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PURPOSE OFHISBOOK AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

Introduction

Purpose of This Book

This book is intendal to be a supplement foiThe Handbook of Biological Statisti¢dsy John H.
McDonald. It providescode for the R statistical languagér some of the examples given in the
Handbook It does not describe the uses of, explanations for, or cautions pertainitogthe
analyses. For that information, you should consult thelandbookbefore using the analyses
presented here.

The Handbook for Biological Statistics

This Companiorfollows the .pdf version of thethird edition of the Handbookof Biological
Statidics.

The Handbookprovides clear explanations and examples of some the most common statistical
testsusedin the analysis of experiments. While the examples are taken from biology, the
analyses are applicable to a variety of fields.

The Handbookprovides examples primarily with the SAS statistical package, and with online
calculators or spreadsheets for some analyses. Since SAS is a commercial pacdkagstudents
or researchers may not have access to, thi@mpanionaims to extend the applicabilityof the
Handbookby 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, theHandbookcan be accessed without cost atww.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 frorttp://www.lulu.com/shop/john -
mcdonald/handbook-of-biological-statistics/paperback/product -22063985.html.

About the Author of this Companion

| have tried in this book to give the reader examples that are botls simple as possibleand that
show some of theoptions availablefor the analysis. My goafor most examplesis to make things
comprehensiblefor the user without extensive R experienceThe reader should realize that
thesegoals may bepartially frustrated either by the peculiarities in the Rlanguage orby the
complexity required for the example.


http://www.biostathandbook.com/HandbookBioStatThird.pdf
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ABOUTR AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

| am neither a statistician nor an R programer, so all advice and code in the book comes

without guarantee ) 61 EADPDPU OF AAAADPO oy Cokadiividericedo | O AT C

mangiafico@njaes.rutgers.edu.

About R

R is a free, open source, and crogdatform 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 meanshat, in theory, you can look at the code behind any of the
analyses itperforms to better understand the process, or to madify the code for your own
purposes.

R is being used more and more in educationghcademicand commercial settings. A few
advantages of working with R as a student, teacher, or researcher include:

1 R functions return limited output. This helps prever students from sorting through a lot
of output they may not understand, and in essenaequires the user to know whatoutput
OEAUG OA Apradidel ¢ 2 Ol

1 Since all functions are open sourcehée user has access tseehow pre-defined functions
are writte n.

1 There are powerful packages written for specifitype of analyses.
1 There are lots of free resources available online.
1 It can also be used online without installing software.

For a brief summary of some the advantages of R from the perspective graduate student, see
thetarzan.wordpress.com/2011/07/15/why -use-r-a-grad-students-2-cents/.

It is also worth mentioning a few drawbaks with using R. New userare likely to find the cade
difficult to understand. Aso, Ithink that while there are a plethora of examplegor various
analyses available online, it may be difficulas a beginnertto adaptthese examples tdher own
data. One goal of this book is toetp alleviate these difficulties for beginners.l 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, s&AEPER: Using.R
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AFEWNOTES TAEET STARTED WITHR AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

Standard installation
To download and install R, visitran.r-project.org/. There you willfind links for installation on
Linux, Mac OS, and Windows operating systems.

R Studio

| also recommend using R StudioThis software is anenvironment 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 canbe installed as a portable application4 EEO EO OOA&E£OI ET AAOAO xEAC
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 MBhe version on R Studio | have is abodD0

MB. So, 1 GB of space on a usb dnsgrobably sufficient for the software alongwith additional

installed packages and projets.

R Online
It is also possible to access R online, without needing to install softwar@ne example of this is
rdrr.io Snippets. This site includecommonadd-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(frequire(dplyr)){install.packages("dplyr")}
if('require(psych)){install.packages("psych")}

A cookbook approach

The examplesinthisboE Al 11 1T x A OAIT T EATTE6 ADPDPOI AAE AO | C
be able to modify the examples with her own data, and changjee options and variable namesas

needed. This ismore obvious with some examples than others, depending on the complexibyf

the code.

Color coding in this book

The text in bluein this book is R code that can be copied, pasted, and run in R. The texethis
the expected result and should not be run. In most cases | have truncated the results and
included only the mostrelevant parts. Comments are in green. Itis fine to run comments, but
they have no effect on the results.

Copying and pasting code


http://cran.r-project.org/
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From the website

Copying the R code pieces from th@ebsite version of this book should work flawlessly. Code
can be copied from the webpageand 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 mayencounteris that if you pastecodeinto 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 frorStRdio.

From the pdf
Copying the R code from the pdf version of this boakay work less perfectly. Formatting spaces
and even line breaks may be lost. Different pdf readers may behave differently.

It may help to pastethe copied coden 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 codér R that creates a vector callea and a vector calledy,
performs a correlation test betweenx andy, andthen plots y vs.x.

This code can copied and pasted into the console area of RRoStudio, orinto the editor area of
R Studigand run. You shald get the output from the correlation test andthe 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 =¢(9,7,8,6,7,5,4,3,1)

cor.test(x,y) # perform correlation test

plot(x,y) # plot y vs. x

You canrun fairly large chunks of code withR, thoudh it is probably better to run smaller pieces,
examining the output before proceeding to the next piece.

This kind of code carbe saved asafile in the editor section of R Studio, ocan be stored
separatelyas aplain 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 | will usean eqgual sign,=, to assign a value to a variable.

height = 127.5

In examplesyou find elsewhere, you will more likely seea leftarrow, <-, used asthe assignment
operator.

height< - 127.5
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These areessentiallyequivalent, but | think the equal sign is moreeadable for a beginner.

Comments
Comments are indicated with anumber sign,#. Comments are for human readefsnd are not
processed by R.

