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Why R?

- Ro| HH
- 8=
- 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|

R 0|2
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02 R AIESH|

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

02

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

- Detall, detail, detall

At e 7|2351D, KA

- O[22 S| Zet,
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AMEstz| Hol...

- R9| 7|2
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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

10


https://ourcodingclub.github.io/2017/04/25/etiquette.html

Basic Operators

02 R AIESH|

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)

12



02 R AZsH

1l 7|X|(Package)

712 gt 20| B2 7Is2 M7|X|E ERIsHOF AtEe = QU

- {7 |X| &X|: install.packages(“package”)

- I}7|X|Z 0|&3t7]| I8 = library EE= require eF+E
library(“package”)
require(“package”)

- libraryLt require2 R Al

M
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03 GIO|E 27

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

- file pane0i|A| &lst HE

ol
-
~N

R project %
- HjoJE &
- MEZ
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03 GIO|E 27

2| tlloje] 7=

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

Cf.
SZ2H Z4x|(Homogeneous Objects): HIE{, 3, HIA
O|&!H ZHX|(Heterogeneous Obijects): 2|AE, C|0|E] =g

- HEQ 2| AE= 1XMR |, A2} H|O|E Z2f|”2 2Kk A, BfE2 2ot TFO| XHES 7HE 4= QUL

—_

- 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 AASE FHE[= object

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

(111

[1] 3.14

CC21]
[1] "Moe"

C031]
(111123

03 GIO|E 27




03 H|O|f E7|

2| AE(Cont.)

- [1[[1]1 2 e=d (0]A & AE=!)

> 1lst <- list(name = "Fred", wife = "Mary", c(1, 3, 5, 10))
> 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"




03 GIO|E E7]

H|O|E] Zaf ¢

- At Hz E MEH A 9| object
- liste| st =,
- 0= Eo| ZO|7t &2 2|AEL| ¢t

- M2 case, 2 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
- B9 X &2 0j|EH|0|E. 0|E{ofl CHE! H|O|E

Data frame £
- S(row): case
- A& d (key attribute): “Name” 2t &S FLSHA EHst= AHH0IE
- &(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)))

HIO|E] 27

> 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



03 GIO|E 27

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 LYE R working directory0ll E=Ct: getwd()0[A] 2kRISH ZHO|| X E
3) read.csv BHOZ L}Y S RO ==Lt
4) I object Ol (=2 XZESHIC}: data <- read.csv(file = “7)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, STAT: haven / foreign
read_spss / read_sav
read_sas

read_stata / read dta

21



03 GIO|E E7]

HIO|E] X&st7|

- write.csv(x, file = “ )
write_csv(x, file = “ )
write_sav(x, file = ““)
write_dta(x, file = “ )
- save(x, file = “ )
saves A8 Z 2, Rdata L2 X &E

. NE=l H|0|E T2 working directoryOiiA &2 £~ QICt.
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04 REZ 78T 57|

HlojE{e] 2 =hol
summary(data): GIO[E{2| 7|2H 2l HEE H|=.

2 42 quantile(Z|tH, Z|2&, 25%, 50%, 75%)1t Y
- CharacterL| factor H 4 HIEH =&
712 7|& EAY Fote g

> mean(data$AGE)
[1] 44.237
> median(data$AGE)
[1] 44
> quantile(data$AGE)
0% 25% 50% 75% 100%
20 33 44 55 69
> quantile(data$AGE, .3)
30%
36
> quantile(data$AGE, c(.3, .9))
30% 90%
36 62
> min(data$AGE)
[1] 20
> max(data$AGE)
[1] 69
> range(data$AGE)
[1] 20 69
> var(data$AGE)
[1] 171.4002
> sd(data$AGE)
[1] 13.09199

> |

4>

- Numericgl &



04 RE7=8AHZ 57|
u —
Glo|E{e| 22 stol
- 7|12 7= SAF 5= gf=a=(cont.)
> library("psych")
> describe(data$AGE)
vars n mean sd median trimmed mad min max range skew kurtosis se

X1 1 1000 44.24 13.09 44 44 .43 16.31 20 69

- BIEE (frequency table) 2|7

> library("descr")
> freq(data$Q31)

ZE LT

Frequency Percent

1 2 0.2
2 11 1.1
3 191 19.1
4 105 10.5
5 583 58.3
6 108 10.8
Total 1000 100.0

- S|IAETEN O2|7|
Histogram of data$AGE
> hist(data$AGE)

140
|

Frequency
20 40 60 80 100
|

0
|

20 30 40 50 60 70

49 -0.1

-1.13 0.41

25



data:

t = 16.417, df = 998, p-value < 2.2e-16

Pearson's product-moment correlation

AL

data$Ql_1 and data$Ql_8

04 RZ 7|=sAE Hst7|

SICH (Q1_1)2+ ‘5 Fof| Hls L] 7F BN &&= ZO0IREL (Q1_8)2t2| &2t

> cor.test(data$Ql_1, data$Q1_8)

Ot

alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
0.4108660 0.5085693
sample estimates:

C

or

0.4611141
. 012 0| ATEA B2 B
-Q1_1~Q1_87ix| 8ho| Has

> data %>%
select(Q1_1:Q1_8) %>%
corr.test(.)

