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PLAN FOR TODAY

Overview of core concepts

e Data combining
e Subsetting
e Adding & sorting variable



CASE IN THE NEWS

Wing, J. M. (Oct 4, 2019). The data life cycle. Harvard Data
Science Review.

Williamson, R. (Sep 30, 2020). Process and purpose, not thing and
technique: How to pose data science research challenges.
Harvard Data Science Review.



READINGS

Matloff, N. (2011).
e Ch 10. Input/output (10.1 through 10.2)

Long, J.D., & Teeter, P. (2019).
e Ch 4. Input and output

Baumer, B., Kaplan, D., & Horton, N

e Data wrangling (Ch 4.1 -4.3)
e Datajoins (Ch5.1-5.2)



DATA WRANGLING: WHY?

To reorganize variable types

To reshape data

To rearrange (expand or reduce) data
To add/delete variables

To summarize data



DATA WRANGLING PACKAGES

Among many packages in the tidyverse,
we mostly use:

o dplyr—to extract & summarize data



RECAP: dplyr

#install.packages("dplyr")
library(dplyr)

filter() or select(): to subset the data

mutate(): to create new variables

arrange(): to reorder the rows (e.g., ascending, descending)
group_by(): to split the data

summarize(): to summarize information

pipe operator k»h defines sequence of operations; much easier way of manipulating table



Data wrangling:
Combining & subsetting



Data combining:
join()



DATA MERGE: join()
join() functions in dplyr package

Caveat:

® Use key variable(s) that appear in both tables
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COMBINING TWO TABLES: FOUR JOIN TYPES

Inner join — keep only matched records
Full join — keep all records
Left join — keep all /eft table records

Right join — keep all right table records

"



Exercise: join()



EXAMPLE DATA FRAMES

dl <- tibble(coll=1:5, col2=c(1,2,3,2,1), col3=c(18,4,6,1,2))
d2 <- tibble(col2=c(2,5,1), cold=c(4,22,45))

dl d2

## # A tibble: 5 x 3

## coll col2 col3 ## # A tibble: 3 x 2
##  <int> <dbl> <dbl: #i# col?2 cold
##1 1 1 18 ##  <dbl> <dbl>

## 2 2 2 4 ## 1 9 A

## 3 3 3 G

ws 4 1 2 1 ## 2 5 22
5 5 1 2 ## 3 1 45



inner_join()

dl

#i
#H

##
#H#

##
=7

# A tibble:

[

coll
<int>»
1

Vi B wN

col2
‘dbl>

5 x 3

‘I—‘MLUMH

col3
dbl>
18

TR

-
=7
i
FH

# A tibble: 3 x 2

col4d
dbl>
1 4
2 22
3 45

dl_d2 <- inner_join(d1l,d2)

## Joining, by = "col2"

d1_d2

###Atibble:_4x4

FREFEES

B ow N R

coll
<int>
1

2
4
5

col2
<dbl>
1

2
2
1

col3 cold
cdbl> <dbl>
18 45
4 4
1 4
2 45
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full_join()

dl

#i
#H

##
#H#

##
=7

# A tibble:

[

coll
<int>»
1

Vi B wN

col2
‘dbl>

5 x 3

‘I—‘MLUI\JH

col3
dbl>
18

TR

#it
-
=7
i
FH

# A tibble: 3 x 2

col4d
dbl>
1 4
2 22
3 45

dl_d2 <- full_join(di,d2)

## Joining, by = "col2"

g g g
O v Bow MR

col2
<dbl>

v B MW N

6 x 4

col3 col4d
<dbl> <dbl>
18 45

4 4

6 NA

1 4

2 45

NA 22
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left_join()

dl

#i
#H

##
#H#

##
=7

# A tibble:

[

coll
<int>»
1

Vi B wN

col2
‘dbl>

5 x 3

‘I—‘MLUI\JH

col3
dbl>
18

TR

#it
-
=7
i
FH

# A tibble: 3 x 2

col4d
dbl>
1 4
2 22
3 45

dl_new <- left_join(dl,d2)

## Joining, by = "col2"

dl_new

## # A tibble: 5

S G
v Bow R

coll
<int>
1

u B W M

col2
rdbl>
1

[l AR VLR

x 4

col3 col4d

<dbl> <dbl>
18 45
4 4
6 NA
1 4
2 45
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right_join()
o d1_d2 <- right_join(d1,d2)