Installing and loading packages

Some of the packages used in this book do not come with R automatically, but shé® be
installed as addon packages. For example, if you wanted to use a function in &/ chpackage
to calculate the geometric mean afin the sample programabove:

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

First you would need to the install the packagesych

install.packages("psych")

Then load the package:

library(psych)

You may then use the functions included in the package:
geometri c.mean( Xx)

[1] 4.147166

In future sessions, you will need only to load the package; it should still be in the library frothe
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 Ilibrary(psych) : there is no package call ed

Data types

There are ®veral data types in RMost commonly, the functions we are using will ask for input

data to be a vectoramatrix, oraAAOA AOAI[ A8 $ Agoussededtendively hefebdtO A A
the examples in this book will read the data as the appropriate datgpe 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 framén most
AgAi DIl AO OOET ¢ AAOA AOAI AOh ) &g that aflo@sdus © Arrarg& A A A
the data in columrs and rows, as we normally visualize data.
5



AFEWNOTES TAEET STARTED WITHR AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

Here,Input is just a text string that will be converted to a data frame with theead.tablefunction.
Note that the text for the table is enclosed isimple double quotes and arentheses.

read.tableis pretty tolerant of extra spaces or blank lines. @& if we converta data frameto a
matrix?> which we will later?> with as.matrix> ) 8 O AerrdisrAm trailing spaces at the ends of
lines.

Values in the table that will have spaceor special characters can be enclosed in simple single
guotes (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
3female 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 callednale-femaledat found in the working directory. In this case
the file could be a spacalelimited text file:

Sex  Height

male 175

male 176

female 162
female 165

Or

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

for a commaseparated 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 interfadn the Toolsmenu to import data from a file.

The getwd function will show the location of the working directory, andsetwdcan 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 designatetirectly in the read.tablefunction.

Variables within data frames
For the data frameD1created above, to look at just the variabl&exin this data frame:

D1$ Sex # Note: the space is optiona I

[1] male male female female
Levels: female male

Note that D1$Heightis a vector of numbers.
D1$ Height

[1] 175176 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 standardmethod to define new variables in data frames is to use ttdata.frame$ variable
syntax. So if we wanted to add a variable to the D1 data frame above which would doukEght

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

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

Another method is to use themutate 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
3female 162 324 486 648
4 female 165 330 495 660

The dplyr package also hatunctions to selectonly certain columnsin a data frame gelect
function) or to filter a data frame by the value of some variabl€fi{ter function). It can be helpful
for manipulating data frames.

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

Extracting elements from the output of a function

Sometimes itis useful to extract certain elements from the output of an analysis. For example, )

wecana®ECI OEA 1 O00POO #£0iI i A AETekti EAT OAOGO O1 A
Test = binom.test(7, 12, 3/4,

alternative="less",
conf.level=0.95)

To see the value oTest
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 ifest

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 fromTest
Test$ conf.int
[1] 0.0000000 0.8189752

[1] 0.95

To view the upper confidence limi from Test

Test$ conf.int[2]

[1] 0.8189752

Exporting g raphics

R has the ability to producea 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 ondisribution

of residuals from an analysis. More Hdepth coding can produce pblication-quality plots.

In the RstudioPlotswindow, there is anExporticon which can be used to save the plot as image
or pdf file. A method | use is to export the plotsaapdf and then open this pdf with either Adobe
Photoshop or the free alternative, GIMPwWww.gimp.org/ ). These programs allow you to import
the pdf at whatever resolution you need, and then crop out extra white space.
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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 t@fta 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 higisolution A

AEOI AP EI ACAs * 000 Athing Orpadtdnt, iké How thd datdlide up withT CA Al
the axes.

Avoiding Pitfalls in R

Grammar, spelling , and capitalization count
Probably the most common problems in programming in any language are syntax errorey f
example, forgetting a commar misspelling the name of a variable or function

Be sure to include quotes around names requiring them; also be sure to use straight quotés (
and not the smart quotes that some word processors use automaticallit.is helpful to write
your R code in a plairtext editor or in the editor window in R Studio.

Data types in functions

Probably the biggest cause of problems | had when | first started working with R was trying to

feed functions the wrong data type. For example, if a function asks for the data awsatrix, and

Uur 6 CeOGA EO A AAOA ZOAI Ah EO xi1680 xI OES8

I I 1T OA OOAOGI A AOOT O )B80A AT AT O1 OAOCAA EO xEAT A
OAAOT Oh AT A EOB80 OAAIT U A AEAOAAOGAO j OAEOG6 Qq OA,

For instance if we create a variable in the globalrevironment with the same values asSexand
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 daa frame,Sexwasreadin asa factor vectorby default:
str(D1$ Sex)

Factor w/ 2 levels "female","male™: 22 1 1
10
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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 theEnvironmentwindow.

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 includeas.factor, as.numeri¢ and
as.character

Style

4 E A O AanEgiablidhed style for ppgramming in R in many respects, such asviéiriable names

should be capitalized.But there is a Google R Users Style Guide, for those who are interested.
AT18606 TAAAOOAOEI U ACOAA xEOE Ail1l OEA OAAIT I 1T AT A,
style conventions.google.qgithub.io/styleguide/Rguide.xml

Help with R

) 060 Al xAUO A c¢ciiT A EAARAA Oi AEAAE OEA EBAI D ET A
necessarily assume a fuction will perform a test asyou 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 thechisq.testfunction:

?chisq.test

In order to specify thechisqg.testfunction in the stats package, you would use:

?stats::chisq.test

or

help (chisg.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)

11
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CRAN documentation

Documentation for packages are also available in.adf 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, visdran.r-
project.org/web/packages/available_packages_by name.html

And clicking on the link for thepsyd package, will bring up a page with &nk 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 Bummary and Analysis of Extension
Education Program Evaluation in RSAEEPER). 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

AT A1 UOGEO ET Al OAET ¢ OEA OAOI 0006 xEIIT 1T £OAT 1AA,
always check theoriginal R documentation onfunctionsto be sure it will perform an analysis as

the user desires.

A convenient tool is theRSiteSearcliunction, 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 fronsearch.rproject.org/nmz.html .

