university of
groningen




university of

groningen

Introduction to R and data
exploration

Martijn Wieling
University of Groningen



This lecture

RStudio and R
R as calculator
- Variables
Functions and help
Importing data in R in a dataframe
- Accessing rows and columns
- Adding columns to the data
- Goal of statistics
Data exploration (descriptive statistics)
- Numerical measures

- Visual exploration
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Our tool: RStudio (frontend to R)

€3 Rstudia || P (|
File Edit Code Miew Plots  Session  Build  Debug Tools  Help
LRI e ool v addins - B Project: (Mone] -
@7 codelR Environment | History
5 [7] Source on save Q - & ~#Run | [ | | ¥ Source - T [ L *Import Dataset ~ 4 List -
1 # store a wvalue in a variahle & Global Envirorment -
2 a=714
3 Dpata
4 # store a series of values in a vector Ddat 38 ohs. of 3 wvariahles = |
é b= ¢c(1,2,3,4,a) values
7 # apply a function (mean) to the data in the wector a 3
8 meanth) 4] num [1:5] 1 2 3 4 5§
=l
10 # Took at help page of the function
11 “mean
1z
13 # import data which was exported to csv by Excel (which uses separator ";")
14  dat = read.csv2('thnl.csv')
15
16 # Took at structure of the data
%; stridat) Files Plots Packages Help Viewer
15 | s G|
20

1%:1 [Top Lewel]

Console

# store a value in a wariable
a=3

# store a series of wvalues in a vector
b = c(1,2,3,4,a)

>

>

>

>

-

>

> # apply a function (mean) to the data in the vectar
= meangh)

[1] 3

>

> # Tlook at help page of the function

= Pmean

>
>
-
>
>
>

# dmport data which was exported to csv by Excel (which uses separator ";")
dat = read.csv2( ' thnl.csv')

# Took at structure of the data
str(dat)
‘data.frame’:
$ Participant:
% sound :
% Frontness
>

38 obs. of 3 variables:
Factor w/ 15 levels "VENI-ML_1","VEWI-NL_10",..:
Factor w/ 2 Jevels "T","TH": 1 111111111...

num 0,781 0.766 0,834 0.748 0,748 ...

1234567 8510...

R Script

m

R: Arithretic Mean -

rnean {base} R Documentation

Arithmetic Mean

Description

Generic function for the (trimmed) arithrmetic mean.
Usage

MEST (M, ]

## Default 33 method:

mean (¥, trim = 0, na.rm = FAL3E, ...
Arguments
X An R object. Currently there are methods for numeric/logical vectors and date, date-time and time interval

objects. Complex vectors are allowed for trim = 0, only

trim the fraction (0 to 0.5) of observations to be trimmed from each end of x before the mean is computed. Values
of trim outside that range are taken as the nearest endpoint.

amm amve = ladical waluo indicatina whathar 313 waline chaold ke ctrinaad bafara tha camnotation neacaade

m

4/43



RStudio: quick overview

Here you see all data you have

created or loaded. Clicking on the O
Here you type (and store) your commands.  table icon, visualizes the data in a table
Execute them (below) by pressing (no editing; you should use commands
Ctrl + Enter for that: reproducibility!).

(if this part is not shown:
File => New File => R Script)

Here the textual output of the commands Here you'll see (among others)
Is shown plots you’ve created,
v —_— g and the text of help files.

ou can also type commands You can also install ‘packages’
here (followed by Enter to execute them). with new functions here

But including the commands in a separate
file (above) enables reproducibility.
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Basic functionality: R as calculator

# Addition (this is a comment: preceded by '#')
5+ 5

# [1] 10

# Multiplication
5 * 3

# [1] 15

# Division

5/3

# [1] 1.6667
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Basic functionality: using variables

a <- 5 # store a single value; instead of '<-' you can also use '=
a # display the value
# [1] 5

b <-c(2, 4, 6, 7, 8) # store a series of values in a vector

# [1] 246 7 8

b[4] <- a # assign value 5 (stored in 'a') to the 4th element of vector b
b[l] <= NA # assign NA (missing) to the first element of vector b

b <-b * 10 # multiply all values in vector b with 10

b

# [1] NA 40 60 50 80
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Question 1

Go to www.menti.com/007306

What is the value of b after the commands: b <- o Mertimeter
c(1.2.3); b <- c(b,b*2)