#i# # A tibble: 5 x 3

# A tibble: 3 x 2

## coll Jcol2 Jcol3 #8 cola ## Joining, by = "col2"

#a <int> Kkdbl> §dbl> a4y dbl>

## 1 1 1 18 - 2

:: ; j j : ## 2 22 di_d2

## 4 4 2 1 w3 43

## 5 Sy 2 ## # A tibble: 5 x 4
## coll | col2] col3 col4d
##  <int> kdbl>|<dbl> <dbl>
#4# 1 1 1 18 45
## 2 2 2 4 4
#%# 3 4 2 1 4
#%# 4 5 1 2 45
## 5 NA 5 NA 22




Data subsetting:
Feature selection



SUBSET WITH CONDITIONAL STATEMENT:
dplyr package

filter() — select data that meet certain conditions
select() — select data that contain certain columns

subset() — convenient way of selecting desired data

19



LOAD DATA (iris)

irls <-

iris

summary(iris)

B
B
B
B
B
B
Bt
B
Bt
Bt
##

Sepal

Min.

1st Qu.

Median

Mean

3rd Qu.

Max.

setosa

.Length
:4.308
:5.108
:5.808
:5.843
:6.408
:7.908

Species

: 58

versicolor:56

virginica :5@

Sepal

Min.

1st Qu.

Median

Mean

3rd Qu.

Max.

.Width

12.668
:2.8080
13.008
13.857
:3.368
:4.488

Petal.lLength

Min.

1st Qu.:

Median

Mean

3rd Qu.:

Max.

(o RV VY S

:1.
.68
L350
.758
.lea
.gee

gee

Petal.Width

Min.
1=t Qu.:
Median
Mean

3rd Qu.:

Max.

186
. 388
. 386
.199
. 388
. 588
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1. SUBSET WITH: subset()

iris «<- iris
iris.new <- subset{iris, Speciesz=="zetcsa" & Sepal.Width > 3)
head (iris.new)

¥t Sepal.length Sepal.Width Petal.length Petal.Width Species

it 1 5.1 3.5 1.4 0.2 3etcsa
3t 3 4.7 3.2 1.3 0.2 3etcsa
33 4 4.8 3.1 1.5 0.2 =zetcsaa
3t S 5.0 3.6 1.4 0.2 setosa
it € 5.4 3.8 1.7 7.4 =etosa
3 7 4.6 3.4 1.4 0.3 3etcsa



2. SUBSET WITH: filter() & select()

temp df < filter(iris, Species="setoss" & Sepal.Width » 3| €= First, get the desired rows

temp df <- select(temp df, Species, Sepal.Width)

< Next, get the desired columns

head (temp df)

$%  Species Sepal.Width

33 1 =etc=a 3.5
$2 2 zetosa 1.2
£ 3 =zetosa 1.1
2 4 zetosa 1.8
3% 3 =etc=a 3.8
3% @ 3etosa 3.4

& This is how the new data looks like

22



3. SUBSET WITH: filter(), select(), & PIPE %>%

temp df <- iris %%
filter (Species=="setosa" & Sepal.Width > 3) %>%
gelect (Species, Sepal.Width)

head (temp df)

33  Speciez Sepal.Width

33 1 =z=tcsa 3.5
3% 2 ==tosa 3.2
31 3 =zetcsa 3.1
3% 4 3=2tosa 3.6
31 3 =zetcsa 1.8
3% & 3=2tosa 3.4
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Adding/renaming variable &
sorting observations



LOAD DATA (iris)

iris <- 1iris

summary(iris)

#H#
#H#
##
##
##
##
##
##
##
##
##

Sepal.Length

Min.

1st Qu.

Median

Mean

3rd Qu.

Max.

setosa

4,308
:5.100
:5.800
:5.843
:6.400
:7.900

Species

150

versicolor:58

virginica :5@

Sepal.Width

Min.

1st Qu.:

Median :

Mean

3rd Qu.:

Max.

oL e L pa

N
.860
.066
.857
.360
L4660

0ee

Petal.lLength

Min.

Median

Mean

Max.

:1.880
1st Qu.:
14,350
:3.758
3rd Qu.:
:6.900

1.600

5.100

Petal.Width

Min.

1st Qu.:

Median :

Mean

3rd Qu.:

Max.

T A

8.
.368e
.368e
.199
.800
.5608

168
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ADD NEW COLUMN: mutate()

irisd <- iris %%

mutate(length avg=Sepal.length/Petal.lLength)

Sepal.length Sepal.Width Petal.lLength Petal.Width Species length_avg

head(iris4)

T

## 1 5.1
## 2 4.5
## 3 4.7
## 4 4.6
## 5 5.8
## B 5.4

3.

