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Introduction

This book is written for learning the R software, with a main focus on the use of R
Commander and the IPSUR plug-in. Through the examples in the book, you will be
able to also learn some basic skills in probability computations and statistical
analysis. This material covers most of the topics in the introductory probability and
statistics courses and can be used as a supplementary material for these courses.

The R program was initially developed by Robert Gentleman and Ross Ihaka, and
was named after the first name of the two authors. R is an open source program for
statistical computing and graphics which is a popular software among statisticians,
scientists and engineers. It is part of the GNU project, and its source code is freely
available under the GNU General Public License. The current R program is the result
of a collaborative effort with contributions from all over the world and it is organized
and founded by the R Development Core Team. There are more than 2,000 packages
available at the Comprehensive R Archive Network (CRAN) and information about R
can be found in CRAN web site: http://www.r-project.org/.

R Commander, developed by John Fox with the contributions from my other R
program users and developers, is a platform-independent graphical user interface
(GUI) for R. It makes the use of R as easy as SPSS and Minitab. The best part is that
it is free. It is an excellent tool for basic statistical analysis and for teaching
introductory probability and statistics courses. Many R users and developers have
written plug-ins for the R Commander.

IPSUR (Introduction to Probability and Statistics Using R) developed by G. Jay Kerns
and G. Andy Chang is an R Commander plugin that includes additional options for
graphing, simulations, probability computations and statistical analysis. Jay Kerns
has also written an introductory probability and statistics book, Introduction to
Probability and Statistics Using R, which can be downloaded for free from the
Internet (http://ipsur.r-forge.r-project.org/book/index.php). In this book, readers
will learn R programming and using R codes for statistical computing. Instructions for
downloading R, R Commander, and the free book written by Dr. Kerns will be given
in the next few sections.

The followings are links to R related articles and information for understanding and

learning R, R Commander, and R Commander Plug-ins:

e Introduction to R, by Venables, Smith, and The R Development Core Team:
http://cran.r-project.org/doc/manuals/R-intro.pdf

e Getting Started with the R Commander, by John Fox:
http://socserv.mcmaster.ca/jfox/Misc/Rcmdr/Getting-Started-with-the-Rcmdr. pdf

e Extending the R Commander By “Plug-in” Packages, by John Fox:
http://tolstoy.newcastle.edu.au/R/e3/help/att-2806/wrapper.pdf

More information about R can be found in R package itself.

There are four major sections in this book: 1) Download/Installation and The Use of
R and R Commander, 2) Descriptive Statistics (showing the use of R Commander for
various charts), 3) Probability, and 4) Inferential Statistics.
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The Use of R and R Commander

Download and Installation
How To Install R, R Commander, and IPSUR

The instructions for installing R, R Commander, and IPSUR plugin can be found in the
following web site: http://ipsur.r-forge.r-project.org/rcmdrplugin/installation.php. An
image of this page is Following is an image of the web page. Following the
instructions in this page, you will be able to download all three components
mentioned above on your computer.

Quick Download and Installation Instructions

1. Download the latest version of R: click the link below to download the latest version of R for
your operating system from CRAN:

Windows - http://cran.r-project.org/bin/windows/base/
MacOS X - http://cran.r-project.org/bin/macosx/
Linux - http://cran.r-project.org/bin/linux/

o Windows Installation Tip for R: click the .exe program file to start installation. When
it asks for "Customized startup options", specify Yes. In the next window, be sure to
select the SDI (single-window) option.

2. Install the RemdrPlugin. IPSUR package: there are several methods to install
RcmdrPlugin. IPSUR:

o Install from CRAN: This method works well with Windows and MacOS X installations
and ensures that you have the latest stable version of the package. To install directly
from CRAN, launch R and type the following at the command prompt ">":

install _packages("'RcmdrPlugin. IPSUR", repos="http://cran.r-
project.org", dep=TRUE)

°

o Install from download: Downloads of the binary packages are available for Windows
and MacOS X. The packages, along with specific instructions for installing them on
various platforms are available on the downloads page.

o Install from package source: This method of installation is recommended for all
GNU-Linux operating systems and all other non-supported systems. To install the
current released version of the source, type the following at the command prompt ">":

install _packages("'RcmdrPlugin. IPSUR", repos =
"http://www.cran.r-project.org', type="source')

(note: you must have the correct compilation tools installed)
Instructions to install from a downloaded copy of the RemdrPlugin. IPSUR source
are available on the downloads page.

3. Load the RemdrPlugin. IPSUR package: Once RemdrPlugin. IPSUR is downloaded and
installed, it must be loaded into R. To do this type the following at the command prompt ">":

library(RcmdrPlugin. IPSUR)

4. Install the Dependencies: When Rcmdr loads it will ask you to download a bunch of
additional packages. Once this procedure is finished, you will be almost ready to go. For more
detailed instructions on installing and configuring R and RemdrPlugin. IPSUR you should next
consult the_Installing R and IPSUR document.
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In the step 1 above, if you wish to install R under the Microsoft Windows operation
system then you will click on Windows - http://cran.r-project.org/bin/windows/base/.
You will be asked to download and install R. The file for R 2.10.1 is about 30 MB.
After completing R download, you can just click Next through all the steps in Setup
Wizard to install R. After you have downloaded and installed R following step 1 of the
procedure described above, you can run R GUI and then copy and paste the
installation statement described in Step 2 in the installation web page into R Console
window (as in the following figure) and hit Enter key to install IPSUR plugin package.
This is for installing IPSUR from CRAN. There will be a message indicating the
success of the installation. R Console is the window where the R users can run all the

R commands.

File Edit ‘iew Misc Packages ‘Windows Help
I IS

|7 R Console

R wversion Z.10.1 (2009-12-14)
Copyright (C) 2002 The R Foundation for 3tatistical Computing
ISBM 3-900051-07-0

E is free software and cowes with ABSOLUTELY NO WARRANTY.
Fou are welcome to redistcribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

MNatural lahguage Support but running in an English locale
E is a collaborative project with mwany contributors.
Type 'contributors()' for wore information and
'citationi)' on how to cite R or B packages in publications.
Type 'demo()' for some dewos, 'help()' for on-line help, or
'help.start () ' for an HTML bhrowser interface to help.

Type 'gi)' to dquit R.

> inztall.packages ("RowdrFPlugin. IPSURT, repos="http://cran.r-project.org™, dep=TRUE”

When installing IPSUR, you may see “Warning dependencies ...” message that is
normal. Installing IPSUR is the part that will take a while. It took more than 30
minutes for my last download of IPSUR plug-in. Be patient. The last thing you will
see in R Console window after IPSUR is installed completely is:

The downloaded packages are in
C:\Documents and Settings\Andy Chang\Local Settings\Temp\Rtmpz3uiJp\downloaded_packages
>

The installation of all three components is complete if you see the message above.


http://cran.r-project.org/bin/windows/base/�

Download IPSUR Free Book

You can visit the following web site for the book to download the Introduction to
Probability and Statistics Using R book written by Dr. Jay Kerns. The web address for
the book is: http://ipsur.r-forge.r-project.org/book/installation.php. The steps are
similar to those in downloading ISPUR. If you have the R installed on your computer,
you can use the following R command to load and install the free book, that is, after
the R command prompt “>" enter

> install.packages(""IPSUR™)

The command above allows you to download and install the book from CRAN. This
will give you an updated stable version of the book. There may be problems if you
try to download it from R-Forge (the 2" option on the installation web page) since it
is a place that stores the beta or trial version. After installed the book on your
computer, you can use of R commands inside the R Console to open the book and
view it. They are the following R Commands after “>" command prompt:

> library(IPSUR)
> read(IPSUR)

The Downloads section of the book website mentioned above also shows you several
different methods for downloading PDF version of this book. A PDF file of this free
book can be downloaded from the following web site:
http://www.lulu.com/items/volume 67/8123000/8123594/2/print/IPSUR.pdf

To Start R Program

To use R or R Commander with IPSUR plugin, one has to first run the R GUI. This can
be done by clicking on Start and select All Programs and Select R with version that
one wishes to use, as what is shown in the following figure. This procedure will turn
on the R Console window where the R commands can be entered.
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To run R codes in R Console, one can just type the actual code after the command
prompt “>", and hit enter key. The use of R codes and R Commander with IPSUR will
be explained in later sections.

Setting Rgui Configuration to SDI

After you ran R GUI, the R Console window will appear on the computer screen. If
this is your first time running R GUI and you did not select the SDI (single-document
interface) option during the installation, you can do it now, by clicking the mouse
pointer on Edit that is on the R Console menu bar, and select GUI Preferences
option... . And then, in the Rgui Configuation Editor window check SDI box (see the
following two figures) and click on Save to save the new setting. Setting up the Rgui
Configuration Editor preferences to SDI is not a necessary step but it is an option
that allows user to run R windows independently rather than being contained in a
master window as in the default "multiple-document interface" (MDI). It will be
helpful when one wants to run R Commander or Tinn-R (an R editor).

I~ RGui M(=1E3

File B[ VWiew Misc Packages Windows Help

Select al
R+  Clear console Chrl+L 14)

oundation for 3tatistical Computin
Data editor.., v g

R 1= == TErEENTTOmes with ABSOLUTELY NO WARRLNTY.

¥Tou are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language sSupport but running in an English locale

R iz & collasborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite E or R packages in publications.

Type 'dewo()' Lfor some dewos, 'help()' Lfor on-line help, or
'help.start()' for an HTML browser interface to help.

Type 'gi)' to guit EB.

> |

Rgoui Configuration Editor,

After it is set to

Single or multiple windows () Mpr @ st SDI, you will be
seeing an R
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To Run R Commands from R GUI

User of R can enter R commands in the R console for many purposes from simple
calculations and graphing to statistical modeling and analysis.

The following are examples for simple calculations. To run an R command in R
Console, one can simply enter it after the command prompt, “>".

For a simple calculation such as adding 3 and 5, it can be done by typing 3 + 5, and
R will return the answer, 8, as shown blow.

>3 + 5 # you typed in

[1] 8 # the answer

>3 *5 # you typed in

[1] 15 # the answer

>3/5

[1] 0.6

>3 -5

[1] -2

You may type # to include a comment. The text after # will not be executed.
To store a set of numbers can be done by using =" or “->" or “"<-",

> X =7 # store value 7 in X
> X <- 6 # store value 6 In X
> 6 -> x # another way to store value 6 in X

The x above is a variable name. The acceptable variable name may consist of letters,
numbers, period “.”, underscore “_" characters. For example, x1, x.1, x_1, x.r, x_r.
One may create a data vector using either c() or scan() functions. For example, you
can do the following to create a data vector using the name x with values 1, 3, 5, 7,
in it. The scan() function is only good for storing numeric values.

> x =c¢(1,3,5,7) # store a vector of values 1, 3, 5, 7 in X

> X # type the variable name to view values In X
[1] 1357

> y = scan() # enter this, then enter values one at a time
1: 1

2: 3

3: 5

4: 7

5:

Read 4 i1tems

>y # type the variable name to view values iIn y
[1] 1357



The c() function can be used for storing character data with the use of single or
double quotes.

> z = c("Mon™, "Tue™, "Wed, "Thu", “Fri') # For character data
> z
[l] IIMonII IITueII IIWedII IIThull IIFriII

R functions can be applied to the data vector. The followings are some basic
functions in R.