R Tutorials

4EA AAOAOEDPOEITO 1T &£ Ei i OOET ¢ AT A |1 ATEDPOI AGET ¢
even scratch the surface of whas possible with R. Going beyond this very brief introduction,

however, is beyond the scope of this book. | 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 userwishing to better understand how to
program in R, manipulate data, and perform more varied statistical analyses.

I T A EOAA T11ETA OAOIQOIGKREwWY.Batndthodind). A EAT DAOI EO

CRAN hosts a collection of R manualsrén.r-project.org/manuals.html). One that might be
helpful is An Introduction to Rby Venables

12
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CRAN also hosts a coltdion of contributed documentation (cran.r-project.org/other -docs.html),
in several languages, which may prove helpful.

If readers wish to purchase a morecomprehensive and welwritten textbook, The R Booloy
Michael Crawleyis one option.

Formal Statistics Books

When describing a particular statistical analysis especially one that your readers may not be
familiar with 2 E ©adgood idea to cite an authoritative statistical source. A few that mbhg useful
for this purpose:

1 Biostatistical Analysidy Jerrold Zar

1 Introduction to Biostatisticsdoy Sokal and Rohlf

1 Categorical Data Analysiby Alan Agresti

1 MixedEffects Models in S andBusby Jog Pinheiro and Douglas Bates

13
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Tests for Nominal Variables

Exact Test of Goodnessof-Fit

The exact test goodnessf-fit can be performed with thebinom.testfunction in the native stats
package.The arguments passed to the function are: theumber of successeghe 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 onesided or two-sided (two-tailed) test. In
most circumstances, the twesided test is used.

Examples in Summary and Analysis of Extension Program Evaluation
SAEEPER: éddnessof-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))Y{install.packages("BSDA")}
if('require(pwr)){install.packages("pwr")}

Introduction
When to use it

Null hypothesis
See theHandbookfor information on these topics.

How the test works
Binomial test examples

HtH
### Cat paw ex ample, exact binomial test, pp. 30 831
HtH
### In this example:
it 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

14
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binom.test(2, 10, 0.5,
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alternative="two.sided", # Two - sided test

conf.level=0.95)

p- value = 0.1094

Probability density plot

HHH

### Probability density plot,
1HE

binomial distribution, p. 31

# In this example:
# You can change
# You can change

trials =10
prob = 0.5

x = seq(0, trials )
y = dbinom(X, size= trials

barplot (height=y,
names.arg=x,

the values for trials and prob
the values for xlab and ylab

# X is a sequence, 1 to trials
, p= prob) #y is the vector of heights

xlab="Number of uses of right paw",

ylab="Probability

0.20
|

0.10
!

under null hypothesis™)

# # #

Probabilty under null hypothesis

0.00
|
]

9 1 2

3 4 5 6 7 8 9 10

Number of uses of right paw

15
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Comparing doubling a onesided test and using a twesided test

1HE

### Cat hair example , exact binomial test, p.31 032
### Compares performing a one - sided test and doubling the
### probability, and performing a two - sided test
1HE

binom.test(7, 12, 3/4,
alternative="less",
conflev  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 # Thise xtracts the p - value from the

# testresult, 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 twesample dependentsamples sign test.The data are

arranged as a data frame in which each row contains the values for both measuremebésng

compared for each experimentalunit4 EEO EO OI | AOETI AO AAhel AR OxEAA
SIGN.testunction in the BSDApackage is usedThe option md=0indicates that the expected

difference in the medians is 0 (null hypothesis).This function canalso perform a onesample

sign test.
HHHH
###  Tree beetle example, two - sample sign test, p. 34 035
HHHH
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

16
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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 ]
3AA AgAl bl A Ehakplddx GEAA G A 80

Post-hoc test

Post-hoc example with manual pairwise tests

A multinomial test can be conducted with thexmulti function in the packageXNomial This can
be followed with the individual binomial t ests for each proportion, as poshoc tests.

wHi --

### Post - hoc example, multinomial and binomial test, p. 33
HtH

observed = ¢(72, 38, 20, 18)
expected= ¢(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

17
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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 testsnore efficiently. The following example may besomewhat

difficult to follow for a beginner. It creates a data frame and then adds a column calletfalue

that contains the pvalue from thebinom.testperformed on each row of the data frame.

-
### Post - hoc example, multinomial and binomial test, p. 33
###  Alternate method for multiple tests

HtH

Input =(
18
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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 theHandbookfor information on th esetopics.

Examples
Binomial test examples

HtH
### Parasitoid examples, exact binomial test, p. 34
HtH

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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Hitt
### Drosophila example , exa ctbinomial test, p. 34
Hitt

binom.test(140, (106+140), 0.5,
alternative="two.sided",
conf.level=0.95)

p- value = 0.03516

e —

### First Mendel example, exact binomial test, p. 35
it

binom.test(428, (428+152), 0.75, alternative="two.sided",
conf.level=0.95)

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

# # #

it
### First Mendel example, exact binomial test, p. 35
###  Alte rnate method with XNomial package
HtH

observed = ¢(428, 152)
expected = ¢(3, 1 )

library(XNomial)
xmulti(observed,
expected,
detail = 2) # 2. reports three types o
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

HtH
###  Second Mendel example, multinomial exact test, p. 35

20
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the Handbook

fp -value
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###  and SAS example, p. 38

fessesd
observed = c¢(315, 108, 101, 3 2)
expected = ¢(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 shownin the (Chi-square Goodnes®f-Fitdsection.

Similar test s
The Getest goodnessof-fit and chi-square goodnessf-fit are presented elsewhere in this book.

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

HtH
### Catp aw example from SAS, exact binomial test, pp. 36 037
###  When responses need to be counted

HtH

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

21
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Failures = sum(Gus$ Paw ==
Total = Successes + Failures

Expected = 0.5

binom.test(  Successes , Total

alternative="less
conf.level=0.95)

p- value = 0.05469

binom.test(Successes, Total, Expected,
alternative="two.sided",

conf.level=0.95)

p- value = 0.1094

Other SAS exampes

AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

"right ")

Expected

# One - sided test!

# Two - sided test

R code forthe other SAS examplés shown in the examplesin previous sections

Power analysis

Power analysis for binomial test

it

### Power analysis, binomial test, cat paw , p.38

#iH -

PO = 0.50

P1 = 0.40

H = ES.h(PO,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 |l probability
alternative="two.sided")

n =193.5839 # Slightly different than in Handbook
# # #
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Power Analysis

Packagesused 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 theHandbookfor information on these topics.

