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Why R?

- Ro| HH
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- X722 H[0|E 40| 7ts
> Graphical User Interface (GUI)Z 0|&¢t

>AAZE MER 7|52 Fl6te AL AIRES
- J12{=l0| of|BuC}

- Re|
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R Studio

@ RStudio File Edit Code View Plots Session Build Debug Tools Window Help ® 33T BRI E (F)F2:06 Q =
[ NON ] ~/Dropbox/R_workspace/R_workshop - RStudio
Q. = ~ » i R_workshop v
Console ~/Dropbox/R_workspace/R_workshop/ = = Environment  History —=
<% [ | [#Import Dataset~ | 3 Clear | (& List~

R version 3.1.2 (2014-10-31) -- "Pumpkin Helmet"
Copyright (C) 2014 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwinl3.4.0 (64-bit)

7} Global Environment ~

R2 X7 ATZE0{0D], Ofmst Heio| BEQI0| VEEELICEH Environment is empty
EF, YHF ZTE0IM O|HE XHHEE & £ RUSLICH
HREQF EEl MAME 82 'license()' T 'licence()'S S8i0] &g £ UAsLICH

R2 %2 7I0XiS0| Fojshs SSZ2HEQLICE,
"contributors() 2R USIAIH Olof CHE O UR HEE Aol £ UABLICH
221, R E= R WIIXEE SHE0 8k WYl ChefiME 'citation()'S S8f &olsiAY Se=Lct

"demo()'E YHSRICIY WX HRE HH £ o0, 'help()'E YSIAIP 222l IS 0881 £ USLICH
E5H, "help.start()'9 YHE S350 HTML =220 of TSYE A8sids AUsLITH
Re| 28 ¥stAE 'q()' S YHHFTMIR.

N Files Plots Packages Help Viewer P
| New Folder = €@ | Delete |4 Rename @ More ~ {fg
C Q Home - Dropbox - R_workspace = R_workshop
« Name Size Modified
t.

R R_workshop.Rproj 2058 Jul 6, 2015, 2:05 AM




R Studio
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R A%t |

Com mandgl- 7E:|J_|_|-7I- EO:IIEI " Plots Session Build Debug Profile Tools Window Help

O -8 & H B = A Go to file/function ~ Addins ~

Console ~/Dropbox/R_workspace/Newspaper_2017/

o= —rer—r——— - —rer—r———— v e et ettt it

Natural language support but running in an English locale
R is a collaborative project with many contributors.
Type 'contributors()' for more information and
‘citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
‘help.start()"' for an HTML browser interface to help.
Type 'q()" to quit R.

[Workspace loaded from ~/Dropbox/R_workspace/Newspaper_2017/.RData]

4 [SourceonsSave =@ O / ~

Script GT0{ HEY|

s 2 (object), GIOIE], 5|2 E2| gt

~/Dropbox/R _workspace/Newspaper 2017 - RStudio
K| Newspaper_2017 ~
Environment  History Connections -]
il | “* Import Dataset ~ 1’ List
"} Global Environment ~
Data
© both 791 obs. of 589 variables
Oby_cyl 32 obs. of 11 variables
© cor.data 1099 obs. of 17 variables
O cpil 790 obs. of 6 variables
©cpil.g 46 obs. of 3 variables
O cpiz 720 obs. of 6 variables
D cpiz.g 48 obs. of 3 variables
© data 1099 obs. of 275 variables
© dataz 1201 obs. of 322 variables
) | Basic_result.Rmd | Basic_result4.Rmd ) | Untitled3* | Untitled4* | Untitled5 total - m 221005 0f 10 "‘%‘ m—
<Run | %% G o Files Plots Packages Help Viewer = [
-+ Export v
wsainf- Files, Plots, Packages, Help

. ———————— =
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R Studio &Y

Console %t
- D= HAHO{Qt ATt LIEF.

Source%!