>y # view values iIn vy

[1] 1357

> mean(y) # find the mean of values in y

[1] 4

> sd(y) # find standard deviation for values in y

[1] 2.581989
> mean(y)/sd(y) # mean of y divided by standard deviation of y
[1] 1.549193

More Examples for R commands

To gain a little bit more experience on R functions for statistics using R Console, you
can try the following examples for producing basic descriptive statistics using R
commands. Although, the main focus of this book is for learning the use of R
Commander, knowing some basic R commands using R Console will help later on.

> test = scan() # Enter discrete data such as 1,1,2,1,4,4,3,5,6,4,5,4
# For one discrete variable

> table(test) # Produce frequency table

# Make bar chart

> barplot(test)

# Make relative frequency bar chart with labels
> barplot(table(test),xlab="Sample', ylab="Frequency'™)

> barplot(table(test)/length(test), xlab="Sample', ylab="Relative
Frequency')

# Make pie chart
> pie(table(test))

> pie(table(test), col=gray(c(.3, .5, .7, -9)))



>

For one continuous variable
stem(test) # Make stemplot

hist(test) # Make histogram
hist(test,breaks=3) # Make histogram with 3 intervals specified
hist(test, prob=TRUE) # Make relative frequency histogram

lines(density(test)) # Fit the data with curve
boxplot(test) # Make boxplot

quantile(test, 0.9) # Find 90th percentile
quantile(test, .1) # Find 10th percentile

sd(test) # Find sample standard deviation
mean(test) # Find mean

IQR(test) # Find Interquartile Range

Make dotplot

stripchart(test,method=""stack™)
stripchart(test,method="stack",pch=1,o0ffset=1,cex=2)

For bivariate categorical data
rbind(c(20,30),c(5,45)) # Create row data for contingency table
cbind(c(20,5),c(30,45)) # Create column data for contingency table

X = matrix(c(20,5,30,45),nrow=2) # Use of matrix for entering data
X

rownames(x) = c(''Smoker',""Non-smoker') # Name the row variable
colnames(x) = c("Cancer™,"No Cancer™) # Name the column variable
X

Make cluster bar chart

barplot(x,xlab=""Smoking", main="Smoking and Lung Cancer",beside=TRUE)
prop.table(x) # Make relative frequency distribution table
barplot(prop.table(x), xlab="Smoking", main=""Smoking and Lung

Cancer',legend.text=TRUE,beside=TRUE) # Cluster bar chart with legend



To Run R From A Portable Memory Device

The Rgui file in the bin folder inside the R folder (see the figure below) where the R
program is installed is the program that runs (or say turns on) the R console. So,
user can go to this folder and double-click the Rgui file to run and start the R
Console. Using the same idea, after installed the R program with IPSUR, user can
copy the whole

. FEX
folder into a flash — : =
. . File Edit Wew Favorites Tools Help .','
drive, hard-drive, = —
or CD, and connect e Back - () lj: y ) Search H‘“ Folders v @ Folder Sync
the device to any Address | CilProgram Files\RIR-2. 10 11bin >
computer that il x | N8 Graphapp ol forr o
accept this device. [C3) MYIDIA Corporation ~
To run the R |23 Orline Services 1 _ -
program, jUSt run : g :utlook Express L For Windows GUI front-end
Rgui file in the bin B £ R2.10.0 _
folder. = ) R0 = -5, Riconv.dl =
123 bin
5 doc . j Rlapack.d
£ W | 21015072000
o E i c. o ¥ .‘5 R OLL For lapack b
To Get Help About Using R

There are manuals, help functions and search engine for finding information about R
and R functions. There are manuals and search engine downloaded along with the R
package. One can click Help on the R Console Menu bar and select one of the options
in the drop-down list as shown in the following figure to get help. The following
figure showed that there are two manuals, Introduction to R and R Data
Import/Export, downloaded along with the R package since they are of darker color.
If you wish to have more manuals in your R package, you can check them all when
downloading R. (This description of Help is for R 2.10.1 with new help settings.)

I~ R Console

File Edit Misc Packages ‘Windows BglEs]

Consale 1
Tou are welcome to redist ain conditions.
Type 'license()]' or 'lice FaQonR ion detaila.
FAQ on R For Windows
HNatural lancuage sSuppolBEEEEEETENEE ] an Introduction ko R
F iz a collahorative pro) R functions (text)... R Data Import/Export
Type 'contrikbutors()' £op  Hmlhelp
'citation()' on how to o) Searchhelp.,
search.r-project.org ...
Type 'demo ' for some d
¥p ) Apropos, ..
'help.stcart()' for an HTI
Type 'gf)' to gquit R. R Project home page
CRAN hiome page
= | B
Ak -




As shown in the figure above, you can view some R manuals through this Help
option. You can also use R functions (text) ..., Html help, Search help..., and search.r-
project.org for searching information for the use of R. If you enter the function
help.start() in R Console, it will take you to the R Manuals and Reference page which
provides you similar information as show in the Help option above. The R Search
Engine page allows you to use keywords, object name, and others to help you
searching the related materials for R.

The Use of help() or RSiteSearch() in R Console

The help() function allows user to search local documentation for a R function
through R Console. For instance, if you wish to know how to use mean(), then enter
help("mean”) in R Console. R will use a web browser to open the document about
the function mean(). One can also enter help() in R Console to get a document to
learn how to use help() function for search information about the use of R. If user
wishes to search on the Internet through R web site for the description of a R
function then RSiteSearch() function should be used. So, for finding information
about mean() function, the user should enter RSiteSearch("mean”) in R Console.
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To Start R Commander and Process Data Files

This section describes how to start R Commander with IPSUR plug-in and how to
create and process the data files.

The Use of R Commander With IPSUR Plug-in
In previous section, you learned how to open the R GUI, or say R Console.

To run R Commander with IPSUR plugin, user needs to enter the following after the
R Console command prompt:

> library(RcmdrPlugin. IPSUR)

You must use this command for using this book since all the examples in this book
are based on R Commander with IPSUR Plug-in. After you entered this command, a
R Commander window will appear and it looks very similar to R Commander window
except that there will be more other options to select for using IPSUR functions. All
IPSUR functions will have an “IPSUR"” right next to the IPSUR functions listed on the
drop-down menu. You can see them in the following figure.

R Commander

File Edit Data [ =M Graphs  Models Diskribotions  Tools  Help
th Dataset; =  SUmmaries ¥ lata set ][‘v‘iew data set | Model: | <Mo active model=
an Contingency tables ¥
Script Window Means .
Proportions
Variances L4
Monparametric tests ¥ IPSUR. - Enter table For single-sample. ..
Dirmensional analysis ¥ IPSUR. - Enter table For independent samples. ..
Fit rodels r .
Output Wind Submit
HEPLEYINASR | oo - power v [ Submi] ]

Messages
[1] MOTE: R Commander Version 1.5-4: Thu Fek 11 15:06:24 2010
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If you wish to run the R Commander without IPSUR plug-in, you need to enter the R
command: library(Rcmdr) in R Console. The general principle in using either R
Commander with or without IPSUR is the same. So, if you have experience with R
Commander then the way to use the R Commander with IPSUR is exactly the same.

On the top part of the R Commander window, there is a menu bar that allows user to
select different tools for performing different tasks with the software just like other
window software. There is a Script Window that shows the actual R command script
used when certain tasks are executed by R Commander. User can modify the script
and highlight few lines of script and click the Submit button to run the selected lines
of R commands. The results from using the R Commander menu or from the
submitted script will be shown in the Output Window. The materials in the Script
Window and the Output Window are all plain text and user can copy and paste them.

Create Data File

To create a new data file, click on Data on the menu bar, and select New Data Set ...
option. A New Data Set window will appear on the screen for user to name the data
set.

R Commander |'-_| |E| E|
File Edit BsE®N Statistics Graphs Models  Distributions  Toals  Help

R Data Mew data set. . ] Wiew data set | Model: | <Mo active model=
andr

Load data set. .,

| —
Messages
[1] Mo  [mport data P E_4: Thu Febh 11 15:43:41 2010
Data in packages 4
Active data set L4

Manage variables in active daka set ¥

After naming the data set, a Data Editor will show on the screen with default variable
names varl, var2, ... . These names can be changed.

I Data Editor |Z”Elrg|
File Edit Help

wvarl varza VAr3 vard

W lm|-a|o|m|e|w|w|k

12



To change the variable name, simply just click on the variable name to be changed

and a window for naming the variable will appear. User can specify the data type to

be numeric or character. In the following figure, the name varl was changed to BMI
in the Variable editor window, and the type remained as numeric.

I Variable editor

variable name | BMI| |

bype (%) numeric () character

The following figure shows that the second variable is for gender. The actual gender
data were entered. User may enter 1 or 0 and then label them later.

[ Data Editor (=13

File Edit Help
BHMI Gender WALE 3 war4

1 |21 Female

2 (24 Hale

3 |26 Female

4 (24 Female

5 |32 Hale

£

User may click on the red X icon on the right-hand top corner to close the editor.
The data set is ready at this time. User can view it any time by clicking on Edit data
set or View data set button in the R Commander window to open the editor for
editing data or to view the data.

Save Data File

To save this data as an R data file, one can click on Data, and select Active data set
option in the R Commander window, and then choose Save active data set ... option
to save the data set is a file. That is, in shorthand, (see figure below)

Data / Active data set/ Save active data set ...
The file name will have a file extension .rda. The data file can be exported to

different format such as .txt, .dat, and .csv. This can be done by (in the R
Commander window)

Data / Active data set/ Export active data set ...

13



R Commander |'-_| |'E| E|
File Edit BeEEN Statiskics  Graphs  Models  Distributions  Tools  Help

Rl].l Data Mew data set... aset | Model: | <Mo active model=
& Load data set..,
Crrimk Whie

Ckpuk W

Submit
Impork data » 4&'

[rata in packages

> Dats Select ackive data set. ..
Manage variables in active data set ¥ Refresh active data set
= fix (IEEESEL] Help on active data sek (if available)

Yariables in active data set

Set case names. ..

Subset active data set,,,

Aggreqate variables in active data set...
Remove rowi(s) Fram ackive data set. ..

Messages
[2] MOTE: The dataset Datasetr he  Pemove caseswith missing data... -
[3] MOTE: The dataset Dataset h: BNl EicNE CE o

Export active data set... W

Import Data File

User can import data in various formats such as text, SPSS, Minitab, STATA, and
EXCEL. To do that, click on Data in the R Commander window, select Import Data
and then select the format of the file to be imported.

R Commander |-_| |E| D__<|
File Edit BeEEMN Statiskics  Graphs  Models  Distributions  Tools  Help

Rﬂ: Data Mew data set... aset | Model: | <Mo active model=
= Load data set..,

Cukpuk W
From text file, clipboard, or URL. ..
Messages Data in packages k from 3PS5 data set...
Ezi EH Ackive data set 4 from Minitab data set. ..
[3] NC Manage variables in active data st # From STATA data set..,

fram Excel, Access or dBase daka set,..

[

To learn more about import and export data file, user can review the R Data
Import/Export document. It can be found by clicking on Help in the R Console
window, select Manuals (in PDF), and then select R Data Import/Export, in
shorthand,

Help / Manuals (in PDF) / R Data Import/Export

14



To Open An R Data File

If a data is saved as an R data file, then to open the file user needs to click Data in
the R Commander window, and select Load data set ... option, and then in the Open
window find and select the R data file to be processed.

