Using the Vernier Go Direct probes with smartphones, tablets, computers.

1. Install Vernier Graphical Analysis™ on your mobile device by looking for this
icon in the App Store, or on Google Play. Search for "Graphical Analysis"
(Not Graphical Analysis GW).

2. The Bluetooth on your smartphone or tablet must be Turned 'ON".

3. Press the power button to turn the sensor ON. The S AR =2
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8. Set the Mode, Rate, Interval, and Duration by
selecting the box on the bottom left (screen 4a)\
Set Rate to 0.1 sample/sec, Interval to 10
sec/sample. See lab manual for your Duration
value (screen 4b, next page).
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9. Clicking on the graph icon at bottom / left will
allow you to add a prediction - Using your finger,
Draw what you predict your results will look like.
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10. Clickingon [ | (top/right) allows you to see the data table too (screens 4, 8).



11. Once collection is done, click on the graph icon at bottom / left to Apply Curve Fit - then

choose "Linear" - Do this to get the y = mx + b equation for your li

is the rate of change (screens 5, 6, 7).
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12. When you are finished collecting data, Click on "Untitled",
select "New Experiment", and save your data (name it "trial 1").
your next experiment. You can also click "New" from this screen, an

13. To print, you will need to "Export" your file as a .csv file. Email it to
yourself and group-mates by first making a folder on your device, then
exporting the .csv to the folder, and clicking on the file to send it to your
email address. Note: this only sends the data table - you cannot send
graphs (however you can do a screenshot photo of your graph).

14.

Now you can collect data from
UOpen", and "Export".
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At the end of the lab, you can just close your App. It is up to you if you want to save your data.




Introduction to R

R Tutorial

This tutorial will introduce you to the basic coding syntax used in R. The topics include:

o Comments

e Operators

e Data Types

o Creating New Variables
o Complex data types

o Functions

o Packages

o Coding Tips

o Getting Help

Comments

Comments in R code are words, phrases, or sentences that are not executed and describe what the associated
R code is doing. Comments are extremely important for your future self to remember what data summary,
analysis, or plot you were making. It also helps your instructor grade your assignments. You are expected
to use comments extensively within your R code to indicate your name, the assignment you are working,
the question you are answering, and a general description of the analysis you are performing. Many of the
tutorials and assignments have comments already completed, you must include all comments and additional
comments you write.

So, just how do you add comments? Comments are made by using the hashtag, #, character in front of the
text. The hashtag ONLY comments the single line.

#This is a comment line and will not be ezxecuted by R.

RStudio uses different colors for executable R code and comments. You can change your color scheme in
RStudio under the “Tools”»“Global Options. .. ”»“Appearance” Dialog box.



Operators

R has two basic types of operators, arithmetic and logical. You will use both throughout this semester so
it’s important to understand the difference.

Arithmetic Operators:

Operator | Description

+ addition

- subtraction

* multiplication
/ division

~or ¥* exponentiation

Logical Operators:

Operator | Description

> greater than

>= greater than or equal to
< less than

<= less than or equal to

== exactly equal to
= not equal to

Assignment operators

R has two types of assignment operators. These are used to assign values to objects (which you will learn
below). However, it’s important to know these assignment operators before moving on. <- and = Note these

two assignment operators function the same. R has historically used “<-” but you will often see “=" in
some tutorials posted online. Note that a single = is DIFFERENT than a double ==. The single = is an
assignment operator and the double == is a logical operator to determine if two objects are exactly equal.

e e g g e



Data Types

R has several basic data types that you will use. Below is a brief description and R code used to create these
data types. Note the use of comments in the R code to describe the data types and the use of a function
(more below) that will return the data type of an object. R stores data of similar and dissimilar types within
more complex types of containers; vector, matrix, data frame, and list. These will be discussed in more
detail after introducing you to creating new variables/objects.

Numeric

Numeric data types can take on any number with decimals. You will often use these with temperature, catch
rate, weight, etc.

#Assign the wvalue of 20.5 to the object =
X <- 20.5

#print the values within the object x
X

## [1] 20.5

#Determine the data type of object z
class(x)

## [1] "numeric"

Integer

Integer data types can take on any whole without decimals. You will often use these with counts of individ-
uals.