- HHO| 2 1f HE2 07|

- HHO| 2 & MEHSI0] ‘Run’st7Lt “Ctrl(mac?l 2L Command) + Enter” a0 A3t

- HHO| XtE 2hd 7|5 AFE - HEO| X1 “tab 7|"E FEM DfYHO|L} HEHE XIS 2 30t & - XL,

3
ALK}, HHO7F MZO| CHEA| 27|=|E2E2 20| £[2
History

- O|XM|7ZtX] consoleOl|AM Aot WHOESS & + U
- 0t7 Mol HO|E MENSI0] consoleZ ELH7HLE, sourceX o2 HH £ Q12
Environment:

- 37 o] S0l M4 3 #14 HlO|E 58 2 4 US

—_ L ] AA

- object?| 7Ithel X E HO{E

0lo

s
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oICh J5LE AFEE &0HK] =0

[

- L{7} Br=X| &2 O[0|E{= &l a2 M X| 4=LCF.
- H|0|EZE He|e tie AFEME 2oty

- Detail, detail, detall

At e 7|2351D, KA

- O[22 S| Zet,
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AMEstz| Hol...
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-()B0l=E HO/ HEE H Ho|lH 52 'E=Ct
- object 0|2 A2 A|&Sl{A|= QHEICE
- object O|Z0ll= 3HO| A A|= QAEICH = “V'LE“_"E ALS

- UEXL A2AE FEZ et
- E|0{A 7| = Sh= A8} ok = A0 S STt
— coding etiquette
(https://ourcodingclub.github.io/2017/04/25/etiquette.html)
- R studioti|A BH0er Tt &A st fIsiM= 24d S0l tabS =224t

- BHOI2| ZM, Working Directory0f| = T, At IS¢t objectE& E0{E
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Basic Operators
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LR} =
+,-, %/ C517|, 7], &=5t7|, LI57|
log(), log10() =21
exp() exponetial
sqrt() M=2()
==, |= 2L ZX| 2Lt
>, <, >=, <= ALk &k, 3L 2L 2L 20t
round() Ht=ZEl
ceiling() =&
floor() 2
%/% =
% % LIH K|
. =
& and
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rep(, )

seq(, , )
sort()

order()

sample( , )
paste(, , sep =)

gsub

02 R AIESH|

object A1

garbage collection S&5t0 H|22| &=

=AE Hix|, HE

oI

HMEl object E|AEE HO{E

rm(x), rm(list = Is())

c(x, y), c(1:3, 5),
C(“Dad”, “Mom”, “Dog”)

rep(5, 5), rep(0, 10), rep(1:3, 5)
seq(1, 10, 2), seq(-10, 10, 3)
sort(x), sort(x, decreasing = TRUE)
order(x)

sample(1:10, 5),
sample(1:10, 5, replace = TRUE
paste(“Hi”, “everyone”, sep = “ ),

paste(“A”, 1:10, sep="")

(19 L R 175 R 11

gsub(“a”, “z”, “abc, cba, xya”),
gsub(pattern, replacement, x)
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Working directory 8%

- getwdet+2 &Y ClEIEZ| &2l setwd &= HE

> getwd()

[1] "/Users/hjhwang/Dropbox/R_workspace/R_workshop"

> setwd("/Users/hjhwang/Dropbox/R_workspace/practice")
> getwd()

[1] "/Users/hjhwang/Dropbox/R_workspace/practice"

+ LHZL X|=Z OofC|of| L= 2Helst|

- Working Directory0i| Cl|O|E] ¥ == X&stH 0[&57| &Lt

- 23S Mg, S 2 X|F5IX| 2™ Working Directory0ll XZ&HEICE.

R studioOflA #d & 22l
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Re| HIO|E] =

- R objectOll= ®lE{(Vectors), & (Matrices), 2IAE (Lists), HIO|E{=2{|Ql(Dataframes), BiZ (Arrays)7t U

C},
SZ2H Z4x|(Homogeneous Objects): HIE{, 3, HIA
- O|&= 24%|(Heterogeneous Objects): 2Z|AE, H|O|E =z
HIEQF 2[AE= 1XR ZHA|, ZFE 0 CO|E =212 2K 28|, HiE 2 Zest trEe| XIS 7HE == UL
i
- A2 o fA=E M E objects
> Vv <- 1:10
>V

[1] 1 2 3 4 5 6 7 8 910
>v<-c, 3,5,7, 9

>V

[1]113579

> Vv <= c("Fred", "Mary", "David")
> V

[1] "Fred"” "Mary" "David"

>

- [ 1€ S38liM indexing

- ¢(), rep(), seq() S2= 44



- O|&HQl MASE FHE[= object

> 1lst <- 1ist(3.14, "Moe", c(1, 1, 2, 3))
> 1st

(111

[1] 3.14

CC21]
[1] "Moe"

C031]
(111123
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2| AE(Cont.)

