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Introduction  

Purpose of This Book  
 
This book is intended to be a supplement for The Handbook of Biological Statistics by John H. 
McDonald.  It provides code for the R statistical language for some of the examples given in the 
Handbook.  It does not describe the uses of, explanations for, or cautions pertaining to the 
analyses.  For that information, you should consult the Handbook before using the analyses 
presented here.   
 
 

The Handbook for Biological Statistics  
 
This Companion follows the .pdf version of the third edition of the Handbook of Biological 
Statistics.   
 
The Handbook provides clear explanations and examples of some the most common statistical 
tests used in the analysis of experiments.  While the examples are taken from biology, the 
analyses are applicable to a variety of fields. 
 
The Handbook provides examples primarily with the SAS statistical package, and with online 
calculators or spreadsheets for some analyses.  Since SAS is a commercial package that students 
or researchers may not have access to, this Companion aims to extend the applicability of the 
Handbook by providing the examples in R, which is a free statistical package. 
 
The .pdf version of the third edition is available at 
www.biostathandbook.com/HandbookBioStatThird.pdf. 
 
Also, the Handbook can be accessed without cost at www.biostathandbook.com/.  However, the 
reader should be aware that the online version may be updated since the third edition of the 
book. 
 
Or, a printed copy can be purchased from http://www.lulu.com/shop/john -
mcdonald/handbook-of-biological-statistics/paperback/product -22063985.html. 
 
 

About the Author  of this Companion  
   
I have tried in this book to give the reader examples that are both as simple as possible, and that 
show some of the options available for the analysis.  My goal for most examples is to make things 
comprehensible for the user without extensive R experience.  The reader should realize that 
these goals may be partially frustrated either by the peculiarities in the R language or by the 
complexity required for the example.  
 

http://www.biostathandbook.com/HandbookBioStatThird.pdf
http://www.biostathandbook.com/
http://www.lulu.com/shop/john-mcdonald/handbook-of-biological-statistics/paperback/product-22063985.html
http://www.lulu.com/shop/john-mcdonald/handbook-of-biological-statistics/paperback/product-22063985.html
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I am neither a statistician nor an R programmer, so all advice and code in the book comes 
without guarantee.  )ȭÍ ÈÁÐÐÙ ÔÏ ÁÃÃÅÐÔ ÓÕÇÇÅÓÔÉÏÎÓ ÏÒ ÃÏÒÒÅÃÔÉÏÎÓȢ  Send correspondence to 
mangiafico@njaes.rutgers.edu. 
 
 

About R 
 
R is a free, open source, and cross-platform programming language that is well suited for 
statistical analyses.  This means you can download R to your Windows, Mac OS, or Linux 
computer for free.  It also means that, in theory, you can look at the code behind any of the 
analyses it performs to better understand the process, or to modify the code for your own 
purposes. 
 
R is being used more and more in educational, academic, and commercial settings.  A few 
advantages of working with R as a student, teacher, or researcher include: 
 
¶ R functions return limited output.  This helps prevent students from sorting through a lot 

of output they may not understand, and in essence requires the user to know what output 
ÔÈÅÙȭÒÅ ÁÓËÉÎÇ 2 ÔÏ produce. 
 

¶ Since all functions are open source, the user has access to see how pre-defined functions 
are written. 
 

¶ There are powerful packages written for specific type of analyses. 
 

¶ There are lots of free resources available online. 
 

¶ It can also be used online without installing software. 
 
For a brief summary of some the advantages of R from the perspective of a graduate student, see 
thetarzan.wordpress.com/2011/07/15/why -use-r-a-grad-students-2-cents/. 
 
It is also worth mentioning a few drawbacks with using R.  New users are likely to find the code 
difficult to understand.  Also, I think that  while there are a plethora of examples for various 
analyses available online, it may be difficult as a beginner to adapt these examples to her own 
data.  One goal of this book is to help alleviate these difficulties for beginners.  I have some 
further thoughts below on avoiding pitfalls in R. 
 
 

Obtaining R  
 

This topic in SAEPER 
For a more complete discussion of installing and running R, see SAEPER: Using R. 
 

https://thetarzan.wordpress.com/2011/07/15/why-use-r-a-grad-students-2-cents/
http://rcompanion.org/handbook/A_03.html
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Standard installation  
To download and install R, visit cran.r-project.org/ .  There you will find links for installation on 
Linux, Mac OS, and Windows operating systems. 
 

R Studio 
I also recommend using R Studio.  This software is an environment for R that makes it easier to 
see code, output, datasets, plots, and help files together on one screen.  
www.rstudio.com/products/rstudio/ .  It is also possible to install R Studio as a portable 
application.   
 

Portable application  
R can be installed as a portable application.  4ÈÉÓ ÉÓ ÕÓÅÆÕÌ ÉÎ ÃÁÓÅÓ ×ÈÅÒÅ ÙÏÕ ÄÏÎȭÔ ×ÁÎÔ ÔÏ 
install R on a computer, but wish to run it from a portable drive.  My portable installation of R 
with a handful of added packages is about 250 MB.  The version on R Studio I have is about 400 
MB.  So, 1 GB of space on a usb drive is probably sufficient for the software along with additional 
installed packages and projects. 
 

R Online 
It is also possible to access R online, without needing to install software.  One example of this is 
rdrr.io Snippets.  This site include common add-on packages. 
 
 

A Few Notes to Get Started with R 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

 
if(!require(dplyr)){install.packages("dplyr")}  
if(!require(psych)){install.packages("psych")}  
 

A cookbook approach  
The examples in this booË ÆÏÌÌÏ× Á ȰÃÏÏËÂÏÏËȱ ÁÐÐÒÏÁÃÈ ÁÓ ÍÕÃÈ ÁÓ ÐÏÓÓÉÂÌÅȢ  4ÈÅ ÒÅÁÄÅÒ ÓÈÏÕÌÄ 
be able to modify the examples with her own data, and change the options and variable names as 
needed.  This is more obvious with some examples than others, depending on the complexity of 
the code. 
 

Color coding in this book  
The text in blue in this book is R code that can be copied, pasted, and run in R.  The text in red is 
the expected result, and should not be run.  In most cases I have truncated the results and 
included only the most relevant parts.  Comments are in green.  It is fine to run comments, but 
they have no effect on the results. 
 

Copying and pasting code 
 

http://cran.r-project.org/
http://www.rstudio.com/products/rstudio/
https://rdrr.io/snippets/
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From the website 
Copying the R code pieces from the website version of this book should work flawlessly.  Code 
can be copied from the webpages and pasted into the R console, the R Studio console, the R 
Studio editor, or a plain text file.  All line breaks and formatting spaces should be preserved.   
 
The only issue you may encounter is that if you paste code into the R Studio editor, leading 
spaces may be added to some lines.  This is not usually a problem, but a way to avoid this is to 
paste the code into a plain text editor, save that file as a .R file, and open it from R Studio. 
 
From the pdf 
Copying the R code from the pdf version of this book may work less perfectly.  Formatting spaces 
and even line breaks may be lost.  Different pdf readers may behave differently.   
 
It may help to paste the copied code in to a plain text editor to clean it up before pasting into R or 
saving it as a .R file.   Also, if your pdf reader has a select tool that allows you to select text in a 
rectangle, that works better in some readers.  
 

A sample program  
The following is an example of code for R that creates a vector called x and a vector called y, 
performs a correlation test between x and y, and then plots y vs. x. 
 
This code can copied and pasted into the console area of R or R Studio, or into the editor area of 
R Studio, and run.  You should get the output from the correlation test and the graphical output 
of the plot. 
 

x = c(1,2,3,4,5,6,7,8,9)  # create a vector of values and call it x  
y = c(9,7,8,6,7,5,4,3,1)  
 
cor.test(x,y)             # perform correlation test  
 
plot(x,y)                 # plot y vs. x  

 
You can run fairly large chunks of code with R, though it is probably better to run smaller pieces, 
examining the output before proceeding to the next piece.  
 
This kind of code can be saved as a file in the editor section of R Studio, or can be stored 
separately as a plain text file.  By convention files for R code are saved as .R files.  These files can 
be opened and edited with either a plain text editor or with the R Studio editor. 
 

Assignment operators  
In my examples I will use an equal sign, =, to assign a value to a variable. 
 

height = 127.5  
 

In examples you find elsewhere, you will more likely see a left arrow, <-, used as the assignment 
operator. 

 
height < -  127.5  

http://rcompanion.org/rcompanion/
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These are essentially equivalent, but I think the equal sign is more readable for a beginner. 
 

Comments 
Comments are indicated with a number sign, #.  Comments are for human readers, and are not 
processed by R. 
 

Installing and loading packages  
Some of the packages used in this book do not come with R automatically, but need to be 
installed as add-on packages.  For example, if you wanted to use a function in the psych package 
to calculate the geometric mean of x in the sample program above: 
 

x = c(1,2,3,4,5,6,7,8,9)   

 
First you would need to the install the package psych: 
 

install.packages("psych")  

 
Then load the package: 
 

library(psych)  

 
You may then use the functions included in the package: 
 

geometri c.mean( x)  
 

[1] 4.147166  

 
In future sessions, you will need only to load the package; it should still be in the library from the 
initial installation.  
 
If you see an error like the following, you may have misspelled the name of the package, or the 
package has not been installed. 
 

library(psych)  
 
Error in library(psych) : there is no package called ôpsychõ 

 

Data types 
There are several data types in R.  Most commonly, the functions we are using will ask for input 
data to be a vector, a matrix, or a ÄÁÔÁ ÆÒÁÍÅȢ  $ÁÔÁ ÔÙÐÅÓ ×ÏÎȭÔ ÂÅ Äiscussed extensively here, but 
the examples in this book will read the data as the appropriate data type for the selected 
analysis. 
 

Creating  data frames  from a text string of data  
For certain analyses you will want to select a variable from within a data frame.  In most 
ÅØÁÍÐÌÅÓ ÕÓÉÎÇ ÄÁÔÁ ÆÒÁÍÅÓȟ )ȭÌÌ ÃÒÅÁÔÅ ÔÈÅ ÄÁÔÁ ÆÒÁÍÅ ÆÒÏÍ Á ÔÅØÔ ÓÔÒÉng that allows us to arrange 
the data in columns and rows, as we normally visualize data. 
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Here, Input is just a text string that will be converted to a data frame with the read.table function.  
Note that the text for the table is enclosed in simple double quotes and parentheses. 
 
read.table is pretty tolerant of extra spaces or blank lines.  But if we convert a data frame to a 
matrixɂwhich we will laterɂwith as.matrixɂ)ȭÖÅ ÈÁÄ errors from trailing spaces at the ends of 
lines.   
 
Values in the table that will have spaces or special characters can be enclosed in simple single 
quotes (e.g. 'Spongebob & Patrick'). 
 

Input  =( "  
Sex     Height  
male    175  
male     176  
female  162  
female  165  
")  
 
D1 = read.table(textConnection( Input ),header=TRUE)  
 
D1 

 
     Sex Height  
1   male    175  
2   male    176  
3 female    162  
4 female    165  

 

Reading data from a file  
R can also read data from a separate file.  For longer data sets or complex analyses, it is helpful to 
keep data files and r code files separate.  For example,  
 

D2 = read.table( "male - female.dat", header=TRUE)  
 

would read in data from a file called male-female.dat found in the working directory.  In this case 
the file could be a space-delimited text file: 
 

Sex      Height  
male     175  
male     176  
female   162  
female   165  

 
Or 
 

D2 = read.table("male - female.csv", header=TRUE, sep=",")  

 
for a comma-separated file. 
 

Sex,Height  
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male,175  
male,176  
female,162  
female,165  

 
D2 

 
     Sex Height  
1   male    175  
2   male    176  
3 female    162  
4 female    165  

 

R Studio also has an easy interface in the Tools menu to import data from a file. 
 
The getwd function will show the location of the working directory, and setwd can be used to set 
the working directory. 
 

getwd()  

 
[1] "C:/Users/Salvatore/Documents"  
 
 

setwd("C:/Users/Salvatore/Desktop")  

 

 
Alternatively, file paths or URLs can be designated directly in the read.table function. 
 

Variables within data frames  
For the data frame D1created above, to look at just the variable Sex in this data frame: 
 

D1$ Sex              # Note: the space is optiona l  

 
[1] male   male   female female  
Levels: female male  
 
 

Note that D1$Height is a vector of numbers. 
 

D1$ Height  
 

[1] 175 176 162 165  
 
 

So if you wanted the mean for this variable: 
 

mean(D1$ Height)  
 

[1] 169.5  
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Using dplyr  to create new variables in data f rames 
The standard method to define new variables in data frames is to use the data.frame$ variable 
syntax.  So if we wanted to add a variable to the D1 data frame above which would double Height: 
 

D1$ Double = D1$ Height * 2       # Spaces are optional  
D1 
 

     Sex Height Double  
1   male    175    350  
2   male    176    352  
3 female    162    324  
4 female    165    330  

 
Another method is to use the mutate function in the dplyr package: 
 

library(dplyr)  
 
D1 =  
mutate(D1,  
       Triple = Height*3 ,  
       Quadruple = Height*4 )  
 
D1 
 

     Sex Height Double Triple Quadruple  
1   male    175    350    525       700  
2   male    176    352    528       704  
3 female    162    324    486       648  
4 female    165    330    495       660  

 
The dplyr package also has functions to select only certain columns in a data frame (select 
function) or to filter a data frame by the value of some variable (filter function).  It can be helpful 
for manipulating data frames. 
 

In the examples in this book, I will use either the $ syntax or the mutate function in dplyr, 
depending on which I think makes the example more comprehensible. 
 

Extracting elements from the output of a function  
Sometimes it is useful to extract certain elements from the output of an analysis.  For example, 
we can asÓÉÇÎ ÔÈÅ ÏÕÔÐÕÔ ÆÒÏÍ Á ÂÉÎÏÍÉÁÌ ÔÅÓÔ ÔÏ Á ÖÁÒÉÁÂÌÅ ×ÅȭÌÌ ÃÁÌÌ Test.  
 