Examples
Power analysis for binomial test
Hi#H
### Power analysis, binomial test, pea color, p. 43
e
PO = 0.75
P1 = 0.78
H = ES.h(PO,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 Il probability
alternative="two.sided")
n =2096.953 # Somewhat different than in Handbook
# # #
Power analysis for unpaired t -test
Hi#H
### Power analysis, t - test, student height ,p p.43 044
S
M1 = 66.6 # Mean for sample 1
M2 = 64.6 # Mean for sample 2
S1 = 48 #St d dev for sample 1
S2 = 36 # Std dev for sample 2

Cohen.d = (M1 - M2)/sqri(((S1"2) + (S2°2))/2)
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library(pwr)
pwr.t.test(
n = NULL, # Qbservations in _each _ group
d = Cohen.d,
sig.level = 0.05, # Type | probability
power = 0.80, # 1 minus Type Il probability
type = "two.sample”, # Cha nge forone - ortwo -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-square Test of Goodnessof-Fit

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

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

if('frequire( dplyr ))install.packages(" dplyr ")}
if('frequire( ggplot2 )){install.packages(" ggplot2 ")}
if('frequire( grid )){install.packages(" grid "}

if('frequire(pwr)){install.packages("pwr")}

When to use it

Null hypothesis
See theHandbookfor information on these topics.

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

S -
### Drosophila example, Chi - square goodness - of - fit, p. 46

S

observed = ¢(770, 230) # observed frequencies

expected = ¢(0.75, 0.25) # expected proportions
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chisqg.test( X = observ

p = expected

X-squared =2.1333,df =1, p

Post-hoc test
Assumptions

AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

ed,
)

- value = 0.1441

# # #

See theHandbookfor information on these topics.

Examples: extrinsic hypothesis

HHHE oo s e
### Crossbill example, Chi - square goodness - of - fit, p. 47

Hi#H

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

# # #

Hi#H
### Rice example, Chi - square goodness - of - fit, p. 47
Hi#H
observed = ¢(772, 1611, 737)
expected = c¢(0.25, 0.50, 0.25)
chisg.test(x = observed,
p = expected )
X-squared = 4.1199, df =2, p - value = 0.1275
# # #

- of - fit, pp. 47

fas

### Bird foraging example, Chi - square goodness
fas

observed = (70, 79, 3, 4)

expected = c¢(0.54, 0.40, 0.05, 0.01)

chisg.test( X = observed,

p =expe cted )
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X-squared = 13.5934, df =3, p - value = 0.0035

# # #

Example: intrinsic hypothesis

1HE
###  Intrinsic example , Chi - square goodness - of - fit, p. 48
oo
observed =¢(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
pchisg(ch 2,

df=1,

lower.tail=FALSE )

[1] 0.2981064

Graphing the results

The first example below will use thebarplot function in the native graphicspackage toproduce a
simple plot. First we will calcuhte the observed propations and then copy those results into a
matrix format for plotting. 7 A8 1 1 A A1 Matri@.ESEethe AUHi-<0@afe Dest of
Independencesectionfor a few notes on creating matrices.

The second example uses the packaggplot2, and uss a data fame instead of a matrix.The

data frame is named~orage 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 whit the plot could be generated.

Sometimes factors will need tdhave the order of their levels specifiedor ggplot2 to put them in
the correct order on the plot, as in the second exampl®therwise R will alphabetize levels.

Simple bar plot with barplot

HiH
### Simple bar plot of proportions, p. 49
###  Uses data in a matrix format
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HiH

AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

observed = ¢(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

##H# Re- enter data as a matrix

Input
Value
Observed 0.4487179 0.5064103
Expected 0.5400000 0.4000000

")

:( "

Matriz = as.matrix(read.table(textConnection(
header=TRUE,
row.names=1))

Matriz

Douglas.fir Ponderosa.pine Grand.fir Western.larch
0.01923077 0.02564103
0.05000000 0.01000000

Input ),

Douglas fir Ponderosa pine Grand fir Western larch

Observed 0.4487179
Expected 0.5400000

barplottM atriz ,
beside=TRUE,
legend=TRUE,
ylim=c(0, 0.6),
xlab="Tree species",
ylab="Foraging proportion" )

0.5064103 0.01923077 0.02564103
0.4000000 0.05000000 0.01000000
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Bar plot with confidence intervals with ggplot 2

The plot below is a bar char with confidence intervalsThe code calculates confidence intervals.
This codecould 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 fggplot2 to put them in
the correct order on the plot. Otherwise R will alphabetize levels.

H#HH -
### Graph example, Chi - square goodness - of - fit, p. 49
###  Using ggplot2

### Plot adapted from:

fzezed shinyapps.stat.ubc.ca/r - graph - catalog/

HtH

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 nlarch 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")],
11
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 0.050.003983542 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 0.010.000000000 0.00000000

### Plot adapted from:

ph shinyap ps.stat.ubc.cal/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( 0,06 0,01 ),
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limits = ¢(0, 0.60 ),
expand = ¢(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)
# # #

Observed value [Jl] Expected value
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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. Gtest

AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

See he Handbookfor information on these topics. The exact test of goodnessf-fit, the Gtest of
goodnessof-fit, and theexacttest of goodnessf-fit tests are described elsewhere in this book.

