[ecture 3

. Assignment 1/R tips

. Data manipulation

. Compact graphics

. Exploring your data
Presenter: Dr John Betts

FIT3152 Data analytics — Lecture 3

Slide 1



Week-by-week outline
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Assessment details

Assignment 1, Due 17" April, Weighting 25%

* Covers data manipulation, visualisation, and data analysis using a variety of
techniques. Submission is a written report and short video explaining the key
findings of your research.

Assignment 2, Due 15% May, Weighting 20%

* Covers machine learning/artificial intelligence models using R. Submission is
a written report and short video.

Assignment 3, Due 12% June, Weighting 25%

* Covers text analysis, networks and clustering using R. Submission is a written
report and short video.

Quiz + Practical Activity, Week 11 (Due 22™ May), Weighting 30%

*  You will do practical activities and quiz style questions under supervision
during your applied session. Content will cover topics from Weeks 1 — 9.
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Consultations

Clayton students: see additional information and

resources, under the “Learning” tile.
https://learning.monash.edu/course/view.php?id=41077&section=5
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1
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Assignment 1 Notes

Students who joined the unit late (and are not on the
FocusCountryByID.pdf) need to email
john.betts@monash.edu to be assigned a focus
country.

- Data may contain missing/NA values. Check the
survey documentation: WVS-7 Master Questionnaire
2017-2020 English.pdf

- It 1s likely many attributes will have low predictive
power. The aim of the analysis 1s to find the “best”
ones.
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Examples of bad summaries in

ASSignment 1 NOteS the assignment report.
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Assignment 1 Notes
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Assignment 1 Notes
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Assignment 1 Notes
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R tips
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R tips

Scripts:

- Very important: learn how to use these now 1if you’ve
not done so already.

R Markdown:

- Useful if you’re doing a job that requires a lot of
routine reporting, but not essential. Also, Notebooks.

User-Defined Functions

- Useful, and they improve your R code. See also how
to create anonymous functions defined on the fly.
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Scripts

Scripts allow you to save your working from
session to session.

Use them to automate environment settings etc.
Create a new script: File > New File > R Script
Save with a filename

Use “Source” to evaluate on the fly

Note: # comments, pre-emptive text

Next slide shows example from last week as a
script. ..
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Scripts
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R Markdown

Is a package that enables the creation of HTML
and PDF documents etc. based on your R session.
Y ou may choose to use it, but it 1s optional.

You can embed R code and graphics.

You can get started with R Markdown by creating a
new R Markdown file in R Studio (the required files
will be automatically installed).

http://rmarkdown.rstudio.com/
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R Markdown

- http://rmarkdown.rstudio.com/
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R Notebooks

Notebooks:

- These are HTML
documents that enable
the interleaving of text
and chunks of
executable code.

« File > New File > R
Notebook

See:

https://rmarkdown.rstudio.com/

900 RStudio Source Editor
@7 nb-demo.Rmd
i ‘a %

9

10~ {r}

11 summar y(iris)

12
Sepal.lLength Sepal.Width Petal.Length Petal.Width Species
Min. :4.300 Min. :2.000 Min. :1.000 Min 0.100 setosa 50
1st Qu.:5.100 1st Qu.:2.80@ 1st Qu.:1.600 1st Qu.:0.300 lor:50
Median :5.800 Median :3.000 Median :4.350 Median :1.300 g 50
Mean :5.843 Mean :3.057 Mean :3.758 Mean 1.199
3rd Qu.:6.400 3rd Qu.:3.30@0 3rd Qu.:5.100 3rd Qu.:1.800
Max. 17.900  Max. 14,400 Max. :6.900  Max 2.500

13

14~ " {r}

15 library(ggplot2)

16 gplot(Sepal.lLength, Petal.Length, data = iris, color = Species, size
Petal.Width)

&
o
i
(Y X XX

rrrrrrrrrrr

virginica

15:16 @ Chunk 2 R Markdown

Source: https://bookdown.org/
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Creating user-defined functions

It 1s possible to create named, user-defined,
functions that can be saved between sessions
using a script (see ATHR pp. 40 —41).