S W R W W E
Wodn = pa 3D

5

1

1
1
1
1
1

4
.3
.5

il

2

A

9.

o> v B o~ B~ R o
BoR R R R

2

setosa
setosa
setosa
setosa
setosa

setosa

3.
. 58008080
.615385
.Bbbb6Y
.571429
.176471

3
3
3
3
3

642857
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RENAMING COLUMN: rename()

irizsd <- irisd %>%

rename ("Length.Avg"= "length avg") eRENAME (”NEW” = ”OLD”)

head (iris4)

$ Sepal.length Sepal.Width Petal.length Petal.Width Speciez Length.Awg

£ 1 5.1 3.5 1.4 0.2 =etocsa  3,842857
$# 2 4,5 3.0 1.4 0.2 setcsa  3.500000
£t 3 4.7 3.2 1.3 0.2 =etosa  3.61538%
3 4 4.6 3.1 1.5 0.2 setosa  3.0866487
$# 5 5.0 3.6 1.4 0.2 s=etosa  3.57142%
% 6 5.4 3.8 1.7 7.4 =etosza 3.178471



SORT OBSERVATIONS: arrange()

We want to sort observations in certain variable in
“ascending” order

iris5 <- iris %>%

arrange(Sepal.Length) # sort in ascending order

head(iris5)

##  Sepal.lLength Sepal.Width Petal.length Petal.Width Species

## 1 4.3 3.8 1.1 8.1 setosa
## 2 4.4 2.9 1.4 8.2 setosa
## 3 4.4 3.0 1.3 8.2 setosa
## 4 4.4 3.2 1.3 8.2 setosa
## 5 4.5 2.3 1.3 8.3 setosa
## B 4.6 3.1 1.5 8.2 setosa
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SORT OBSERVATIONS: arrange()

Sort observations in certain variable in “descending” order

iris6 <- iris %>%
arrange(desc(Sepal.Length)) # desc(Sepal.length) for descending order

head(iris6)

## Sepal.lLength Sepal.Width Petal.lLength Petal.Width Species

## 1 7.9 3.8 6.4 2.8 virginica
## 2 7.7 3.8 6.7 2.2 virginica
## 3 7.7 2.6 6.9 2.3 virginica
## 4 7.7 2.8 6.7 2.8 virginica
## 5 7.7 3.8 6.1 2.3 virginica
## 6 7.6 3.8 6.6 2.1 virginica



Exercise subsetting
(example dataset)



CREATE DATA

First, create 5 columns like this

Name <- c("Charlie", "Cindy", "David", "Flower")

Age <- c(10, 15, 20, 25)

Gender <- c("Male", "Female", "Male", "Female")

BloodType <- c("AB", "A", "B", "0")

HighestDegree <- c("High school", "College", "Grad school", "High school")
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CREATE DATA

Then, make them into one data frame

o,dat ¢ data. frane(Nane, Age, Gender, BloodType, HighestDegree)



CHECKING YOUR DATA FRAME

How does your data frame look like?

g.dat

== Name Age Gender BloodType HighestDegree
## 1 Charlie 18 Male AB  High school
## 2 Cindy 15 Female A College
# 3  David 20 Male B Grad school

## 4 Flower 25 Female 0  High school



SUBSETTING DATA: TASK 1

people whose age fall between 15 and 20
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SUBSETTING DATA

One way to do it — use subset() function

Subset data so that it contain characteristics of people
whose age fall between 15 and 20

g.datl <- subset (g.dat, Age>=15> & Age<=20)

head (g.datl)

i3 Mams Zge Gender BloodTyroe HighestDegres
#%# 2 Cindy 13 Female .Y College
¥# 3 Dawvid 20 Male B Grad school
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SUBSETTING DATA

Other way to do it — use filter(), select(), and pipe %>%
function

Subset data so that it contain characteristics of people
whose age fall between 15 and 20

g.dat3 <— g.dat F-%

filter (Age>=15 & Age<=Z0)
head (g.dat3)

*# Mam= ZAge Gender BloodIype HighestDegree
% 1 Cindy 15 Female o College
. 36
¥#% 2 Dawvid 20 Male B Frad school



SUBSETTING DATA: TASK 2

female whose age>=15
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SUBSETTING DATA

One way to do it — use subset() function

Subset data so that it contain characteristics of female
whose age>=15

g.dat4 <- subset(g.dat, Age>=15 & Gender=—"Female")
head(g.dat4)

7 Fame Lge Gender BloodType HighestDegree
$## 2 Cindy 15 Femsle A College
$% 4 Flowsr 25 Female 0 High scheel
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SUBSETTING DATA

Other way to do it — use filter(), select(), and pipe %>%
function

Subset data so that it contain characteristics of female
whose age>=15

g.dath «<— g.dat ET>%
filter (Age>=13 & Gender=="Female™)

head (g.dats)

= Name Age Gender BloodIvpe HighestDegree
#%# 1 Cindy 15 Female B Colleage
#% 2 Flowser 25 Female O High =chocl
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