0 0 0 0
c(1.23) c(1.231.2, c(1.232, ?
3) 4,6)
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Basic functionality: using functions

mn <- mean(b) # calculating the mean and storing in variable mn

mn
# (1] NA

# mn is NA (missing) as one of the values is missing

mean (b, na.rm = TRUE) # we can use the function parameter na.rm to ignore NAs
# [1] 57.5

# But which parameters does a function have: use help!

help (mean) # alternatively: ?mean
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Basic functionality: a help file

mean {base} R Documentation
Arithmetic Mean

Description

Generic function for the (trimmed) arithmetic mean.

Usage

mean(®, «..)

## Default 53 method:
mean (2, trim = 0, na.rm = FALSE, ...)

Arguments

An R object. Currently there are methods for numeric/logical vectors and date, date-time and time interval objects. Complex vectors are allowed for trim
= 0, only.

trim
the fraction (0 to 0.5) of observations to be trimmed from each end of x before the mean is computed. Values of trim outside that range are taken as the
nearest endpoint.

na. rm

a logical value indicating whether na values should be stripped before the computation proceeds.

further arguments passed to or from other methods.
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Question 2

Go to www.menti.com/007306

il Mentimeter

What is the purpose of the R function 'paste'?

0 0 0 0
It willpaste the It Itassignsa ?
valuein the concatenates colortoa
clipboard multiple values graph
asstring
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Try it yourself!

There are many resources for R which you can easily find online

III

Here we use “swirl” an online platform for interactive R courses

Start RStudio, install and start swirl:

install.packages ("swirl", repos = "http://cran.rstudio.com/")
library(swirl)

swirl ()

Follow the prompts and install the course R programming: The basics of
programming in R
Choose that course to start with and finish Lesson 1 of that course
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Getting data into R:

exporting a data set

|'._7.|—h|u)v |= thnl - Micrasoft Excel o B =
File Home  Insert  Pagelayout  Formulas  Data  Review | ‘iew o @ o =
== 3 romuscr | Q o & geEee = F =
A B C D E F G H J K =

1 Participant Sex Frontness.T Frontness.TH

2 VENI-NL.1 M 0,78051833 0,738011653

3 VENI-NL_10 M 0,76620705 0,766849495

4 VENI-NL_11 M 0,88366063 0,878713529

5 VENI-NL_12 M 0,74756871 0,760936038 .

6 VENI-NL_13 F 0,74761212 0,774196171 You can enter your data in EXCQ',

7 VENI-NL 14 M 0,7518633 0,749126658 and save it as a ‘csVv’ file

8 VENI-NL_15 F 0,73293967 0,836400371 (comma-separated-value file).

9 VENI-NL_16 M 0,69605361 0,664942896 ) f

10 VENI-NL_17 M 079925562 osio1sss2  YOU can then load this data into R.

11 VENI-NL_18 F 0,81542047 0,8766080683

12 VENI-NL_19 F 0,7144495 0,804125147

13 VENI-NL 2 M 0,73680675 0,74903671

14 VENI-NL_20 F 0,79514215 0,854225483

15 VENI-NL_21 F 0,80580602 0,791117852

N FETTETEEPIP EIEIRETRE N I
Ready | |[Eom 20 =) (%
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Getting data into R: importing a data set

setwd ("C:/Users/Martijn/Desktop/Statistics/Intro-R") # set working directory

dat <- read.csv2 ("thnl.csv") # read.csv2 reads Excel csv file from work dir

str(dat) # shows structure of the data frame dat (note: wide format)

# 'data.frame': 19 obs.

S Participant : chr
$ Sex : chr

S Frontness.T : num

H H= H= H

S Frontness.TH: num

of 4 variables:

"VENI-NL 1" "VENI-NL 10" "VENI-NL 11" "VENI-NL 12"
BRI /AL I A A

0.781 0.766 0.884 0.748 0.748

0.738 0.767 0.879 0.761 0.774

dim(dat) # number of rows and columns of data set

# [1] 19 4
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Investigating imported data set: using head

head (dat)