#Assign the integer walue of 6 to the object y

y <- as.integer(6)
#print the values within the object y

A

## [1] 6

#Determine the data type of object y
class(y)

## [1] "integer"



Character
Character data types represent string values. You will often use these for captions and column headers.

#Assign the character string "Goodson Pond” to the object z
z <- "Goodson Pond"

#print the wvalues within the object z

z

## [1] "Goodson Pond"

#Determine the data type of object z
class(z)

## [1] "character"

#You can also convert numeric or integer data to characters using a
#special function "as.character()"

#Assign the character string "5.67" to the object v

v <- as.character(5.67)

#print the wvalues within the object v

v

## [1] "5.67"

#Determine the data type of object v
class(v)

## [1] "character"

Creating New Variables/Objects

R uses “objects” to hold data, plots, and statistical results. So data are stored in objects, R takes the
data within an object to run an analysis and the output of the analysis are stored in an object. Objects
are specified in R using any string of characters. However, it is customary to use a name that provides a
basic description of the data, plot, or statistical results. For example, if you are storing a numeric value for
temperature, you can use the object name “temp”.

#create a new object called "temp" and assign it the value of 18.2
temp <- 18.2

#print the value stored in the object "temp”

temp

## [1] 18.2



Complex data types

This section describes creating vectors, matrices, data frames, and lists.

A vector is a sequence of data of the SAME basic data type, data types can’t be mixed. A single vector
can contain all numeric, all integer, or all character types.

Vectors

#create a vector of largemouth bass catch rates by site. Each number represents
#the total number of largemouth bass collected at a single site. The name used
#for the object which contains the total catch is "lmb" which is an
#abbreviation for largemouth bass.

lmb <- ¢(12,36,66,10,11,8)

#accessing elements within the lmb vector by specifying the indexr within
#brackets. The following line returns the catch rate at the third site.

1mb [3]

## [1] 66

#create a vector of character data
numbers <- c("one","two","four","two","five","seven"

#access multiple elements within a vector
#The following line returns the first and sizth element in the 'numbers’' vector
numbers [c(1,6)]

## [1] "one" "seven"

Matrix

A matrix is a collection of data elements arranged in a two-dimensional layout. The layout is the same as
an Excel spreadsheet. The matrix created in the following code represent catch rates of largemouth bass at
six sites (rows) over four years (columns). Each row contains catches from a single site across all years and
each column contains catches across all sites for a single year. It’s important to note that a matrix will only
contain data of the same type.

lmb_byrow <- matrix(c(12,16,25,33,
35,40,10,45,
66,85,33,21,
10,10,25,10,
11,3,6,18,
8,7,12,22), #the data elements entered one Tow at a time
ow = 6, #number of rows
= 4, #number of columns
byrow = TRUE) #fill in the matriz by ROW
lmb_byrow #print the matriz in the console

L1 (

#i# [,11 [,21 [,3]1 [,4]
## [1,] 12 16 25 33



## [2,] 35 40 10 45
## [3,] 66 8 33 21
## [4,] 10 10 25 10
## [5,] 1 3 6 18
(6,] 8 7 12 22
#Elements of a matriz are accessed by specifying the row then column in

#brackets. To access the catch from the third site in the fourth year use:
1lmb_byrow[3,4]

## (1] 21

#Access all catches from the third site (row) 4in the matriz,
#leave the column index empty
1mb_byrow(3,]

## [1] 66 85 33 21

#Access all catches from the fourth year (column) 4in the matriz,
#leave the row index empty
lmb_byrow[,4]

## [1] 33 45 21 10 18 22

#This is the same data above but the data are entered by column to
#demonstrate a different way to entering data
lmb_bycolumn <- matrix(c(12,35,66,10,11,8,
16,40,85,10,3,7,
25,10,33,25,6,12,
33,45,21,10,18,22), #the data elements,one column at a time
nrow = 6, #number of Tows
n =4, #number of columns
byrow = FALSE) #fill in the matriz by COLUMN
lmb_bycolumn #print the matriz in the console