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

HHH -

### Pea color example,
1HE

Chi - square goodness

- of - fit, pp. 50 051

observed = c(423, 133)
expected = ¢(0.75, 0.25)

chisq.test(x = observed,

p = expected )

X-squared =0.3453,df =1, p

Power analysis

- value = 0.5568

# # #

Power analysis for chi-square goodness-of-fit

- of -fit , snapdragons, p. 51

# Total number of observations

# 1 minus Type |l probability
# Type | probability

T
### Power analysis, Chi - square goodness
i
library(pwr)
PO = ¢(0.25, 0. 50,0.25 )
P1 = ¢(0. 225, 0.55,0.225 )
effect.size = ES.w1(PO, P1)
degrees =  length(PO0) -1
pwr.chisq.t est(
w=effect.size,
N=NULL,
df=degrees,
power=0.80,
sig.level=0.05 )
N = 963.4689
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Gztest of Goodness-of-Fit

The Gtest goodnessof-fit test can be performed with theG.testfunction in the package
RVAideMemoirgthe GTesffunction in DescToolsAs another alternative,you can use R to
calculate the statisticand p-value manually.

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

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

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

When to use it

Null hypothesis
How the test works
Post-hoc test

Assumptions
See theHandbookfor information on these topics.

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

B oo s e
### Crossbill example, G - test goodness - of - fit, p. 55

HtH

observed = ¢(1752, 1895) # observed frequencies

expected = ¢(0.5, 0.5) # expected proportions

library( DescTools )

GTest (x=0bserved,

p=expected,
correct="none" ) # "none" "williams" "yates"
Log likelihood ratio (G - test) goodness of fit test
G =5.6085, X -squareddf=1,p - value = 0.01787
library(RVAideMemoire)

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

G- test for given probabilities
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G =5.6085,df=1,p - value = 0.01787

# # #

Gtest goodness-of-fit test by manual calculation

[Eezess

### Crossbill example, G - test goodness - of - fit, p. 55
### Manual calculation

[Eezess

observed = ¢(1752, 1895) # observed frequencies
expected.prop = ¢(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 Gtest goodness-of-fit test with DescTools and RVAideMemoire

HtH

### Rice example, G test goodness - of -fit, p. 55
HtH

observed = c(772,1611, 737)

expected = ¢(0.25, 0.50, 0.25)

library(DescTools)

GTest(x=0bserved,

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

# # #

B

### Foraging exampl e, G -testgoodness - of -fit, pp. 55 056
Hitt

observed
expected

c(70, 79, 3, 4)
¢(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 -squareddf=3,p - value = 0.004334

library(RVAideMemoire)

G.test(x=0observed,
p=expected)

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

# # #

Example: intrinsic hypothesis

HtH

### Intrinsic example , G -test goodness - of - fit, amphipod,
HtH

observed =¢(1203, 2919, 1678)

expected.pro p =¢(.21073, 0.49665, 0.29262)
### Note: T hese are recalculated for more precision
Htt In this case, low precision probabilities
Htt 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 i
Graphing wouldbe the same as in théChi-square Test of Goodnessf-Fitdsection.

Similar tests

Chi-square vs. Gztest
See theHandbookfor information on these topics. Theexact test of goodnessf-fit and thechi-
square test of goodness-fit tests are described edewhere in this book.

How to do the test
These examples are shown above.

Power analysis ]
Power analysis would be the same as in th&hi-square Test of Goodnessf-Fitdosection.

Chi-square Test of Independence

The Chisquare test of independence can bgerformed with the chisq.testfunction in the native
statspackage inR. For this test, the function requires the contingency table to e 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 othe initial
form of the data.

When usingread.tableand as.matrixto read a table directly as a matrix, be careful of extra spaces
at the end of linesor extraneous characters in the table, as these can cause errors.

Examples in Summary and Analysis of Extension Program Evaluation
SAEEPERAssocidion Tests for Nominal Variables

Packages used in this chapter
The following commands will install these packages if they are not already installed:
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if('require( rcompanion )){install.packages(" rcompanion ")}
if('frequire( dplyr )}{i nstall.packages(" dplyr ")}

if('frequire( ggplot2 )){install.packages(" ggplot2 ")}
if('frequire( grid )){install.packages(" grid ")}

if('frequire( pwr)){install.packages(" pwr") }

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

1HE

### Vaccination example, Chi - square independence, pp. 59 060

###  Example directly reading a table as a matrix

1HE

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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HitH

### Vaccination example, Chi - square independence
###  Example creating a matrix from vectors
oo

AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

, pp- 59 9860

R1 = c(4788, 30)
R2 =c(8916, 76)

rows =2

Matriz = matrix(c( R1, R2),
NrowW=rows,

byrow=TRUE)

rownames(M atriz ) =c( "Thigh ", "Arm")
colnames(M atri z)=c( "No.severe ", "Severe ")
Matriz
No.severe Severe
Thigh 4788 30
Arm 8916 76
chisqg.test( Matriz

correct=TRUE)
# table

Pearson's Chi
X-squared = 1.7579,df =1, p

chisq.test(M atriz

correct=FALSE)

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

Null hypothesis

How the test works
See theHandbookfor information on these topics.

Post-hoc tests

For the following example of psthocDPAEOx EOA OAOOET Ch

# Naming the rows and
# columns is optional.

# Continuity correction for 2 x 2

- squared test with Yates' continuity correction
- value = 0.1849

# No continuity correction for 2 x 2

xAdl 1 OOA

pairwiseNominallndependenc&nction from the packagercompanionto make the task easier

4 EAT
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Post-hoc pairwise chi-square testswith rcompanion

fHE

### Post - hoc example, Chi - square independence
fHE

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(
header=TRUE,
row.names=1))

Matri  z
chisq.test(M atriz )

X-squared = 7.7832,df =3, p - value = 0.05071

| ibrary( rcompanion )

pairwiseNominallndependence(Matriz,
fisher = FALSE,
gtest = FALSE,
chisg =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 testswith pairwise.table

St

### Post - hoc example, Ch i - square independence, pp. 60

### As is, this code works on a matrix with two columns,
### and compares rows
HiH

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 adjustp - 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 theHandbookfor information on this topic.