R Commander ['-_I ['E| [z|
File Edit BsEWEN Statistics Graphs  Models  Distributions  Tools  Help

R Data Mew data set... aset | Model: | <Mo active rmiodel
ands Load daka set..,
OukpUE W Submit]
Import data 4 T
. | Data in packages L b - T =
! Active data set r b
Messages Manage wariables in active data set #
[2] WOTE: The dataset Dataset has 5 rows and 2 columns. .
[3] WOTE: The dataset Dataset has 5 rows and 2 columns. 3
W

There are also data file that come with the packages which users can use for practice
the use of the R Commander. To use them, just select Data in packages option and
then load the data file.

There are other options in R Commander, such as save script, save output, and save
R workspace that allow users to save some of their works after the analysis. To
perform these tasks, user will need to use the File function on the menu of the R
Commander window. These files can be saved and retrieve using the R Commander’s
File function.

Starting from the next section, the use of R Commander with IPSUR Plug-in for
probability and statistics will be explained.

15



Descriptive Statistics

Exploring One Quantitative Variable: Histogram, Stem Plots, and Strip
Charts (Dot Plots)

Example: The scores of an exam were recorded as the followings:
98, 90, 96, 54, 43, 87, 88, 90, 94, 92, 81, 79, 85, 91, 79, 88, 89, 83
How to make histogram, stemplot, and strip chart to describe this data?

Data Entry:

The data can be entered in the first column of the Data Editor and variable name can
be changed to Scores by clicking the heading varl on top of the first column and
change the variable name to Scores. The data would appear as the following.

S[=/e3

I Data Editor

File Edit Help
Joores|wars
1 |98
2 |20
3 |96
Histogram 4 |54
5 |43
1) In R Commander, click on 5 a7
Graphs and select Histogram...
T |88
g |90
R Commander o |og
File Edit D[ata Statistics NEEaEM Models IPSUR-Probability Tl 10 |9z
:EJI Data set:| Datazet Strip chart... del: 11 |81
Index plot... 12 |79
Cukput Sefindow Histogram. .. = I
Stem-and-leaf display. .. 12 o1
> atripchart (Data Boxplet... kT,
Quantile-camparisan plat, . 15 |78
> atripchart (Data kT, 16 |88
17 |89
> fix(Dataset) 18 |a3
< -
Meszages
Ear graphs... J 5
NOTE: The dataset 30 araph P and 1 column=.
Save graph to file L4 h

16



2) In the Histogram dialog box enter the chart title in the Title box. One can specify
number of bins for the chart or use <auto> for default setting, and then select
Scaling. In this example Frequency counts is chosen. And then, click OK.

Histogram |Z| @Iﬁ__(l

Title: |Hi$t-:|gram of Scoreqd
Wariable [pick one]

MHumnber af bing: | <auto:

Az Scaling
Frequency counts (+
Percentages .
Densities -
(] Cancel Help

Result:

I R Graphics: Device 2 (ACTIVE)

Ele History Resize Clos

Histogram of Scores

Freguency

.

T T T T T T T
40 50 60 70 a0 a0 100

Dataset$Scores

Label for horizontal axis can be changed to just “"Scores” by using the instructions in

this document:
http://www.cc.ysu.edu/~ghchang/class/s3743/R ProblemHistogramLabel.pdf
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Stemplot

1) In R Commander, click on Graphs and select Stem-and-leaf display ...

R Commander
File Edit Data Statistics NeEayE Models  IPSUR-Probability  Tools  Help

Rﬂ: Data zet: | Datazet Strip chart... del: | <Mo active model:
an Index plat...
Dutput Windaow Histograrn. .. Submit] |

Stem-and-leaf display. ..

> fix(Dataszet) Boxplok A

Cuantile-comparison plat. ..

> Hist (Dataset§Sc ", breaks="Iturges", m:s

> detach|Dataset])

2) In the Stem-and-leaf dialog box, check Repeated stem digits and bullet and
uncheck Trim outliers box as shown in the following figure. Click OK.

5tem and Leaf Display |Z||§|r5__<|

Yariable [pick one]

Leafs Digit:  Automatic ¥ or sst: 1 | 11
Partz Per Stem
Automatic *

1 "

2 "

5 ("
Style of Divided Stems
Tukey .
Fepeated stern digits 1+
O ptians
Trim autliers B
Show depths ™

Reverze negative leaves v

k. Cancel Help

18



Result:

1 ] 2: represents 12
leaf unit: 1

n: 18
1 4 1 3
4
2 51 4
5|
6 |
6 |
7
4 7 ] 99
6 8 | 13
(5) 8 | 57889
7 9 | 00124
2 9] 68
Strip Chart (Dot Plot)

1) Select Graphs from menu bar and select Strip chart ... option.

S=1E3

R Commander
File Edit Dakta Statiskics

Maodels  IPSUR-Probability  Tools  Help

Rﬂ: Data zet | Datazet Strip chart... del | <Mo active maodel:
E Indesx plat..,
Dukput 'window Histagram... M |
Stem-and-leaf display, ..

Boxplat, .,
Quantile-comparisan plat, .,

> Dataset <- edit

Mezzages

Bar graphs... r A
NOTE: The dataset 30 graph P and 1 columns.

Save graph ko file L4 A
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3) In the Strip chart dialog window, enter chart title, choose Stack bullet, and
specify the Stack offset for dot plot, and click OK.

Strip chant

Title: |Stri|:| Chart of Scored
Yariable [pick one]

Plot rmethod:

Dserplat .

Jitter - amount; lr
Stack. ¥ offzet: 1/3

Plat Character: IJ_I—

Character Size: I—I
Plat by groups... |

(] Cancel Help

Result:

I% R Graphics: Device 2 (ACTIVE)

File History Resize

Strip Chart of Scores

© © 2o 00 oBofoo o o o

50 60 70 80 a0 100
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Box Plot and Side-by-Side Box Plot

Example: The data below shows numbers of visits to a website in randomly selected
days in two separate months. Create a Box Plot for Month 1 as well as a side-by-side
box plot for both months.

1D 112 /3| 4|56 |78 ]9]]10]11/12 |13
Month1l |4 4015|2032 |30(51]29|25|83|24|25]|18
Month2 |7 4 | 7 |[55] 6 | 8|9 ]12|32| 5|7 14| 9

Boxplot: Exploring One Quantitative Variable

1) From R Commander, click Data and select a New data set... option.

7% R Commander
File Edit Data Statistics @raphs  Models  IPSUR-Probability Tools  Help

= R Dty Mlew data sk, iew data set|  Model | <Mo active model:
onds Impork data »
Sorpt Wil Datain packages »
Active data set L4
Manage variables in ackive data set ¥

Clutput Windom

2) Enter Data.

R Data Editor

warl vard
4

40
15
20
32
30
51
29
25
53
24
25
15

LT I I S e T S R S B I

iy
L]

fury
[

iy
[3%]

iy
(o)

"
2
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3) Click Graph, Boxplot

74 R Commander
File Edit Data 3Statistics Graphs Models  IPSUR-Probabilicy  Tools  Help

:ﬂl%lh Data zet: Strip chart... del: | <Mo acty

Index plat. ..
Script YWindow Histagram...

Dataset <- editia Stem-and-leaf display. ..
fix (Dataset) Boxplat. ..

Cuantile-compatison plat. ..

EBar graphs. .. r
Dutput Windaw 30 graph r
Save graph ko file L

> Dataset «<- editias.data.frsme (MULL))

> fiw(Dataset)

4) Accept the default Settings in the dialogue box unless one wishes to do other
thing.

| — 1 1
74 Boxplot E] [ E

Title: |
Wariable [pick one]

v

Ivar'l

Optionz

I Harizantal i
MNatches r
Yariable Box width [+

[dentify outliers with mouse [

Plat by groups... I
(] Carncel I Help I

T Lo A A = T
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5) View Plot.

war]

20

40

23

60

20




Side by side Box Plots: Comparing Groups on One Quantitative Variable

1) Enter Data in the first column with 1 or 2 in the column denoting month 1 and
month 2, enter the a.

]
R Data Editor g@
wvarl VALZ VAL 3 vard wvars VAL 6 VarT e
11 4
2 |1 40
3|1 15
4 |1 z0
5|1 3z
6 |1 30
7|1 51 3
g |1 29 I
2 |1 25
o (1 B3
11 |1 24
12 (1 25

2) Covert 1 and 2 to factors

4 R Commander E]@

File Edit [Data Statiskics Graphs Models  IPSUR-Probability  Tools  Help

R Data Mew data sef... zet|  Model | <Mo active model>
cndr Import data 2
Sept'Wil  patain packages [
Datase Active data set 4 LLJ i
fix (D&  Manage wariables in active data set ¥ Recode variables. ..
boxplotiTatasetivarl, yIlah="wvar) Compute new variable. ., width=TRUE,

h #dd observation numbers to data set
attach (Datasethataset <- edit (a:

fix(Dataset)

Standardize wariables, ..
Convert numeric warisbles to Fackars,
Bin numeric wariable...

Rename variables...
Delete variables from data set ...

Clutput Wfirdo Suhmitl |

24




1 1 [

d %% Convert Mumeric Variables to Factors g c o
Wariables [pick one or more] Factar Levels i
e Supply level names (%
wars I1ze numbers ) o

Mew variable name or prefis for mulkiple variables: |<same az vanables:

F, Cancel I Help I

inglish locale

—

,{ 7% Level Mames for var1 g £

2| Mumeric walue  Lewel name

3) Click Graph, Box Plot

25



%% R Commander
File Edit Daka Statistics Graphs  Madels  IPSUR-Probahility  Toaols  Help

Rﬂ: Data set: | Datazet Strip chart... del: | <Mo ach
& Index plat..,

Dataset <- edit (s stem-and-leaf display. ..
fix (Dataset) Boxplat. ..
Quantile-comparison plat, ..

Ear graphs... r
Dlutput Swindow 30 graph r
Save graph ta fil r

> Dataset <- edit(a=s.data.frame (NULL))

> fixi(Datazet)

4) In Dialogue box select plot by groups and select varl and click “ok”, since varl is
group variable. Be sure Var2 is also selected in the Variable (pick one) box as the
Variable to be plotted.

| T | 3E, warwidth=TRD

Title: |
Yariable [pick one|

[svar2 r'?.é Groups E]

Groups vanable [pick one]

Optiomnz
Harizantal v
varl |
MNaotches [ ~

Yariable Box twidth v |

OF. Cancel
AEntify outliers with Thegze |
. Plaot by groups. ..

]9

Help

ALSE, warwidth=T
Cancel |
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5) View Plot

war?

20 40

var

27

60

80




Line Graph

1) From R Commander, click and select Data.

%% R Commander E][E

File Edit | Data Statistics Graphs Models Distributions  IPSUR-Probability  Tools  Help

R Data Mew data set... iew data set | Model: | <Mo active model:

s Irmport daka 4

Seript Wi Data in packages L4
Active data set 4
Manage variables in active data set ¥

2) From here you can either import data from an existing file, or create a new
data set.

a. To import data from and existing file, simply select Import data. Then
select the type of file you would like to import (text file, SPSS, Minitab,
STATA, or Excel file).

i R Commander E]
File Edit | Data Statistics  Graphs  Models  Distribotions  IPSUR-Probability Tools Help
R Diata Mew data set. .. L.';A... ol oo [on e o
cds Import data 4 fram text file or clipboard. ..
Script Wi Data in packages 4 from 3PS5 data set. ..
Ackive data sek 4 frarm Minikab data set. ..
Manage wariables in active data set ¥ fram STATA data set...
fram Excel, Access or dBase data set ...

28



b. To create a new data set, select new data set, and enter your data in two
columns that are provided.