H H= H H H= H HF
o U1 W N

# show first few rows of dat

Participant Sex Frontness.T Frontness.TH

VENI-NL_1
VENI-NL 10
VENI-NL 11
VENI-NL 12
VENI-NL 13
VENT-NL 14

M

=2 2R E K

0.
0.76621
0.88366
0.
0
0

78052

1477577

.747761
. 75186

0.
0.76685
0.87871
0.
0
0

73801

76094

.17420
. 74913
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Question 3

Go to www.menti.com/007306

How can you show the first two lines of a dataframe (dat)?  «Mentimeter
(multiple answers possible)

0 0 0] 0 0]
head(dat, head(dat, head(dat) head(dat, ?
n=2) 2) nrow=2)

Press ENTER to show correct
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Investigating imported data set: using RStudio viewer

e/funct

Frontness.TH
0.7380117
0.7668495
08787135
07609360
07741962
07491287
08364004
06540429
08101855
0.8766081
02041251
07420367
08542255
07911179
07470974
07432183
0.8175356
0.8052455

* Addins -

) rstudio
File Edit Code Miew Plots 3Session Build Debug Profile Tools Help
@ -~ R = } M Gotof
dat
" Filter
“ Participant Sex Frontness.T
1 VENI-MNL1 M 07805183
2 VENI-NL_10 A Q7662070
3 VENI-NL_11 M Q8536606
4 VENI-ML_12 M QT4T5EET
5 WEMI-ML_13 M QTaTE121
6 VENI-NL_14 M 07518633
7 VENI-NL_15 E Q7329397
8 VENI-ML_16 M 0E960536
9 VENI-NL1T M 0.7992556
10 VEMI-NL_18 F 08154205
11 VEMI-NL_19 3 0.7144485
12 VENI-ML_2 M 0.7368067
13 VEMI-NL_20 F 0.7951421
14 VENI-NL_21 F 0.B058060
15 VENI-ML_3 F 07457121
16 WVEMI-ML 4 E 0.7250988
17 VEMI-NL_S F 0.7943390
18 VEMI-ML_E M 0E219972
19 VEMI-NL_9 F 07551367

Showing 1te 19 of 19 entries. 4 total columns

Console

0.75T0195

|
[h

=

Environment

History
It “* Import Dataset

Connections

- a =

B] Project: (Mone) =

Tutorial -l=

”

= | *127MmiE - | F List = -

R = | Tk Global Emironment ~

Data

© dat
% Participant
i Sex
§ Frontness.T
¥ Frontness.TH:

Files Plots Packages

19 obs. of 4 variables

: chr
: chr
;onum

Lm

Help

Viewer

"WENI-NL_1" "WENI-NL_10" "'L-'ENI—NL_lQ

UMTOTMTOTMT MY
0.781 0.766 0.884 0.748 0.7458 ...
0.738 0.767 0.879 0.76l1 0.774 ...

Presentation

[h
)
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Subsetting the data: indices and names

dat[l, 1] # values in first row

# Participant Sex Frontness.T Frontness.TH
# 1 VENI-NL 1 M 0.78052 0.73801

dat[l:2, c(2, 3)] # values of first two rows for second and third column

# Sex Frontness.T

#1 M 0.78052
# 2 M 0.76621
dat[c(1l, 2, 3), "Participant"] # values of first three rows for column 'Participant'

# [1] "VENI-NL 1" "VENI-NL 10" "VENI-NL 11"

tmp <- dat[5:8, c(1, 3)] # store columns 1 and 3 for rows 5 to 8 in tmp
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Question 4

Go to www.menti.com/007306

How can you view the value in the 3rd colomnand ~ “"
4th row of dataframe 'dat'?