<

## (,11 [,21 [,3] [,4]
## [1,] 12 16 25 33
## [2,] 35 40 10 45
## [3,] 66 85 33 21
## [4,] 10 10 25 10
## [6,] 11 3 6 18
## [6,] 8 7 12 22

Data frame

A data frame is the same basic structure as a matrix (i.e., two-dimensional layout) but it can contain
DIFFERENT types of data in each column. Note that column names must be characters. If you use
numbers for column names they must be in quotation marks. However, R will automatically add an “X” to
the beginning of numbers in quotation marks when creating column names.



#Create a data frame with a column for site names and four years of data.
lmb_df <- data.frame(site = c("A","B","C","D","E","F"),

"2018" = ¢(12,35,66,10,11,8),

"2019" = c(16,40,85,10,3,7),

"2020" c(25,10,33,25,6,12),

"2021" c(33,45,21,10,18,22))

1]

1mb_df

##  site X2018 X2019 X2020 X2021

## 1 A 12 16 25 33
## 2 B 35 40 10 45
## 3 C 66 85 33 21
## 4 D 10 10 25 10
## 5 E 11 3 6 18
## 6 F 8 7 12 22

#Elements of a data frame can be accessed the same way as matrices
#Catch from site C in 2018
1mb_df[3,2]

## [1] 66

#All catches from year 2018
Imb_df[,2]

## [1] 12 35 66 10 11 8

#You can also return all elements from a single row by specifying the Tow name
Imb_df$X2018

## [1] 12 35 66 10 11 8

List

A list is a vector containing other objects. A list can contain multiple vectors, multiple matrices, multiple
data frames, or any combination. The example below combined one vector, one matrix, and one data frame
together in a single list.

#See explanation of code for wvector, matriz, and data frame above.
lmb <- ¢(12,35,66,10,11,8)
lmb_byrow <- matrix(c(12,16,25,33,
35,40,10,45,
66,85,33,21,
10,10,25,10,
11.,8.6,18,
8,7,12,22),
nrow = 6,
ncol = 4,
w = TRUE)



1mb_df <- data.frame(site =
"2018"
"2019"
"2020"
"2021"

C(HAII ’VIBII ,"C" ’HDII ’HEII ,"F") s

¢(12,35,66,10,11.,8),
c(16,40,85,10,3,7),

¢(25,10,33,25,6,12) ;
c(33,45,21,10,18,22))

#Combine the three objects created above into a single list
Imb_list <- list(lmb, lmb_byrow, lmb_df)

#Access a member of the list using double brackets [[]]
#returns the matriz from the lmb_list

Imb_list[[2]]

##
##
#i#
##

## [

##
##

[1,]
[2,1]
£3,1]

(s,]
£6,1]

[,11 [,2]1 [,3]

12
35
66
10
11

8

16
40
85
10
3
7

25
10
33
25

6
12

[,4]
33
45
21
10
18
22

Try to return the vector and data frame from the list on your own.



Functions

Functions in R perform a calculation or action to data. Nothing happens in R without functions. In fact you
have already been using functions in this tutorial! Many of the code examples above use the “c()” function.
It’s common to use parentheses next to a function to indicate that it is a function. R functions are often
given a name that hints at what they do. The c() function combines elements into a vector, the data.frame()
function creates a data frame, etc. Can you find the other functions you have been using above? Below are
some useful functions that you will use throughout this class?

A function includes the function name followed by parentheses. The parentheses contains arguments that
the function needs. For example, the mean() function requires a vector within the parentheses. We will use
coding introduced above to take the mean of a specific rows or columns from a data frame.