+
+

Call:corr.test(x
Correlation matrix
Q1.1 Q1.2 Q1.3 Q14 Q1.50Q1_60Q1_7 Q1_8

Q1_1
Q1.2
Q1_3
Q1_4
Q1_5
Q1_6
Q1_7

Ql_87

1.

(SIS G RN SSRGS RGN

00
.55
.50
.47
.42
47
.34
.46

0.

(SUENCS RN IR CVRE O I G I B

55
.00
.68
.63
.60
.58
.46
.46

0.
.68
.00
.61
.56
.51
.45
.46

[SINCS RN B OV OO RN S N

50

»)

0

[SIECS RN B OV S S BN

.47
.63
.61
.00
.63
.59
.47
.43

0

SO0 roOoSee

42
.60
.56
.63
.00
.70
41
.44

0.

SO roOS0oSee

47

.58
.51
.59
.70
.00
.37
.47

Q.
.46
.45
.47
.41
.37
.00
.60

(S I S B O R G RS B N

34

0.
.46
.46
.43
.44
.47
.60
.00

P OO0

46

Aoty S

=

Sample Size

[1] 1000

Probability values (Entries above the diagonal are adjusted for multiple tests.)
Q1.1 Q1.2 Q1.30Q1.4Q1.50Q01_60Q1_7 Q1_8

Q1.1 0 0 0 0 0 0 0 0
Q1_2 0 0 0 0 0 0 0 0
Q1.3 0 0 0 0 0 0 0 0
Q1_4 0 0 0 0 0 0 0 0
Q1.5 0 0 0 0 0 0 0 0
Q1_6 0 0 0 0 0 0 0 0
Q1_7 0 0 0 0 0 0 0 0
Q1.8 0 0 0 0 0 0 0 0

To see confidence intervals of the correlations, print with the short=FALSE option
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He 2|RE
-+ Ex) AREA = &, 1) MZ, 2) 47|, 3) 2EE =& 12, HHA| XS H|+=3H 022 2[ZE SpaIX}
QlEld S ALE

> data$met_area <- 0
> data$met_area[data$AREA == 1 | data$AREA == 2 | data$AREA == 3] <- 1
> table(data$AREA, data$met_area)

0 1
0 194
0 258
@ 59

O NOUTLPH WN B
N
O
S

|
=
N
N
(SRS IO RGN CS I O R CSTICS I OSRGOS B S BN AN

- data$met_area[data$AREA < 4] <- 1 = &2 A1}

o

28



05 CO|E| Zelst7|

Ex) AREAH &, 1) ME, 2) d7|, 3) IS £ 1, LIHX| X|[FE H|=dH 022 2|2 E StTX}

“tidyverse” 4| g4l

> data <- data %>%
+ mutate(met_areaZ2 = ifelse(AREA < 4, 1, 0))
> table(data$AREA, data$met_area2)

0 1
0 194
0 258

O o0 ~NOYUTL A WN B
w N
= O
U1
S W

10 47
11 24
12 68
13 34
14 33
15 28
l6 11
17 5

- mutate= W2 HMAAE AFZE 4= QUCE M2

(S IGSIRGCS I G IR CS I G I CS I G I GS IGS T GS BGS E )

o

29



O|OJE] =% with “tidyverse”

- R studio?| chief scientistOIIh

- tidy dataZ TIE1, HIO[EHHE

7|=0ll Re| BRER 2SS St

1 —

- tidyverse I{7|X] -

05 CO|E| Zelst7|

=(?)2! Hadley Wickham O| 7H&tst Gi|O|E ™e2| uiZ|X|
oF Mi|sot= o EFst Ti7|X]

dplyr, tidyr, ggplots, tibble S2| I{7|X|2 F2 {7 ||

- dataframe= tibbleO|2t= &&X QI Ax = HHH Al =E2 0|51/ sliiE

filter() K&t =710]| 5= H|0[E == subset()
select() column, H=2| == data[ , row number/#=3], subset()
mutate() B [ AFSH0] B E 0t apply
arrange() S order(), sort()
summarise() B9 QoF EA aggregate()
group_by() JES LR &
join C[O|E Zgf merge()
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06 &4 =4

. E2IFHE t-test

> bartlett.test(Ql_3 ~ SEX, data = data)
Bartlett test of homogeneity of variances

data: Q1_3 by SEX
Bartlett's K-squared = 0.019111, df = 1, p-value = 0.89

> t.test(Q1_3 ~ SEX, data = data, var.equal = TRUE)
Two Sample t-test

data: Q1_3 by SEX
t = 2.0958, df = 998, p-value = 0.03635
alternative hypothesis: true difference in means is not equal to @
95 percent confidence interval:
0.01654691 0.50298434
sample estimates:
mean in group 1 mean in group 2
6.384766 6.125000