0] 0] 0] 0] 0
dat[4,3] dat[3.4] dat[3, dat[4, ?
1$4 1$3
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Subsetting the data: conditional indexing

tmp <- dat[dat$Sex == "M", ] # only observations for male participants

head(tmp, n = 2) # show first two rows

# Participant Sex Frontness.T Frontness.TH
# 1 VENI-NL 1 M 0.78052 0.73801
# 2 VENI-NL 10 M 0.76621 0.76685

# more advanced subsetting: include rows for which frontness for the T sound is

# higher than 0.74 AND participant is either 1 or 2 N.B. use '|' instead of '&' for
# logical OR

dat[dat$Frontness.T > 0.74 & datSParticipant %$in% c("VENI-NL 1", "VENI-NL 2"), ]

# Participant Sex Frontness.T Frontness.TH
# 1 VENI-NL 1 M 0.78052 0.73801
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Question 5

What is the result of:
dat[dat$Sex=="M'|dat$Sex=="F']

Go to www.menti.com/007306

0 0 0
All rows All rows An error
with only with both
males or males and
only females
females

R to show correct

il Mentimeter
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Supplementing the data: adding columns

# new column Diff containing difference between TH and T positions

dat$Diff <- datSFrontness.TH - datSFrontness.T

# new column DiffClass, initially all observations set to THO
dat$DiffClass <- "THO"

# observations with Diff larger than 0.02 are categorized as TH1, negative as TH-
dat[dat$Diff > 0.02, ]1$DiffClass <- "THL"

dat[dat$Diff < 0, ]$DiffClass <- "TH-"

dat$DiffClass <- factor(dat$DiffClass) # convert string variable to factor

head (dat, 2)

# Participant Sex Frontness.T Frontness.TH Diff DiffClass
# 1 VENI-NL 1 M 0.78052 0.73801 -0.04250668 TH-
# 2 VENI-NL 10 M 0.76621 0.76685 0.00064245 THO
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Question 6

Go to www.menti.com/007306

What is the effect of: dat$Test = 4 Mentimete
paste(dat$DiffClass,dat$Sex)

0 0 0
A new A new Nothing, an ?
column with column with error
values "TH- values "TH-
M, "THOF", M", THO F",
etc. etc.
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Try it yourself!

- Run swirl() and finish the following lessons of the R Programming course:
- Lesson 6: Subsetting vectors
- Lesson 12: Looking at data
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Statistics

Goal of statistics is to gain understanding from data
- Descriptive statistics (this lecture): describe data without further conclusions

- Inferential statistics: describe data (sample) and its relation to larger group
(population)
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Numerical variables: central tendency and spread

mean (datsDiff) # mean

# [1] 0.016263

median (datSDiff) # median

# [1] 0.01093

min (dat$SDiff) # minimum value
# [1] -0.042507

max (dat$Diff) # maximum value

# [1] 0.10346
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Numerical variables: measures of spread

sd(datSDiff) # or: sgrt((l/(length(dat$Diff)-1)) * sum((dat$Diff - mean (datS$Diff))"2))

# [1] 0.038213

var (dat$SDiff) +# or: sd(datSDiff) "2

# [1] 0.0014603

quantile (dat$Diff) # quantiles

# 0% 25% 50% 75%
# -0.0425067 -0.0038419 0.0109299 0.0248903
summary (dat$Diff) # summary

# Min. 1st Qu. Median Mean 3rd Qu.

100%
0.1034607

Max.

# -0.04251 -0.00384 0.01093 0.01626 0.02489 0.10346
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Categorical variables: frequency tables

table (dat$Sex)

H H= H

F M
9 10

with(dat, table(Sex)) # alternative

# Sex
# F M
# 9 10

table (dat$DiffClass)

#
# TH- THO TH1

# 6 7 6
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Question 7

Go to www.menti.com/007306

What is the effect of  Mentimeter
table(dat$Sex,dat$DiffClass)?

0 0 0 0
Atable of A table of A cross ?
sex, then difference table of
difference class, then difference
class sex classand

sex

Press ENTER to show correct
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Exploring relationships between pairs of variables

# correlation: relation between two numerical variables

cor (datSFrontness.T, datSFrontness.TH)
# [1] 0.71054

# crosstable: relation between two categorical variables
table (dat$Sex, dat$DhiffClass) # or: with(dat, table (Sex,DiffClass))

TH- THO TH1
F 1 3 )
M 5 4 1

H H= H H

# means per category: relation between numerical and categorical variable
c (mean (dat [dat$Sex == "M", ]SDiff), mean (dat[dat$Sex == "F", ]S$SDiff))

# [1] -0.0034299 0.0381446
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Question 8

Suppose the result of cor(x,y) = NA, what do

you know?