#First, lets create a data frame with some data

lmb_df <- data.frame(site = c("A","B","C","D","E","F"),
"2018" = ¢(12,35,66,10,11,8),
"2019" = ¢(16,40,85,10,3,7),
"2020" = c¢(25,10,33,25,6,12),
"2021" = c(33,45,21,10,18,22))

1mb_df

##  site X2018 X2019 X2020 X2021

## 1 A 12 16 25 33
## 2 B 35 40 10 45
## 3 C 66 85 33 21
## 4 D 10 10 25 10
## 5 E 11 3 6 18
## 6 F 8 7 12 22

#Now calculate the average catch at a year and site

#See if you can determine the coding tricks used to specify specific elements
#Determine the average catch in 2018

mean (1mb_df[,2])

## [1] 23.66667

#0r reference the column header
mean (1mb_d£$X2018)

## [1] 23.66667

#Determine the average catch at site B
#Note that you must use a different function for row mean than column means
rowMeans (lmb_df [2,2:5])

#i# 2
## 32.5

#You can also save the output of a function into a new object
Mean_2018 <- mean(1lmb_df[,2])

#Print the mean from 2018 in the console

Mean_2018

## [1] 23.66667



Packages

The R core library comes pre-installed with a wide variety of functions to manage, summarize, plot, and
analyze data. However, there will be many occasions where you need to use a functions that isn’t available
in the R core library. Fortunately, R users are also R creators and contribute useful functions in “Packages”.
These extension packages can be installed using the RStudio GUI (click the Packages tab, then Install) or
with the install. packages() function. The following code will install the {MatrixStats} package. This package
contains a variety of functions that are useful when using matrices. For example, colMedians() will return
the median from all columns and colSds will return the standard deviation from all columns. You'll use
these functions throughout the semester.

After installing a package, you have to tell R to load the package before you can use this. This is accomplished
using the library() function

#install the matrizStats package. You only have to do this once.
install.packages("matrixStats")

#load the matrizStats package. You will have to do this every time you open R.
library(matrixStats)

Install the matrixStats package and use the following functions to generate summary statistics for the
Imb_ byrow matrix created above. Review the help page for the functions for details.

o colMedians() to calculate the median for each column
o colMeans2() to calculate the mean for each column
o colSums2() to calculate the sum of all values in each column

View the help file associated with the functions above using:
#load the matrizStats package first

library(matrixStats)
help(colMedians)
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Coding tips
Below are a few coding tips to remember

» Avoid entering code directly in the console. Code entered in the console can’t be easily reused.

« Case matters! “A” is not the same as “a” in R.

» When copying code from a source, make sure you are using a comma “,” or period “” when needed.
They look similar with some fonts but they do very different things in R.

o Write human readable code. Use space to your advantage. The matrix created above could be ac-
complished on a single line but the single line would be difficult to read. Don’t be afraid to use blank
spaces and hard returns to improve the human readability of your code.

« Put space between and around variable names and operators

e Make sure you have the same number of open parentheses “(” as you do closed parentheses “)”

« Make sure you have an even number of quotation marks. If you have an open quote, there must be a
closed quote to encapsulate text.

« Use meaningful variable names of one to three words (but the variable names can have spaces!)

o Write complete and helpful comments describing your code

« Keep a consistent style. Avoid using capitalization for some variables but not others.

» Save your work as you go! You can quickly save the R file you are working on by typing “Ctrl + s”

o R will return an error in the console if there is something wrong with your code. The errors in R have
become easier to understand than they used to. If there is an error in the spelling of a function, R will
tell you it couldn’t find the function; if you are referencing the fifth column in a matrix but the matrix
only has four columns than R will tell you the subscript is out of bounds. There are many other types
of errors that might not be as self explanatory. Always copy the error and paste it in a search engine.

» New users often find the attach() function. —AVOID IT AT ALL COSTS!- The function has good
intentions by loading a dataset into memory so you can access a column by only using the column
name but it often becomes hard to keep track of what is attached, what variables are available, and
what dataset you need.

Getting Help

R provides documentation for each package and function. You can obtain the help file by entering ?c or
help(c) and R will locate the help file associated with the “c” function. You can replace “c” with the name
of any function.

help(c)

What if you don’t know what the function is for a particular task? A search engine, like Google, is a great
place to find the function. Search for a phrase that describe the task you want to do. For example, “How
do you calculate the median of all columns in a matrix in R”, will return examples from the matrixStats
package and other methods. You will quickly see that there are numerous ways to the the same thing in R.
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ANOVA Tutorial

ANOVA in R

This documents includes code for creating a data object in R, displaying summary statistics, creating an
informative plot, checking assumptions for ANOVA, and running an Analysis of Variance (ANOVA).