- ]
R Data Editor
warl var: vars ward wars wwal
1|1 2
2 |2 5
3|3 7
4 |4 11
5 |5 15
6 |6 19
77 23
g |38 24
9 |9 25
10 |10 28
11
1z

3) From IPSUR, select Graphs, Line graph

%74 R Commander
File Edit Data Statistics | Graphs Models  Distributions  IPSUR-Probability  Tools  Help

Rﬂ: Data set: | Dataset Strip chart .. del: | <Mo active model:
EH Index plat. ..
Seript YWindow Histagram. ..

Dataset <- editia Stem-and-leaf display. ..

Dataset <- editia Boxplot. ..
Quantile-camparison plat. ..
Scatkerplot, .,

Line graph. ..
¥ conditioning plot. ..

Ear graphs... r
Clutput 4indow 3D graph L
Save graph ta file s

> Dataset <- edit (as.data.frame (HULL))

29



4) From this dialog box, select your x and y variable for your line graph, and a
title if necessary. Click OK and your line graph will appear. You can select to
add a legend if necessary as well in this dialog box.

]
% ' : L No active model>
0 active mode
d 7 Line Plot =)o
Title: |Line Graph
% vanable [pick one] w vaniables [pick one or more)
r Lype="b", lty=1, main=""
war warl
wars wars
Label for y-auis
|<use y-variable names»
Plat legend |
(] I Cancel Help
> Datazet «<- edit (as.dats.frawme (NULL))
> Dataset «<- editjas.dats.framwe (NULL))
TR R Graphics: Device 2 (ACTIVE) 1 =[5}

Line Graph

15 20 25

var2

10

Datasetfvar

30



Exploring One Qualitative/Categorical Variable: Pie Chart (or Bar Chart)
When making bar chart or pie chart for a categorical variable, R can make the chart
using the raw data from cases of subjects or use the summarized data such as
frequencies for all different categories of outcomes for a categorical variable.

Making Pie chart from categorical variable with raw data.

1) Enter your data into a new data table for the categorical variable.

This data needs to be converted to a factor variable in order to make bar chart or
pie chart.

I Data Editor (=13
File Edit Help

Vara

<
i}
H
e

LTI e I = I I L
Co | [ [ [ jea [ma | | =

2) Convert your data into factors. 1o

a. Perform the following menu
selections:

s
s
il

Data/Manage variables in active data set/Convert humeric variables to factors...

R Commander

File Edit WEEIEN Statistics  Graphs Models  Distributions  IPSUR-Probability  Tools  Help

Rﬂ: [ata Mew data set... zet| Model | <Mo active model:
& Import data » ]
Clutput s Diata in packages 4 M |
Active data sek L A
w Dars Manage variables in active data sek * Recode variables, ., 0
Compute new variable. .. 3
Add observation numbers to data set .
Standardize variables. ..
Mezzages .
Convert numeric variables ko Fackors, .. v
Bin numeric variable, .. —
HOTE: The dataset Dataset has 5
W
Rename variables. .
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b. Select the variable to be converted:

Conwvert Numeric ¥ariables to Factors :||:,[z|

Warables [pick one or more] Factor Lewvels
Supply level names +

warl
=l e numbers i

Mew variable name ar prefis for multiple variables: |<same az varables:

(] Cancel | Help |

c. If “Supply level names” is selected, one needs to supply the names or labels
for all different data values for this categorical variable.

Level Names for var1 :||:.[z|

MHurmeric waluie Level name

1 Fed
2 el
c! Erowr]
k. Cancel
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3) Go to the "Graphs” menu and select “Pie chart”. Then Choose the variable you
want to graph and click OK. (If Bar Graphs is selected, R will make bar chart for
you.)

R Commander

File Edit Data Statistics NefEayE Models  IPSUR-Probability  Tools  Help
R Data set:| Datazet del: | <Mo active model:
cmdx
Dukput 'window M |
~
> Dataset «<- edit
* Datasetivarl <- labels=c ('Eed',
> pie(table (Datas l= (Datasetivaril)
v
{_ Pareto Diagram... 3
Mezzages Pie chart. ..
Bar graphs... L -
30 graph B
Save graph ko file L -

4) The result:

I* R Graphics: Device 2 (ACTIVE)

File History Resize

var1

Yellow

Brown
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Exploring Relation Between Two Categorical Variable: Cluster Bar Chart

Making bar chart when frequency data is available. The example data (see step 2 in
this instruction) is for comparing among male and female subjects to see if there is
difference in their preference in a policy based on their Yes and No votes.

1) Perform the following menu selections:

R Commander,
File Edit

Distributions  IPSUR-Probability  Tools Help

Data Statistics MEEapEN Models

Rﬂ: Data zet: | Datazet Strip chart. . del: | <Mo active model:

ot Index plat. .. _
Output Wfindow Histogram. .. Suhmn| |
3 0.00810 Stem-and-leaf display... ‘_‘
4 0.00045 Boxplat...

CQuantile-comparison plat. ..

> remove [ Table,

» Dataset «<- edit

v
Meszages
A
NOTE: The dataser SELalclEully
3D graph Enter table. .. —
“

Save graph to File 4 [

2) Enter the information asked to formulate your Bar Chart with the side-by-side bar
chart (or cluster bar chart) and then click OK

Bar Graph for Summarized Data |Z||i|r‘5__(|

Title: |Bar Chart for Gender Comparisar] _
Click and drag the

Murnber of Columns [reponge adjustment buttons to

Mumber of Rows [groups! — determine the dimension of

E _ the table. This example is a

nter caunts:
v e 2x2 data. Use can make a

1x5, 3x5, and chart from

I ale 100 150 X
any other possible

Female 180 350 . .

. dimension.
Optione:

Relative Frequencies: [
R ainbaer; =
Legend [groups»1): ~

Dizplay aroups with:
Stacked bars lﬂ
Side-by-zide bars 1+

QK I Cancel | Help |
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3) Result:

IR R Graphics: Device 2 (ACTIVE)

File History Resize

350
]

Frequency

150
|

Bar Chart for Gender Comparison

B hale
O Female

Response 1 Response 2

35




Exploring Relation Between Two Categorical Variable: Scatter Plot

The following example is for making a scatter plot for observing the paired data
(NPOWERBT, MANKILL) with NPOWERBT and the x variable and MANKILL as the y
variable.

1) First, enter your data in R commander (or upload an existing file) into R by
clicking on Data and then select New data set ... (or Import Data).

74 R Commander

File Edit | Data Statistics Graphs  Models  Distributions  IPSUR-Probability Tools  Help

R Data Mew data set... | T ORI (T
I ' '
E Import data L4 From text file or clipboard. ..
Sript Wi Data in packages ¥ from SPSS data set...
Datase Active daka set ¥ Fram Minitab data set. ..
Datase Manage watiables in active data set # from STATA data set..,
watplot (Datasetivarl, Datasetl[, from Excel, Access or dBase data set .., |main="",

matplot (Datasetivarl, Dataset[, Ccl warz")], Lype="gQT, Lty=
prnorm(c (400) , mean=:25, =sd=1, lower.tail=TRUE)

The following chart shows the 14 cases entered in this example for scatter plot.

I Data Editor EI@|E|

File Edit Help
TELR NPOWERET | MANKILL
1 [1977 447 13
2 | 1978 460 21
3 | 1979 451 Z24
4 | 1950 495 18
5 | 1981 513 24
g | 1982 512 z0
7 11983 526 15
g | 1954 559 34
9 | 1955 555 33
10 | 1986 614 33
11 | 1987 615 39
12 | 1988 675 43
13 | 1989 711 50
14 (1990 719 47

36
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2) To make a scatter plot, use the following menu selections also figure on the right.
Graphs -> Scatterplot...

R Commander

IPSIR-Probability:

File Edit Data Statistics REEEN Models
Tools  Help Skrip chart...
R Data et | Dataset Index plat... del:
cndx Hiskagram...
Clutput \Window Stem-and-leaf display...
Boxplot. ..
Cuantile-comparison plat...

Scatterplot, ..

Scatterplot matrix, .
Line graph...
# conditioning plat, ..

tezzages
Bar graphs... L P
30 graph vl
Save graph o File r ®

3) Enter information to the dialog box for making scatter plot.

Enter Graph title Scatter Plot Example
Choose X Variable  NPOWERBT
Choose Y Variable  MANKILL

Then, Click OK

Scatierplot

Title: | Scatter Plot Example

w-waniable [pick one) yvaniable [pick one)
AMNKILL
HPOWEREBT
E&R EAR

Identify points ™
Jitter wvariable [
Jitter yvariable [
targinal boxplots  [v
Least-zquares line v
Smoath Line v
A0

Span far smooth
11

Subzet expreszion

<all valid cases>
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Results: This is positive linear correlation shown in the chart. As the value of
NPOWERBT increases and the value of MANKILL increases too.

I R Graphics: Device 2 (ACTIVE) M=E3

File History FResize

Scatter Plot Example

a0
|

hAMNKILL

20
|

NPOWYERBT
——{ ] -

One can uncheck the marginal boxplot, Least-square line, and smooth line to obtain
a scatter plot with only data points on the chart.
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Quantile-comparison Plot (or Quantile-Quantile Plot/ QQ Plot) for
Checking Normality Assumption

Example: Given a set of 14 values in the variable NPOWERBT, test the normality
using a Quantile-comparison plot.
1) With the data set in the following Data Editor, from R Commander, click and
select Graphs > Quantile-comparison plot...

I~ Data Editor Z E|g|
File Edit Help
TELE WNPOWERET | MANEILL
1 |1977 447 13
2 [1978 460 21
3 [1979 451 Z4
4 | 1980 493 16
5 [19&81 513 24
6 | 1982 512 Z0
T 1983 526 15
5 [1954 559 34
9 [ 1985 585 33
10 | 1988 gl4 33
11 | 19537 645 39
1z | 1983 675 43
13 [ 1959 711 50
14 (1920 719 47

DE®
File Edit Data Statistics Ry Models  IPSUR-Probabilicy  Tools  Help

RJI Data zet | [ratazet Strip chart... del | <Mo active modd
0 Indez plat...

Clutput Ywfindow Histagram. .. Suhmitl

Stem-and-leaf display. ..
Boeplat, ..

Quantile-compatison plat. .,
Scatterplat, ..
Scatkerplot makrix, ..

Line graph. ..
wi conditioning plat. ..

Mezzages
Bar graphs. .. » i’
30 graph » 10
save graph to file » bs

39



2) Once in the Quantile-Comparison (QQ) Plot dialog box, enter the title of
the plot, although, this is not necessary. Then click on the variable you
wish to test and be sure the Normal distribution bullet is checked for
testing normality and click “"OK.”

Quantile-Comparison (QQ) Plot

Title: |
Wariable [pick one)
rAMEILL

E&R

Identify observations with mouse [
Diigtribution
Marmal o

t cogs[
Chi-zquare © df= I—
F " Mumeratar df = I— Denominator df = I—
Other " Specify ’7 FParameters: |

0k, I Cancel | Help |

3) Go back to the RGui and there should be a new window with a quantile
comparison plot in front of all other windows.

I R Graphics: Device 2 (ACTIVE) E‘Elgl

File History Resize

DatasatfNPOWERET
550 600 650 700
I | | I

500
|

450
|
°

norm quantiles

If all of the points on this plot are within the dotted line boundaries, the sample data
set can be assumed to be from a normal distribution. Otherwise, one can assume
the set does not follow a normal distribution.
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Probability

Binomial Probabilities

Example Problem: If 10% of the population in a community have a certain disease,
what is the probability that 4 people in a random sample of 5 people from this
community has the disease?