Examples
Chi-square test of independencewith continuity correction and without correction

Hi#H

### Helmet example, Chi - square independence , p. 63
S

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

chisg.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

chisqg.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

e e

### Gardemann apolipoprotein example , Chi -square independence |,

#H#  p. 63

Hi#H

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 irgrvals, with a style typical of theggplot2
package The secondplot is somewhat more similar tothe style of the plot in theHandbook
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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 ito a data frame from which the plot
could be generated.

Sometimes factors will need to have the ordeof their levels specified forggplot2 to put them in
the correct order on the plot Otherwise R will alphabetize levels.

Simple bar plot with error bars showing confidence intervals

fH

### Plot example, herons and egrets, Chi - square test of association,
###  pp. 63 064

fH

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 5758752 0.06569927 0.06059677 0.07109314
2 VitaminE 8117 6208737 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)
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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.titte=element_text(size=14, color="black",

theme(axis.tex

face="bold", vjust=3)) +
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)
# # #
0.08 -
c
.g 0.06 -
)
Q
2
a
© 0.04-
8]
c
@®
&)
8
>
» 0.02-
e
o
0.00-
Sele;'lium Vitan|1in E Selenilum+E Plac,ebo
Supplement

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

Bar plot with categories and no error b ars

Tt

### Plot example,
#i# p. 64

Ht

herons and egrets, Chi - square independence
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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(

### Specify the order of factor levels
library(dplyr)

Birds=
mutate(Birds,

AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

Input ),header=TRUE)

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

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 8 210.38095238

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

library(ggplot2)

- graph - catalog/
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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(hname = "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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Heron (all types) [l Egret (all types)
0.40~

0.35+

0.30

0.25

0.20

0.15+

Landing site proportion

0.10

0.05+

0.00 -

Vegetation Shoreline Water Structures

Habitat Location

Similar tests

Chi-square vs. Gztest
See the Handbook for information on these topics& E OE A 06 OGtésZahdk A . QA AD3 O OA
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 examplefor the chi-square test of independence, the datis read in as a data
frame, not as a matrix as in previous exampleshis allows more flexibility with how data are
entered. For example you could have counts for sangenotypeand health distributed among
several lines, or have a count of 1 for each row, with a separate row for each individual
observation. The xtabsfunction is used to tabulate the datand convert them to a contingency

table.
HtH
### Gardemann a polipoprotein example, Chi - square independence
###  SAS example, pp. 65 866
###  Example using cross - tabulation
e
Input  =("

Genotype Health Count
ins -ins no_disease 268
ins -ins disease 807

ins -del no_disease 199
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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

Hi#H

### Power analysis, chi -square independence ,pp.66 067
HH# -

# This example assumes you are using a Chi - square test of

# independence. The example in the Handbook appears to use

# aChi  -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

II)

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 = ESw2(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 Il probability

sig.level=0.05 ) # Type | probability

w = 0.07663476 # Answer differs significantly

N = 1640.537 # from Handbook
df=2 # Total observations
sig.level = 0.05
power = 0.8
# O #H #

(ztest of Independence

There are a few diffeent options for performing Gtests of independence in ROneis the G.test
function in the packageRVAideMemoire Another is theGTesffunction in the packageDescTools

Examples in Summary and Analysis of Extension Program Evaluation
SAEEPERAssocidion Tests for Nominal Variable

Packages used in this chapter
The following commands will install these packages if they are not already installed:
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if('require(DescTools)){install.packages('DescTool s")}
if('frequire(RVAideMemoire)){install.packages("RVAideMemoire")}

When to use it
Gtest example with functions in DescTools and RVAideMemoire

1HE

### Vaccination example, G - test of indepen dence, pp. 68 069

1HE

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 -squareddf=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 theHandbookfor information on these topics.

Post-hoc tests

For the following example of postE T A DAE Ox EOA O Apawigd Qdstunctddfion OO A
the packageRVAideMemoir®T | AEA OEA OAOE pdawBEtdAbes the niitvdd 1 x A6
statspackage as an alternative.
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Post-hoc pairwise G-tests with RVAideMemoire

e

### Post - hoc example, G - test of independence ,pp.6 90470

frssesd

Input  =("

Supplement No. cancer Cancer

' Selenium 8177 575

'Vitamin E 8117 620

' Selenium +E' 8147 555

' Placebo ' 8167 529

II)

Matriz = as.matrix(read.table(textConnection( Input ),
header=TRUE,
row.names=1))

Matriz

library(RVAideMemoire)
G.test( Matriz )

G =7.7325,df =3, p

library(RVAideMemoire)

pairwise. G.test (Matriz ,

p.method

- value = 0.05188

="none") # Can adjustp - 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.

070

Hi#H

### Post - hoc example, G - test of independence, pp. 69
S

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 -squareddf=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 theHandbookfor information on this topic.
Examples
Gtests with DescTools and RVAideMemoire
I
### Helmet example, G - test of independence ,p. 72
I
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 -squareddf=1,p -value<22e -16

library(RVAideM  emoire)

G.test( Matriz )

G =101.5437,df=1,p -value<22e -16
# # O #
[
### Gardemann apolipoprotein example, G test of independence
HH p. 72
[
Input  =("

Genotype No.disease Coronary.disease
ins.ins 268 807
ins.del 199 759
del.del 42 184

ll)

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 -squareddf=2,p -value=0.025 98

library(RVAideMemoire)

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

# # O #

Graphing the results .
Graphing is discussed above in the@Chisquare Test of Independenagsection.

Similar tests

Chi-square vs. Gtest
See theHandbookfor information on these topics.& E OE A O 8 Qchifsd@idreditest adA O O
- A. AT A Odieliscdshad @isewhere in this book.

How to do the test

Gtest of independence with data as a data frame

In the following example, the data is read in as a data framend thextabsfunction is used to
tabulate the data and convert them to a contingency table.

[

### Gardemann apolipoprotein example, G - test of independence,
###  SAS example, pp. 74 075

###  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 -squareddf=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 th&Chi-square Test of
Independencesection.