Background

Nicolas Cage is considered the greatest actor of all time by many people in the United States. However,
Hollywood scientists think opinions of this amazing actor are related to the culture of individual cities. Thus,
to better understand how successful a new movie with Nicolas Cage will be, scientists must understand these
spatial patterns. The data below represent a random selection of preference scores by people in three
different South Carolina Cities. Preference scores are expressed as a percentage and range from 0 to 100
with 0 indicating low preference (i.e., does not like Nicolas Cage) and 100 indicates high preference (i.e.,
loves Nicolas Cage).

Hypothesis: If culture influences the opinion of Nicolas Cage, then opinion ratings will be different across
cities.

Null Hypothesis: The opinion rating of Nicolas Cage is not different among cities.

Data

The data frame created below contain 15 observations (rows) and 2 variables (columns). Each row represents
one individual observation. The first column is opinion rating reported by the individual and the second
column is the city the individual is from.

Important points to note. The function used here is “data.frame” which creates a data frame object that
is being assigned the name “dat” Everything after “data.frame” are the arguments being passed to the
function. The arguments include the column names (rating and city) and the data in each column. Quotes
(““) are used to encapsulate text. This is important so R knows that this column is a categorical variable.
The categorical variable will be used as the predictor of rating.

Enter the following code in R:

dat = data.frame(row=c(1,2,3,4,5,1,2,3,4,5,1,2,3,4,5),
rating = ¢(13,16,8,15,9,
29,35,24,27,32,
57,59,52,55,60),
- as.factor( c("Charleston","Charleston","Charleston","Charleston","Charleston",
"Columbia","Columbia","Columbia" ,"Columbia","Columbia",
"Florence" ,"Florence" ,"Florence","Florence","Florence")))

The next line of code prints the data contained in the dat object



dat

## row rating city
## 1 1 13 Charleston
## 2 2 16 Charleston
## 3 3 8 Charleston
## 4 4 15 Charleston
## 5 5 9 Charleston
## 6 1 29 Columbia
#it 7 2 35 Columbia
#i# 8 3 24 Columbia
## 9 4 27 Columbia
## 10 5 32 Columbia
## 11 1 57 Florence
## 12 2 59 Florence
## 13 3 52 Florence
## 14 4 55 Florence
## 15 5 60 Florence

Check Normality Assumption

#Load required packages. These might need to be installed
library(reshape2)

#Convert from long to wide format

wide_dat = dcast(dat, row~city,value.var="rating")

#Check normality

qqnorm(wide_dat$Charleston)

qqline(wide_dat$Charleston)



Normal Q-Q Plot

16
|

Sample Quantiles
12
L

o

o) ®]

| | 1 |
-1.0 -0.5 0.0 0.5

Theoretical Quantiles

gqgnorm(wide_dat$Columbia)
qqline(wide_dat$Columbia)

Normal Q-Q Plot

-0

Sample Quantiles
24 26 28 30 32 34

1 | | |
-1.0 -0.5 0.0 0.5

Theoretical Quantiles



qqnorm(wide_dat$Florence)
qqline(wide_dat$Florence)
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#Histogram

hist(wide_dat$Charleston)
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hist(wide_dat$Florence)
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#Shapiro test
shapiro.test(wide_dat$Charleston)

##

## Shapiro-Wilk normality test
##

## data: wide_dat$Charleston
## W = 0.90096, p-value = 0.4152

shapiro.test(wide_dat$Columbia)

#i#

## Shapiro-Wilk normality test
##

## data: wide_dat$Columbia

## W = 0.99117, p-value = 0.9836

shapiro.test(wide_dat$Florence)

##

## Shapiro-Wilk normality test
##

## data: wide_dat$Florence

## W = 0.95802, p-value = 0.7941



Check Homogeneity of Variance Assumption

#Load rTequired packages. These might need to be installed
library(car)

## Loading required package: carData

#Bartlett's Test
bartlett.test(dat$rating~dat$city)