Identifyn=5,p=.10,x=4

1) To solve this problem perform the following menu selections:

IPSUR-Probability /
Discrete Distributions /
Binomial distribution /
Binomial probabilities ...
R Commander |Z| |E|[g|
File Edit Data Statistics Graphs Models GRS Tare

:Elh Data set | Dataset Edit data set | vig  Birthday Problem. . t models

Continuous Distributions ¥

Tools  Help

Output swindow Discrete Distributions ¥ Binomial distribution 4 Binomial quantiles, ..
Sampling Distributions ¥ Discrete Uniform distribution * Binomial tail probabilities..
» pieitable(Dat -, 1] E—— 1= iDat I Geometric distribution 4 Binomial probabilities. ..
pie Ellatasetyvartl, Elgmievelsibatase Hypergeometric distribution * Plat binormial distribution..
> xmin <- gbinom{.00005, size=5 prob=0.5) egative binomial distribution * Simulate binomial variates. ..
’ ! . ’ Paisson distribution 4 [
> ¥max <- ghinomi.99995, size=5 , prob=0.5)
FooW = WmimcEman b
A3 >
tMezzages
A
v

2) Then enter your data. And click OK.

Binomial Probabilities

gize [number of trialz] |5

prab [of success] [0.1]

] Cancel | Help |
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Output from R Commander gives the probability distribution (p.m.f.):

So, the probability that 4 people in a random sample of 5 people from this
community has the disease is 0.00045.

For Computing Tail Probability

Example: What is the probability that 4 people or less in a random sample of 5
people from this community has the disease?
Identifyn=5,p=.10,x=4

1) To solve this problem perform the following menu selections:

IPSUR-Probability /
Discrete Distributions /
Binomial distribution /
Binomial tail probabilities ...

R Commander

File Edit Data Statistics Graphs Models @iz &M Tools Help

:Elh Data st | Dataset Edit data set | vie|  Eirthday Problem... t rodel

Continuous Distributions ¥

Dutput Yindow Discrete Distributions ¥ Birornial distribution 4 Binonnial quantiles. ..
Sampling Distributions ¥ Discrete Uniform distribution ® Einomial kail probabilities. ..
» pie(teble (Dataset$ 1 lebelam1 s (Dacagel Geometric distribution L Binomial probabilities. ..
piel EiDatasetivarl), sls=levels(Datase Hwpergeometric distribution  # Plot binomial distribution. ..
> wmin <— obinom(.00005, size=5 prob=0.5) Negative binomial distribution * Simulate binomial variates. .,
’ ’ ’ ’ Poisson distribution 4 [ E
> xmwax <- dghinom|.99995, =size=5 , prok=0.5)
T LW £— Wwmin:¥may w
< >
Mezzage:
S
v

42




2) Then enter the data in the dialog box for specifying the event, probability of
success for each Bernoulli trial and choose whether and choose Lower tail since
the probability of 4 or less is to be computed. (If Upper tail is selected, the
probability computed would be P(X>4) = P(X=5).)Click OK.

Cumulative Binomial Probabilities [Z| |§| E'

Wariable valuelz] | 4
gize [number of tnalz] |5
prob [of success) |01

Lawer kail *

Upper tail ©

k. Cancel

Help

Result:

> pbinom(c(4), size=5, prob=0.1, lower.tail=TRUE)
[1] 0.99999

So, the probability of observing 4 or less is P(X < 4) = 0.99999.
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Hypergeometric Probability

Example: In a box containing 10 products, 3 of them are defective and 7 are good.
If 4 are selected at random from these 10 products without replacement what is the
probability that 2 of them will be defective products?

Step 1: Click through the following menu selections:
IPSUR-Probability
Discrete distributions
Hypergeometric probabilities...

R Commander. |-_| |E| [Z|
File Edit Data Statistics Graphs Models BEEEEEREE S Tools  Help

Birthday Prablem, ..
Continuous Distributions ¥

R D ata zet: | <Mo active dataszet: E dit dat
cmdr

rND active model:

Cutput *Window Discrete Distributions — * Binomial distribution »
Sampling Distributions — # Discrete Uniform distribution ¥
Geometric distribution r
Hypergeometric quantiles. .. Hypergeometric diskribution  *
Hypergeometric tail probabilities. .. Megative binomial distribukion
Hypergeometric probabilities, .. Poisson distribution L4
Mezzages Plot hypergeometric diskribution. ..
Simulate byvpergeometric variates. .
HNOTE: B Comander Version l.2-1: Wed Dec 12 092:35:12 2007

Step 2: The m in the dialog should be 3 and n should be 7, and the number of
products selected in the random sample k would be 4. Enter these values into
the dialog box as shown below and click OK. The probability distribution for
this sampling will be displayed in the R Commander window.

Hypergeometric Probabilities |Z||E|[z|

m [murm af white ballg in the um] |3

n [num of black ballz in the umn] |7

k [rum of balls drawn from the um] | 4

k. Cancel Help

R Output
Pr
0 0.16666667
1 0.50000000
2 0.30000000
3 0.03333333
(The answer to this problem is A X = 2) = 0.3.)
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Tail Probability (Cumulative Probability)

If one wishes to find the cumulative probability such as the probability of having 2 or
less defective products, then one should choose the tail probability option.

R Commander

B=]ES

File Edit Data Statistics Graphs Models BEEEEEREE S Tools  Help
R Data set | <Mo active datasets | Editdat  Eirthday Problem... rND active model:
andr Continuous Distributions ¥ .
Dutput Wwindow Discreke Distributions — * Binormial distribukion k
~ . Tahle Sampling Distributions ¥ Discrete Uniform distribution #
Pr Geometric distribution r
0 0.16666667 Hypergeometric quantiles, .. Hypergeometric distribution  *
1 0.50000000 Hypergeometric kail probahbilities. .. Meqative binamial distribution
Hypergeometric probahbilities. . Pais=on distribution r
Messages Flot hypergeometric diskribution, ..
Simulate hypergeometric variates. ., .
v

And, in the dialog box enter value 2 in the variable value(s) box to specify the event
and check Lower tail bullet since the probability P(X < 2) is to be calculated. The rest
of boxes would be the same as first example. And, click OK.

Hypergeometric Probabilities |;||E|[Z|

Wariable value(z] |2

m [rum af white ballz in the um] |3

t [hurn of black ballz in the umn] |7

k [rum of balls drawvn from the um) | 4

Lower tail 1+

Upper tail ©

(] Cancel | Help |

R Output

> phyper(c(2), m=3, n=7, k=4, lower.tail=TRUE)
[1] 0.9666667

So, the answer would be 0.9666667.
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Negative Binomial Distribution

Example: It is reported that 10% of the apples from the Apple Farm are bad. If
apples are randomly selected from this farm one after another, what is the
probability that the 10* apple selected will be the 2" bad apple selected?

1.) In R Commander, select IPSUR-Probability, Discrete Distributions, Negative
binomial distribution, and Negative binomial probabilities.

sphs Models  IPSUR-Probability  Tools Help

ek E dit dat Birthday Problem. ..
Conkinuous Distributions * §

|§N-:| active model:

Discrete Distributions ¥ Binormial diskribution L

= 2z, col ; Sampling Distributions ¥ Discrete Uniform distribution ®
ax) Geometric distribukion r
=z, prob=.1, lower.tail=TEU|  Hypergeometric distribution *
0 Megative hinomial quantiles, .. |  Megative binomial distribution *
3 Megative binomial tail probabilities, . Poisson distribution k
= Megative binomial probabilities. .. ETTRTRRET

Plat negative binomial distribution, ..

Simulate negative binomial variates. .,
¢ m——

2.) Enter information into the Negative binomial probabilities dialogue box. The
number of successes equals 2 and the probability of success equals .1.

I

¥}

74 Negative Binomial Probabilities E]

zize [target number of successzes] | 2

prob [of success in each tial] | 1|

)8

Cancel | Help |
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3.) R displays a list of values similar to the one shown below. Find the number of
successes (10 in this case) and read the probability. **Note that the Negative
Binomial random variable takes on number failures before the r'" success** So,
the answer to this problem is around 0.0387 that is probability next to number 8
in the R output. It is the probability of observing 8 failures before the 2" success.

Output Window

> Xhnax <=- gnbinom|.99985, size=Z, prok=.1)
> JTable «<- data.frawe (Pr=dobinom (<min: <max, si=ze=2, probh=.1]1

= rownaes (. Table) <- Xmin: xmax

'

.Tahle
Pr
.000000e-0z
.800000s-02
.430000=-02
.916000e-02
.260500e-0z
.542940e-0z
.FZ0087e-02
= 3.8742052-02
a : ==
10 3.835463e-02
11 3.765727e-02

Ton o W= O
LAV PV PV R SR VT ST Y

Tail Probability Example: If 30% of the cars passing your house are red what is the

probability that more than 5 cars will pass before you observe the first red one?

(Geometric Distribution: a special case of Negative Binomial Distribution.)

1) In R Commander, select IPSUR-Probability, Discrete Distributions, Negative
binomial distribution, Negative binomial tail probabilities

74 R Commander
File Edit Data Statistics Graphs Models  IPSUR-Probability  Toaols Help

Birthday Problem... |§ND active model:

Rﬂ: Data get | <Mo active datazet: Edit dat
3 Continuous Distributions *

Script wWindaw Discrete Distributions  ®|  Binomial distribution L
ponbinomic(l,2,3,4,5), =size=2 Sampling Distributions  # Discrete Uniform distribution  #
prbinom(e(0,1,2), size=2, probh=.1, lower.tail=] Geometric diskribution 4
pubinomie (10) , size=0, probh=.4, lower.tail=TRU] Hypergeometric distribution  »
pobince(c (10), 5i2e=  pegative binomial quantiles. ., |  Megative binomial distribution *
pobinom(c (1201, =iz8] yagative binamial tail probailities. .. Paisson distribution *

prbinomic (6], size=g Megative binamial probahilities. .. ]
pubinomic (6) , size=0

pnb%nc\m fe 2, SI?E=2 Simulate negative binomial wariates. ..
phbinomic (10) ; 5108 T e p—————————————— . |

Plok negative binamial distribution. ..

Mbrnat Windmme
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2) Enter information into the Negative binomial probabilities dialogue box. The
number of successes equals 1 and the probability of success equals .3. Since
more than 5 cars is requested, the variable value is 5 and Upper tail probability
option should be checked. (If Lower tail is selected, then the probability would be
P(X < 5).)

P |
i %4 Negative Binomial Probabilities E]

Wariable walue(z] |5

zize [target number of succeszses] |1

prab [of success in each trial] | 0.3

Lower tail

Upper tail

(] I Cancel Help

3) Results should indicate approximately an 11% chance that more than 5 car will
pass before seeing the first red one.

R output:

> pnbinom(c(5), size=1, prob=0.3, lower.tail=FALSE)
[1] 0.117649
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Probabilities for Geometric Distributions

Example: A study stated that 1 in every 20 (5.0%) children born is diagnosed with
autism. Suppose you are an OBGYN and you deliver babies. The occurrence of
autism is at random from the population. What is the probability that the 25" baby
is the first to be diagnosed with autism?

From IPSUR,
1) make the following menu selections:

Distributions/Discrete Distributions/Geometric Distribution/Geometric Probabilities...