Syntax:

> my_function <- function(argl, arg2, ...) {
> object <- Calculations(argl, arg2, ...)
> Return(object)
>

}
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Creating user-defined functions

Example:
> coeff.var <- function(X){
> cv =sd(X)/mean(X)
> cv}

> Y=¢(1,2,3,4,5,6)

> coeff.var(Y)
[1] 0.5345225
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Saving and re-using functions

In Rstudio:
Create a new R script,
Write function in script editor,
Save as (filename.R)

To run function 1n a new session of R studio:
Open and run script: code > source file (filename.R)
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Data manipulation
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Data manipulation

In this section we’ll cover:

Summarising data by groups

- Using the “by” function
Creating summary columns

- Making data summary files

- Introduction to “dplyr”

- Recoding and indexing

- Using the Iris data as an example
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Edgar Anderson’s Iris data

50 samples from 3 species:
Ir1s setosa, — virginica, — versicolor

Four features measured:
Sepal width and length
Petal width and length

Is 1t possible to distinguish species

using physical measurements?
Data 1s packaged with R: “iris”

http://en.wikipedia.org/wiki/Iris_flower data set

Petal

<~ Sepal
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Summarising data by groups

Data grouped by factors:
Applying a function to a single column
Applying a function to a group of columns

Why do we need to do this?
To simplify the data, making comparisons easier
Reduce data complexity, enabling further analysis
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Print

> iris # = print(iris)

Sepal .Length Sepal.Width Petal.Length Petal.Width
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setosa
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setosa
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setosa
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Two challenges

(1) Easy!

Create a table of column means grouped by species.

(2) Harder!

Create a CSV file containing the correlation between
sepal length and sepal width, and petal length and
petal width for each species.
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High level view

Before we start, data analysis 1s easier if you have
a high-level view of the data:

« 4 columns + 1 factor (Species)

- Two pairs of related columns: sepals & petals

Sepal.Length Sepal .Width Petal.Length Petal .Width Setosa
Sepal.Length Sepal .Width Petal.Length Petal .Width Virginica
Sepal.Length Sepal .Width Petal.Length Petal .Width Versicolor
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Challenge 1. Function: aggregate

The ‘aggregate’ function applies a function to data

in individual columns grouped by a factor (or
factors) and reports results as a data frame. To
calculate averages:

Note: columns referred to by their index [(number)]
for compactness

> aggregate(iris[1:4], iris[5], mean)
Species Sepal.Length Sepal.Width Petal.Length Petal.Width

1 setosa 5.01 3.43 1.46 0.246
2 versicolor 5.94 2.77 4.26 1.326
3 virginica 6.59 2.97 5.55 2.026
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?aggregate *

- Description

aggregate(x, ...) : Splits the data into subsets,
computes summary statistics for each, and returns the
result in a convenient form.

- Usage

aggregate(x, by, FUN, ..., simplify = TRUE)

- Arguments
X : An R object.
By : List of grouping elements
FUN : Function to compute the summary statistics

Simplify : Indicates whether results should be
simplified to a vector or matrix if possible.
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Challenge 2: correlation

Recall, correlation:

Gives us an 1dea of the strength of the (linear)
relationship between variables.

Knowing the strength of this relationship 1s sometimes
used to reduce the number of variables we need to
analyse. That 1s, if two variables are strongly
correlated, we may only need to analyse one of them!

We’ll look at several options for viewing the
correlation between variables.
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Correlation matrix

The pairwise correlation between each numeric

variable
> round(cor(iris[1:4]), digits = 3)

Sepal .Length Sepal.Width Petal.Length Petal.Width

Sepal.Length 1.000 -0.118 0.872 0.818
Sepal.Width -0.118 1.000 -0.428 -0.366
Petal.Length 0.872 -0.428 1.000 0.963
Petal.Width 0.818 -0.366 0.963 1.000

What are the limitations of this approach?
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Correlation matrix — by factor

Pairwise correlation by species

>

by(iris[1:4], factor(irisSSpecies), cor)

factor (iris$Species) : setosa

Using “by” to

Sepal.Length Sepal.Width Petal.Length Petal.Width

Sepal.Length 1.0000000
Sepal.Width 0.7425467
Petal.Length 0.2671758
Petal.Width 0.2780984

0.7425467
1.0000000
0.1777000
0.2327520

factor (iris$Species) : versicolor
Sepal.Length Sepal.Width Petal.Length Petal.Width

0.2671758
0.1777000
1.0000000
0.3316300

0.2780984
0.2327520
0.3316300
1.0000000

separate species

Sepal.Length 1.0000000 0.5259107 0.7540490 0.5464611 . . .
Sepal.Width 0.5259107 1.0000000 0.5605221 0.6639987 |_| mltatIOnS?
Petal.Length 0.7540490 0.5605221 1.0000000 0.7866681
Petal.Width 0.5464611 0.6639987 0.7866681 1.0000000
factor (iris$Species): virginica
Sepal.Length Sepal.Width Petal.Length Petal.Width
Sepal.Length 1.0000000 0.4572278 0.8642247 0.2811077
Sepal .Width 0.4572278 1.0000000 0.4010446 0.5377280
Petal.Length 0.8642247 0.4010446 1.0000000 0.3221082
Petal.Width 0.2811077 0.5377280 0.3221082 1.0000000
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Challenge 2. Function: by

‘by’ enables a function to be applied across
individual or multiple columns of a data frame
grouped by a factor or factors.