Test = binom.test(7, 12, 3/4,  
                  alternative="less",  
                  conf.level=0.95)  
 

To see the value of Test: 
 

Test  
 

 Exact binomial test  
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number of successes = 7, number of trials = 12, p - value = 0.1576  
 
95 percent confidence interval:  
 0.0000000 0.8189752  
 

To see what elements are included in Test: 
 
names(Test)  

 
[1] "statistic"   "parameter"   "p.value"     "conf.int"    "estimate"    
"null.value"  "alternative"  
[8 ] "method"      "data.name"  
 

 

Or with more details: 
 
str(Test)  

 
To view the p-value from Test: 
 

Test$ p.value  
 

[1] 0.1576437  
 

 

To view the confidence interval from Test: 
 

Test$ conf.int  
 

[1] 0.0000000 0.8189752  
 
[1] 0.95  
 
 

To view the upper confidence limit from Test: 
 
Test$ conf.int[2]  
 

[1] 0.8189752  
 
 

Exporting g raphics  
R has the ability to produce a variety of plots.  Simple plots can be produced with just a few lines 
of code.  These are useful to get a quick visualization of your data or to check on the distribution 
of residuals from an analysis.  More in-depth coding can produce publication-quality plots. 
 
In the Rstudio Plots window, there is an Export icon which can be used to save the plot as image 
or pdf file.  A method I use is to export the plot as pdf and then open this pdf with either Adobe 
Photoshop or the free alternative, GIMP (www.gimp.org/ ).  These programs allow you to import 
the pdf at whatever resolution you need, and then crop out extra white space. 
 

http://www.gimp.org/
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The appearance of exported plots will change depending on the size and scale of exported file.  If 
there are elements missing from a plot, it may be because the size is not ideal.  Changing the 
export size is also an easy way to adjust the size of the text of a plot relative to the other 
elements. 
 
An additional trick in Rstudio is to change the size of the plot window after the plot is produced, 
but before it is exported.  Sometimes this can get rid of problems where, for example, words in a 
plot legend are cut off.  
 
Finally, if you export a plot as a pdf, but still need to edit it further, you can open it in Inkscape, 
ungroup the plot elements, adjust some plot elements, and then export as a high-resolution 
ÂÉÔÍÁÐ ÉÍÁÇÅȢ  *ÕÓÔ ÂÅ ÓÕÒÅ ÙÏÕ ÄÏÎȭÔ ÃÈÁÎÇÅ ÁÎÙthing important, like how the data line up with 
the axes. 
 
 

Avoiding Pitfalls in R  
 

Grammar, spelling , and capitalization  count  
Probably the most common problems in programming in any language are syntax errors, for 
example, forgetting a comma or misspelling the name of a variable or function.   
 
Be sure to include quotes around names requiring them; also be sure to use straight quotes ( " ) 
and not the smart quotes that some word processors use automatically.  It is helpful to write 
your R code in a plain text editor or in the editor window in R Studio. 
 

Data types in functions  
Probably the biggest cause of problems I had when I first started working with R was trying to 
feed functions the wrong data type.  For example, if a function asks for the data as a matrix, and 
ÙÏÕ ÇÉÖÅ ÉÔ Á ÄÁÔÁ ÆÒÁÍÅȟ ÉÔ ×ÏÎȭÔ ×ÏÒËȢ   
 
! ÍÏÒÅ ÓÕÂÔÌÅ ÅÒÒÏÒ )ȭÖÅ ÅÎÃÏÕÎÔÅÒÅÄ ÉÓ ×ÈÅÎ Á ÆÕÎÃÔÉÏÎ ÉÓ ÅØÐÅÃÔÉÎÇ Á ÖÁÒÉÁÂÌÅ ÔÏ ÂÅ Á ÆÁÃÔÏÒ 
ÖÅÃÔÏÒȟ ÁÎÄ ÉÔȭÓ ÒÅÁÌÌÙ Á ÃÈÁÒÁÃÔÅÒ ɉȰÃÈÒȱɊ ÖÅÃÔÏÒȢ 
 
For instance if we create a variable in the global environment with the same values as Sex and 
call it Gender, it will be a character vector. 
 

Gender = c( "male" ,  "male" ,  "female" ,  "female" )  
 
str( Gender )      # What is the structure of this variable?  
 

chr [1:4] "male" "male" "female" "female"  

 
While in the data frame, Sex was read in as a factor vector by default:  
 

str(D1$ Sex)  
 

Factor w/ 2 levels "female","male": 2 2 1 1  
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One of the nice things about using R Studio is that it allows you to look at the structure of data 
frames and other objects in the Environment window. 
 
Data types can be converted from one data type to another, but it may not be obvious how to do 
some conversions.  Functions to convert data types include as.factor, as.numeric, and 
as.character. 
 

Style 
4ÈÅÒÅ ÉÓÎȭt an established style for programming in R in many respects, such as if variable names 
should be capitalized.  But there is a Google R Users Style Guide, for those who are interested. I 
ÄÏÎȭÔ ÎÅÃÅÓÓÁÒÉÌÙ ÁÇÒÅÅ ×ÉÔÈ ÁÌÌ ÔÈÅ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÔÈÅÒÅȢ  !ÎÄ ÉÎ ÐÒÁÃÔÉÃÅȟ ÐÅÏÐÌÅ ÕÓÅ ÄÉÆÆÅÒÅÎÔ 
style conventions. google.github.io/styleguide/Rguide.xml. 
 
 
 

Help with R 
 
)ÔȭÓ ÁÌ×ÁÙÓ Á ÇÏÏÄ ÉÄÅÁ ÔÏ ÃÈÅÃË ÔÈÅ ÈÅÌÐ ÉÎÆÏÒÍÁÔÉÏÎ ÆÏÒ Á ÆÕÎÃÔÉÏÎ ÂÅÆÏÒÅ ÕÓÉÎÇ ÉÔȢ  $ÏÎȭÔ 
necessarily assume a function will perform a test as you think it will.  The help information will 
give the options available for that function, and often those options make a difference with how 
the test is carried out. 
 

Help in R 
In order to see the help file for the chisq.test function:  

 
?chisq.test  
 

In order to specify the chisq.test function in the stats package, you would use: 
 
?stats::chisq.test  
 

or 
 
help (chisq.test, package=stats)  
 

In order to search all installed packages for a term: 
 
??"chi - square"  
 

In order to view the help for a package 
 
help(package=psych)  
 

https://google.github.io/styleguide/Rguide.xml
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CRAN documentation  
Documentation for packages are also available in a .pdf format, which may be more convenient 
than using the help within R.  Also very helpful, some packages include vignettes, which describe 
how a package might be used. 
 
For a list of available packages, visit cran.r-
project.org/web/packages/available_packages_by_name.html. 
 
And clicking on the link for the psych package, will bring up a page with a link for the .pdf 
documentation, two .pdf vignettes, and other information. 
 

Summary and Analysis of Extension Education Program Evaluation in R  
Most of the analyses in this book are also presented in Summary and Analysis of Extension 
Education Program Evaluation in R (SAEEPER).  It may be useful for the reader to consult that 
book for additional examples and discussion.  
 

Other online reso urces 
Since there are many good resources for R online, an internet search for your question or 
ÁÎÁÌÙÓÉÓ ÉÎÃÌÕÄÉÎÇ ÔÈÅ ÔÅÒÍ ȰÒȱ ×ÉÌÌ ÏÆÔÅÎ ÌÅÁÄ ÔÏ Á ÓÏÌÕÔÉÏÎȢ  4ÈÅ ÒÅÁÄÅÒ ÉÓ ÃÁÕÔÉÏÎÅÄȟ ÈÏ×ÅÖÅÒȟ ÔÏ 
always check the original R documentation on functions to be sure it will perform an analysis as 
the user desires. 
 
A convenient tool is the RSiteSearch function, which will open a browser window and search for 
a term in functions and vignettes across a variety of sources:   
 

RSiteSearch("chi - square ")  

 
This tool can also be accessed from:  search.r-project.org/nmz.html . 
 
 

R Tutorials  
 
4ÈÅ ÄÅÓÃÒÉÐÔÉÏÎÓ ÏÆ ÉÍÐÏÒÔÉÎÇ ÁÎÄ ÍÁÎÉÐÕÌÁÔÉÎÇ ÄÁÔÁ ÁÎÄ ÒÅÓÕÌÔÓ ÉÎ ÔÈÉÓ ÓÅÃÔÉÏÎ ÏÆ ÔÈÉÓ ÂÏÏË ÄÏÎȭÔ 
even scratch the surface of what is possible with R. Going beyond this very brief introduction, 
however, is beyond the scope of this book.  I have tried to provide only enough information so 
that the reader unfamiliar with R will find the examples in the rest of the book comprehensible. 
  
Luckily, there are many resources available for users wishing to better understand how to 
program in R, manipulate data, and perform more varied statistical analyses.   
 
/ÎÅ ÆÒÅÅ ÏÎÌÉÎÅ ÒÅÓÏÕÒÃÅ )ȭÖÅ ÆÏÕÎÄ ÈÅÌÐÆÕÌ ÉÓ Quick-R (www.statmethods.net/). 
 
CRAN hosts a collection of R manuals (cran.r-project.org/manuals.html).  One that might be 
helpful is An Introduction to R by Venables. 
 

http://cran.r-project.org/web/packages/available_packages_by_name.html
http://cran.r-project.org/web/packages/available_packages_by_name.html
http://rcompanion.org/documents/RHandbookProgramEvaluation.pdf
http://rcompanion.org/documents/RHandbookProgramEvaluation.pdf
http://search.r-project.org/nmz.html
http://www.statmethods.net/
http://cran.r-project.org/manuals.html
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CRAN also hosts a collection of contributed documentation (cran.r-project.org/other -docs.html), 
in several languages, which may prove helpful. 
 
If readers wish to purchase a more-comprehensive and well-written textbook, The R Book by 
Michael Crawley is one option. 
 
 

Formal Statistics Books  
 
When describing a particular statistical analysisɂespecially one that your readers may not be 
familiar with ɂÉÔȭs a good idea to cite an authoritative statistical source.  A few that may be useful 
for this purpose: 
 
¶ Biostatistical Analysis by Jerrold Zar 

 
¶ Introduction to Biostatistics by Sokal and Rohlf 

 
¶ Categorical Data Analysis by Alan Agresti 

 
¶ Mixed-Effects Models in S and S-Plus by José Pinheiro and Douglas Bates 

 
  

http://cran.r-project.org/other-docs.html
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Tests for Nominal Variables  

Exact Test of Goodness-of-Fit  
 
The exact test goodness-of-fit can be performed with the binom.test function in the native stats 
package.  The arguments passed to the function are: the number of successes, the number of 
trials, and the hypothesized probability of success.  The probability can be entered as a decimal 
or a fraction.  Other options include the confidence level for the confidence interval about the 
proportion, and whether the function performs a one-sided or two-sided (two-tailed) test.  In 
most circumstances, the two-sided test is used. 
 

Examples in Summary and Analysis of Extension Program Evaluation  
SAEEPER: Goodness-of-Fit Tests for Nominal Variables 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

 
if(!require(XNomial)){install.packages("XNomial")}  
if(!require(BSDA)){install.packages("BSDA")}  
if(!require(pwr)){install.packages("pwr")}  

 

Introduction  
When to use it  
Null hypothesis  
See the Handbook for information on these topics. 
 

How the test works  
Binomial test examples  

 
### --------------------------------------------------------------  
### Cat paw ex ample, exact binomial test, pp. 30 ð31 
### --------------------------------------------------------------  
      ### In this example:  
      ###   2 is the number of successes  
      ###   10 is the number of trials  
      ###   0.5 is the hypothesized probabil ity of success  
 
dbinom(2, 10, 0.5)             # Probability of single event only !  
                              #   Not binomial test !  

[1] 0.04394531     
 
 
binom.test(2, 10, 0.5,  
           alternative="less",       # One - sided test  
           conf.level= 0.95)  

 
p- value = 0.05469  

 
 

http://rcompanion.org/handbook/H_03.html
http://www.biostathandbook.com/exactgof.html
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binom.test(2, 10, 0.5,  
           alternative="two.sided",  # Two - sided test  
           conf.level=0.95)  
 

p- value = 0.1094  
 

#     #     #  
 

 

Probability density plot 
 

### ---------------------------------------------------------- ----  
### Probability density plot, binomial distribution, p. 31  
### --------------------------------------------------------------  
      # In this example:  
      #   You can change the values for trials and prob  
      #   You can change the values for xlab  and ylab  
 
trials  = 10  
prob = 0.5  
 
x = seq(0, trials )                   # x is a sequence, 1 to trials  
y = dbinom(x, size= trials , p= prob )   # y is the vector of heights  
 
barplot (height=y,  
         names.arg=x,  
         xlab="Number of uses of right paw",  
         ylab=" Probability  under null hypothesis")  

    
#     #     #  
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Comparing doubling a one-sided test and using a two-sided test 
 

### --------------------------------------------------------------  
### Cat hair example , exact binomial test, p. 31 ð32 
###  Compares performing a one - sided test and doubling the  
###    probability, and performing a two - sided test  
### ------------------------------- -------------------------------  
 
binom.test(7, 12, 3/4,  
           alternative="less",  
           conf.lev el=0.95)  
 

p- value = 0.1576  
 

 
Test = binom.test(7, 12, 3/4,             # Create an object called  
                  alternative="less",     #  Test with the test  
                  conf.level=0.95)         #  results.  
 
2 * Test$ p.value               # This e xtracts the p - value from the  
                                #   test result, we called Test  
                                #   and multiplies it by 2 

[1] 0.3152874  
 
 
binom.test(7, 12, 3/4, alternative="two.sided", conf.level=0.95)  
 

p- value = 0.1893       # Equal to the "small p values" method  in the Handbook  

 
#     #     #  

 
 

Sign test 
The following is an example of the two-sample dependent-samples sign test.  The data are 
arranged as a data frame in which each row contains the values for both measurements being 
compared for each experimental unit.  4ÈÉÓ ÉÓ ÓÏÍÅÔÉÍÅÓ ÃÁÌÌÅÄ Ȱ×ÉÄÅ ÆÏÒÍÁÔȱ ÄÁÔÁȢ  The 
SIGN.test function in the BSDA package is used.  The option md=0 indicates that the expected 
difference in the medians is 0 (null hypothesis).  This function can also perform a one-sample 
sign test. 
 