- [LINZE Y O1A F

> 1st <- list(name = "Fred", wife =
> 1st

Sname

[1] "Fred"

Swife
[1] uMar,yu

(0313
(1] 1 3 510

> 1st[[1]]

[1] "Fred"

> lstSname

[1] "Fred"

> 1st[[3]]

[1] 1 3 510
> 1st[1]

Sname

[1] "Fred"

Szt
2

"Mary”, c(1, 3, 5, 10))
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H|O|E] Zaf ¢

- Wt B2 M W HA2| object
- liste| oF .
- D= Ao| o7t 4L 2|AEQ| X&t
o

- row= case, column< variable EE= attribute

- data frame?| 0|

Name Age Gender Weight
Dad 43 Male 76
Mom 42 Female 56
Sister 12 Female 42
Brother 8 Male 25
Dog 5 Female 5
- 29| A 2 H|EIH[O]E]. H|O|E{0f| Cit Ci[O]E

Data frame £
- S(row): case
- A2[5d(key attribute): “Name” Zf 2 FLSHH 5= A0S
- &(column): variable
> ot A2 2022 B5F St BFL 22 7HX| 2 Tt

(Name: character, Age: numeric, Gender: factor, Weight: numeric)
- = 92 42 Fo AER|E ZHX| D ULt -> TA| H|O|E = &ARFE HE|



H|O|E] Zaf ¢

Data frame Lff indexing

- HIO|E{ = AHSE| A E key HEHZ AO{LH 4= QUCE

- [ 1Z AHE75}0q, 2
(=M= [d(row),

> Family$Age

[1] 43 4212 8 5

> FamilyS$Gender

[1] Male Female Female Male Female
Leyels: Female Male

= gis X" 7ts

nJO roll

3(column)))

02 R AIESH|

> Family[1,]
Name Age Gender Weight
1 Dad 43 Male 76
> Family[,3]
[1] Male Female Female Male
Levels: Female Male
> Family[4,2]
[1] 8
> Family[[2]]
[1] 4342 12 8 5
> Family[2]
Age
43
42
12
8
5

v S W

Female
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H|0|E] =2{7]

- read.csv(file =)
1) data’t S0 U= LILS .csv=E HHFO| X{ZpelCt: AH0[M CHE 0|22 ME
2) csv L= R2| working directory0f| '2=LCt: getwd()0|A =hRlst ZE0f| X&)
3) read.csv BHOZ L}Y S RO ==Lt
4) I object Ol (=2 XZESHIC}: data <- read.csv(file = )2 FEHZ HAHN U=
5) environment0l| data?} MCHE E2{% =X| &0l
- package E &&
- csv: readr
read_csv
- excel: readxl
read_xls
read_xlsx
read_excel
- SPSS, SAS, STATA: haven / foreign
read_spss / read_sav (read.spss / read.sav)
read_sas (read.sas)

read_stata / read_dta (read.stata / read.dta)

19



HIO|E] X&st7|

- write.csv(x, file = “ )
write_csv(x, file = “ )
write_sav(x, path = “ %)
write_dta(x, path = “ %)
- save(x, file = “ )
saveE AIEE 42, Rdata It =E NEE

+ NZE=l 0|8 2 working directory0il A

02 R AIESH|
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03 RUOO|E E7|

HIOJE] = H7|

- str(data)

- HlojEf2] FAIFQl 2z

=
=
- Cl|O|E{2] &HY, "4, 4= S= o =0f| otef 7ts

- View(data)

- oR{2) Eo| HEZ BOIZE. source & ol HIOIEIS HziEt 4 Yl Fo| ¥l
- FH| w, HA| A4S HOIFXIE o8

names(data)
- H[O|E{e| = O| B2 HO{S

- dim(data)