74 R Commander g@
File Edit Data Statistics Graphs Models  Distributions  IPSUR-Probability  Tools  Help
I Rﬂ: Diata set: | <Mo active datasets | Edit dat)__“ontinuous distributions ¥ Lai o ceaders
=0 Discrete distributions ¥ Einomial distribution 4
Script Windaw Poisson distribution 4 _ |
.Takle <- watrixic(7,6,8,9), 2, 2, hyrow=TRIUE) Geametric distribution 4 Geametric quantiles. ..
rownawes (. Takhle) <- c('1', '2') Hypergeometric distribution  # Geometric tail probabilities. ..
colnawes (. Table) <- c('1', '2') Meqative binomial distribution * Geometric probabilities. ..
addwargins (. Table) # Counts with Marginal DiscriFuteiows Flot geometric distribution. ..
.Test <- chisqg.test(.Table, correct=FALZE) Sample from geometric distribution. ..
.Test
remove (. Test)

2) Since geometric distributions are just negative binomial distributions with r = 1,
then the p.m.f. (in R)is: f(X)=pl- p)*
The following window will come up, where you input the mean percentage of the
occurrence, in this case 0.05.

-

7 Geometric Probabilities g
Probability of success | 0.09
(] Cancel | Help |
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Interpret:
3) A list of probabilities will appear in the IPSUR output window, where you will

choose the probability value for the random variable x that is specified, which in
this case is 25.

(In R software, the Geometric random variable takes of number failures before
the r-th success. Since it takes X=24 failures to get the 25™ success, so the
probability is shown next to number 24.)

Pr
5.000000e-02
4.750000e-02
4.512500e-02
4.286875e-02

WNHFO

24 1.459945e-02
25 1.386948e-02

So, P(X=24) = 1.46% is found.
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Poisson Probabilities with R

Example: Customers arrive at a travel agency at a mean rate of 3 per 20 minutes
from 10:00 a.m. to 2:00 p.m. Assuming that the customers' arrivals follow a Poisson
process. Find the probability that no customers will arrive between 12:50 to 1:00 (so

that you can sneak out for a quick lunch).

1) First determine the average per time interval asked. In this example, the time

interval would be 10 minutes. Given the average per 20 minutes is 3, the
average per 10 minutes would be 1.5.

2) Then from R Commander, click on IPSUR-Probability/Discrete
Distributions/Poisson distributions/Poisson probability...

File Edit

[ Y B SR

Cukput

Mezzages

R Commander

Diata  Stakistics  Graphs  Models

R Data zet: | Datazet Edit data zet | Yie
cmdr

Binomial distribution L4
Discrete Uniform distribution #
Geometric distribution ¥
Hypergeometric distribution  #
Megative binomial distribution #

Poisson distribution

(MR (8 Tools  Help

Birthday Problem. ..
Conkinuous Distributions #

Discrete Diskribukions — #
Sampling Distribukions ¥

= model:

Submit] |

Poissan quantiles...
Poisson kail probabilities, .

Poisson probahilities. .

Plot Poisson distribution, ..
Simulate Poissan variates, ..

=

|3

|

3) Enter the mean from part 1) into the dialog box.

Poisson Probabilities

lambda [mean] [1.9

K Cancel | Help
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4) Use the table provided in the display box of IPSUR to determine the probability of
0 customers within ten minutes.

R Commander

File Edit Data Statistics Graphs Models Distributions  IPSUR-Probability  Tools  Help
:uRmh Data zet: | <Mo active datazet> Edit data set | Wiew data set|  Model | <Mo active model:
Soript YWindoe
rowhates (. Tabhle) <-— xmin:xmax G
.Table
remove | . Takhle, =min, =max)
*min <- gpois(.00005, lawbda=1.5)
®max <- dgpois(.992995, lawbds=1.5)
.Table <- data.frame |Pr=dpois(xmin:xmax, lambda=1.5))
rowhates (. Takhle) <— xmin:zmax
.Takble
remove | .Table, xmin, xmax)
b
Dutput 'findaw M ‘
> oHmmax <— gpois(.99995, lambda=1.5) "
> Table <- data.frame (Pr=dpois (®min:=mwax, lambds=1.5)])
> rownames(.Table] <— xmin:xmax
= .Table
Pr
a D.2231301601|______ —
1 0.3346952402 Probability of zero
2 0.2510z214302 Custt}mers
3 0.1255107151
4 0.0470665152
5 0.0141199554
6 0.0035299889
7 0.0007564262
5 0.0001415299
> remove [ .Table, Xmin, xmax)
b
tMezzages
”~
i

The probability of X = x is listed and the probability of X = 0 is around 0.2231.
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Normal Distribution

Example: The pulse rates for a certain population follow a normal distribution
with a mean of 70 per minute and s.d. 5. What percent of this distribution that is
in between 60 to 80 per minute?

1) From IPSUR, select IPSUR-Probability, Continuous Distributions, Normal
distribution, Normal probabilities ...

R Commander.
File Edit

Daka  Skatistics Madels Tools

Graphs Help

EBirthdaw Problem. ..
Conkinue utions # Bieta distribution

kbl b cnodals

R Data szet; [ <MNo active dataset> Edit dat
ondr

Cutput Window Discrete Distributions # Zauchy distribution
Sampling Distributions ¥ Zhi-squared distribution
Exponential distribukion
F distribution
Gamma distribution
Log normal diskribukion
Logiskic distribution

Tormal diskribukion tarmal quantiles. ..
t distribution
Uniform distribution

weibull distribution

Meszages

tarmal probabilities. .

Plot normal distribution. ..
NOTE: R Commander VWersion 1.2-1: Wed Dec 12 12:.

* vy vyRAd Y ¥F ¥F Fr ¥ v wvrwr

Simulate narmal wariates...

1) In this dialog box, fill in the given value of 70 for the mean, 5 for the
standard deviation, and then type the interval for the percent of distribution
that you wish to find (60, 80 for this example). Also, check the box for lower
tail.

Mormal Probabilities |Z||E|[z|

" ariable walue(z] | B0, 20

mu [mean] | 70

sigma [standard deviation] |4

Lowwer tail 1+

Upper tail

k. Cancel Help

2) Once you click OK, 2 values on the R output screen will appear and read as
follows.
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3)

4)

> pnorm(c(110,150), mean=130, sd=10, lower.tail=TRUE)

[1] 0.02275013 0.97724987

Simply subtract the two answers given to find the probability of the
distribution between the given interval of 60-80.
.97724987 - .02275013 = .95449974

By selecting Upper tail in the dialog box instead of Lower Tail, the same
answer will be given, only the values will be switched. You will still use the
difference of the probability values to find your probability
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Exponential Probabilities

For this example we will analyze a specific Exponential Probability problem.: Suppose
that number of arrivals of customers follows a Poisson process with a mean of 10 per

hour. What is the probability that the next customer will arrive within 15 minutes? (

15 min. = .25 hour)

1) To utilize R Commander to solve the probability: first select through the following

menu selections:

IPSUR-Probability -> Continuous Distributions -> Exponential distribution

-> Exponential probabilites

R Commander.
File Edit Data Statistics Graphs  Models

R Data get; | Datazet Edit data zet | Yie
camdr

Cutput Yindow

IPSLIR-Probability [

Birthday Problem. ..

Conkinuous Distributions ¥
Discrete Distributions ¥

Sampling Diskributions ¥
Exponential quantiles. ..

Exponential probabilities., .,

Plot exponential distribution, ..
Sirmulate exponential variates, .,

Help

Mezzages

3
-

|
Beta distribution
Cauchy distribution
Chi-squared distribution

Exponential distribukion
F distribution

Gamma distribution

Log normal distribution
Logistic diskribution
rarmal diskribution

E diskribution

Unifarm distribution
Weibwll distribution

b A . A Y B .

=13

|

| [

2) Enter the Data from the problem in the R Commander window as shown below:

Exponential Probabilities

A=(ES

25
10

Lower bail {*

Yariable value(s)

rate [of armivalz in unit time)

Upper tail €~

] Cancel |

Help |
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3) From this problem the Rate is the 10 for the amount of customers arriving per
hour. The variable value of 0.25 is the 15 minutes converted into hours to be of
the same unit as the rate. 15 min = 0.25 hr
Select Lower tail because it is asking the “within 15 minutes” which is less than
15 minutes. And then, CLICK OK.

Interpret the Results:
> pexp(c(-25), rate=10, lower.tail=TRUE)
[1] 0.917915

This result means: With customers arriving on a mean of 10 per hour, there is
91.8% probability that the next customer will arrive within 15 minutes.

Remark: If upper tail option is chosen then the probability of great than 15 minutes,
that is P(X>15), will be computed.
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Statistical Inference

One Sample t-Test

Example: In a study, one wishes to test whether the average of the test scores is
significantly different from 6 or not, at 5% level of significance, using a sample 10

data values as shown in the Data Editor? ; —
I Data Editer |2 |[B][X]
1) Enter your data into a new data table. Test for File Edit Help
normal?ty first. (Check the instruction for varl
normality test.)
1|3
2 |4
I
4 |5
5 |6
& |4
7|7
g |s
a9 |s
10 |&
11

2) Perform the following menu selections:

R Commander |'-_||'E|[z|
File Edit Data BElfl=dE® Graphs Models Disktribukions  IPSUR-Probability  Tools  Help

:Eilt Dataset | | Summaries g Ew data zet| Model | <Mo active model:

Contingency kables ¥ )
Output *window Single-sample t-test. .. ‘_Ismm“t |

Proportions r

=~ Dataset Variances
Monparammetric bests ¥

Dimensional analysis ¥

Fit miodels »
3
Mezzages Fower
~
HNOTE: The dataset Dataset has & rows and 1 colunns.
w
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3) Then fill in the information that was given by the problem. For the null hypothesis
that the mean is 6, put value 6 in the Null hypothesis: mu = box. Since the goal
is for testing whether there is significant difference, one should choose Population
mena = muO0 for choose two-tailed test, and click OK.

Single-Sample t-Test El |§|rz|

Wariable [pick ane]
warl

Alternative Hypothesiz
Population rmean = mud & Mull hypathesis: mu = |B
Population mean < mud ( Confidence Level |35

Fopulation mean > mul

k. Cancel | Help |

R Output:
One Sample t-test

data: Dataset$varl
t =-1.7111, df = 9, p-value = 0.1212
alternative hypothesis: true mean is not equal to 6
95 percent confidence interval:
3.910125 6.289875
sample estimates:
mean of X
5.1

4) Interpret the result: The p-value is 0.1212 and it is greater than .05, the 5%
level of significance. Therefore, there is no sufficient evidence to support the
alternative hypothesis that the mean is significant difference from 60.
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Normality Test

Example: Given the same data set, use the test for normality to check the normality
of the MANKILL variable at 5% level of significance.

1) First, determine the name of the dataset as well as the name of the variable
within the dataset being tested. In this case the dataset is named “Dataset” and
the variable name is "NPOWERBT.” Then in the Script Window type
“shapiro.test(Dataset$NPOWERBT)"” where “Dataset” is the name of the dataset,
and "NPOWERBT"” is the name of the variable being tested and click “Submit.”