### --------------------------------------------------------------  
###   Tree beetle example, two - sample sign test, p. 34 ð35 
### --------------------------------------------------------------  
 
Input =("  
Row  Angiosperm. feeding   A.count   Gymonsperm.feeding    G.count  
1    Corthylina            458      Pityophthorus            200  
2    Scolytinae           5200      Hylastini_Tomacini       180  
3    Acanthotomicus_P      123      Orhotomicus               11 
4    Xyleborini_D         1500      Ipini                    195  
5    Apion                1500      Antliarhininae            12 
6    Belinae               150      Allocoryninae_Oxycorinae 30  
7    H_Curculionidae     44002      Nemonychidae              85 
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8    H_Cerambycidae      25000      Aseminae_Spondylinae      78 
9    Megalopodinae         400      Palophaginae               3 
10   H_Chrysomelidae     33400      Aulocoscelinae_Orsod      26 
")  
 
Data = read.table(textConnection(Input),header=TRUE)  
 
 
library(BSDA)  
 
SIGN.test(x = Data$ A.count ,  
          y = Data$ B.count,  
          md = 0,                   
          alternative = "two.sided",  
          conf.level = 0.95)  
  

p- value = 0.001953  

  

#     #     # 

 

Exact multinomial test  
3ÅÅ ÅØÁÍÐÌÅ ÂÅÌÏ× ÉÎ ÔÈÅ ȰExamplesȱ ÓÅÃÔÉÏÎȢ 

 
Post-hoc test 
Post-hoc example with manual pairwise tests  
A multinomial test can be conducted with the xmulti function in the package XNomial.  This can 
be followed with the individual binomial t ests for each proportion, as post-hoc tests. 
 

### ------------------------- -------------------------------------  
### Post - hoc example, multinomial and binomial test, p. 33  
### --------------------------------------------------------------  
 
observed = c(72, 38, 20, 18)  
expected =  c(9, 3, 3, 1 )  
 
library(XNomial)  
 
xmulti(observed,  
       expected,  
       detail = 2)         # 2: R eports three types of p - value  

 
 

P value  (LLR)  =  0.003404  # log - likelihood ratio  
P value (Prob)  =  0.002255  # exact probability  
P value (Chisq) =  0.001608  # Chi - square probability  
 
### Note last p - value below agrees with Handbook  

 
 
successes   = 72  
total        = 148  
numerator   = 9  
denominator = 16  
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binom.test(successes, total , numerator/denominator,  
           alternative="two.sided", conf.level=0.95)   
   

p- value = 0.06822  
 

 
successes   = 38  
total       = 148  
numerator   = 3  
denominator = 16  
 
binom.test(successes, total , numerator/denominator,  
           alternative="two.sided", conf.level=0.95)   
   

p- value  = 0.03504  
 
 

successes   = 20  
total        = 148  
numerator   = 3  
denominator = 16  
 
binom.test( successes, total , numerator/denominator,  
           alternative="two.sided", conf.level=0.95)   
 

p- value = 0.1139  
 
 

successes   = 18  
total       = 148  
numerator   = 1  
denominator = 16  
 
binom.test(successes, total , numerator/denominator,  
           alternat ive="two.sided", conf.level=0.95)   
 

p- value = 0.006057  
 

#     #     #  
 

 

Post-hoc test alternate method  with custom function  
When you need to do multiple similar tests, however, it is often possible to use the programming 
capabilities in R to do the tests more efficiently.  The following example may be somewhat 
difficult to follow  for a beginner.  It creates a data frame and then adds a column called p.Value 
that contains the p-value from the binom.test performed on each row of the data frame. 
 

### -------- ------------------------------------------------------  
### Post - hoc example, multinomial and binomial test, p. 33  
###    Alternate method for multiple tests  
### --------------------------------------------------------------  
 
Input =( "  
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Successes Total Numer ator Denominator  
72        148    9         16 
38        148   3         16 
20        148   3         16 
18        148   1         16 
")  
 
D1 = read.table(textConnection( Input ),header=TRUE)  
 
 
Fun = function (x){  
          binom.test(x["Successes"],x["Total"] ,  
          x["Numerator"]/x["Denominator"])$  p.value  
         }  
 
D1$ p. Value  = apply(D 1, 1, Fun)  
 
D1 

 
  Successes Total N umerator Denominator     p.Value  
1        72   148         9          16 0.068224131  
2        38   148         3          16 0.0350402 15 
3        20   148         3          16 0.113911643  
4        18   148         1          16 0.006057012  

 
#     #     #  

 
 

Intrinsic hypothesis  
Assumptions  
See the Handbook for information on these topics. 
 

Examples 
Binomial test examples  
 

### ----------- ---------------------------------------------------  
### Parasitoid examples, exact binomial test, p. 34  
### --------------------------------------------------------------  
 
binom.test(10, (17+10), 0.5,  
           alternative="two.sided",  
           conf.le vel=0.95)  
 

p- value = 0.2478  
 

 
binom.test(36, (7+36), 0.5,  
           alternative="two.sided",  
           conf.level=0.95)  
 

p- value = 8.963e - 06 
 

#     #     #  
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### --------------------------------------------------------------  
###  Drosophila example , exa ct binomial test, p. 34  
### --------------------------------------------------------------  
 
binom.test(140, (106+140), 0.5,  
           alternative="two.sided",  
           conf.level=0.95)  
 

p- value = 0.03516  
 

#     #     #  
 

 
### --------------------------- -----------------------------------  
###  First Mendel example, exact binomial test, p. 35  
### --------------------------------------------------------------  
 
binom.test(428, (428+152), 0.75, alternative="two.sided",  
           conf.level=0.95)  
 

p- value = 0 .5022           # Value is different than in the Handbook  
                          #     See next example  
 

#     #     #  
 
 
### --------------------------------------------------------------  
###  First Mendel example, exact binomial test, p. 35  
###     Alte rnate method with XNomial package  
### --------------------------------------------------------------  
 
observed = c(428, 152)  
expected = c(3, 1 )  
 
library(XNomial)  
 
xmulti(observed,  
       expected,  
       detail = 2)             # 2: reports three types o f p - value  

 
P value  (LLR)  =  0.5331   # log - likelihood ratio  
P value (Prob)  =  0.5022   # exact probability  
P value (Chisq) =  0.5331    # Chi - square probability  

 
### Note last p - value below agrees with Handbook  
 

#     #     #  
 
 

Multinomial  test example 
 
### --------------------------------------------------------------  
###  Second Mendel example, multinomial exact test, p. 35 ð36 
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###     and SAS example, p. 38  
### --------------------------------------------------------------  
 
observed = c(315, 108, 101, 3 2)  
expected = c(9, 3, 3, 1 )  
 
library(XNomial)  
 
xmulti(observed,  
       expected ,  
       detail = 2 )               # reports three types of p - value  

 
P value  (LLR)  =  0.9261    # log - likelihood ratio  
P value (Prob)  =  0.9382    # exact probability  
P valu e (Chisq) =  0.9272    # Chi - square probability  
 
### Note last p - value below agrees with Handbook,  
###   and agrees with SAS Exact Pr>=ChiSq  

 
#     #     #  

 
 

Graphing the results  
Graphing is shown in the ȰChi-square Goodness-of-Fitȱ section. 
 

Similar test s 
The Gɀtest goodness-of-fit  and chi-square goodness-of-fit  are presented elsewhere in this book. 
 

How to do the test  
Binomial test example where individual responses are counted  
 

### --------------------------------------------------------------  
### Cat p aw example from SAS, exact binomial test, pp. 36 ð37 
###      When responses need to be counted  
### --------------------------------------------------------------  
 
Input  =( "  
Paw  
right  
left  
right  
right  
right  
right  
left  
right  
right  
right    
")  
 
Gus = read.ta ble(textConnection( Input ),header=TRUE)  
 
Successes = sum(Gus$ Paw == " left " )      # Note the == operator  
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Failures  = sum(Gus$ Paw == " right " )  
 
Total = Successes + Failures  
 
Expected = 0.5  
 
binom.test( Successes , Total , Expected ,  
           alternative="less ",           # One - sided test!  
           conf.level=0.95)  

 
p- value = 0.05469  

 
 
binom.test(Successes, Total, Expected,  
           alternative="two.sided",      # Two - sided test  
           conf.level=0.95)  
 

p- value = 0.1094  
 

#     #     #  
 
 

Other SAS examples 
R code for the other SAS example is shown in the examples in previous sections. 
 

Power analysis  
Power analysis for binomial test  

 
### --------------------------------------------------------------  
### Power analysis, binomial test, cat paw ,  p. 38  
### - -------------------------------------------------------------  
 
P0 = 0.50  
P1 = 0.40  
H  = ES.h(P0,P1)               # This calculates effect size  
 
library(pwr)  
 
pwr.p.test(  
       h=H,  
       n=NULL,                  # NULL tells the function to  
       sig. level=0.05,          #     calculate this  value  
       power=0.80,              # 1 minus Type II probability  
       alternative="two.sided")  
    

n = 193.5839                 # Slightly  different than in Handbook  
 
 

#     #     #  
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Power Analysis  
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

 
if(!require(pwr)){install.packages("pwr")}  

 
Introduction  
Parameters  
How it works  
See the Handbook for information on these topics. 
 

Examples 
Power analysis for binomial test  
 

### --------------------------------------------------------------  
### Power analysis, binomial test, pea color, p. 43  
### ------------------------------------------------ --------------  
 
P0 = 0.75  
P1 = 0.78  
H  = ES.h(P0,P1)               # This calculates effect size  
 
library(pwr)  
 
pwr.p.test(  
       h=H,  
       n=NULL,                  # NULL tells the function to  
       sig.level=0.05,          #     calculate this  
       power=0.90,              # 1 minus Type II probability  
       alternative="two.sided")  
    

n = 2096.953                   # Somewhat different than in Handbook  
 

#     #     #  
 
 

Power analysis for unpaired t -test 
 

### -------------------------------------- ------------------------  
### Power analysis, t - test, student height , p p. 43 ð44 
### --------------------------------------------------------------  
 
M1  = 66.6                      # Mean for sample 1  
M2  = 64.6                       # Mean for sample 2 
S1  =  4.8                      # St d dev for sample 1  
S2  =  3.6                       # Std dev for sample 2 
 
Cohen.d = (M1 -  M2)/sqrt(((S1^2) + (S2^2))/2)   
                                          

http://www.biostathandbook.com/power.html
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library(pwr)  
                                    
pwr.t.test(  
       n = NULL,                  # Observations in _each _ group  
       d = Cohen.d,             
       sig.level = 0.05,          # Type I probability  
       power = 0.80,               # 1 minus Type II probability  
       type = "two.sample",        # Cha nge for one -  or two - sample  
       alternative = "two.sided")  

 
Two- sample t test power calculation  
   
n = 71.61288  
 
NOTE: n is number in *each* group  71.61288  

 
#     #     #  

 
 

How to do power analyses  
Methods are shown in the previous examples. 
 
 

Chi-squar e Test of Goodness-of-Fit  
 

Examples in Summary and Analysis of Extension Program Evaluation  
SAEEPER: Goodness-of-Fit Tests for Nominal Variables 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

 
if(!require( dplyr )){install.packages(" dplyr ")}  
if(!require( ggplot2 )){install.packages(" ggplot2 ")}  
if(!require( grid )){install.packages(" grid ")}  
if(!require(pwr)){install.packages("pwr")}  

 
When to use it  
Null hypothesis  
See the Handbook for information on these topics. 
 

How the test works  
Chi-square goodness-of-fit example  
 

### ------------------------------------------------------------- -  
### Drosophila example, Chi - square goodness - of - fit, p. 46  
### --------------------------------------------------------------  
 
observed = c(770, 230)        # observed frequencies  
expected = c(0.75, 0.25)      # expected proportions  

http://rcompanion.org/handbook/H_03.html
http://www.biostathandbook.com/chigof.html
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chisq.test( x = observ ed,  
           p = expected )  
 

X- squared = 2.1333, df = 1, p - value = 0.1441  
 

#     #     #  
 
 

Post-hoc test 
Assumptions  
See the Handbook for information on these topics. 
 

Examples: extrinsic hypothesis  
 

### --------------------------------------------------- -----------  
### Crossbill example, Chi - square goodness - of - fit, p. 47  
### --------------------------------------------------------------  
 
observed  = c(1752, 1895)    # observed frequencies  
expected = c(0.5, 0.5)      # expected proportions  
 
chisq.test(x = observed ,  
           p = expected )  
 

X- squared = 5.6071, df = 1, p - value = 0.01789  
 

#     #     #  
 
 
### --------------------------------------------------------------  
### Rice example, Chi - square goodness - of - fit, p. 47  
### ----------------------------------- ---------------------------  
 
observed = c(772, 1611, 737)  
expected = c(0.25, 0.50, 0.25)  
 
chisq.test(x = observed,  
           p = expected )  
 

X- squared = 4.1199, df = 2, p - value = 0.1275  
 

#     #     #  
 
 
### ------------------------------------------------- -------------  
### Bird foraging example, Chi - square goodness - of - fit, pp. 47 ð48 
### --------------------------------------------------------------  
 
observed = c(70, 79, 3, 4)  
expected = c(0.54, 0.40, 0.05, 0.01)  
 
chisq.test( x = observed,  
           p = expe cted )  
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X- squared = 13.5934, df = 3, p - value = 0.0035  
 

#     #     #  
 
 

Example: intrinsic hypothesis     
 
### --------------------------------------------------------------  
### Intrinsic example , Chi - square goodness - of - fit, p. 48  
### --------------------- -----------------------------------------  
 
observed       = c(1203,  2919,  1678)  
expected.pro p  = c( 0.211, 0.497, 0.293)  
 
expected.count  = sum( observed)*expected.pro p 
 
chi2 = sum(( observed -  expected.count )^2/  expected.count )  
 
chi2  

 
[1] 1.082646  

 
pchisq(ch i2,  
       df=1 ,  
       lower.tail=FALSE )     

    
[1] 0.2981064  
 

#     #     #  
 

 

Graphing the results  
The first example below will use the barplot function in the native graphics package to produce a 
simple plot.  First we will calculate the observed proportions and then copy those results into a 
matrix format for plott ing.  7ÅȭÌÌ ÃÁÌÌ ÔÈÉÓ ÍÁÔÒÉØ Matriz.  See the ȰChi-square Test of 
Independenceȱ section for a few notes on creating matrices.   
 
The second example uses the package ggplot2, and uses a data frame instead of a matrix.  The 
data frame is named Forage.  For this example, the code calculates confidence intervals and adds 
them to the data frame.  This code could be skipped if those values were determined manually 
and put into a data frame from which the plot could be generated. 
 
Sometimes factors will need to have the order of their levels specified for ggplot2 to put them in 
the correct order on the plot, as in the second example.  Otherwise R will alphabetize levels. 
 