- 2HOF bartlett.testOl| A & HTEZE 2410 SESHA] Lt LIS

t.test(Q1_3 ~ SEX, data = data, var.equal = FALSE)

7t g 2H0]| “Lt= Ate] AHEQ R QhEet Alelofl &40 AT (Q1_3) 2t QA st= ke

42(p valueZt <.05¢ Z2),

32



06 &4 =4

T test

-7t g 2 7| Bt EA7 SRl a0l Feks = @ (Q3_8)2t 10k

AFO[Zt QUL

> t.%est(data$Q3_8, data$Q5_8, paired = TRUE)
Paired t-test

data: data$Q3_8 and data$Q5_8
t = -6.0341, df = 999, p-value = 2.249e-09
alternative hypothesis: true difference in means is not equal to @
95 percent confidence interval:
-0.3896113 -0.1983887
sample estimates:
mean of the differences
-0.294

33



06 &4 =4

> result <- aov(Ql_1 ~ factor(educ), data = data)

> summary(result)

Df Sum Sq Mean Sq F value Pr(F)
factor(educ) 2 61 30.579 7.982 0.000364 ***

Residuals 997 3820 3.831

> TukeyHSD(result)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = Q1_1 ~ factor(educ), data

$ factor(educ)®

diff lwr upr p adj
2-1 0.4870041 ©.12074473 0.8532635 0.0052647
3-1 0.8730937 0.32637243 1.4198149 0.0005513
3-2 0.386089 -0.08942743 0.8616066 @.1375379

data)

[&h)ofl w2t L= >=sio

Signif. codes: @ ‘***’ 0.001 ‘**’ 90.01 ‘*’ 0.05 ‘.’ 0.1 ¢’ 1

A7ts

= Z&0f| XtO|7F ACE

34



Regression

L= FE5ITE (Q1_1) 4

-DV: Q1_1

- ID: SEX, AGE, met_area, Q31(!

Q1_8(5'a Xof Hsff Lt 71

A

Arsl

06 &4 =4

SrE), Q32(FE T 7 25),

ZO0ILY)

> reg.result <- Im(Q1l_1 ~ factor(SEX) + AGE + met_area + Q31 + Q32 + Q1_8, data = data)

> summary(reg.result)

Call:

Im(formula = Q1_1 ~ factor(SEX) + AGE + met_area + Q31 + Q32 +

Q1_8, data = data)

Residuals:
Min 1Q Median

Coefficients:

Estimate Std.

(Intercept) 3.594554
factor(SEX)2 0.201253

AGE -0.004814
met_area 0.118589
Q31 0.110445
Q32 0.065978
Q1_8 0.352244

Signif. codes: @ ‘***’

Residual standard error:
Multiple R-squared: 0.2283,
F-statistic: 48.95 on 6 and 993 DF,

3Q

S OO0

0.001

Max
-7.877 -1.077 ©.133 1.127 5.785

Error t value Pr(GItl)

.379422
.110730
.004261
.111140
.059409
.023861
.023479

Ckk

9.474
1.818
-1.130
1.067
1.859
2.765
15.002

<2e-16

% %k %k

0.0694 .

0.2588
0.2862

0.0633 .

0.0058
<2e-16

* %k
* %k

0.01 ‘*> 0.05 . 0.1 1

1.737 on 993 degrees of freedom

p-va

Adjusted R-squared:

0.2236

lue: < 2.2e-16

35
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Regression

‘L= =5 (Q1_1) 240 Fek= Ojx|= = FA27H? (Cont.)

- standardized coefficients 715}7|

> library("1lm.beta")
> Lm.beta(reg.result)

Call:
Im(formula = Q1_1 ~ factor(SEX) + AGE + met_area + Q31 + Q32 +
Q1_8, data = data)

Standardized Coefficients::
(Intercept) factor(SEX)2 AGE met_area Q31 Q32 Q1_8
0.00000000 ©0.05106555 -0.03197742 0.03009182 0.05411301 0.08261439 0.43369754

- BAEA S (VIF 257])
> library("car")
> vif(reg.result)

factor(SEX) AGE met_area Q31 Q32 Q1_8
1.015726 1.030791 1.023354 1.090160 1.148630 1.075324

- coefficeints2| confident interval 75}7|

> confint(reg.result)

2.5 % 97.5 %
(Intercept)  2.849992273 4.339115428
factor(SEX)2 -0.016038336 ©0.418545183

AGE -0.013175842 0.003547643
met_area -0.099507303 0.3306684889
Q31 -0.006136404 0.227026913
Q32 0.019153475 0.112802471
Q1_8 0.306169182 0.398319411
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