Go to www.menti.com/007306

0 0 0
Correlation At least 1 Wrong
cannot be missing function
computed value in x was used
ory

Press ENTER to show correct

il Mentimeter
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Data exploration with visualization

- Many basic visualization options are available in R

boxplot () for a boxplot

hist () for a histogram

qgnorm() and qqline() for a quantile-quantile plot

plot () for many types of plots (scatter, line, etc.)

barplot () for a barplot (plotting frequencies)
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Exploring numerical variables: box plot

par (mfrow = c(l, 2)) # set graphics option: 2 graphs side-by-side
boxplot (dat$Diff, main = "Difference") # boxplot of difference values
boxplot (dat[, c("Frontness.T", "Frontness.TH")]) # frontness per group
Difference
© o o)
o [}
o O |
@ |
© |
— — 5
S - | 2 _ |
i
T}
'\. ] T
o © i :
(R 1 1
o ; | :
| O | |
| N S :
[ o [
I :
N N
[ [
Frontness. T Frontness.TH
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Exploring numerical variables: histogram

hist (dat$Diff, main = "Difference histogram")

Difference histogram

Frequency

I I I I
-0.05 0.00 0.05 0.10

dat$Diff
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Exploring numerical variables: Q-Q plot

qgonorm(dat$Diff) # plot actual values vs. theoretical quantiles

qgline (dat$Diff) # plot reference line of normal distribution

Normal Q-Q Plot

o
e _ o
o

0

E 0 o ©

= o

S o

)

g

i)

g' 6
o

B S - 6o
o

5 o
o
o
[ [ [ [ [
-2 -1 0 1 2

Theoretical Quantiles
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Exploring numerical relations: scatter plot

plot (datSFrontness.T, dat$Frontness.TH, col = "blue")

0] (@]

Ln

o O

< O
- O

O
F 8 o ©
A © o)
o
% o)
O

ue_ 0 ©o
& g o ©0°
(4] O
©

o

[\_ —

o

O
I I I I
0.70 0.75 0.80 0.85
dat$Frontness.T
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Visualizing categorical variables (frequencies): bar plot

counts <- table(dat$Sex) # frequency table for sex
barplot (counts, ylim = c(0, 15))

0 2 4 6 8 10 12 14
|
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Exploring categorical relations: segmented bar plot

counts <- table (dat$Sex, dat$DiffClass)

barplot (counts, col = c("pink", "lightblue"), legend = rownames (counts), ylim = c(0, 10))
o _
O M
O F
w —]
(o —
<t
N —]
O —
TH- THO THA
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Question 9

Go to www.menti.com/007306

il Mentimeter

Which plot parameters can you use to change
axis labels?

0 0 0
xlim and xlab and xlabel and ?
ylim ylab ylabel
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Try it yourself!

- Run swirl() and finish the following lesson of the R Programming course:

- Lesson 15: Base graphics
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Recap

In this lecture, we've covered the basics of R
Now you should be able (with help of this presentation) to use R for:
- Data manipulation, exploration and visualization
- Associated lab session and additional swirl resources:
- https://www.let.rug.nl/wieling/Statistics/Intro-R/lab
- Install swirl course Exploratory Data Analysis
- install_from_swirl('Exploratory_Data_Analysis')
- Finish Lessons 1 - 5 (download associated slides)
- If interested, you can finish the full Exploratory Data Analysis course
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https://www.let.rug.nl/wieling/Statistics/Intro-R
https://www.let.rug.nl/wieling/Statistics/Intro-R/lab
https://github.com/DataScienceSpecialization/courses/blob/master/04_ExploratoryAnalysis/all_pdf_files.zip?raw=true

Evaluation

Go to www.menti.com/007306

il Mentimeter

Please provide your opinion about this lecture in
at most 3 words/phrases!
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Questions? —

Thank you for your attention!

http://www.martijnwieling.nl
m.b.wieling@rug.nl


http://www.martijnwieling.nl/
file:///mnt/D/martijn/Statistics/Intro-R/m.b.wieling@rug.nl

