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CIOIEIRI B I: JHEQ =3

Z3 £2E(levels of measurement)

OE

S23(Nominal, categorial)

o &
0o 4>

Olgk(binary) ¥i£ EE= Ol&H(dichotomous) i
OE=1=2 &M OIRE KA
=M&(Ordinal)

Ul et g4=01 M=Z HHEFEOI0{(mutually exclusive), 20| JsoHH, &=AME JEAIX
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HIOIEIQ EE |: JHLEHO| =3
SZigi(Interval): 2, &= A1C| 2IHE A=
0| = 210| X10|1JF M= &St 2242 JIHAlL. ZHK¥0| 8 3.

« 2 2 EUH= [, Ok= =0l H= Ol JIZ&E0IKl 2=JH ESHA] =S 2l
o] X=/

HIE8(Ratio): XHALCI £, HEl, A, A2t
ZHS(absolute zero)Ol ZXH. Okg2 FHIJt &1=E Qlll.
« BHISE= 0% R, BHJI &l d&otKl U= A= 2l

I=g-, &2d-, O2|10 S22 HIOIEH= 2= 014 Jisd0l 240, HIEE HIOIE=E Y=

0

o CIEF SHXIS2 [HOH S2igd HIZE HIOIEE Hel 22 2AME zlad6ti= &
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SHIASIMO| =3
'2¥(Median)
ool WA 0| L2|17F JICHol= CHEZICE M NICHE JIsSotAl 28t XA = 0F?

. EZE Y JIHZ S0 =91 2 5IHO| 3H0] UTHH SO sHEHSHS 301 S0
nEaUS,

NEOZE= HMAKHdeviations)Cl ZLHglCl 0l Z|&JF EIAH| §hi= =9l 8

0

o |
o Hx1li= CHEH OI=Xl(outliers)Ol SloH I HI FeFErX| &5=.
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CIOIEIRI B I: JHEQ =3

" |

| ==

jl

mXKDeviations)

XK z; — Z)2F JHE gi0| BEOEEH HO K

- EX0IM 2= TXIC| B2
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" |

| ==

jl

mXKDeviations)

n
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i=1
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" |

| ==

jl

XKErrors)
« HZE9| 3JI0l CloH II=XITt ZOE(weighted) HE= THX|

Opr — ——

Jn

s HFEILAO| H=tME HOIF = AE|FP22Hconfidence intervals)2 HIAME [ ALS
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CIOIEIQI EH |: JHLEHO| =3
HZ=MAKStandard Deviation)2t E=2XKStandard Error)

B=0MXL (SD) E2Xt (SE)
ot B= LHRO| EXHE (variability) & =] CHHIM ErE RO BEME (I

(=)
E:
H=E -E%OI 20t AN YA=KE =3
JHE 2=gS0| EE8=C=2H 0Lt

HH JA=XIE H0i= E, BEE !E(samplmg distribution)

oA Hn

l SHAL XHOI: SD - "8t EE0| A" SE -~ "Bz £XZI0| SHAA”
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CiOIEiQ B I: JHES| S3

HZ=MAKStandard Deviation)l BE=2XKStandard Error)

[

set.seed(123)

# ZEEF JIE: A 50, E=HAL 10
population <- rnorm(100000, mean = 50, sd = 10)

# (1) 3fLfe] 2 (n=30) - sample distribution
samplel <- sample(population, size = 30)

# (2) ZE2ZH7C/ EF (10009 BIE) - sampling distribution
sampling_dist <- replicate(1000, mean(sample(population, size = 30)))
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CiOIEiQ B I: JHES| S3

ZMMXKStandard Deviation)2t E=2XKStandard Error)

# (1) ofLfe] EEON HEFZHA}
sd_samplel <- sd(samplel)

# (2) B8 EEZAE9 E=HAl (sampling distributiong/ SD)
sd_sampling <- sd(sampling_dist)

# (3) O|282zZE SE = SD / sqrt(n)
se_theory <- sd_samplel / sqrt(length(samplel))

H=E BEMR(SD) BEE28= EX0| HEEMR (= SE) 012 =KL (SD / Vn)
913 1.78 1.67
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" |

| =

A

HE=MX(Standard Deviation)2t EE2XKStandard Error)
SE= SDE (/n )9F L= 2k SE =

é\

StLISl &= =X (Sample Distribution) HEEH A2 £X (Sampling Distribution)
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A

=
[Tm—

DHE(Moment)

o Bk M3 > 0, QEZOZ ?I WE|E JHEl 2X(right-skewed)