R Commander, E] [E| E|

File Edit Data Statistics Graphs Models  IPSUR-Probabiliby  Tools  Help

:ﬂl%h Data zet: | Datazet Edit data zet | View data zet|  Model | <Moo active model:

Scriph YWindow
shapiro.test (Dataset iNPOWERET)

Dutput YWindow Submit] |

* shapiro.test (DatasetciNPOVERET)

Shapiro-Wilk normality test

data: DatasetiNPOWERET
W= 0.9267, p-wvalue = 00,2738

Mezzages

Interpret:

2) The output of the file will look like information in the lower half of the window
above. The p-value inside the red box is the important part of this test. If the
test p-value is greater than 5%, then the normality assumption is acceptable. In
this case, the p-value is 0.2738 which is greater than 0.05 that implies the
normality assumption of this data set is acceptable at 5% level of significance.
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Two Independent Sample t-Test

Example: The following data is results from measuring the body mass index from
two independent random samples from two populations.

Sample 1: 22, 23, 25, 26, 27, 19, 22, 28, 33, 24
Sample 2: 21, 25, 36, 24, 33, 28, 29, 31, 30, 32, 33, 35

1) Use R to determine if normality assumption is correct. Start by arranging data
into two columns as shown below.

|~ Data Editor =03

File Edit Help
warl WAL Z s
1 (22 21
2 (23 25
3 |25 36
4 (26 24
g (27 33
6 |19 28
7 |22 29
g [25 31
9 (33 30
10 |24 32
11 (N 33
12 |Ni 35
w

2) Perform shapiro.test() for each variable to determine if p-value is greater than
.05; thus determining if the normality assumption is acceptable for both samples.
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3) Next, data must be arranged in a single column with 1 or 2 placed in the column
next to it denote which set the value is from (See Below).

R Data Editor g@

Fi
23
Z5
za
27
19
2
Z8
33
Z4
21
Z5
36
4
33
ot
=l
31
30
3z
33
35

=
(]

Vari vard Vars VAr G Var7

W | =] o || [0 | b

=
o

i
-

=
(&)

iy
[

[
ok

iy
w

[
o

iy
-1

[y
o

[
w

(%)
o

(SRR ST SR U S U (SR (U S (SR PR PP pIPO I O (IR S [

(5]
-

4) Convert F1 into factor variables by clicking on Data, Manage variables in active
data set, and Convert numeric variables to factors.

nmander
Data Statisktics  Graphs  Models  IPSUR-Probabilicy  Tools  Help
a New data set... ﬂ tadel: | <Mo active maodel:
Import data ¥
1 Data in packages L4
1 Active daka set F ided', conf.level=.95, wvar.edqw
1 Manage variables in active data set * Recode variables., .. I
et <= SQIUUEry (channel = 2]  Compuke new variable, .,
ata (Dataset, placewment='-2 add observation numbers ko data set t!
ataset) standardize wariables. ..

o . i
t(C, alternatives'two.side Convert numeric variables ba Fackors. ..

t (DatasetiFZ, alternative= Bin numeric variable. .. el:
ro.test (DataszsetiF2) Dataset e
ataset)
Rename variables. .. !
Delete variables From data set ...
indomw
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- T

b
1% Convert Mumeric Variables to Factors E]

Wariables [pick one ar maore] Factar Levels

F2 Ise nurmbers -

L
F1 Supply level names L:
B

Mew variable name or prefis for multiple variables: | <zame as varables:>

L
(] 4 I Cancel | Help | L

Jr’

o %4 Level Mames for F2 E] L
Murneric walue  Level name B
1 1 i
2 |

.I
aF I Cancel

4.) Perform test of equality of variances and check p-value (p-value = 0.6421, not
shown in this instruction) to determine if equal variances assumption is
acceptable. If p-value is greater than 0.05, the equal variances assumption would
be acceptable at 5% level of significance.

5.) Click Statistics, Means, Independent sample t-test to perform two independent
samples t-test with Assume equal variances Yes bullet checked.

7& R Commander
File Edit Data 3Skatistics Graphs Models IPSUR-Probability  Tools Help

Rﬂ: Data zet: | | SUmnaies ’ w data set|  Model | <Mo active model
T Contingency kables P }‘:;‘

Script Wwindow Means b Single-sample t-test, .,

L.test (Fil~ Proportions k Independent samples t-kest. .
Dataset <- Yariances »

showData (D Konparametric tests ¥ Cne-way AMCYA,.,

fix(Datase Cimensional analysis ¥ Mulki-way AMOYA, .,

t.test(C, Fit madels [ e ] - e 1 o B e e e e i i =
L.test (Dat [ b [ve=' two.sided', mu=0.0, «
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I | | |

[ -y |
%4 Independent Samples t-Test E]

aroups [pick one) Rezponze Vanable [pick one) -:,T

[F2 Fi '

1=

Difference: <Moo groups zelected:

alternative Hypothesiz Confidence Level Bzzume equal vaniances?
Twio-zided [+ I? ez [+ \
Difference <0 Mo - il
Difference > 0

(1] I Cancel | Help

R Output:
Two Sample t-test

data: varl by var2
t = -2.6437, df = 20, p-value = 0.01558
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-8.676786 -1.023214
sample estimates:
mean in group 1 mean in group 2
24.90 29.75

Interpretation: Since p-value = 0.01558 for the test is less than 0.05. One can
conclude that the null hypothesis is rejected. There is sufficient evidence to support
the alternative hypothesis that the average between the two populations is
statistically significantly different.
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Normality Tests for Subgroups in a Data File

If you have a quantitative variable after (in RcmdrTestDrive file) in a data file and
you wish to test for normality for after variable for male and female subjects
separately, the following is the R command to do it.

Assume the RcmdrTestDrive has the quantitative variable “after” and the qualitative
variable “gender”, the R command to do normality test on “after” variable for each
gender is using a by command as the following: (You may enter this command in the
Script Window and click on Submit button in the R Commander window)

by(RcmdrTestDrive[,"after™], RcmdrTestDrive[,'gender'™], shapiro.test)

R Commander r._| ['E|rz|
File Edit Data Statistics Graphs Models Distributions Tools Help

Eﬂ: Data set: | RomndrTestDrive Edit data set ][\.-'iew data set |  Model: | <Mo active model >

Scripk Mdindow

dats (FemdrTestDrive, package="RomdrePlugin. IP3UR™)
by (BemdrTestDrive [, "after™] , RemwdrTestDrive[, "gender™], shapiro.test)

Oubput VWindow Suhm'rt|

b shapiro.test (RomdrTestDrive[, "after™] , groups=RowdrTestDriveigender) &

> by (BewdrTestDrive[, "aftter™] , RomdrTestDrive[, "gender™], shapiro.test
RomdrTestDrive[, "gender™] : Female

Shapiro-Wilk normality test

dats: dd[x, ]
W= 0.9077, p-wvalue = 7.915e-05

RomdrTestDrivel[, "gender™]: Male
Shapiro-Wilk normsality test

dats: dd[x, ]
MW= 0.9167, p-wvalue = 1.134e=-05

b
S | &
Messages

~

v
< >
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Tests of One Proportion and Equality of Two Proportions

Test of One Proportion

Example: Henning et al. found that 400 of a sample of 700 infants had completed
the hepatitis B vaccine series. Can we conclude on the basis of these data that, in
the sampled population, more than 60 percent have completed the series?

1) In the IPSUR window, click on Statistics/Proportions/Enter table for single-
sample...

DE®
File Edit Data BEElEEEN Graphs Models IPSUR-Probability  Tools Help

:uRnﬂ.t Data zet: | | Summaries g w data zet | Model | <Mo active model:

Contingency kables )
Cukput Sefindow Means Suhmltl

Watiances
Monparametric kesks

Enter table fFor single-sample. ..
Enter table for independent samples. ..

Cimensional anakysis

teszages Fit rodels
Paower

4
k
k
2
k
2
bk
2

[

Enter table for single-proportion test |Z||E|[Z|

2) Enter the number of infants

who have completed the .
: N Mumber of B | le]: i 1
vaccine series in the HImBEr o nows [S'”gfsamp el
Successes box, the total Success | Failure
samples minus the number Counts: | 400 300

of infants who have

completed the series in the Options:

failures box, and the Hull hypothesis: pll = |0.4
probability for which you are Caonfidence Level 095
testing in the p0 box (0.6 or Altemative Hypothesis

60 percent) and the Population propartion = pl

confidence level in the
confidence level box. Check
the box that says population

Population propartion < p0
Population propaortion > pl

proportion > pg to test Tuype of Test
whether the proportion is Marmal approximatian o
actually greater than 60%. Normal approximation with -~
conhinwity correchion
Exact binarnial -

(]9 I Cancel | Help |

65



3) Check the p-value in the output window of IPSUR to check whether or not the
null hypothesis (that the proportion is equal to 60%) would be rejected.

R Commander E| E| E|

File Edit Data Statistics Graphs Models  IPSUR-Probabiliby  Tools  Help
:ﬂl%h Data set: | Dataset Edit data set | View data set|  Model | <Mo active model:
Scriph YWindow
shapiro.test (Dataset iNPOVERET) . Table <- matrix(c(400,300),
roammrhamas ! Tahk 1ah e N N ar TR R I A | b
£ >
Dlutput indow M |
l-zsample proportions test without continuity L
correction
data: rhind|(.Takhle), null prohshility 0.6
X—szquared = 2.381, df = 1, p-value = 0.9386
alternative hypothesis: true p is greater than 0.6
95 percent confidence interval:
0.5404456 1.0000000
sample estimates:
p
0.5714z286
w
Mezzages
PN
W

Because the p-value = .9386 is greater than 0.05, we do not reject the null
hypothesis and so there is not sufficient evidence to support the alternative (the
proportion is greater than 60%). This does not imply that the proportion is 60%.
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Test of Two Proportions

Example: A research company did a

survey on preference of a new policy. They

reported that out of 1000 male participants, 621 were in favor of this policy, and out
of 900 female participants, 429 were in favor of this policy. Test whether there is a
statistically significantly higher percentage in male population in favor of the policy
than the female population. Use p-value approach to perform the test, at 5% level of

significance.

1)

R Commander

F\I data zet| Model:

In the IPSUR window, click on Statistics/Proportions/Enter table for independent

CBX

sample

S...
IPSUR-Probability  Tools  Help

<Mo active model:

Suhmitﬂ

Enter table For single-sample. ..

Enter table For independent samples. ..

File Edit Data B =M Graphs Models
R Data zet: | | Summaries '
ands Contingency tables #
Cutput Wfindaw Means r
Wariances r
Monparametric tests #
Dimensional analysis *
Fit models r

Mezzages Power ' r

2) Enter the number of male
participants who supported the
policy (621) in the sample 1
success box, and the total
number of male participants
supporting the policy (379) in
the failure box. Enter the
number of female participants
who supported the policy (429)
in the sample 2 success box, and
the total number of female
participants supporting the
policy (371) in the failure box.
Put the confidence level into the
confidence level box. Then set
the alternative hypothesis to the
Difference > 0 to test whether
there are more males in favor
than females.

Enter table for, multi-proportions test E||E|E|

MHurmber of Rows [zamples]): I 2

Enter counts:

Success F ailure
Sample 1 E21 379
Sample 2 429 cra |
Options;

Confidence Level [samples=2]; |0.95
Alternative Hypothesis

Two-zsided -
Difference < 0 [samples=2] ©
Difference = 0 [samples=2]
Type of Test

Mormal approximation

Marmal approximation with
caontinuity comection [samples=2]

o« |

Cancel Help
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3)

In the output window of IPSUR, the p-value is shown. Because the p-value is
less than the level of significance (usually 5%), we reject the null hypothesis
(that proportion of males in favor is equal to the proportion of females in favor)
and support the alternative (that the proportion of males in favor is larger than
the proportion of females in favor).