Simple bar plot with barplot  
 

### --------------------------------------------------------------  
### Simple bar plot of proportions, p. 49  
###      Uses data in a matrix format  
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### --------------------------------------------------------------  
 
observed = c(70, 79, 3, 4)  
 
expected = c (0.54, 0.40, 0.05, 0.01)  
 
total = sum(observed)  
 
observed.prop = observed / total  
 
observed.prop  
 

[1] 0.44871795 0.50641026 0.01923077 0.02564103  
 
 
### Re- enter data as a matrix  
 
Input  =( "  
Value     Douglas.fir  Ponderosa.pine  Grand.fir   Western.larch  
Observed  0.4487179    0.5064103       0.01923077  0.02564103  
Expected  0.5400000    0.4000000       0.05000000  0.01000000    
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 

         Douglas fir Ponderosa pine  Grand fir Western larch  
Observed   0.4487179      0.5064103 0.01923077    0.02564103  
Expected   0.5400000      0.4000000 0.05000000    0.01000000  

 
 
barplot(M atriz ,  
        beside=TRUE,  
        legend=TRUE,  
        y lim=c(0, 0.6),  
        xlab="Tree species",  
        ylab="Foraging proportion" )  
 

#     #     #  
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Bar plot with confidence intervals with ggplot 2 
The plot below is a bar char with confidence intervals.  The code calculates confidence intervals.  
This code could be skipped if those values were determined manually and put in to a data frame 
from which the plot could be generated. 
 
Sometimes factors will need to have the order of their levels specified for ggplot2 to put them in 
the correct order on the plot.  Otherwise R will alphabetize levels. 
 

### -- ------------------------------------------------------------  
### Graph example, Chi - square goodness - of - fit, p. 49  
###    Using ggplot2  
###    Plot adapted from:  
###       shinyapps.stat.ubc.ca/r - graph - catalog/    
### --------------------------------------------------------------  
 
Input  =( "  
Tree              Value       Count    Total  Proportion   Expected  
' Douglas fir '      Observed   70      156   0.4487       0.54  
' Douglas fir '      Expected    54      100   0.54         0.54  
' Ponderosa pine '   Observed   79      156   0.5064       0.40  
' Ponderosa pine '   Expected   40      100   0.40         0.40  
' Grand fir '        Observed    3      156   0.0192       0.05  
' Grand fir '        Expected     5      100   0.05         0.05  
' Wester n larch '    Observed    4      156    0. 0256       0.01  
' Western larch '    Expected    1      100   0.01         0.01  
")  
   
Forage = read.table(textConnection( Input ),header=TRUE)  
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### Specify the order of factor levels . Otherwise R will alphabetize them.  
 
libr ary(dplyr)  
 
Forage =  
mutate(Forage,  
       Tree = factor (Tree, levels=unique(Tree)),  
       Value = factor (Value, levels=unique(Value)))  
        
 
### Add confidence intervals  
 
Forage =  
mutate(Forage,        
       low.ci = apply(Forage[c("Count", "Total" , "Expected")],  
                       1,  
                       function(x)  
                       binom.test(x["Count"], x["Total"], x["Expected"]  
                                 )$ conf.int[1]),  
                                  
        upper.ci = a pply(Forage[c("Count", "Total", "Expected")],  
                         1,  
                         function(x)  
                         binom.test(x["Count"], x["Total"], x["Expected"]  
                                    )$ conf.int[2]))  
 
Forage$ low.ci [ Forage$ Value  == " Expected " ] = 0  
Forag e$ upper.ci [Forage$ Value  == " Expected " ] = 0  
 
Forage  
 

            Tree    Value Count Total Proportion Expected      low.ci   upper.ci  
1    Douglas fir Observed    70   156     0.4487     0.54 0.369115906 0.53030534  
2    Douglas fir Expected    54   100     0.5400     0.54 0.000000000 0.00000000  
3 Ponderosa pine Observed    79   156     0.5064     0.40 0.425290653 0.58728175  
4 Ponderosa pine Expected    40   100     0.4000     0.40 0.000000000 0.00000000  
5      Grand f ir Observed     3   156     0.0192     0.05 0.003983542 0.05516994  
6      Grand fir Expected     5   100     0.0500     0.05 0.000000000 0.00000000  
7  Western larch Observed     4   156     0.0256     0.01 0.007029546 0.06434776  
8  Western larch Expected     1   100     0.0100     0.01 0.000000000 0.00000000  

 
   
### Plot adapted from:  
###   shinyap ps.stat.ubc.ca/r - graph - catalog/  
   
library(ggplot2)  
library(grid)  
 
ggplot( Forage ,  
   aes(x = Tree , y = Proportion , fill = Value ,  
       ymax=upper .ci, ymin=low. ci))  + 
       geom_bar(stat="identity", position = "dodge", width = 0.7) +  
       geom_bar(stat="identity", position = "dodge",  
                colour = "black", width = 0.7,  
                show_guide = FALSE)  + 
       scale_y_continuous(breaks = seq( 0, 0.6 0, 0.1 ),  
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                limits = c(0, 0.60 ),  
                expand = c(0, 0))  + 
       scale_fill_manual(name = " Count type " ,  
                 values = c('grey 80', 'grey 30'),  
                 labels = c(" Observed value",  
                            "Expected value "))   + 
       geom_errorbar(position=position_dodge(width=0.7),  
                     widt h=0.0, size=0.5, color="black")  + 
       labs(x = "Tree species ",  
            y = "Foraging  proportion")  + 
       ## ggtitle("Main title ") +   
       theme_bw()  + 
       theme(panel.grid.major.x = element_blank(),  
             panel.grid.major.y = element_line(colour = "grey50"),  
             plot.title = element_text(size = rel(1.5),  
             face = "bold", vjust = 1.5),  
             axi s.title = element_text(face = "bold"),  
             legend.position = "top",  
             legend.title = element_blank(),  
             legend.key.size = unit(0.4, "cm"),  
             legend.key = element_rect(fill = "black"),  
             axis.title.y = el ement_text(vjust= 1.8),  
             axis.title.x = element_text(vjust= - 0.5))  
 

#     #     #  
 

 

Bar plot of proportions vs. categories.  Error bars indicate 95% confidence intervals for 
each observed proportion. 
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Similar tests  
Chi-square vs. Gɀtest  
See the Handbook for information on these topics.  The exact test of goodness-of-fit , the G-test of 
goodness-of-fit , and the exact test of goodness-of-fit  tests are described elsewhere in this book. 
 

How to do the test  
Chi-square goodness-of-fit example  

 
### -- ------------------------------------------------------------  
### Pea color example, Chi - square goodness - of - fit, pp. 50 ð51 
### --------------------------------------------------------------  
 
observed = c(423, 133)    
expected = c(0.75, 0.25)  
   
chisq.test(x  = observed,  
           p = expected )  
 

X- squared = 0.3453, df = 1, p - value = 0.5568  
 

#     #     #  
 
 

Power analysis  
Power analysis for chi -square goodness-of-fit  
 

### --------------------------------------------------------------  
### Power analysis, Chi - sq uare goodness - of - fit , snapdragons, p. 51  
### --------------------------------------------------------------  
 
library(pwr)  
 
P0      = c(0.25,  0. 50, 0.25 )  
P1      = c(0. 225, 0.55, 0.225 )  
 
effect.size = ES.w1(P0, P1)   
 
degrees = length(P0) -  1 
 
pwr.chisq.t est(  
               w=effect.size,  
               N=NULL,            # Total number of observations  
               df=degrees,  
               power=0.80,        # 1 minus Type II probability  
               sig.level=0.05 )     # Type I probability     

 
N = 963.4689  

 
#     #     #  
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Gɀtest of Goodness-of-Fit  
 
The G-test goodness-of-fit test can be performed with the G.test function in the package 
RVAideMemoire, the GTest function in DescTools.  As another alternative, you can use R to 
calculate the statistic and p-value manually. 

 

Examples in Summary and Analysis of Extension Program Evaluation  
SAEEPER: Goodness-of-Fit Tests for Nominal Variables 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

 
if(!require( DescTools )){install.packages(" DescTools ")}  
if(!require( RVAideMemoire )){install.packages(" RVAideMemoire ") }  

 
When to use it  
Null hypothesis  
How the test works  
Post-hoc test 
Assumptions  
See the Handbook for information on these topics. 
 

Examples: extrinsic hypothesis  
G-test goodness-of-fit test with  DescTools and RVAideMemoire  

 
### ------------------------------------------------ --------------  
### Crossbill example, G - test goodness - of - fit, p. 55  
### --------------------------------------------------------------  
 
observed = c(1752, 1895)    # observed frequencies  
expected = c(0.5, 0.5)      # expected proportions  
 
library( DescTools )  
 
GTest (x=observed,  
      p=expected,  
      correct="none" )             # "none" "williams" "yates"  

 
Log likelihood ratio (G - test) goodness of fit test  

 
G = 5.6085, X - squared df = 1, p - value = 0.01787  

 
 
library(RVAideMemoire)  
 
G.test(x=observed,  
       p=expected)  
 

G- test for given probabilities  

http://rcompanion.org/handbook/H_03.html
http://www.biostathandbook.com/gtestgof.html
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G = 5.6085, df = 1, p - value = 0.01787  
 

#     #     #  
 

 
G-test goodness-of-fit test by manual calculation  
 

### --------------------------------------------------------------  
### Crossbill example, G - test goodness - of - fit, p. 55  
###   Manual calculation  
### --------------------------------------------------------------  
 
observed      = c(1752, 1895)     # observed frequencies  
expected.prop = c(0.5, 0.5)       # expected proportions  
 
degrees = 1                       # d egrees of freedom  
 
expected.count = sum(observed)*expected.prop  
 
G = 2 * sum(observed * log(observed / expected.count))  
 
G                            

[1] 5.608512  
 
pchisq(G,   
       df=degrees ,  
       lower.tail=FALSE )  
 

 
[1] 0.01787343  

#     #     #  
 

 

Examples of G-test goodness-of-fit test with DescTools and RVAideMemoire  
 
### --------------------------------------------------------------  
### Rice example, G- test  goodness - of - fit, p. 55  
### --------------------------------------------------------------  
 
observed = c(772, 1611, 737)  
expected = c(0.25, 0.50, 0.25)  
 
library(DescTools)  
 
GTest(x=observed,  
      p=expected,  
      correct="none" )             # "none" "williams" "yates"  
 

Log likelihood ratio (G - test) goodness of fit test  
 

G = 4.1471, X - squared df = 2, p - value = 0.1257  
 
 
library(RVAideMemoire)  
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G.test(x=observed,  
       p=expected)  
 

G- test for given probabilities  
G = 4.1471, df = 2, p - value = 0.1257  

 
#     #     #  

 
 
### --------------------------------------------------------------  
### Foraging exampl e, G - test goodness - of - fit, pp. 55 ð56 
### --------------------------------------------------------------  
 
observed  = c(70, 79, 3, 4)  
expected = c(0.54, 0.40, 0.05, 0.01)  
 
library(DescTools)     
 
GTest(x=observed,  
      p=expected,  
      correct="none" )             # "none" "williams" "yates "  
 

Log likelihood ratio (G - test) goodness of fit test  
 

G = 13.145, X - squared df = 3, p - value = 0.004334  
 
 
library(RVAideMemoire)  
 
G.test(x=observed,  
       p=expected)  
 

G- test for given probabilities  
G = 13.1448, df = 3, p - value = 0.004334  

 
#     #     #  

 
 

Example: intrinsic hypothesis  
 
### --------------------------------------------------------------  
### Intrinsic example , G - test  goodness - of - fit,  amphipod,  p. 56 
### --------------------------------------------------------- -----  
 
observed       = c(1203,  2919,  1678)  
expected.pro p  = c(.21073, 0.49665, 0.29262)  
   
     ### Note: T hese are recalculated for more precision  
     ###       In this case, low precision probabilities  
     ###         change the results  
 
expected.c ount = sum(observed)*expected.pro p 
  
G = 2 * sum(observed * log(observed / expected.count))  
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G                           

[1] 1.032653  
 

 
pchisq(G,   
       df=1 ,  
       lower.tail=FALSE )    

 
[1] 0.3095363  
 

#     #     #  
 
 

Graphing the results  
Graphing would be the same as in the ȰChi-square Test of Goodness-of-Fitȱ section. 
 

Similar tests  
Chi-square vs. Gɀtest  
See the Handbook for information on these topics.  The exact test of goodness-of-fit  and the chi-
square test of goodness-of-fit  tests are described elsewhere in this book. 
 

How to do the test  
These examples are shown above. 
 

Power analysis  
Power analysis would be the same as in the ȰChi-square Test of Goodness-of-Fitȱ section. 
 
 

Chi-square Test of Independence  
 
The Chi-square test of independence can be performed with  the chisq.test function in the native 
stats package in R.  For this test, the function requires the contingency table to be in the form of 
matrix .  Depending on the form of the data to begin with, this can require an extra step, either 
combing vectors into a matrix, or cross-tabulating the counts among factors in a data frame.  
None of this is too difficult, but it requires following the correct example depending on the initial 
form of the data.   
 
When using read.table and as.matrix to read a table directly as a matrix, be careful of extra spaces 
at the end of lines or extraneous characters in the table, as these can cause errors. 
 

Examples in Summary and Analysis of Extension Program Evaluation  
SAEEPER: Association Tests for Nominal Variables 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

http://rcompanion.org/handbook/H_04.html
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if(!require( rcompanion )){install.packages(" rcompanion ")}  
if(!require( dplyr )){i nstall.packages(" dplyr ")}  
if(!require( ggplot2 )){install.packages(" ggplot2 ")}  
if(!require( grid )){install.packages(" grid ")}  
if(!require( pwr )){install.packages(" pwr ") }  
 

When to use it  
Example of chi-square test with matrix created with read.table  
 

### ------- -------------------------------------------------------  
### Vaccination example, Chi - square independence, pp. 59 ð60 
###      Example directly reading a table as a matrix  
### --------------------------------------------------------------  
 
Input =("  
Injectio n.area  No.severe  Severe  
Thigh           4788       30  
Arm             8916       76  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz     
 

           No.severe Severe  
Thigh      4788     30  
Arm        8916     76  
 
 

chisq.test(M atriz ,  
           correct=TRUE)      # Continuity correction for 2 x 2  
                              #      table  

 
Pearson's Chi - squared test with Yates' continuity correction  
 
X- squared = 1.7579, df = 1 , p - value = 0.1849  
 
 

chisq.test(M atriz ,  
           correct=FALSE)      # No continuity correction for 2 x 2  
                               #      table  

 
 Pearson's Chi - squared test  
X- squared = 2.0396, df = 1, p - value = 0.1533  
 

#     #     #  
 
 

Example of chi-square test with matrix created by combining vectors  
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### --------------------------------------------------------------  
### Vaccination example, Chi - square independence , pp. 59 ð60 
###      Example creating a matrix from vectors  
### --------------------- -----------------------------------------  
 
R1 = c(4788, 30)  
R2 = c(8916, 76)  
 
rows   = 2  
 
Matriz  = matrix(c( R1, R2),  
                nrow=rows,  
                byrow=TRUE)  
 
rownames(M atriz ) = c( " Thigh " , " Arm" )          # Naming the rows and  
colnames(M atri z) = c( " No.severe " , " Severe " )   #  columns is optional.  
 