To calculate the correlation of sepal length and width
> by(iris, iris[5], function(df) cor(dfSSepal.Length,
dfSSepal.Width))

Species: setosa

[1] 0.743

Species: versicolor
[1] 0.526

Species: virginica
[1] 0.457
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?by

- Description
Apply a Function to a Data Frame Split by Factors

- Usage

by (data, INDICES, FUN, ..., simplify = TRUE)

- Arguments

Data : an R object, normally a data frame, possibly a
matrix.

INDICES : a factor or a list of factors, each of
length nrow(data).

FUN : a function to be applied to data frame subsets
of data...

FIT3152 Data analytics — Lecture 3 Slide 49



?by: applying the cor function

Looking more closely at the way correlation 1s
calculated:

Declaring a new anonymous
Data frame Column of factors function on the fly. Parameter

1s temporary data frame (df)
\ / / created for each factor.
> by(iris, iris[5], function(df) cor(dfSSepal.Length,
dfSSepal.Width))

Values 1n temp data frame (df) passed to cor function
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Anonymous functions

If a function 1s only to be used once, 1t can be
defined when 1t 1s used. These are anonymous

functions (having no name) see ATHR p.41.

See previous slide for an example:

> byl(iris, iris[5], function(df) cor(dfSSepal.Length,
dfSSepal.Width))
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Changing earlier example to a more compact
notation, using column indexes.

From:
> by(iris, iris[5], function(df) cor(dfSSepal.Length,
dfSSepal.Width))
To:
> byl(iris, iris[5], function(df) cor(df[1], df[2]))
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Function: as.table

This function converts the output format of the
previous function from a list to a table

> as.table(by(iris, iris[5], function(df) cor(df[1], df[2])))
Species
setosa versicolor wvirginica
0.743 0.526 0.457
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Function: as.data.frame

This function converts “coerces’ the table into a
data frame.

Note “Freq” 1s the generic column name for calculated
values 1n df created this way.

> Sepal.cor <- as.data.frame(as.table(by(iris, iris[5],
function(df) cor(df[1], df[2]))))

> Sepal.cor
Species Freq
1 setosa 0.743
2 versicolor 0.526
3 wvirginica 0.457
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Function: colnames

This function assigns new column names to a data

frame.

> colnames(Sepal.cor) <- c("Species", "Sepal.cor")

> Sepal.cor

Species Sepal.
0.
0.
0.

1 setosa
2 versicolor

3 wvirginica

cor
743
526
457
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Now for petals...

Repeating the previous code for petals...

> Petal.cor <- as.data.frame(as.table(by(iris, iris[5],
function(df) cor(df[3], df[4]))))

> colnames(Petal.cor) <- c("Species", "Petal.cor")

> Petal.cor
Species Petal.cor

1 setosa 0.332
2 versicolor 0.787
3 wvirginica 0.322
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Merging data frames (and saving)

Using a common column, “Species” as index and

rounding data.

Note: we could have used cbind to combine data
frames since they have same structure.

iris.cor <- merge(Sepal.cor, Petal.cor, by = "Species")
iris.cor[,2] = round(iris.cor[,2], digits = 3)
iris.cor[,3] = round(iris.cor[,3], digits = 3)

V V V V

write.csv(iris.cor, file = "lris.cor.csv",
row.names=FALSE)
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The saved file

SepalPetalcor.csv

This gives a much more compact presentation of the
main correlations compared to the table created

previously
> byl(iris[1:4], factor(irisSSpecies), cor).
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Two more challenges

(3) Easy!
Examine the difference between the aspect ratios

(Length / Width) for sepals and petals between the
different species.

(4) A little harder!

Report the data for the flower having the longest petal
in each species. We’ll use dplyr for this.
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Challenge 3: Add/remove columns

By default, R will add a new column to a data
frame 1f the output of a column operation 1s
specified as a new column.