R Commander,

File Edit Data Statistics Graphs  Models  Distributions  IPSUR-Probability  Tools  Help
:ulgﬂx Data set: | <Mo active dataset> Edit data zet | View data set| Model: | <Ma active model:
Soript Wirdow
rownames (. Table) «<- co('Counts:') "~
colnames(.Table) <- co('3uccess', 'Failure')
prop.testirbind(.Takble), alternative='greater', p=0.6, conf.level=0,95, correct=
remove | . Takhle)
.Table «<- matrix(c(621,379,429,371), 2, 2, byrow=TRUE)
rownames (. Table) <- c('3ample 1', 'Sample 2')
colnames | .Takble) <- c{'3uccess', 'Failure')
prop.test(.Takhle, alternative='greater', conf.level=0.95, correct=FALLZE)
remove | . Takhle)
w
< >
Dutput Yindow ‘M ‘
~
> colnames(.Table) <- of'3uccess', 'Failure')
> prop.test(.Table, alternative='greater', conf.lewvel=0.95, correct=FALZIE]
c—sanple test for equality of proportions without continuity
correction

data: . Tahle

H—sgquared = 13.1338, df = 1, |p—walue = 0.000145

alternative hypothesis: greater

95 percent confidence interval:

0.046307658 1.00000000

sample estimates:

prop 1 prop 2

0.62100 0.5362Z5

> remowve|.Table)

~
Meszages

A

w
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Chi-square Test for Independence

For this example, we will perform a Chi-square Test of Independence using data in
the following contingency table to see if there is correlation between treatment and
outcome.

Is there a relationship between Treatment
and Heart Disease?

Heart Disease Variable:

“‘Have the disease” or "Do not have the disease.”
Treatment Variable:

“Placeho” or “Aspinn®.

Heart Disease
Treatment| Yes + Mo - Total
Placebo 36 114 150
Aspirin 14 136 150
Total 50 250 300

1) To create a Table to represent the “Yes +” and “"No -"

Statistics -> Contingency tables

-> Enter and analyze two-way table...

R Commander
File Edit Data BSENEREN Graphs Models  Diskributions  IPSUR-Probability  Tools  Help

R Data et | <] Summaries L | Wby Ak o b | bdedal | ohle sobis model:
caidr Contingency kables
Script MWindow Means
Propartions Enter and an
Variances

Monparametric kesks ®
Dimensional analysis *
Fit models L4
Power r
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2) Enter the Data from the above chart to match the table in the R Commander
window as shown below:

Enter. Two-Way Table

MNumber of Fowes: |_|_| 2
Compute Percentages:
Nurmber of Columns: | || 2 If one needs the percentages,
Erfier saume it can be calculated by
1 5 selecting the bullet next to the
] % 114 needed percentage. For
example, No percentages is
E 4 136 selected.

&dd Marginal Distibutions v
Compute Percentages Hypothesis _TeSts:
Choose: Chi-square test of

independence

Row percentages O
Colurnn percentages O
Percentages of tatal And click OK button.
Mo percentages o

Hypothesiz Tests

Chi-zquare test of independence v

Components of chi-square statistic |

Print expected frequencies [
Fizher's exact test [
Sirulate p-walue [ Iterations: | 2000
k. Cancel | Help

Interpret Results:

Pearson®s Chi-squared test

data: .Table
X-squared = 11.616, df = 1, p-value = 0.0006539

For this example: The resultant is a Chi-squared statistic = 11.616 and a p-value of
0.00065.

To test the hypothesis at 5% level of significance:
P-value Approach:
One would reject Null Hypothesis since the p-value: 0.00065 < 0.05
Critical Value Approach:
Reject null hypothesis since Chi-squared: 11.616 > 3.84
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Test of Equality of Variances

When testing two independent samples (for differences in mean, one-sided tests,
etc.), it is helpful to know that the samples have equal variances or not. In order to
test this condition, a test of equality of variances must be done.

Example: At a 0.05 level of significance, test whether the average lifespan (in
months) of aluminum bedpans is statistically significantly different from that of
stainless steel bedpans by using the following data:

Lifespan (in months):
Aluminum: 60, 39, 55, 58, 63, 45, 50
Stainless Steel: 42, 38, 25, 33, 51, 37, 40

1) Create a new data set in R, and input all the lifespan values in the first column
(varl), and separate the data into 2 groups by using the second column (var2)

as a indicator or group variable (1 and 2): R Data Editor

varl VAL Z val
1 |60 1
2 39 1
3 55 1
4 |58 1
5 |63 1
a6 |45 1
7 | &0 1
g8 |42 2
9 |38 2
10 |25 2
11 |33 2
12 51 2
13 |37 2
i4 |40 2
15

2) In IPSUR, select Data / Manage variables in active data sheet / Convert numeric
variables to factors... (as shown in above right). Select the option to change
“var2,” and rename [1] as Aluminum and [2] as Stainless, to set var2 as a

factor.
74 R Commander
File Edit Data Statistics Graphs Models  Distribotions  IPSUR-Probability Tools  Help
R Data Mew dats set... set| Model | <MNo active model>
cndr Import data »
Sopt'Wil  patain packages L
co lnan Active data set L4
addmar Manage wariables in active data set * Recode variables. ..
.Test <- chisq.test{.Takhle, ©orl Compute new variable. .,
. Test Add observation numbers to data sek
remove (. Test) Standardize variables, ..

remowve | . Table)

.Table <- data.frame |Pr=dgeom(0
rownames [ Takble) <- 0:34

.Tahle

remove | . Table)

.Table <- data.frame (Pr=dgecm (0 Rename variables...
S Delete varisbles From data set ...

Convert nurneric variables ko factors. ..
Bin numetric wariable. ..
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3) In IPSUR, select Statistics / Variances / Two-variances F-test... (shown below
left).

-
%4 R Commander
File Edit Data Skatistics Graphs Models Distributions  IPSUR-Praobat

R Dataget:| |  Summaries Y bwdataset| Model | <Noa
onds >

Contingency tables

Scriph Window Means 3

rownames | . Proportions L

.Table Variances k Two-variances F-test, ..
remove (. Tel  Monparametric bests ¥ Bartlett's test...
«Table <- Dimensional analysis # Levene's test. ..

e —

For Groups, choose var2, and the Response Variable is varl. Choose a two-sided
test because we want to know if the variances can be assumed equal or not, and
0.95 for Confidence I;evel is confidence interval is needed.

i

1 74 Two Variances F-Test E] E
Groups [pick one) Rezponse Y ariable [pick one]
|var2 war]

Difference:  <Mo groups zelected:
Alternative Hppothesis

Twwa-sided f+

Difference <0

Difference > 0

Confidence Level: |.95
(1] 4 I Cancel | Help

Interpret:
4) This gives the following in the output window of IPSUR:
F test Lo compare Ltwo variances

data: warl by wvari
F = 1.1637, num df = 6, denom df = &
alternative hypotheziz: true ratio of
95 percent confidence interval:
0.1999552 6.7723953
sample estimates:
ratio of wvariances

1.163690 |

Since the p-value is 0.8587, and if the level of significance is 5%, and 0.8587 >
0.05, the null hypothesis of equal variances is not rejected due to sufficient
evidence.

equal to 1

2
lo
In other words, this evidence cannot reject the null hypothesis that —12 =1
0,
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Correlation Test & Linear Regression

Test of Correlation (Testing for o= 0)

1) First, enter your data in R commander into R by selecting Data, New data.

I~ Data Editor |Z E”Xl
File Edit Help
TELR NPOWERET | MANKILL
1 1977 447 13
2 |1978 460 21
3 | 1978 451 24
4 | 1950 495 18
3 | 1931 313 249
6 | 1982 512 Z0
7| 1953 526 15
g | 1954 558 34
9 | 1985 585 33
10 [ 1986 514 33
11 | 1957 645 k=]
1z | 1955 g75 43
13 [ 19589 711 50
14 | 1990 715 47

2) In R commander, select Statistics, Summaries, and select Correlation test as
show in the following figure.

=S

R Commander :

File Edit Data Models  IPSUR-Probahbility  Tools Help
R Diata seb | | Summaries r Active data set ' —
ands Contingency tables # Mumerical summaries. ., 1
Cutput YWindow Means L4 Frequency distribution. ..
m Proportions [ Count missing observations =
Yariances * o
Messages Monparametric tests # Correlation matrix...
Dimensional analysis * Correlation test, .,

Fit models L4
Power L4

=
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3) In the correlation dialog box, click and drag mouse to select the two variables,
MANKILL and NPOWERBT for computing the correlation, and have the Pearson
product-moment bullet checked, and click OK.

Correlation Test |Z||E|[z|

" ariables [pick bwo)

Twpe of Comelation Alternative Hypothesiz
Pearzon product-marnent Two-sided (s
Spearman rank-order . Corelation <0
F.endall's tau - Corelation > 0
(] Cancel Help

Interpret:

4) The p-value of the test is p-value = 5.109e-07 which is less than .05, so we can
conclude that the correlation is statistically significant different from 0 at 5% less
of significance.

Pearson®"s product-moment correlation

data: Dataset$MANKILL and Dataset$NPOWERBT
t = 9.6755, df = 12, p-value = 5.109e-07
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
0.8210214 0.9816797
sample estimates:
cor
0.9414773
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Linear Regression: (Using the same data in the Correlation Test)

From IPSUR, select Statistics, Fit Models, and then select Linear Regression.

p
74 R Commander
File Edit Data | Statistics Graphs Models  Distributions  IPSUR-Probability Tools  Help
Rﬂ: Data zet: | | SUmmaries d ew data zet |  Model: |<Mo active models
on Contingency kables *
Script Window Means 3
Dataset «<- Propartions F me (NTLL) )
Iataset <- Yariances b e (MTULL) )
matplot (Da Monparametric tests ¥ R, o (Mwarz2™]], type="hb", lty=1l, mai
matplot (Da Dimensional analysis » [, oi™varz™)], type="b", lty=l, mai
pnorm(c (30 Fit rnodels 2 Linear regression. ..
Powwer » Linear model...
Generalized linear model, ..
£
Cutput Yfinda
I
The following is the R Output.
R Output
Call:
lmi{formula = MANKILL ~ HPOWEEBT, data = Dataset)
Eesiduals:
Iin 12 Hedian 3q Max
-9.24681 -Z2.02Z21ge 0Q.0Z2172 2.33692 LE.E3275
Coefficients:
Emeimmee—Etd. Error t walue Frizlt|]
(Intercept)| -41.4304 T.412FZ -5.585% D.00011B **#
WEOWERET 0.1249 0.01z2%9 %.675 5.11e-07 **+
Signif. codes: 0 'weET 0. 001 Q.01 "%t Q.05 T g.1 ' v 1
ATy
Besidual standard errcor: 4. 276 on 12 degresls of fresdom
Multiple R-Squared: 0.38§84, Adijusted B-sguarsd: 0_27E%
Coefficient of deternunation = R? |
F-statistic: 53.6l on 1 and 12 DF, p-value: 5.10%9e-07 i
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Interpret:

The Intercept (p-value = .000118) and the beta coefficient (p-value = 5.11e-07)
are both significantly different from zero. The following equation is used to find the
equation of the regression line, the variables a and B are highlighted above.

Equation of the regression line:
y=a+p-x;

y=-41.4304+.1249 - x

Example: If at a certain year the number of power boats registered is 700, estimate
how many manatees on average would be killed.

To solve this example simply plug 700 into the equation that was found above.

F=—41430439+ 124862 - x
=—41.430439 + 124882 - 700
=45973

The average response at x = 700 15 45.973.
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