Matriz  
 

      No.severe Severe  
Thigh      4788     30  
Arm        8916     76  

         
 
chisq.test( Matriz ,  
           correct=TRUE)      # Continuity correction for 2 x 2  
                              #      table  

 
Pearson's Chi - squared test with Yates' continuity correction  
X- squared = 1.7579, df = 1, p - value = 0.1849  
 
 

chisq.test(M atriz ,  
           correct=FALSE)      # No continuity correction for 2 x 2  
                               #      table  

 
Pearson's Chi - squared test  
X- squared  = 2.0396, df = 1, p - value = 0.1533  
 

#     #     #  
 
 

Null hypothesis  
How the test works  
See the Handbook for information on these topics. 
 

Post-hoc tests 
For the following example of post-hoc ÐÁÉÒ×ÉÓÅ ÔÅÓÔÉÎÇȟ ×ÅȭÌÌ ÕÓÅ ÔÈÅ 
pairwiseNominalIndependence function from the package rcompanion to make the task easier.  
4ÈÅÎ ×ÅȭÌÌ ÕÓÅ pairwise.table in the native stats package as an alternative. 
 

http://www.biostathandbook.com/chiind.html
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Post-hoc pairwise  chi-square tests with rcompanion  
 

### --------------------------------------------------------------  
### Post - hoc example, Chi - square independence , pp. 60 ð61 
### ------------------------------- -------------------------------  
 
Input  =( "  
Supplement     No.cancer  Cancer  
'Selenium'     8177       575  
'Vitamin E'    8117       620  
'Selenium+E'   8147       555  
'Placebo'      8167       529  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matri z  
 
chisq.test(M atriz )  
 

X- squared = 7.7832, df = 3, p - value = 0.05071  
 
 
l ibrary( rcompanion )  
 
pairwiseNominalIndependence(Matriz,  
                            fisher = FALSE,  
                            gtest  = FALSE,  
                            chisq  = TRU E,  
                            method = " fdr " )  

 
              Comparison p.Chisq p.adj.Chisq  
1   Selenium : Vitamin E 0.17700      0.2960  
2  Selenium : Selenium+E 0.62800      0.6280  
3     Selenium : Placebo 0.19700      0.2960  
4 Vitamin E : Selenium+E 0.0 6260      0.1880  
5    Vitamin E : Placebo 0.00771      0.0463  
6   Selenium+E : Placebo 0.44000      0.5280  
 
 

Post-hoc pairwise  chi-square tests with pairwise.table  
 
### --------------------------------------------------------------  
### Post - hoc example, Ch i - square independence, pp. 60 ð61 
### As is, this code works on a matrix with two columns,  
###   and compares rows  
### --------------------------------------------------------------  
 
Input =( "  
Supplement     No.cancer  Cancer  
'Selenium'     8177       575  
' Vitamin E'    8117       620  
'Selenium+E'   8147       555  
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' Placebo'      8167       529  
")  
 
Matriz  = as.matrix(read.table(textConnection(Input),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
chisq.test(Matriz)  
 

X- squared = 7.7 832, df = 3, p - value = 0.05071  
 

 
FUN = function(i,j){      
      chisq.test(matrix(c(M atriz[i,1], Matriz[i,2],  
                          Matriz [j,1], Matriz [j,2]),  
                 nrow=2,  
                 byrow=TRUE))$ p.value  
                }  
       
pai rwise.table(FUN,  
               rownames(M atriz ),  
               p.adjust.method="none")  
 
                           # Can adjust p - values;  
                           # see ?p.adjust for options  
 

                Selenium   Vitamin.E Selenium.and.E  
Vitamin .E      0.1772113          NA             NA  
Selenium.and.E 0.6277621 0.062588260             NA  
Placebo        0.1973435 0.007705529      0.4398677  

 
#     #     #  

 
 

Assumptions  
See the Handbook for information on th is topic. 
 

Examples 
Chi-square test of independence with continuity correction and without correction  
 

### --------------------------------------------------------------  
### Helmet example, Chi - square independence , p. 63  
### --------------------------------------------------------------  
 
Input  =( "  
PSE        Head.injury  Other.injury  
Helemt     372           4715  
No.helmet   267           1391  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
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                   row.names=1))  
 
Matriz  
   
chisq.test( Matriz ,  
           correct=TRUE)       # Continuity correction for 2 x 2  
                               #      table  

 
Pearson's Chi - squared test with Yate s' continuity correction  
X- squared = 111.6569, df = 1, p - value < 2.2e - 16 
 
 

chisq.test( Matriz ,  
           correct=FA LSE)      # No continuity correction for 2 x 2  
                               #      table  

 
 Pearson's Chi - squared test  
      X- squared = 112.6796, df = 1, p - value < 2.2e - 16 

 
#     #     #  

 
 

Chi-square test of independence  
 

### --------------------------- -----------------------------------  
### Gardemann apolipoprotein example , Chi - square independence ,  
###   p. 63  
### --------------------------------------------------------------  
 
Input  =( "  
Genotype  No.disease Coronary.disease  
' ins / ins '    268        807  
' ins / del '    199        759  
' del / del '     42        184  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
chisq.test( Matriz )  
 

Pearson's Chi - squared test  
X- squared = 7.2594, df = 2, p - value = 0.02652  

 
#     #     #  

 
 

Graphing the results  
The first plot below is a bar char with confidence intervals, with a style typical of the ggplot2 
package.  The second plot is somewhat more similar to the style of the plot in the Handbook.   
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For each example, the code calculates proportions or confidence intervals.  This code could be 
skipped if those values were determined manually and put in to a data frame from which the plot 
could be generated. 
 
Sometimes factors will need to have the order of their levels specified for ggplot2 to put them in 
the correct order on the plot.  Otherwise R will alphabetize levels. 
 
Simple bar plot with error bars showing confidence intervals  
 

### --------------------------------------------------------------  
###  Plot example, herons and egrets, Chi - square test of association,  
###   pp. 63 ð64 
### --------------------------------------------------------------  
 
Input  =( "  
Supplement     No.cancer  Cancer  
' Selenium '      8177       575  
' Vitamin E '     8117       620  
' Selenium+E '    8147       555  
' Placebo '       8167       529  
")  
   
Prostate = read.table(textConnection( Input ),header=TRUE)  
 
 
### Add sums and confidence intervals  
 
library(dplyr)  
 
Prostate =  
mutate(Prostate,  
       Sum = No.cancer + Cancer)  
 
Prostate =  
mutat e(Prostate,  
       Prop = Cancer / Sum,  
       low.ci = apply(Prostate[c("Cancer", "Sum")], 1,  
                function(y) binom.test(y['Cancer'], y['Sum'])$ conf.int[1]),  
       high.ci = apply(Prostate[c("Cancer", "Sum")], 1,  
                function(y) binom.test(y['Cancer'], y['Sum'])$ conf.int[2]))  
 
Prostate  
 

  Supplement No.cancer Cancer  Sum       Prop     low.ci    high.ci  
1   Selenium      8177    575 8752 0.06569927 0.06059677 0.07109314  
2  Vitamin E      8117    620 8737 0.07096257 0.06566518 0.0 7654816  
3 Selenium+E      8147    555 8702 0.06377844 0.05873360 0.06911770  
4    Placebo      8167    529 8696 0.06083257 0.05589912 0.06606271  

 
 
### Plot  (Bar chart plot)  
 
library(ggplot2)  
 



 

CHI-SQUARE TEST OF INDEPENDENCE AN R COMPANION FOR THE HANDBOOK OF BIOLOGICAL STATISTICS 
 

42 
 

ggplot(Prostate,  
 aes(x= Supplement, y= Prop)) +  
 geom_bar(stat=" identity", fill="gray 40",  
          colour="black", size=0.5 ,  
          width=0.7 ) +  
 geom_errorbar(aes(ymax=high.ci, ymin=low.ci),  
                   width=0.2, size=0.5, color="black") +  
 xlab("Supplement") +  
 ylab("Prostate cancer proportion") +  
 scal e_x_discrete(labels=c("Sel enium", "Vitamin E",  
                           "Selenium+ E","Placebo")) +  
 ## ggtitle("Main title ") +  
 theme(axis.title=element_text(size=14, color="black",  
                               face="bold", vjust=3)) +  
 theme(axis.tex t = element_text(size=12, color = "gray25",  
                                face="bold")) +  
 theme(axis.title.y = element_text(vjust= 1.8)) +  
 theme(axis.title.x = element_text(vjust= - 0.5))  
  

#     #     #  
 

 

 
Bar plot of proportions vs. categories.  Error bars indicate 95% confidence intervals for  
observed proportion. 

 
 

Bar plot with categories and no error b ars 
 

### --------------------------------------------------------------  
### Plot example, herons and egrets, Chi - square independence ,  
###   p. 64  
### --------------------------------------------------------------  
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Input  =( "  
Habitat      Bird   Count  
Vegetation   Heron   15  
Shoreline    Heron   20  
Water        Heron   14  
Structures   Heron    6  
Vegetation   Egret    8  
Shoreline    Egret    5  
Water        Egret    7  
Structures   Egret    1  
")  
   
Birds = read.table(textConnection( Input ),header=TRUE)  
 
 
### Specify the order of factor levels  
 
library(dplyr)  
 
Birds=  
mutate(Birds,  
       Habitat = factor (Habitat,levels=unique(Habitat)),  
       Bird = factor ( Bird,levels=unique(Bird)))  
        
 
### Add sums and proportions  
 
Birds$ Sum[Birds$ Bird == 'Heron'] =  
       sum(Birds$ Count[Birds$ Bird == 'Heron'])  
 
Birds$ Sum[Birds$ Bird == 'Egret'] =  
       sum(Birds$ Count[Birds$ Bird == 'Egret'])  
 
Birds=  
mutate(Bi rds,  
       prop = Count / Sum)  
 
Birds  
 

     Habitat  Bird Count Sum       prop  
1 Vegetation Heron    15  55 0.27272727  
2  Shoreline Heron    20  55 0.36363636  
3      Water Heron    14  55 0.25454545  
4 Structures Heron     6  55 0.10909091  
5 Vegetation Egr et     8  21 0.38095238  
6  Shoreline Egret     5  21 0.23809524  
7      Water Egret     7  21 0.33333333  
8 Structures Egret     1  21 0.04761905  

 
 
### Plot adapted from:  
### shinyap ps.stat.ubc.ca/r - graph - catalog/  
 
library(ggplot2)  
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library(grid)  
 
ggplot(Bird s,  
  aes(x = Habitat, y = prop, fill = Bird, ymax=0.40, ymin=0)) +  
  geom_bar(stat="identity", position = "dodge", width = 0.7) +  
  geom_bar(stat="identity", position = "dodge", colour = "black",  
           width = 0.7, show_guide = FALSE) +  
  scale_y_con tinuous(breaks = seq(0, 0.40, 0.05),  
                     limits = c(0, 0.40),  
                     expand = c(0, 0)) +  
  scale_fill_manual(name = "Bird type" ,  
                    values = c('grey80', 'grey30'),  
                    labels = c("Heron ( all types)",  
                               "Egret (all types)")) +  
  ## geom_errorbar(position=position_dodge(width=0.7),  
  ##               width=0.0, size=0.5, color="black") +  
  labs(x = "Habitat Location", y = "Landing site proportion") +  
  ## ggtit le("Main title") +  
  theme_bw() +  
  theme(panel.grid.major.x = element_blank(),  
        panel.grid.major.y = element_line(colour = "grey50"),  
        plot.title = element_text(size = rel(1.5),  
                                  face = "bold", vjust = 1.5) ,  
        axis.title = element_text(face = "bold"),  
        legend.position = "top",  
        legend.title = element_blank(),  
        legend.key.size = unit(0.4, "cm"),  
        legend.key = element_rect(fill = "black"),  
        axis.title.y = element_text(v just= 1.8),  
        axis.titl e.x = element_text(vjust= - 0.5))  

 
#     #     #  
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Similar tests  
Chi-square vs. Gɀtest  
See the Handbook for information on these topics.  &ÉÓÈÅÒȭÓ ÅØÁÃÔ ÔÅÓÔ, G-test, and -Ã.ÅÍÁÒȭÓ ÔÅÓÔ 
are discussed elsewhere in this book. 
 

How to do the test  
Chi-square test of independence with data as a data frame  
In the following example for the chi-square test of independence, the data is read in as a data 
frame, not as a matrix as in previous examples.  This allows more flexibility with how data are 
entered.  For example you could have counts for same genotype and health distributed among 
several lines, or have a count of 1 for each row, with a separate row for each individual 
observation.  The xtabs function is used to tabulate the data and convert them to a contingency 
table. 
 

### --------------------------------------------------------------  
### Gardemann a polipoprotein example, Chi - square independence ,  
###      SAS example, pp. 65 ð66 
###      Example using cross - tabulation  
### -------- ------------------------------------------------------  
 
Input  =( "  
Genotype  Health       Count  
ins - ins   no_disease   268  
ins - ins   disease      807  
ins - del   no_disease   199  



 

CHI-SQUARE TEST OF INDEPENDENCE AN R COMPANION FOR THE HANDBOOK OF BIOLOGICAL STATISTICS 
 

46 
 

ins - del   disease      759  
del - del   no_disease    42  
del - del   disease      184  
")  
 
Data.frame  = read.table(textConnection( Input ),header=TRUE)  
 
 
###  Cross - tabulate the data  
 
Data .xtabs = xtabs(Count ~ Genotype + H ealth,  
                   data= Data.frame )  
 
Data .xtabs  
 

       Health  
Genotype  disease no_disease  
  del - del     184         42 
  ins - del     759        199  
  ins - ins     807        268  

 
 
summary( Data .xtabs)                 # includes N and factors  

 
Number of cases in table: 2259  
Number of factors: 2  
  
 

###  Chi - square test of independe nce  
         
chisq.test( Data.xtabs)  

 
X- squared = 7.2594, df = 2, p - value = 0.02652  
 

#     #     #  
 
 

Power analysis  
Power analysis for chi -square test of independence 
 

### --------------------------------------------------------------  
### Power analysis, chi - square independence , pp. 66 ð67 
### - -------------------------------------------------------------  
 
# This example assumes you are using a Chi - square test of  
#   independence.  The example in the Handbook appears to use  
#   a Chi - square goodness - of - fit test  
 
# In the pwr package, for the Chi - square test of independence,  
#   the table probabilities should sum to 1  
 
Input  =( "  
Genotype  No.cancer Cancer  
GG        0.18       0.165  
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GA        0.24       0.225  
AA        0.08       0.11 0 
")  
 
P = as.matrix(read.table(textConnection( Input ),  
              header=TRUE,  
              row.names=1))  
 
P 

   No.cancer Cancer  
GG      0.18  0.165  
GA      0.24  0.225  
AA      0.08  0.110  
 

 
sum(P)         # Sum of values in the P matrix  
 

[1] 1  
 

 
library(pwr)  
 
effect.size = ES.w2(P )   
 
degrees = ( nrow(P) - 1)*( ncol(P) - 1)   # Calculate degrees of freedom  
 
pwr.chisq.test(  
       w=effect.size,  
       N=NULL,           # Total number of observations  
       df=degrees,  
       power=0.80,       # 1 minus Type II probability  
       sig.level=0.05 )     # Type I probability  

                         
        w = 0.07663476  # Answer differs significantly  
        N = 1640.537    #   from Handbook  
       df = 2            # Total observations  
sig.level = 0.05  
    power = 0.8  
 

#     #     #  
 

 

Gɀtest of Independence  
 
There are a few different options for performing G-tests of independence in R.  One is the G.test 
function in the package RVAideMemoire.  Another is the GTest function in the package DescTools. 
 

