1.~T¢| [1]Post-Te...
1 5 ~
2 sz E
3 77
4 64 |79
5 |63 70
& 57
7 84 |79
B 54 70
9 5 97
n 53
i1 3
12 54
13 lez 90
i4 78 99
15
16 |77 95
17 |70 F‘j
8 58
5 3
20 7 1
21 99
2 71 1
23 2 ]
24 53 57
25 [100 2] v
ok [ meey |[ cmca [[@
{4 File Reader: Advanced Settings X
uniaue RowIDs Limit Rows Character decoding Missing Value Pattern
Quote support Decimal Separator Ignore spaces Short Lines.
Define quote characters here.

Quotes can be multi-character patterns (for example: <quote: ).
Escape character (if checked) is always the backslash (Y).

Enter a new quote character: ———— currently set quotes.
" (esc: \)
' (esc: )
[] support esc character () Add >
< Remove
Allow multi line quoted strings:
{Dmatadshhgsmexm-\dmmlﬁiem

Read from XML fie... | | Ok || Cancel
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The second node is the Row Sampling node, which has been used before
in the random sampling section. This node will sample the rows necessary to
make the test valid. The “power” formula has not been used in this instance,
so the original 50 rows have been sampled, which means the results for this
test should not match the results from the previous answers (because they are
randomly sampled rows). The configuration for this screen is as follows:

Dialog - 0:2 - Row Sampling — O X
File

Sampling Method | Flow Variables Job Manager Selection Memory Policy

(@ Absolute 5015
O Relative %]
(O Take from top

(O Linear sampling

(@ Draw randomly

() Stratified sampling
R

| ok || Ay |[ camce |[@]

The final node is the Paired t-test node, which will perform the calcula-
tions necessary for the result. Remember to click on the Execute green arrow
after every configuration change. There are no worries if you forget, since the
application will give the analyst reminders that something has changed that
will affect the workflow.

The result follows this screen, and the analyst should take note of the
p-values that are attached along with the confidence intervals, as explained
in the previous section. It is essential that the analyst consider the confidence
intervals, since those are the types of test that are simple to perform and pro-
duce as effective a result as more complicated statistical tests. Remember that
complicated does not mean correct.
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£ Dialog - 0:3 - Paired t-test — m} X
File

| Settings | Flow Variables | Job Manager Selection | Memory Policy.

Left Column Right Column
[1]Pre-Testing v| [1]PostTesting MIERIE

I
|
| Confidence Interval (n %): 95.0 |

ok |[ mpy |[ cance |[@)

A5 Test statistics - 0:3 - Paired t-test - o X
File
Paired T-Test
Paired Samples Statistics

Pair 1 Pre-Testing 50 0 76.98 14.3506

Pair 1 Post-Testing 50 [ 8454 8505 1.2028
Paired Samples Test

Confidence Interval (CT) Probability- 95.0%

Pair1  PreTesting - Post-Testing  -3.5053 49 0.001 15.2505 2.1567 -11.8041

A quick look at these results shows that the p-value is .001 and the confi-
dence interval (CI) ranges from -11 to -3. This means that “0” is not included
in that range, denoting that the means are not the same. It also shows that
the upper bound is -3, which means that the pre-testing is less than the post-
testing, which is also extremely valuable for the analyst and can prompt some
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additional testing. The analyst can make other tests that would help to specify
any particular differences, but it does at least produce the result that there are
in fact differences between the pre- and post-testing means.
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