&EOEAOG6O0 %BAAO 4A0O0

Examples in Summary and Analysis of Extension Program Evaluation
SAEEPERAssocidion Tests for Nominal Variables

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

if('frequire( rcompanion )){install.packages(" rcompanion ")}

When to use it
Null hypothesis

How the test works
See theHandbookfor information on these topics.
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Post-hoc tests

For the following example of postE T A PAEOxEOA OAOOET Ch xA81 1
pairwiseNominallndependencéunction from the packagercompanionto make the task asier.

Post-hoc pairwise Fisherd €xact tests with RVAideMemoire

HHH —_—

### Post -hoc exampl e, Fisherds exact test, p . 79
1HE

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 = pairwiseNominallndependence( Matriz
fisher = TRUE,
gtest = FALSE,
chisq = FALSE
digits = 3)

PT

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

abhwNPE

library(rcompanion)

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

Group Letter MonoLetter
1 Daly a a
2 Weekl y ab ab
3 Monthly ¢ 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 theHandbookfor information on this topic.

Examples
Examples of Fishe® €xact test with data in a matrix

wHi

### Chipm unk exampl e, Fisherds exact test, p. 80
HtH

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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T

### Drosophil a examypekaettestpi8t her o

[Eezess

Input  =("

Variation Synonymous Replacement

" Polymorphisms 43 2

' Fixed differences Y17 7

II)

Matriz = as.matrix(read.table(textConne ction( Input ),
header=TRUE,
row.names=1))

Matriz

fisher.test( Matriz
alternative="two.sided")

p- value = 0.006653

# # #

Hi#H
#HHKing penguin exampl e, Fisherds exact test, p.
Hi#H
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
# # #

BB ook
### Moray eel example, Fisher8d®$H82exact test, p
fessesd
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Input  =("
Site  G.moringa G.vicinus
Grass 127 116

Sand 99 67

Border 264 161

II)

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

# # #

Hi#H
### Herons exampl e, Fisherds exact test, p. 82
Hi#H
Input  =("
Site Heron Egret
Vegetation 15 8
Shoreline 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 th@&Chi-square Test of Independencésection.
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Similartests z- A. Ail AO6 O OAOO

#AOA EO TAAAAA ET OAOOEI .Croabefoteand-aftdr e Ahe £1 O - A. A
contingency table is setup as beforeand after as row and column headings, or viceersa. Note

that the total observations in the contingency table igqual tothe number of experimental units.

That is, in the following example there are62 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.

McNemard st with data in a matrix

H#itt ---
### Dysfunction example, McNemar test, pp. 82 883
Hitt

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

# # #

McNemard st with data in a data frame

i

### Dysfunction example, McNemar test, pp. 82 0683

### Example using cross - tabulation

B oo . e
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 0O 6
mcnemar.test( Data.xtabs , correct=FALSE)

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

# # #

How to do the test
Fisherd €xact test with data as a data frame

it

### Chipmunk exampl e, Fi sherds exact test, SAS exampl e
###  Example using cross - tabulation

it - e

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 8 s exact test of independence

fisher.test(Data.xtabs,
alternative="two.sided")

p- value = 0.0006862

HtH
### Bird exampl e, Fisherds exact test, SAS exampl e, p .
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###  Example using cross - tabulation
HitH
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

II)
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 0 s 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 th@&hisquare Test of
Independencesection.

There, the result was

N = 1640.537 # Total observations

compared with the value in theHandbookof Nwtai = 1523 for this section.
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Small Numbers in Chi-square and Gztests

The problem with small numbers
See theHandbookfor information on these topics.

9AOAOG6 AT A 7EITBRI 60O AT OOAAOQEITO
The following tablelists the continuity corrections available for the Chisquare tests and Gests
discus=d in this book.

Test Function Package Correction | Option Default | Notes
Chisquare | chisqg.test stats Yates correct=TRUE | TRUE 2x2
table
only
G G.test RVAide (none)
Memoire
G GTest DescTools | Yates correct= 1T 1A
"yates"
Williams correct=
"williams"
Pooling

Recommendation
See theHandbookfor information on these topics.

Repeated Grtests of Goodness-of-Fit

These examples use th&.tesffunction in the RVAideMemoirgackage, buthe GTesfunction in
the DescToolpackagecould be used inthe 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 theHandbookfor information on these topics.
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How to do the test
Repeated Gtests of goodnessof-fit example

1HE

### Arm crossing example, Repeated G otests of goodnes s- of - fit,
#H pp. 91 093

1HE

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 GO s,
)$statistic # df 6 s, -valued p
}

Fun.df = function (Q){
G.test(x=c(Q['R"], Q["L"]),
p=c(0.5, 0.5)
Y$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

Libya 162

OO, WN PP

Heterogeneity Gtest

Data.matrix = as.matrix(Data[c("R", "L")])
Data.matrix

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

G. test(Data.matrix)

G test

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

Pooled Gtest

Total.R = sum(Data$R)
Total.L = sum(Data$L)

observed = c(Total.R, Tota
expected = ¢(0.5, 0.5)

L)

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

G- test for given probabilities

G =25.0668,df=1,p - value = 5.538e

Total Gtest
Total.G = sum(Data$G)
Total.df = sum(Data$df)
Total.G

p.Value
Yemen 168 174 0.4912281 0.1052686 1 0.745596489
Djerba 132 195 0.4036697 12.2138397 1 0.000474363

Kurdistan 167 204 0.4501348 3.6961684 1 0.054537574

212 0.4331551 6.7045477 1 0.009616732

Berber 143 194 0.4243323 7.7478346 1 0.005377698

Cochin 153 174 0.4678899 1.3495524 1 0.245356383
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# We need a data matrix
# torun G - test
# for heterogeneity

# Heterogeneity

# Set up data for pooled
# G -test

-07

# Set up data for total
# G -test

# 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 Gtests of goodnessof-fit example

HH

### Drosophila example, Repeated G Otests of goodness - of - fit,
it p. 93

HH

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) # i ndividual G6s 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=
df =
p.Value = apply(Data[c("D", "S"

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 3417 467 2.829564 1 0.09254347

Heterogeneity Gtest

Data.matrix = as.matrix(Data[c(" D"

Data.matrix

D S
[1,] 296 366
[2,] 78 72
[3,] 417 467

G.test(Data.matrix)

G test

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

Pooled Gtest

Total.
Total.