Examples in Summary and Analysis of Extension Program Evaluation  
SAEEPER: Association Tests for Nominal Variables 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

http://rcompanion.org/handbook/H_04.html
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if(!require(DescTools)){install.packages("DescTool s")}  
if(!require(RVAideMemoire)){install.packages("RVAideMemoire")}  

 

When to use it  
G-test example with functions in DescTools and RVAideMemoire   
 

### --------------------------------------------------------------  
### Vaccination example, G - test of indepen dence , pp. 68 ð69 
### --------------------------------------------------------------  
 
Input  =( "  
Injection.area  No.severe  Severe        
Thigh           4788       30  
Arm             8916       76  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
library(Desc Tools)     
 
GTest(Matriz,  
      correct="none" )             # "none" "williams" "yates"  
        

Log likelihood ratio (G - test) test of independence without correction  
 

G = 2. 1087, X - squared df = 1, p - value = 0.1465  
 
 
library(RVAideMemoire)  
 
G.test( Matriz )  
 

G = 2.1087, df = 1, p - value = 0.1465    # Note values differ from  
                                       # the Handbook  
                                       # for this exa mple  

 
#     #     #  

 
 

Null hypothesis  
How the test works  
See the Handbook for information on these topics. 
 

Post-hoc tests 
For the following example of post-ÈÏÃ ÐÁÉÒ×ÉÓÅ ÔÅÓÔÉÎÇȟ ×ÅȭÌÌ ÕÓÅ ÔÈÅ pairwise.G.test function from 
the package RVAideMemoire ÔÏ ÍÁËÅ ÔÈÅ ÔÁÓË ÅÁÓÉÅÒȢ  4ÈÅÎ ×ÅȭÌÌ ÕÓÅ pairwise.table in the native 
stats package as an alternative. 

http://www.biostathandbook.com/gtestind.html
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Post-hoc pairwise G-tests with RVAideMemoire  
 

### ------------------------------------------------ --------------  
### Post - hoc example, G - test of independence , pp. 6 9ð70 
### --------------------------------------------------------------  
 
Input  =( "  
Supplement     No. cancer  Cancer  
' Selenium '     8177       575  
'Vitamin E'    8117       620  
' Selenium +E'    8147       555  
' Placebo '      8167       529  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
library(RVAideMemoire)  
 
G.test( Matriz )  
 

G = 7.7325, df = 3, p - value = 0.05188  
 
 
library(RVAideMemoire)  
 
pairwise. G. test ( Matriz ,  
                p.method = "none")            # Can adjust p - values;  
                                             # see ?p.adjust for options  
 

           Selenium Vitamin E Selenium+E  
Vitamin E  0.168    -          -           
Selenium+E 0.606    0.058     -           
Placebo    0.187    0.007     0.422   
 
 

Post-hoc pairwise G-tests with pairwise.table  
As is, this function works on a matrix with two columns, and compares rows. 
 

### ---------------------------- ----------------------------------  
### Post - hoc example, G - test of independence, pp. 69 ð70 
### --------------------------------------------------------------  
 
Input =( "  
Supplement     No.cancer  Cancer  
'Selenium'     8177       575  
'Vitamin E'    8117       620  
'Selenium+E'   8147       555  
'Placebo'      8167       529  
")  
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Matriz = as.matrix(read.table(textConnection(Input),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
library(DescTools )     
 
GTest(Matriz,  
      correct="none" )  
 

Log likelihood ratio (G - test) test of independence without correction  
 
G = 7.7325, X - squared df = 3, p - value = 0.05188  

 
FUN = function(i,j){      
      GTest(matrix(c( Matriz [i,1], Matriz [i,2],  
                      Matriz [j,1], Matriz [j,2]),  
             nrow=2,  
             byrow=TRUE),  
             correct="none")$ p.value    # "none" "williams" "yates"  
            }  
    
pairwise.table(FUN,  
               rownames( Matriz ),  
               p.adjust.method="none")       # Can adjust p - values  
                                             # See ?p.adjust  for options  

    
            Selenium   Vitamin E Selenium+E  
Vitamin E  0.1677388          NA         NA  
Selenium+E 0.6060951 0.058385135         NA  
Placebo    0.1866826 0.007004601  0.4215013  
 

#     #     #  
 
 

Assumptions  
See the Handbook for information on this topic. 
 

Examples 
G-tests with  DescTools and RVAideMemoire  
 

### --------------------------------------------------------------  
### Helmet example, G - test of independence , p. 72  
### ---------------------- ----------------------------------------  
 
Input  =( "  
PSE       Head.injury  Other.injury  
Helemt    372          4715  
No.helmet 267          1391  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
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                   header=TRUE,  
                   row .names=1))  
 
Matriz  
 
library(DescTools)     
 
GTest(Matriz,  
      correct="none" )             # "none" "williams" "yates"  
 

Log likelihood ratio (G - test) test of independence without correction  
 
G = 101.54, X - squared df = 1, p - value < 2.2e - 16 

 
 
library(RVAideM emoire)  
 
G.test( Matriz )  
 

G = 101.5437, df = 1, p - value < 2.2e - 16 
 

#     #     #  
 
 
### --------------------------------------------------------------  
### Gardemann apolipoprotein example, G- test of independence ,  
###   p. 72 
### ---------------------------- ----------------------------------  
 
Input  =( "  
Genotype  No.disease Coronary.disease  
ins.ins   268        807  
ins.del   199        759  
del.del    42        184  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
library(DescTools)     
 
GTest(Matriz,  
      correct="none" )             # "none" "williams" "yates"  
     

Log likelihood ratio (G - test) test of independence without correction  
 
G = 7.3008, X - squared df = 2, p - value = 0.025 98 

 
 
library(RVAideMemoire)  
 
G.test( Matriz )  
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G = 7.3008, df = 2, p - value = 0.02598  

 
#     #     #  

 
 

Graphing the results  
Graphing is discussed above in the ȰChi-square Test of Independenceȱ section. 
 

Similar tests  
Chi-square vs. Gɀtest  
See the Handbook for information on these topics.  &ÉÓÈÅÒȭÓ ÅØÁÃÔ ÔÅÓÔ, chi-square test, and 
-Ã.ÅÍÁÒȭÓ ÔÅÓÔ are discussed elsewhere in this book. 
 

How to do the test  
G-test of independence with data as a data frame  
In the following example, the data is read in as a data frame, and the xtabs function is used to 
tabulate the data and convert them to a contingency table. 
 

### --------------------------------------------------------------  
### Gardemann apolipoprotein example, G - test of independence,  
###      SAS example, pp. 74 ð75 
###      Example using cross - tabulation  
### --------------------------------------------------------------  
 
Input  =( "  
Genotype  Health       Count  
ins - ins   no_disease   268  
ins - ins   disease      807  
ins - del   no_disease   199  
ins - del   disease      759  
del - del   no_disease    42  
del - del   disease      184  
")  
 
Data.frame = read.table(textConnection( Input ),header=TRUE)  
 
 
###  Cross - tabulate the data  
 
Data.xtabs = xtabs(Count ~ Genotype + Health,  
                    data=Data.frame)  
 
Data.xtabs  
 

         Health  
Genotype  disease no_disease  
  del - del     184         42  
  ins - del     759        199  
  ins - ins     807        268  
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summary(Data.xtabs)                # includes N and factors  

 
Number of cases in table: 2259  
Number of factors: 2  
 
 

###  G - tests  
 
li brary(DescTools)     
 
GTest(Data.xtabs,  
      correct="none" )             # "none" "williams" "yates"  
     

Log likelihood ratio (G - test) test of independence without correction  
 
G = 7.3008, X - squared df = 2, p - value = 0.02598  

 
 
library(RVAideMemoire)  
 
G.tes t(Data.xtabs)  
 

G = 7.3008, df = 2, p - value = 0.02598  
 

#     #     #  
 
 

Power analysis  
To calculate power or required samples, follow examples in the ȰChi-square Test of 
Independenceȱ section. 
 
 

&ÉÓÈÅÒȭÓ %ØÁÃÔ 4ÅÓÔ ÏÆ )ÎÄÅÐÅÎÄÅÎÃÅ 
 

Examples in Summary and Analysis of Extension Program Evaluation  
SAEEPER: Association Tests for Nominal Variables 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 
 

if(!require( rcompanion )){install.packages(" rcompanion ")}  
 

When to use it  
Null hypothesis  
How the test works   
See the Handbook for information on these topics. 
 

http://rcompanion.org/handbook/H_04.html
http://www.biostathandbook.com/fishers.html
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Post-hoc tests 
For the following example of post-ÈÏÃ ÐÁÉÒ×ÉÓÅ ÔÅÓÔÉÎÇȟ ×ÅȭÌÌ ÕÓÅ ÔÈÅ 
pairwiseNominalIndependence function from the package rcompanion to make the task easier. 
 
Post-hoc pairwise FisherȭÓ exact tests with RVAideMemoire   
 

### --------------------------------------------- -----------------  
### Post -hoc example, Fisherõs exact test, p. 79 
### --------------------------------------------------------------  
   
Input  =( "  
Frequency  Damaged  Undamaged  
Daily       1        24  
Weekly      5        20  
Monthly    14        11  
Quarter ly  11        14  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
fisher.test( Matriz ,  
            alternative="two.sided")  

 
p- value = 0.0001228  
alternative hypothesis: two.s ided  

 
 
library(rcompanion)  
 
PT = pairwiseNominalIndependence( Matriz ,  
                                 fisher = TRUE,  
                                 gtest  = FALSE,  
                                 chisq  = FALSE ,  
                                 digits =  3)  
 
PT 

 
           Comparison p.Fisher p.adj.Fisher  
1      Daily : Weekly 0.189000     0.227000  
2     Daily : Monthly 0.000102     0.000612  
3   Daily : Quarterly 0.001920     0.005760  
4    Weekly : Monthly 0.018600     0.037200  
5  Weekly : Quarterly 0.128 000     0.192000  
6 Monthly : Quarterly 0.572000     0.572000  
 
 

library(rcompanion)  
 
cldList(comparison = PT$Comparison,  
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        p.value     = PT$p.adj.Fisher,  
        threshold   = 0.05)  

 
      Group Letter MonoLetter  
1     Daily      a        a   
2    Weekl y     ab        ab  
3   Monthly      c          c  
4 Quarterly     bc         bc  
 
 
Summary of results  
 
Frequency   Damaged  Letter  
Daily       4%      a 
Weekly     20%      ab 
Quarterly  44%       bc  
Monthly    56%        c  
 
Groups sharing a letter are not s ignificantlt different (alpha = 0.05)  

 
#     #     #  

 
 

Assumptions  
See the Handbook for information on this topic. 
 

Examples 
Examples of FisherȭÓ exact test with data in a matrix  
 

### --------------------------------------------------------------  
### Chipm unk example, Fisherõs exact test, p. 80 
### --------------------------------------------------------------  
   
Input  =( "  
Distance   Trill  No.trill  
10m        16     8  
100m        3    18  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
fisher.test( Matriz ,  
            alternative="two.s ided")  

 
p- value = 0.0006862  
 

#     #     #  
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### --------------------------------------------------------------  
### Drosophila example, Fisherõs exact test, p. 81  
### --------------------------------------------------------------  
 
Input  =( "  
Variation            Synonymous  Replacement  
' Polymorphisms '       43          2  
' Fixed differences '   17          7  
")  
 
Matriz  = as.matrix(read.table(textConne ction( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
fisher.test( Matriz ,  
            alternative="two.sided")  
 
 

p- value = 0.006653  
 

#     #     #  
 
 
### --------------------------------------------------------------  
### K ing penguin example, Fisherõs exact test, p. 81 
### --------------------------------------------------------------  
 
Input  =( "  
Site     Alive  Dead  
Lower    43     7  
Middle   44     6  
Upper    49     1  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ) ,  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
fisher.test( Matriz ,  
            alternative="two.sided")  
 

p- value = 0.08963  
alternative hypothesis: two.sided  
 

#     #     #  
 

 
### ------------------------------------------------ --------------  
### Moray eel example, Fisherõs exact test, pp. 81 ð82 
### --------------------------------------------------------------  
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Input  =( "  
Site     G.moringa  G.vicinus        
Grass    127        116  
Sand      99         67 
Border   264        161  
")  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
fisher.test( Matriz ,  
            alternative="two.sided")  
 

p- value = 0.04438  
alternative hypothesis: two.sided  

 
#     #     #  

 
 
### --------------------------------------------------------------  
### Herons example, Fisherõs exact test, p. 82 
### --------------------------------------------------------------  
 
Input  =( "  
Site          Heron  Egret        
Vegetation    15     8  
Shor eline     20     5  
Water         14     7  
Structures     6     1  
" )  
 
Matriz  = as.matrix(read.table(textConnection( Input ),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
fisher.test( Matriz ,  
            alternative="two.sided")  

 
 p- value = 0.5491  
 alternative hypothesis: two.sided  
 

#     #     #  
 
 

Graphing the results  
Graphing is discussed above in the ȰChi-square Test of Independenceȱ section. 
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Similar tests  ɀ -Ã.ÅÍÁÒȭÓ ÔÅÓÔ 
#ÁÒÅ ÉÓ ÎÅÅÄÅÄ ÉÎ ÓÅÔÔÉÎÇ ÕÐ ÔÈÅ ÄÁÔÁ ÆÏÒ -Ã.ÅÍÁÒȭÓ ÔÅÓÔ.  For a before-and-after test, the 
contingency table is set-up as before and after as row and column headings, or vice-versa.  Note 
that the total observations in the contingency table is equal to the number of experimental units.  
That is, in the following example there are 62 men, and the sum of the counts in the contingency 
table is 62.  If you set up the table incorrectly, you might end with double this number, and this 
will not yield the correct results.  
 