H#

## Bartlett test of homogeneity of variances

#i#

## data: dat$rating by dat$city

## Bartlett’s K-squared = 0.30997, df = 2, p-value = 0.8564

#If data were not normal then use Lavene's Test from the car package

#Bartlett's test
leveneTest (dat$rating~dat$city)

## Levene’s Test for Homogeneity of Variance (center = median)

## Df F value Pr(>F)
## group 2 0.189 0.8302
## 12

Run Equal Variance ANOVA

This code chuck performs an ANOVA, displays summary data, then performs a Tukey post-hoc pairwise
comparisons test.

res = aov(dat$rating~dat$city)

summary (res)

TukeyHSD(res)

#it Df Sum Sq Mean Sq F value Pr(>F)

## dat$city 2 5012 2505.9 182 1.06e-09 **x

## Residuals 12 165 13.8

#H# -

## Signif. codes: O ’*xx’ 0.001 ’*x’ 0.01 ’x’ 0.05 >.” 0.1’ ’ 1

##  Tukey multiple comparisons of means

#it 95}, family-wise confidence level

##

## Fit: aov(formula = dat$rating ~ dat$city)

##

## $‘dat$city”

## diff lwr upr p adj

## Columbia-Charleston 17.2 10.93951 23.46049 2.52e-05
## Florence-Charleston 44.4 38.13951 50.66049 0.00e+00
## Florence-Columbia 27.2 20.93951 33.46049 2.00e-07



Unequal Variance Welch’s ANOVA

This code chuck performs a Welch’s ANOVA, displays summary data, then performs a Games-Howell post-

hoc pairwise comparisons test.

#Load required packages. These might need to be installed
library(rstatix)

res = oneway.test(dat$rating~dat$city, var.equal=FALSE)
res

games_howell_test(dat, rating~city)

#i#
## Attaching package: ’rstatix’

## The following object is masked from ’package:stats’:
#i#
## filter

##

## One-way analysis of means (not assuming equal variances)

##

## data: dat$rating and dat$city

# F = 202.75, num df = 2.0000, denom df = 7.8989, p-value = 1.628e-07

## # A tibble: 3 x 8

## wY's groupl group2 estimate conf.low conf.high p.adj
## * <chr> <chr> <chr> <dbl> <dbl> <dbl> <dbl>
## 1 rating Charleston Columbia 17.2 10.0 24.4 3.7 e-4
## 2 rating Charleston Florence 44 .4 38.3 50.5 7.51e-8
## 3 rating Columbia  Florence 27.2 20.3 34.1 1.51e-5

Non-parametric Kruskal-Wallis Test

p-adj.signif
<chr>

*okok

*ok koK

*okokok

This code chuck performs a Kruskal-Wallis Test, displays summary data, then performs a Dunn post-hoc
pairwise comparisons test. Note, the data provided on this tutorial meet assumptions of an ANOVA. The

Kruskal-Wallis test is provided for your information.

#Load required packages. These might need to be installed

library(FSA)
res = kruskal.test(dat$rating~dat$city)
res

dunnTest (dat$rating~dat$city)

## Registered S3 methods overwritten by ’FSA’:

## method from
## confint.boot car
## hist.boot car

## ## FSA v0.9.3.9000. See citation(’FSA’) if used in publication.

## ## Run fishR() for related website and fishR(’IFAR’) for related book.



#i#t

## Attaching package: ’FSA’

##
##
##

#i#
##
##
##
##

##

##

##
##
##
##

The following object is masked from ’package:car’:

d

bootCase

Kruskal-Wallis rank sum test

ata: dat$rating by dat$city
Kruskal-Wallis chi-squared = 12.5, df = 2, p-value = 0.00193

Dunn (1964) Kruskal-Wallis multiple comparison

p-values adjusted with the Holm method.

Comparison

z P.unadj P.adj

1 Charleston - Columbia -1.767767 0.077099872 0.154199743

2
3

Charleston - Florence
Columbia - Florence

-3.535534 0.000406952 0.001220856
-1.767767 0.077099872 0.077099872