D =sum(Data$ D)
S =sum(Data$ S)

observed = c(Total.
expec ted = ¢(0.5, 0.5)

D, Total. S)

G.test( x=observed,

p=expected)

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

Total Gtest

AN R COMPANION FOR THEANDBOOK OBIOLOGICAISTATISTICS

apply(Data[c("D", "S")], 1, Fun.G),
apply(Data[c("D", "S")], 1, Fun.df),

)1, 1, Fun.p))

# We need a data matrix
# torun G - test
# for heterogeneity

S

# Heterogeneity

# Set up data for pooled
# G -test

# Pooled

- value = 0.005619
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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

] 3

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

[1] 0.01486097

Similar tests
See theHandbookfor information on these topics.

CochranzMantel zHaenszel Test for Repeated
Tests of Independence

The CochrargMantelzHaenszeltest can be performed in R with thenantelhaen.tesfunction in
the native statspackage. A few other useful functions come from the packagecd. 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 BreslowDay test mentioned in theHandbook F this test is
significant, the GM-H test may not be appropriate.The BreslowDay test itself can be performed
with a function in the packageDescToolsFor cautions about using this test, see the
documentation for this function, or other appropriate sarces.

library(DescTools); ?BreslowDayTest

There are a couple of different ways to generate the thre@ay contingency table. The table can
be read in with theread.ftablefunction. Note that the columns are the stratum variable.
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Caution shaild be usedwith the formatting , sinceread.ftableA AT AA A£OOOUS8 )y 8 OA
AT AOT &&ind shdeds in the rows. Certain editors, such as the one in R Studio, may add

leading spacesvhen this code is pasted in. To alleviate thiglelete those spacesnanually, 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 atabulating the
data using thextabsfunction. The seond example uses this method.

Examples in Summary and Analysis of Extension Program Evaluation

SAEEPER: CochraMantelzHaenszel Test for 3Dimensional Tables

Packages used in this chapter

The folowing 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 theHandbookfor information on these topics.

Examples
CochranzMantel zHaenszel Test with data read by read.ftable
Hi#H
### Handedness example, Cochran OMantel 0Haenszel test, p. 97 098
### Example using read.ftable
HHE oo e
# 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 )) )
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ftable( Tabla ) # Display a flattened table

CochrarrMantelzHaenszel st

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

CochranzMantel zHaenszel Test with data entered as a data frame

Hi#H

### Mussel example, Cochran OMantel dHaenszel test, pp. 98 0899
### Example using cross - tabulation of a data frame
Hi#H

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)

it 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

CochrarrMantelzHaenszel 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 - Wy 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

CochranzMantel zHaenszel Test with data read by read.ftable

fas

### Niacin example, Cochran OMantel dHaenszel test, p. 99
### Example using read.ftable

fais

# Note no spaces on lines before row names.
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# read.ftable can be fussy about leading spaces.

Input =(
" Study FATS AFREGSARBITER.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
II)
Tabla = as.table(read.ftable(textConnection(Input)))
ftable(Tabla) # Display a flattened t able

CochrarrMantelzHaenszel test

mantelhaen.test(Tabla)

Mantel - Haenszel X -squared =12.7457,df=1,p - value = 0.0003568
Woalf 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
72



COCHRARMANTELZHAENSZEL TEST FOR REPEATED TESTS OF AN RCOMPANION FOR THHANDBOOK OBIOLOGICALSTATISTICS
INDEPENDENCE

Individual Fisher exact tests

n = dim(Tabla)[3]

for(i in 1:n){
Name = dimnames(Tabla)[3]$Studyfi]
P.value = fisher.test(Tablal[,,i])$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

HitH
### Si mple bar plot of proportions, p. 99
###  Uses data in a matrix format

Hi#H

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 "

0.8

- B Marine
O Estuarine

Lap94 proportion
0.4

0.2

0.0

Tillamook Yaquina Alsea Umpqua

Location

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 excludef these values were calculated manually and
added to the data frame.

Hi#H
### Graph example, bar plot of proportions, p. 99

###  Using ggplot2

### Plot adapted from:

ph shinyapp s.stat.ubc.ca/r - graph - catalog/
Hi#H

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 1,

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")],
upper. ci = apply(Data[c("Count", "Total")],
Data

Location Habitat Allele Count Total Lap.94.Proportion
1 Tilamook Marine 94 56 96
2 Tillamook Estuarine 94 69 146
3 Yaquina Marine 94 61 118
4 Yaquina Estuarine 94 257 558
5 Alsea Marine 94 73 144
6 Alsea Estuarine 94 65 144
7 Umpqua Marine 94 71 126
8 Umpqua Estuarine 94 48 96

0.5069 0

### Plot adapted from:
### shinyapps.stat.ubc.ca/r - graph - catalog/

library(ggplot2)
library(grid)

ggplot(Data,

aes(x = Location, y = Lap.94.Proportion

ymax=upper.ci, ymin=low.ci)) +
geom_bar(stat="identity", posi
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1, Fun.low)
1, Fun.up) )

low.ci upper.ci

0.5833 0.4782322 0.6831506

0.4726 0.3894970 0.5568427

0.5169 0.4231343 0.6098931
0.4606 0.4186243 0.5029422

4224208 0.5911766

0.4514 0.3684040 0.5364149
0.5635 0.4723096 0.6516209
0.5000 0.3961779 0.6038221

, fill = Habitat,

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(O, 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 theHandbookfor information on this topic.

How to do the test ]
R code for theSAS example ishown in the EExamplessection above.

77










































































































































































































































































































































































































































































































































































































