McNemarȭÓ test with data in a matrix  
 

### --- -----------------------------------------------------------  
### Dysfunction example, McNemar test, pp. 82 ð83 
### --------------------------------------------------------------  
 
Input =( "  
Row          After.no  After.yes        
Before.no    46        10  
Bef ore.yes    0         6  
")  
 
Matriz  = as.matrix(read.table(textConnection(Input),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
 
mcnemar.test( Matriz , correct=FALSE)  
 

McNemar's chi - squared = 10, df = 1, p - value = 0.001565  
 

#     #     # 
 
 

McNemarȭÓ test with data in a data frame  
 

### --------------------------------------------------------------  
### Dysfunction example, McNemar test, pp. 82 ð83 
###    Example using cross - tabulation  
### ------------------------------------------------ --------------  
 
Input  =( "  
ED.before  ED.after  Count  
no         no        46 
no         yes       10   
yes        no         0 
yes        yes        6 
")  
 
Data  = read.table(textConnection( Input ),header=TRUE)  
 
Data .xtabs = xtabs( Count ~ ED.before + ED.after , data= Data )  
 
Data.xtabs  
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            ED.after  
ED.before   no   yes  
       no   46    1 0 
       yes   0     6    

 
 
mcnemar.test( Data.xtabs , correct=FALSE)  
 

McNemar's chi - squared = 10, df = 1, p - value = 0.001565  
 

#     #     #  
 
 

How to do the test  
FisherȭÓ exact test with data as a data frame  
 

### --------------------------------------------------------------  
### Chipmunk example, Fisherõs exact test, SAS example, p. 83 
###      Example using cross - tabulation  
### --------------------------------------------- -----------------  
 
Input  =( "  
Distance   Sound   Count  
10m        trill   16  
10m        notrill  8  
100m       trill    3  
100m       notrill 18  
")  
 
Data = read.table(textConnection( Input ), header=TRUE)  
 
Data.xtabs = xtabs(Count ~ Distance + Sound, data=Data)  
 
Data.xtabs  
 

        Sound  
Distance notrill trill  
    100m      18     3  
    10m        8    16  

 
summary(Data.xtabs)  
 
 
### Fisher õs exact test of independence  
 
fisher.test(Data.xtabs,  
             alternative="two.sided")  
           

p- value = 0.0006862  
#     #     #  

 
 
### --------------------------------------------------------------  
### Bird example, Fisherõs exact test, SAS example, p. 84 
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###      Example using cross - tabulation  
### --------------------------------------------------------------  
 
Input  =( "  
Bird   Substrate   Count  
heron  vegetation  15  
heron  shoreline   20  
heron  water       14  
heron  structures   6  
egret  vegetation   8  
egret  shoreline    5  
egret  water        7  
egret  structures   1  
")  
 
Data = read.table(textConnection( Input ), header=TR UE) 
 
Data.xtabs = xtabs(Count ~ Bird + Substrate, data=Data )  
 
Data .xtabs  
 

       Substrate  
Bird    shoreline structures vegetation water  
  egret         5          1          8     7  
  heron        20          6         15    14  

 
 
summary( Data .xtabs)  
 
 
###  Fisher õs exact test of independence  
 
fisher.test( Data .xtabs,  
             alternative="two.sided")  
           

p- value = 0.5491  
alternative hypothesis: two.sided  
 

#     #     #  
 
 

Power analysis  
To calculate power or required samples, follow examples in the ȰChi-square Test of 
Independenceȱ section. 
 
There, the result was  
 

N = 1640.537    # Total observations  

 
compared with the value in the Handbook of Ntotal =  1523 for this section. 
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Small Numbers in Chi -square and Gɀtests 
 

The problem with small numbers  
See the Handbook for information on these topics.  
 

9ÁÔÅÓȭ ÁÎÄ 7ÉÌÌÉÁÍȭÓ ÃÏÒÒÅÃÔÉÏÎÓ in R 
The following table lists the continuity corrections available for the Chi-square tests and G-tests 
discussed in this book. 
 
Test Function  Package Correction  Option  Default  Notes 
Chi-square chisq.test 

 
stats Yates correct=TRUE 

 
TRUE 2 x 2 

table 
only 

G G.test 
 

RVAide 
Memoire 

(none)    

G GTest 
 

DescTools Yates 
 
 
Williams 

correct= 
"yates" 
 
correct= 
"williams"  

ȰÎÏÎÅȱ  

 
 

Pooling  
Recommendation  
See the Handbook for information on these topics. 
 
 

Repeated Gɀtests of Goodness-of-Fit  
 
These examples use the G.test function in the RVAideMemoire package, but the GTest function in 
the DescTools package could be used in the same manner. 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

 
if(!require(dplyr)){install.packages("dplyr")}  
if(!require(RVAideMemoire)){install.packages("RVAideMemoire")}  

 

When to use it  
Null hypothesis  
See the Handbook for information on these topics. 
 

http://www.biostathandbook.com/small.html
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How to do the test  
Repeated Gɀtests of goodness-of-fit example  
 

### --------------------------------------------------------------  
### Arm crossing example, Repeated G ðtests of goodnes s- of - fit,  
###      pp. 91 ð93 
### --------------------------------------------------------------  
 
Input =( "  
Ethnic.group  R    L  
Yemen        168  174  
Djerba       132  195  
Kurdistan    167  204  
Libya        162  212  
Berber       143  194  
Cochin       153  174  
")  
 
Data = read.table(textConnection(Input),header=TRUE)  
 
 

Individual G-tests 
 
library(RVAideMemoire)  
 
Fun.G = function (Q){                           # F unctions  
          G.test(x=c(Q["R"], Q["L"]),           #   to calculate  
                 p=c(0 .5, 0.5)                  #   individual Gõs,  
                 )$statistic                    #   dfõs, and p- values  
               }  
 
Fun.df = function (Q){  
           G.test(x=c(Q["R"], Q["L"]),  
                  p=c(0.5, 0.5)  
                  )$parame ter  
               }  
 
Fun.p = function (Q){  
          G.test(x=c(Q["R"], Q["L"]),  
                 p=c(0.5, 0.5)  
                 )$p.value  
               }  
 
 
library(dplyr)  
 
Data=  
mutate(Data,  
       Prop.R = R / (R + L),                         # Calcula te proportion  
                                                     #     of right arms  
        G =       apply(Data[c("R", "L")], 1, Fun.G),  
        df =      apply(Data[c("R", "L")], 1, Fun.df),  
        p.Value = apply(Data[c("R", "L")], 1, Fun.p) )  
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Data  
 
  Ethnic.group   R   L    Prop.R          G df     p.Value  
1        Yemen 168 174 0.4912281  0.1052686  1 0.745596489  
2       Djerba 132 195 0.4036697 12.2138397  1 0.000474363  
3    Kurdistan 167 204 0.4501348  3.6961684  1 0.054537574  
4        Libya 162 212 0.4331551  6.7045477  1 0.009616732  
5       Berber 143 194 0.4243323  7.7478346  1 0.005377698  
6       Cochin 153 174 0.4678899  1.3495524  1 0.245356383  
 
 

Heterogeneity G-test 
 
Data.matrix = as.matrix(Data[c("R", "L")])       # We need a data matrix  
                                                #   to run G - test  
Data.matrix                                      #   for heterogeneity  
 

       R   L  
[1,] 168 174  
[2,] 132 195  
[3,] 167 204  
[4,] 162 212  
[5,] 143 194  
[6,] 153 174  

 
G. test(Data.matrix)                             # Heterogeneity  
 

G- test  
G = 6.7504, df = 5, p - value = 0.2399  
 
 

Pooled G-test 
 
Total.R = sum(Data$R)                            # Set up data for pooled  
Total.L = sum(Data$L)                            #   G - test  
 
observed = c(Total.R, Tota l.L)  
expected = c(0.5, 0.5)  
 
G.test(x=observed,  
       p=expected)  
     

G- test for given probabilities  
G = 25.0668, df = 1, p - value = 5.538e - 07 
 
 

Total G-test 
 
Total.G  = sum(Data$G)                           # Set up data for total  
                                                #   G - test                                        
Total.df  = sum(Data$df)  
   
Total.G                                         # Total  
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[1] 31.81721  
 
 

Total.df  
                                

[1] 6 
 
 
pchisq(Total.G,  
       df=  Total.df ,  
       lower.tail=FALSE )  
           

[1] 1.768815e - 05 

 
#     #     #  

 
 

Example 
Repeated Gɀtests of goodness-of-fit example  
 

### --------------------------------------------------------------  
### Drosophila example, Repeated G ðtests of goodness - of - fit,  
###       p. 93  
### --------------------------------------------------------------  
 
Input =( "  
Trial       D    S  
'Trial 1'   296  366      
'Trial 2'    78   72       
'Trial 3'   417  467  
")  
 
Data = read.table(textConnection(Input),header=TRUE)  
 
 

Individual G-tests 
 
library(RVAideMemoire)  
 
Fun.G = function (Q){                           # F unctions  
          G.test(x=c(Q["D"], Q["S"]),           #   to calculate  
                 p=c(0.5, 0.5)                  #   individual Gõs and 
                 )$statistic                    #   p - values  
               }  
 
Fun.df = function (Q){  
           G.test(x=c(Q["D"], Q["S"]),  
                  p=c(0.5, 0.5)  
                  )$parameter  
                }  
 
Fun.p = function (Q){  
          G.test(x=c(Q["D"], Q["S"]),  
                 p=c(0.5, 0.5)  
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                 )$p.value  
                }  
 
 
library(dplyr)  
 
Data =  
mutate(Data,  
       G =       apply(Data[c("D", "S")], 1, Fun.G),  
       df =      apply(Data[c("D", "S")], 1, Fun.df),  
       p.Value = apply(Data[c("D", "S" )], 1, Fun.p))  
 
Data  
 
    Trial   D   S        G df    p.Value  
1 Trial 1 296 366 7.415668  1 0.00646583  
2 Trial 2  78  72 0.240064  1 0.62415986  
3 Trial 3 417 467 2.829564  1 0.09254347  
 
 

Heterogeneity G-test 
 
Data.matrix = as.matrix(Data[c(" D", " S")])      # We need a data matrix  
                                                #   to run G - test  
Data.matrix                                     #   for heterogeneity  
 
       D   S  
[1,] 296 366  
[2,]  78  72  
[3,] 417 467  
 
 
G.test(Data.matrix)                              # Heterogeneity  
 

G- test  
G = 2.8168, df = 2, p - value = 0.2445  
 

 

Pooled G-test 
 
Total. D = sum(Data$ D)                           # Set up data for pooled  
Total. S = sum(Data$ S)                           #   G - test  
 
observed = c(Total. D, Total. S)  
expec ted = c(0.5, 0.5)  
 
G.test( x=observed,                                # Pooled  
       p=expected)  
     

G- test for given probabilities  
G = 7.6685, df = 1, p - value = 0.005619  
 

 

Total G-test 
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Total.G = su m(Data$G)                           # Set up data for tot al  
                                                #   G - test                                       
degrees = 3 
    
Total.G  = sum(Data$G)                          # Set up data for total  
                                                #   G - test                                       
Total.df = sum(Data$df)  
 
Total.G                                         # Total  
 

[1] 10.4853  
 
 

Total.df  
                          

[1] 3 
 
 
pchisq(Total.G,  
       df=Total.df,  
       lower.tail=FALSE)  
           

[1] 0.01486097  

 
#     #     #  

 
 

Similar tests  
See the Handbook for information on these topics. 
 
 

CochranɀMantelɀHaenszel Test for Repeated 
Tests of Independence  

 
The CochranɀMantelɀHaenszel test can be performed in R with the mantelhaen.test function in 
the native stats package.  A few other useful functions come from the package vcd.  One is   
woolf_test, which performs the Woolf test for homogeneity of the odds ratio across strata levels.  
This has a similar function to the Breslow-Day test mentioned in the Handbook.  If this test is 
significant, the C-M-H test may not be appropriate.  The Breslow-Day test itself can be performed 
with a function in the package DescTools.  For cautions about using this test, see the 
documentation for this function, or other appropriate sources. 
 

library(DescTools); ?BreslowDayTest  

 
There are a couple of different ways to generate the three-way contingency table.  The table can 
be read in with the read.ftable function.  Note that the columns are the stratum variable. 
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Caution should be used with the formatting , since read.ftable ÃÁÎ ÂÅ ÆÕÓÓÙȢ  )ȭÖÅ ÎÏÔÉÃÅÄ ÔÈÁÔ ÉÔ 
ÄÏÅÓÎȭÔ ÌÉËÅ leading spaces in the rows.  Certain editors, such as the one in R Studio, may add 
leading spaces when this code is pasted in.  To alleviate this, delete those spaces manually, or 
paste the code into a plain text editor, save the file as a .R file, and then open that file with R 
Studio. 
 
Another way to generate the contingency table is beginning with a data frame and tabulating the 
data using the xtabs function.  The second example uses this method. 
 

Examples in Summary and Analysis of Extension Program Evaluation  
 
SAEEPER: CochranɀMantelɀHaenszel Test for 3-Dimensional Tables 
 

Packages used in this chapter  
The following commands will install these packages if they are not already installed: 

 
if(!require(dplyr)){install.packages("dplyr")}  
if(!require(DescTools)){install.packages("DescTools")}  
if(!require(ggplot2)){install.packages("ggplot2")}  
if(!require(grid)){inst all.packages("grid")}  
if(!require(vcd)){install.packages("vcd")}  

 

When to use it  
Null hypothesis  
How the test works  
Assumptions  
See the Handbook for information on these topics. 
 