This lets us store the results of row operations,
including factor generation.

Alternatively, the cbind function can be used to
append a (column) vector to a data frame.
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Making new columns

Add two columns containing the aspect ratio
(length/width) for sepals and petals:

>
>

niris <- iris # creating a new data frame
nirisSSepal.ar <- nirisSSepal.Length/nirisSSepal.Width
# add new column

nirisSPetal.ar <- nirisSPetal.Length/nirisSPetal.Width
# add new column

head(niris)
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The augmented data frame: niris

> head(niris)

Sepal .Length Sepal.Width Petal.Length Petal.Width Species Sepal.ar Petal.ar

1 5.1 3.5 1.4 0.2 setosa 1.46 7.00
2 4.9 3.0 1.4 0.2 setosa 1.63 7.00
3 4.7 3.2 1.3 0.2 setosa 1.47 6.50
4 4.6 3.1 1.5 0.2 setosa 1.48 7.50
5 5.0 3.6 1.4 0.2 setosa 1.39 7.00
6 5.4 3.9 1.7 0.4 setosa 1.38 4.25
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Deleting columns

This 1s easy — but cannot be undone!
To remove a single column, do it by name.
To remove the first column:

> nirisSSepal.Length <- NULL

Tedious for multiple columns. A quicker but
potentially dangerous way to remove first 4

columns:
> niris <- niris[,c(5:7)] # reassign cols 5:7 on to itself!
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After removing columns:

> head(niris)

Species Sepal.ar Petal.ar

1 setosa
2 setosa
3 setosa
4 setosa
5 setosa
6 setosa

R R R R R R

.46
.63
.47
.48
.39
.38

B dd O JdJ

.00
.00
.50
.50
.00
.25
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Scatterplot *

Petal vs Sepal aspect ratio (Length / Width)
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Code for scatterplot on previous slide:
> with(niris, plot(Sepal.ar, Petal.ar, col = Species,
pch=as.numeric(Species), main = ("Iris Data"), xlab =
"Sepal Aspect Ratio", ylab = ("Petal Aspect Ratio")))
> with(niris, legend(2.5, 14, as.vector(unique(Species)),
pch=unique(Species), col = unique(Species)))
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dplyr

If some of the manipulation we’ve done so far
looks a bit intimidating, you might want to try the
‘dplyr package. dplyr:
1s a Grammar of Data manipulation,
provides a consistent set of verbs to simplify the most
common data manipulation challenges.
https://dplyr.tidyverse.org/
See Chapter 3, Data Transformation in R for Data
Science https://r4ds.hadley.nz/
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dplyr

From: https://dplyr.tidyverse.org/
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dplyr

Quick start:
- Use pipes, %>%, to connect data to a grouping
variable, and then apply a function.

- For example, to find average sepal length by species::
> iris %>% group _by(Species) %>%
summarise(Ave.Sepal.len = mean(Sepal.Length))

# A tibble: 3 x 2

Species Ave.Sepal.len
<fct> <dbl>
1 setosa 5.01
2 versicolor 5.94
3 virginica 6.59
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dplyr

Tibbles...

- Dplyr creates tibbles instead of data frames. To get an
overview of the difference between these, see:

- https://r4ds.had.co.nz/tibbles.html

- You can convert a tibble to a data frame 1f preferred
using:
> NewDataFrame = as.data.frame(TibbleName)
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dplyr (Challenge 1)

- For Challenge 1, find column means by species:
> iris %>% group_by(Species) %>% summarise(ASL =
mean(Sepal.Length), ASW = mean(Sepal.Width), APL =
mean(Petal.Length), APW = mean(Petal.Width))

# A tibble: 3 x 5

Species ASL ASW APL APW

<fct> <dbl> <dbl> <dbl> <dbl>
1 setosa 5.01 3.43 1.46 0.246
2 versicolor 5.94 2.77 4.26 1.33

3 virginica 6.59 2.97 5.55 2.03
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dplyr (Challenge 2)

- For Challenge 2, find the correlation between sepal
length and width, and petal length and width by

species — first step 1s shown below:
> iris %>% group by(Species) %>% summarise(Sepal.cor
= cor(Sepal.Length, Sepal.Width))

# A tibble: 3 x 2

Species Sepal.cor
<fct> <dbl>
1 setosa 0.743
2 versicolor 0.526
3 virginica 0.457
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Challenge 4: using dplyr

This task shows off how useful dplyr 1s:

To find the flower having the longest petal 1n each species:
> iris %>% group_by(Species) %>% top _n(1, Petal.Length)

# A tibble: 4 x 5

# Groups: Species [3]
Sepal.Length Sepal.Width Petal.Length Petal.Width Species
<dbl> <dbl> <dbl> <dbl> <fct>
1 4.8 3.4 1.9 0.2 setosa
2 5.1 3.8 1.9 0.4 setosa
3 6 2.7 5.1 1.6 versicolor
4 7.7 2.6 6.9 2.3 virginica

Results show two I.setosa flowers having equally long petals.
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Challenge 5: recoding and indexing

Does Ir1s setosa have an average sepal width
greater than I.versicolor and virginica as a group?
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Challenge 5: recoding

To compare I.setosa against the other two species
combined, we need to create a new index as a
column that groups I.versicolor and virginica.

- Note: use the function “recode’ from the “car” package
> niris = iris # clone iris data
> install.packages("car"
> library(car)
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Challenge 5: create new factor column

>

> nirisSvvs = recode(nirisSSpecies," 'versicolor' =
'0";'virginica' ='0';'setosa’' ='1"")

> print(niris[c(1,51,101),]) # as a check

Sepal.Length Sepal.Width Petal.Length Petal.Width Species vvs
1 5.1 3.5 1.4 0.2 setosa 1
51 7.0 3.2 4.7 1.4 versicolor 0
101 6.3 3.3 6.0 2.5 virginica 0
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Challenge 5: t-Test

> ...

> t.test(nirisSSepal.Width~nirisSvvs, alternative = “less”)

Welch Two Sample t-test
data: niris$Sepal.Width by niris$vvs
t = -8.8121, df = 87.596, p-value = 5.177e-14

alternative hypothesis: true difference in means between group 0 and group 1
is less than 0

95 percent confidence interval:
-Inf -0.451108

sample estimates:
mean in group 0 mean in group 1
2.872 3.428
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Challenge 5: Data frames as subsets

Alternatively, we could have made two new data
frames from the original iris data, one for I.setosa,
and one combining I.versicolor and I.virginica.

Note: use of logical operators “=="" (1s equal to), and
“%1n%"" (1s contained 1n)...

> iris.set = iris[irisSSpecies == "setosa",]
> iris.ver.vir = iris[(irisSSpecies %in%

c("virginica","versicolor")),]
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Challenge 5: Data frames as subsets

> t.test(iris.ver.virSSepal.Width, iris.setSSepal.Width,
alternative = "less")

Welch Two Sample t-test
data: iris.ver.vir$Sepal.Width and iris.set$Sepal.Width
t = -8.8121, df = 87.596, p-value = 5.177e-14
alternative hypothesis: true difference in means is less than 0
95 percent confidence interval: -Inf -0.451108
sample estimates:
mean of x mean of y
2.872 3.428
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Compact graphics

Three examples of compact graphics to display

attributes of multiple variables follow:
Side-by-side boxplots
Heatmaps
Correlation Matrix

See data formatting examples necessary to make
some these plots following...
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Si1de-by-side boxplots

- Using ggplot2.

- Factor levels of each
variable shown side-by-
side.

- Dataneeds to be in a
“long” format — see
following slides.

https://statisticsglobe.com/draw-multiple-boxplots-in-one-graph-in-r
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Long format
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Side-by-side boxplots

Using code adapted from link on previous page.
> rm(list = Is())

library(ggplot2)

library("reshape2")

iris_long <- melt(iris, id = "Species")

V V V V

ggplot(iris_long, aes(x = variable, y = value, color =
Species)) + geom_boxplot()

> ggsave("lris Boxplot by Species.pdf", width = 15,
height = 15, units = "cm"
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Heatmap

- Values of a variable by
two (x,y) factors.

- Can use base graphics
(data in matrix format).

- Or ggplot2 (data in
“long” format). Many
other packages too.

This example uses
plotly.
https://rpubs.com/lumumba99/1026665
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Heatmap

Formatting the 1ris data
rm(list = 1s())
library(dplyr)
library(tidyr)

V V V V

iris_summary <- iris %>% group_by(Species) %>%
summarise_all(mean)

> iris_long_avg <-iris_summary %>% pivot_longer(cols
= -Species, names_to = "Measurement", values_to =
"Average Value")
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Heatmap

Making the plot

>

g = ggplot(iris_long_avg, aes(x = Measurement, y =
Species, fill = Average Value))

g =g+ geom _tile() + scale_fill gradient(low =
"violet", high = "purple")

g = g + labs(title = "Heatmap of Iris Measurements by
Species", x = "Measurement Type", y = "Species", fill =
"Value") + theme_minimal()

g
ggsave("lris Heatmap.pdf", g, width = 20, height = 10,
units = "cm")
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Heatmap

Heatmap of Iris Measurements by Species

virginica
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Correlation matrix

- Displays pair-wise correlation
for several variables.