- dlo|E{o| #at Po| £ stol
head(data)
- C[O]E{2] A|%f 63

- 60| Ol X[ Fel =Atef s B A4S B2, head(data, 10)2| FEIZ AHS HO{FH &

- tail(data)

- H[O|E{2e| & 63liS HOI=

- 60| Ofl X|HE =Xte| s B A= E2, tail(data, 10)2| HEf= XS EO{FH =
- summary(data)

- H[O|E{e] SAHH 29t

22



03 RUOO|E E7|

HIO|E] 18 A2 &7

- str(data)E Y=HoIH, OB Q| =T} LI

=

= H ™/ —
- $7t 20l 22 2 HES2| ATt O st JENQIX] =helgh o~ QUCt
- ROJIM 30F=E &= QU= A2 HEl= Of2l|ef ZTt

- numeric, double integeres A4t = QoL LI X|= AH&teh 4~ QICt

- X 72 FUE AL, characterZ 214! (RUAIE 12 <XIO|LE “1"2 2K}
- SEA T AZs A 25K}
- 7|E} HEf:

- Inf/-Inf: 2SHCH / NA: 257f / NaN: <Xt7t Ot Zf(Not a Number) / NULL: O/

numeric 3.14,9,5,-2,0
double 3.14, 2.00, -2.3
integer 0,1,2,3,4,5

character “Mary”, “Dog”, “I”
factor FM/1,2,3
logical TRUE, FALSE

date/time 2015-07-07




03 RUGIO|E 27|

Cfl0fE| 24 Bhol % 1

M - X L-O

1R

L35 Sk A
g5 =lg = ot

- is.*() &E A5 C|O|E
- iIs.numeric(data)
- is.integer(data)
- is.character(data)

- as.”() &= Ar8aliM HIO|E £45 HEE = Ut
- as.numeric(data)
- as.integer(data)

- as.factor(data)



- data[row number, column number]
- data$variable name
- data$variable name[row number]

- data$variable name[ZE71]

03 RUOO|E E7|
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7=

04 RZ7|=3HZ #s17|

E7Ist(Descriptive Statistics)

. Xp=o| Qof
- EAIE2 7|g8A sty FEEA S (Inferential Statistics)Z LHzICt.
=)

- 2L FESA S07H7| Tof| BIEA] 7]

2lelEM(Univariate Analysis)

. BfLto| H0| 20| CHsH BBt 2

°
i
A
I

(Distribution)

35F (Central Tendency)

N

FIII
0> H
0

o
H‘|

Dispersion or Spread)

(
(

i
o Hel

7|(Skewness)

(Bivariate Analysis)

of 2]l chat 2o

—

4n
L
4>
=

z

i (Cross table)

M
]

> E
A o >
H‘|

=
El

Scatter plot)

&l

=570l thall OfsHE SHOF STt

L7t R4S 74K 2 QI=X], X = 0f| et B+

27
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=

S

A ZF_ x
. HiAO JEIE

T —

. S|AEZH

> lLibrary("descr"

. OfCjaei= mo|aef=

)

> freq(tess133$Q1)
How about you, how much do you know about student loan forgiveness policies?

Frequency

-1 2
218
119
77
103
40
25
9

NO VT A WN

Percent
0.3373
36.7622
20.0675
12.9848
17.3693
6.7454
4.2159
1.5177

Total 593 100.0000

AT
gt

| ==0f| ot

- BIZH(Frequency table): 4

i

04 REJI&ES

Frequency

100 150 200

50

A

Tot7|

Histogram of tess133$Q1

tess1335Q1

28



04 REZE7|=sAHZ Ast7|

e
o
LHL
10
bal
pA
o
—
<
j=3
o
=2
5
I
rr
[
o
Mt

(representative)Z}

(DS HA 22 OE S & Al 22 LIR0| 28 2 (5X/)
H

[} 5022 7t2= 3t &, 5029(4:(50th Percentile)
- median(¥==, na.rm = TRUE)

12, na.rm = TRUE)
quantile(==, prob = .5)

- quantile(

29



+ G[O]E{7} 0Lt HM U=t

- #2{(range)

- Z[CHZL - Z|dk
- range(H==, na.rm = TRUE)
- max(#=, na.rm = TRUE)