Examples 
CochranɀMantelɀHaenszel Test with data read by read.ftable  

 
### --------------------------------------------------------------  
### Handedness example, Cochran ðMantel ðHaenszel test, p. 97 ð98 
###    Example using read.ftable  
### ------------------------------------- -------------------------  
 
      # Note no spaces on lines before row names.  
      #   read.ftable can be fussy about leading spaces.  
 
Input  =(  
"                   Group  W.Child B.adult PA.white W.men G.soldier  
Whorl       Handed  
Clockwise  Right             708     136       106     109      801  
           Left              50      24       32     22      102  
CounterCl   Right            169       73       17     16      180  
           Left              13      14        4     26       25  
")  
 
Tabla  = as.table( rea d.ftable(textConnection( Input )) )  

http://rcompanion.org/handbook/H_06.html
http://www.biostathandbook.com/fishers.html
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ftable( Tabla )                        # Display a flattened table  
 
 

CochranɀMantelɀHaenszel test 
 
mantelhaen.test( Tabla )  

 
Mantel - Haenszel X - squared = 5.9421, df = 1, p - value = 0.01478  
 

 

Woolf test 
 
 
library(vcd)  
 
oddsratio( Tabla, log=TRUE)            # Show log odds for each 2x2  
 

   W.Child     B.adult    PA.white       W.men   G.soldier  
0.08547173  0.08319894 - 0.24921579  2.08581324  0.08680711  

 
 
library(vcd)  
 
woolf_test(Tabla)                # Woolf test for homogeneity o f  
                                 #   odds ratios across strata.  
                                 #   If significant, C - M- H test  
                                 #   is not appropriate  
 

Woolf - test on Homogeneity of Odds Ratios (no 3 - Way assoc.)  
 
X- squared  = 22.8 165, df = 4, p - value = 0.0001378  
 

 

Breslow-Day test 
 
library(DescTools)  
 
BreslowDayTest(Tabla)  

 
Breslow - Day Test for Homogeneity of the Odds Ratios  
 
X- squared = 24.7309, df = 4, p - value = 5.698e - 05 
 

 

Individual Fisher exact tests 
 
n = dim(Tabla)[3]  
 
for(i in 1:n){  
   Name = dimnames(Tabla)[3]$Group[i]  
   P.value = fisher.test(Tabla[,,i])$p.value  
   cat(Name, " \ n")  
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   cat("Fisher test p - value: ", P.value, " \ n")  
   cat(" \ n")  
  }  
 
 ### Note: "Group" must be the name of the stratum variable  
 

W.Child  
Fi sher test p - value:  0.7435918  
 
B.adult  
Fisher test p - value:  0.8545009  
 
PA.white  
Fisher test p - value:  0.7859788  
 
W.men  
Fisher test p - value:  6.225227e - 08  
 
G.soldier  
Fisher test p - value:  0.7160507  
 

#     #     #  
 
 

CochranɀMantelɀHaenszel Test with data entered as a data frame 
 

### --------------------------------------------------------------  
### Mussel example, Cochran ðMantel ðHaenszel test, pp. 98 ð99 
###    Example using cross - tabulation of a data frame  
### ---------------------------------------- ----------------------  
 
Input  =( "  
Location   Habitat     Allele     C ount  
Tillamook  marine          94     56  
Tillamook  estuarine       94     69  
Tillamook  marine      non - 94     40    
Tillamook  estuarine   non - 94     77  
Yaquina    marine          94     61   
Yaquina    estuarine       94    257  
Yaquina    marine      non - 94     57    
Yaquina    estuarine   non - 94    301  
Alsea      marine          94     73   
Alsea      estuarine       94     65  
Alsea      marine      non - 94     71    
Alsea      estuar ine   non - 94     79  
Umpqua     marine          94     71    
Umpqua     estuarine       94     48  
Umpqua     marine      non - 94     55     
Umpqua     estuarine   non - 94     48  
")  
 
Data = read.table(textConnection( Input ),header=TRUE)  
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### Specify the order of factor levels  
### Otherwise, R will alphabetize them  
 
library(dplyr)  
 
Data =  
mutate(Data,  
       Location = factor (Location, levels=unique(Location)),  
       Habitat = factor (Habitat, levels=unique(Habitat)),  
       Allele = factor (Allele, levels=unique ( Allele)))  
 
 
### Cross - tabulate the data  
###   Note here, Location is stratum variable (is last)  
###              Habitat x Allele are 2 x 2 tables  
 
 
Data.xtabs = xtabs(Count ~ Allele  + Habitat  + Location ,  
                   data=Data)  
 
 
ftable(Data.xtabs )                       # Display a flattened table  

 
                 Location Tillamook Yaquina Alsea Umpqua  
Allele Habitat                                           
94     marine                    56      61    73     71  
       estuarine                 69     257    65     48  
non - 94 marine                    40      57    71     55  
       estuarine                 77     301    79     48  
 
 

CochranɀMantelɀHaenszel test 
 

mantelhaen.test(Data.xtabs)  
 

Mantel - Haenszel X - squared = 5.0497, df = 1, p - value = 0.0 2463  
 
 

Woolf test 
 

library(vcd)  
 
oddsratio(Data.xtabs, log=TRUE)       # Show log odds for each 2x2  
 

Tillamook   Yaquina     Alsea    Umpqua  
0.4461712 0.2258568 0.2228401 0.2553467  
 

 
library(vcd)  
 
woolf_test(Data.xtabs)               # Woolf test for homo geneity of  
                                     #   odds ratios across strata.  
                                     #   If significant, C - M- H test  
                                     #   is not appropriate  
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Woolf - test on Homogeneity o f Odds Ratios (no 3 - Way assoc.)  
 
X- squared = 0.5292, df = 3, p - value = 0.9124  
 

 

Breslow-Day test 
 
library(DescTools)  
 
BreslowDayTest( Data.xtabs )  

 
Breslow - Day Test for Homogeneity of the Odds Ratios  
 
X- squared = 0.5295, df = 3, p - value = 0.9124  
 
 

Individual Fisher exact tests 
 
n = dim(Data.xtabs)[3]  
 
for(i in 1:n){  
   Name = dimnames(Data.xtabs)[3]$Location[i]  
   P.value = fisher.test(Data.xtabs[,,i])$p.value  
   cat(Name, " \ n")  
   cat("Fisher test p - value: ", P.value, " \ n")  
   cat(" \ n")  
  }  
 
 ### Note: "Location" must be the nam e of the stratum variable  
 

Tillamook  
Fisher test p - value:  0.1145223  
 
Yaquina  
Fisher test p - value:  0.2665712  
 
Alsea  
Fisher test p - value:  0.4090355  
 
Umpqua  
Fisher test p - value:  0.4151874  
 

#     #     #  
 

 

CochranɀMantelɀHaenszel Test with data read by read.ftable  
 

### --------------------------------------------------------------  
### Niacin example, Cochran ðMantel ðHaenszel test, p. 99  
###    Example using read.ftable  
### --------------------------------------------------------------  
 
      # Note no  spaces on lines before row names.  
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      #   read.ftable can be fussy about leading spaces.  
 
Input =(  
"                 Study FATS AFREGS ARBITER.2  HATS CLAS.1  
Supplement Revasc  
Niacin      Yes           2    4       1         1    2  
           No           46   67      86        37   92  
Placebo     Yes          11   12       4         6    1  
           No           41   60      76        32   93  
")  
 
Tabla = as.table(read.ftable(textConnection(Input)))  
 
ftable(Tabla)                        # Display a flattened t able  
 
 

CochranɀMantelɀHaenszel test 
 
mantelhaen.test(Tabla)  

 
Mantel - Haenszel X - squared = 12.7457, df = 1, p - value = 0.0003568  
 
 

Woolf test 
 

library(vcd)  
 
oddsratio(Tabla, log=TRUE)           # Show log odds for each 2x2  
 

      FATS     AFREGS  ARBITER.2       HATS     CLAS.1  
- 1.8198174 - 1.2089603 - 1.5099083 - 1.9369415  0.7039581  
 
 

library(vcd)  
 
woolf_test(Tabla)                    # Woolf test for homogeneity of  
                                     #   odds ratios across strata.  
                                     #   If significant, C - M- H test  
                                     #   is not appropriate  

 
Woolf - test on Homogeneity o f Odds Ratios (no 3 - Way assoc.)  
 
X- squared = 3.4512, df = 4, p - value = 0.4853  
 
 

Breslow-Day test 
 

library(DescTools)  
 
BreslowDa yTest(Tabla)  

 
Breslow - Day Test for  Homogeneity of the Odds Ratios  
 
X- squared = 4.4517, df = 4, p - value = 0.3483  
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Individual Fisher exact tests 
 
n = dim(Tabla)[3]  
 
for(i in 1:n){  
   Name = dimnames(Tabla)[3]$Study[i]  
   P.value = fisher.test(Tabla[,,i])$p.v alue  
   cat(Name, " \ n")  
   cat("Fisher test p - value: ", P.value, " \ n")  
   cat(" \ n")  
  }  
 
 ### Note: "Study" must be the name of the stratum variable  

 
FATS  
Fisher test p - value:  0.01581505  
 
AFREGS  
Fisher test p - value:  0.0607213  
 
ARBITER.2  
Fisher test p- value:  0.1948915  
 
HATS  
Fisher test p - value:  0.1075169  
 
CLAS.1  
Fisher test p - value:  1  
 

#     #     #  
 
 

Graphing the results  
Simple bar plot with categories and no error bars  
 

### --------------------------------------------------------------  
### Si mple bar plot of proportions, p. 99  
###      Uses data in a matrix format  
### --------------------------------------------------------------  
 
Input =( "  
Habitat   Tillamook  Yaquina  Alsea   Umpqua 
Marine    0.5833     0.5169   0.5069  0.5635   
Estuarine  0. 4726     0.4606   0.4514  0.5000  
")  
 
Matriz = as.matrix(read.table(textConnection(Input),  
                   header=TRUE,  
                   row.names=1))  
 
Matriz  
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barplot(Matriz,  
        beside=TRUE,  
        legend=TRUE,  
        ylim=c(0, 0. 9),  
        xlab=" Location ",  
        ylab=" Lap94 proportion ")  
 

#     #     #  
 

 
 
 

Bar plot with categories and error bars  
This example includes code to calculate the confidence intervals for the error bars and add them 
to the data frame.  This code could be excluded if these values were calculated manually and 
added to the data frame. 
  

### --------------------------------------------------------------  
### Graph example, bar plot of proportions, p. 99  
###    Using ggplot2  
###    Plot adapted from:  
###       shinyapp s.stat.ubc.ca/r - graph - catalog/    
### --------------------------------------------------------------  
 
Input =( "  
Location  Habitat   Allele   Count  Total  Lap.94.Proportion  
Tillamook Marine    94       56     96     0.5833  
Tillamook Estuarine 94       69     146    0.4726  
Yaquina   Marine    94       61     118    0.5169  
Yaquina   Estuarine 94       257    558    0.4606  
Alsea     Marine    94       73     144    0.5069  
Alsea     Estuarine 94       65     144    0.4514  
Umpqua    Marine    94       71     126     0.5635  
Umpqua    Estuarine 94       48     96     0.5000  
")  
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Data = read.table(textConnection(Input),header=TRUE)  
 
 
### Specify the order of factor levels  
### Oth erwise, R will alphabetize them  
 
library(dplyr)  
 
Data =  
mutate(Data,  
       Location = fac tor (Location, levels=unique(Location)),  
       Habitat = factor (Habitat, levels=unique(Habitat)),  
       Allele = factor (Allele, levels=unique(Data$ Allele)))  
 
 
### Add confidence intervals  
 
Fun.low = function (x){  
          binom.test(x["Count"], x["Total "],  
          0.5)$ conf.int[1]  
         }  
 
Fun.up = function (x){  
           binom.test(x["Count"], x["Total"],  
           0.5)$ conf.int[2]  
          }  
 
Data =  
mutate(Data,  
          low.ci = apply(Data[c("Count", "Total")], 1, Fun.low) ,  
          upper. ci = apply(Data[c("Count", "Total")],  1, Fun.up) )  
 
Data  
 

   Location   Habitat Allele Count Total Lap.94.Proportion    low.ci  upper.ci  
1 Tillamook    Marine     94    56    96            0.5833 0.4782322 0.6831506  
2 Tillamook Estuarine     94    69   146            0.4726 0.3894970 0.5568427  
3   Yaquina    Marine     94    61   118            0.5169 0.4231343 0.6098931  
4   Yaquina Estuarine     94   257   558            0.4606 0.4186243 0.5029422  
5     Alsea    Marine     94    73   144            0.5069 0 .4224208 0.5911766  
6     Alsea Estuarine     94    65   144            0.4514 0.3684040 0.5364149  
7    Umpqua    Marine     94    71   126            0.5635 0.4723096 0.6516209  
8    Umpqua Estuarine     94    48    96            0.5000 0.3961779 0.6038221  

 
 

### Plot adapted from:  
###   shinyapps.stat.ubc.ca/r - graph - catalog/  
   
library(ggplot2)  
library(grid)  
 
ggplot(Data,  
   aes(x = Location, y = Lap.94.Proportion , fill = Habitat,  
       ymax=upper.ci, ymin=low.ci))  +  
       geom_bar(stat="identity", posi tion = "dodge", width = 0.7) +  
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       geom_bar(stat="identity", position = "dodge",  
                colour = "black", width = 0.7,  
                show_guide = FALSE)  +  
       scale_y_continuous(breaks = seq(0, 0.80, 0.1),  
                limits = c(0,  0.80),  
                expand = c(0, 0))  +  
       scale_fill_manual(name = "Count type" ,  
                 values = c('grey80', 'grey30'),  
                 labels = c("Marine",  
                            "Estuarine"))  +  
       geom_errorbar(positio n=position_dodge(width=0.7),  
                     width=0.0, size=0.5, color="black")  +  
       labs(x = "Location",  
            y = "Lap94 proportion")  +  
       ## ggtitle("Main title") +  
       theme_bw()  +  
       theme(panel.grid.major.x = element_ blank(),  
             panel.grid.major.y = element_line(colour = "grey50"),  
             plot.title = element_text(size = rel(1.5),  
             face = "bold", vjust = 1.5),  
             axis.title = element_text(face = "bold"),  
             legend.positi on = "top",  
             legend.title = element_blank(),  
             legend.key.size = unit(0.4, "cm"),  
             legend.key = element_rect(fill = "black"),  
             axis.title.y = element_text(vjust= 1.8),  
             axis.title.x = element_text( vjust= - 0.5))  
 

#     #     #  
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Bar plot of proportions vs. categories.  Error bars indicate 95% confidence intervals for  
proportion. 
 
 

Similar tests  
See the Handbook for information on this topic. 
 

How to do the test  
R code for the SAS example is shown in the ȰExamplesȱ section above. 
  




























































































































































































































































































































































































