- Calculate correlation first.
This plot uses corrplot
package.

- Colour and size are both
based on correlation
coefficient in this example.

- You can investigate further...

https://www.sthda.com/english/wiki/correlation-matrix-a-quick-start-guide...
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Brief summary

Summarising data by factors using:
- Base functions: “aggregate”, “by”

2% 66

- dplyr package functions: “group by”, “summarise”.
Creating and removing columns
Searching, indexing and combining rows

2%  ¢¢

- dplyr functions: “group by”, “top n”.

- Base functions: “as.table”, “as.data.frame”,
“colnames”, adding and removing columns.

- Logical operators “==""and “%1n%".
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Exploring your data
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Outline

In this section we’ll cover:

Some graphical methods for starting your analysis
for Assignment 1. This approach 1s called:

- Exploratory Data Analysis (EDA)

- Almost all material 1n this lecture 1s from R for
Data Science, 2™ Edition,
https://r4ds.hadley.nz/eda Chapter 10.

- You can read through this chapter online.
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The data science workflow

datascience.la/
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The data science workflow

From: R for Data Science

Think about the relevance of this slide and
how you might tackle Assignment 1.

https://r4ds.hadley.nz/

FIT3152 Data analytics — Lecture 3 Slide 93



Getting started!

Starting any data analysis project is challenging.

- Following the workflows in the previous slides 1s one
effective way to start.

Think of 1t as Exploratory Data Analysis, EDA.

- Itis a cycle of visualising, transforming and modelling,
to develop and refine questions about your data.

- Your first graphs or models might not tell you much
about the data. Use them to refine your next attempt.
Repeat the process until you have a story!
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Graphics for exploratory data analysis

- Each slide following presents one visualisation.

. They are taken from R for Data Science 2" Ed.,

- Uses the Diamond data (introduced in App Sess 2).
- The main insight from each will be discussed.

- You should follow up on those that are useful.

- The examples 1n the text use the “tidyverse,” but
can be adapted to your preferred coding method.

- This presentation doesn’t cover all methods you
might use for your assignment.
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Inspiration

10.2 Comments about questions:
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Variation %*

10.3 Variation 1n a single variable
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Variation %*

10.3.1 Typical values
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Variation %*

10.3.2 Unusual values
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Covariation *

10.5.1 Categorical and numerical
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Covariation

10.5.1 Categorical and numerical

15000 -

8 10000-
ol

5000 -

[ | I T
O -
Fair Good Very Good Premium Ideal
cut

FIT3152 Data analytics — Lecture 3

Slide 101



Covariation

10.5.2 Two categorical variables
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Covariation *

10.5.2 Two categorical variables
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Covariation *

10.5.3 Two numerical variables
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Covariation

10.5.3 Two numerical variables

! Binning
[0} ® ]

2 1o : ], [ carats at 0.1
. i i I and treating

5000- L%L s 8= as a factor

T
carat
Slide 105

FIT3152 Data analytics — Lecture 3



Closing comments

There’s no one “right” way to start your
assignment.

- Making plots i1s a good way to start.

- We’ve covered data manipulation and making
summary tables in Week 3.

- We also cover modelling data with correlation and
regression 1n Week 4.

- All these methods may be useful for your
assignment.
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References

Online:

R Markdown: the definitive

guide (free online)
https://bookdown.org/yihui/rmarkdown/

Notebooks, see Section 3.2
Functions: (From Quick-R)

https:// www.statmethods.net/management/
userfunctions.html

R for Data Science, 2"
Edition, https://r4ds.hadley.nz/

The R Series

R Markdown

The Definitive Guide
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Yihui Xie
J. J. Allaire
Garrett Grolemund

CRC Press
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References

Books — online from the Monash Library
Spector, P., Data manipulation with R.
Wickham, H., ggplot2: elegant graphics for data analysis.

dplyr Cheat Sheet https://eithub.com/rstudio/cheatsheets

R Reference card (Tom Short) available from

contributed documentation on CRAN site.
http://cran.r-project.org/
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