- min(#%, na.rm = TRUE)

. =4H(variance)
oMoz Y O=EE oL BN U712

- var(#%, na.rm = TRUE)

d(¥1%, na.rm = TRUE)

%
[

04 RZ7|=3HZ #s17|

s
- HAHE 4 )= M&stod et =, At 2 L=

30



04 RZ7|=3HZ #s17|

Yelzy - 7|27

- 2= (Skewness)
- ol 7|27|: 7l mE[Tt QER
2l

- 22| 7|=7]: 2l ME|7t

| Z=
-

- 00| oFzZ0| CHA

. M (Kurtosis)

Sl
ol

=5 iz
- SR 248 wESHEN 2

| SH{U= ZE)
- Mot HEE F5h= 4= momentsgt= THF[X[0f] A=
- skewness(¥==, na.rm = TRUE)

- kurtosis(#4*, na.rm = TRUE)



2| =7

L D=2

N
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ORI Op i

B e Jp

=

J

1z

P 4 P P H

1o

£ 1k

=

2
Ul

rr rir

H>I oSt

~

- crosstab(S&H

—

e

o

~

(
(

z\l

*descr I 7| X|of|

column)of| ¢/X|

row)dl| /x|

o HHE HAt -

04 RE7|&E

"1 H (bivariate joint frequency table)
- Crosstab2 cross-tabulation2] 2FH{Z A E|0|=

=0Z.

i 2 Het Al 7H20|

AE 51|

4 wHsto= 100%7t ElE 2

Felsts Hatt A

LH2| 2} cell 2t0fl= &= H=2f 24 4

rr

32
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LA
KO
KT

=T,

_Iﬂ

Ol
olJ
o
U
4

o

Uk

=0il B x|

Ct.

o]
N

A
T

OFst
==

7{2=(correlation coefficient)2

o2t

FA|

1
—

“pearson")

- cor.test(x, y, method

C
C O © O
O
O
O
O o 0O
O
C
(o] o]
C O ©
O 00O o]
(o] e}
o O O
o0 000
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O
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“ll
-
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j -
©
)
o
I
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= oo
© 0%
£ =
c K
= —
© m
=_
S 5
)
n <
O O
=
- O
o o
O «x

5.0 5.5 6.0 6.5 7.0 7.5 8.0

4.5

iris$Sepal.Length
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05 7|= 874 &4

t test

. t test X}

%0
<+

._.1
|

1=, data = data)

==
= —

AH{A

=
o

171: bartlett.test(

SEM test o

O d
2, 24

HE=g B

=X
=

=
=

)

™

11
O

LHE: t.test(, mu = mu)

—t

B2~ data = data, var.equl = FALSE)

HEE: ttest(#41, H42, data = data, paired = T)

L=)
o

3) i

35



05 7|z 84 &4

ANOVA

50

- ANOVA ZXt

ot

Ct (numeric

ot

factor2| &EH0{0F ¢

=
—

3) aov AH:

==, data = data) *result= 2|2 object

S

=4 0=
=

result <- aov(Z&5Hr ~ =

summary(result)

R0
R
o

TukeyHSD(result, ordered = FALSE)

=4 24 (two-way ANOVA)

e

- 0

122, data = data)

A=
=

A A
HT"’%E:II?_:'T‘I +§

._‘|

IX| 22 W aov(ZB5S

PSS

g 7t

122, data = data)

H
L

+1° 5

2|1
H —

Il aov(SEHT ~ =

S
=

8 7t

36



05 7|=

=7 2

OLS 3| =4
SEHER SEHHE 70| M 2A 2] 0| —> A2 e =F
- OLS 3| =M &t

1) HHE|: factor H4E M| F2

2) Hes0| B S0l SEHLI FHEX7 0" 2, THE ZdE 18sH|

3) el =2 =H
result <- Im(B&5Hr ~ SEH1 + SEEHS2 + .., data = data) *result= &2
summary(result)

4) standardized coefficient 2t¢!
Im.beta(result)  *Im.beta= “Im.beta” librarydll AS

5) vif(=LFdE7|+) 2ol

vif(result)  *vifRt confint= “car” libraryoll US
6) confident interval 29I

confint(result)

12| object
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