2
12

M; <0, 2IZo= 21 W2|E JIE 2X(left-skewed)
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" |

| ==

jl

DHE(Moment)

o My = E[(z — p)]® = HE (2EIt IEH JISOIRQE=X)
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" |

| ==

jl

EMHE(Moment)
e My = E|(z — p)*] = #= (kurtosis, 2XJt L0t WESHX)

o lepto-: IR SXEII =t (gt BEOE S JU=)

[l

o meso-: 2RJIHuA EAYEE & X5 ¢

o platy-: EXJ} JHECE HHESH
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A

jl

| ==

DHE(Moment)

e My = E|(z — p)*] = #= (kurtosis, 2XJt L0t WESHX)
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CiOIEiQ B I: JHES| S3

olAE_1EH

RCode Plot  Explanation

library(car);library(ggplot2);library(tidyverse)

Prestige |> ggplot(aes(x = income)) +
geom_histogram(color = "gray", binwidth = 2500) +
scale_x_continuous(breaks = seq(0, 25000, 5000)) +
labs(title = "Average Income in 1970 (dollars)") +
theme_bw() + theme(plot.title = element_text(hjust = 0.5))
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http://127.0.0.1:4486/03-slides.html?panelset_001=r-code#panelset_001_r-code
http://127.0.0.1:4486/03-slides.html?panelset_001=plot#panelset_001_plot
http://127.0.0.1:4486/03-slides.html?panelset_001=explanation#panelset_001_explanation

CiOIEiQ B I: JHES| S3

HEEE==(Kernal Density Plot)

RCode Plot  Explanation

options(scipen=10000)
Prestige |> ggplot(aes(x = income)) +

geom_histogram(aes(y = ..density.., color =),
breaks=seq(0,max(Prestige$income),2000)) +
geom_density(aes(color = "Adaptive bandwith"),
kernel = "gaussian", linetype = 1, adjust = 0.8) +
geom_density(aes(color = "Fixed bandwith"), bw = 1500, linetype = 2,
position = "stack") +
geom_rug(color = "grey") +

scale_x_continuous(breaks = c(seq(0, 30000, 5000))) +
scale_y_continuous(breaks = c(seq(0, 15e-5, 5e-5))) +
theme(legend.title = element_blank(),

legend.text = element_text(size = 6),

axis.text.y = element_text(angle = 90, hjust = 0.5),

legend.position = c(0.75, 0.75))
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http://127.0.0.1:4486/03-slides.html?panelset_002=r-code2#panelset_002_r-code2
http://127.0.0.1:4486/03-slides.html?panelset_002=plot2#panelset_002_plot2
http://127.0.0.1:4486/03-slides.html?panelset_002=explanation2#panelset_002_explanation2

CIOIEIQ FE I: JHEL| 3
Q-QE=

RCode Plot  Explanation

with(Prestige, {
par(mfrow = c(1, 2), mar = c(4, 4, 4, 4))
qgqPlot(income, id=1list(n=0), col.lines="black")
plot(density(Prestige$income), main = "")})
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http://127.0.0.1:4486/03-slides.html?panelset_003=r-code3#panelset_003_r-code3
http://127.0.0.1:4486/03-slides.html?panelset_003=plot3#panelset_003_plot3
http://127.0.0.1:4486/03-slides.html?panelset_003=explanation3#panelset_003_explanation3

CiOIEiQ B I: JHES| S3

IAE=(Boxplots)

RCode Plot  Explanation

is_outlier <- function(x) {
return(x < quantile(x, 0.25) - 1.5 * IQR(x) |
x > quantile(x, 0.75) + 1.5 * IQR(x))}
Prestige |> rownames_to_column() |>
mutate(outliers = ifelse(is_outlier(income),
rowname, NA character_))
ggplot(aes(x = "", y = income)) + geom_boxplot() +

ggrepel::geom_text_repel(aes(label=outliers)) + theme_bw() +

labs(x = "")
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http://127.0.0.1:4486/03-slides.html?panelset_004=r-code4#panelset_004_r-code4
http://127.0.0.1:4486/03-slides.html?panelset_004=plot4#panelset_004_plot4
http://127.0.0.1:4486/03-slides.html?panelset_004=explanation4#panelset_004_explanation4

CiOIEiQ B I: JHES| S3

LEE(Scatterplots)

Plot  Explanation
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http://127.0.0.1:4486/03-slides.html?panelset_005=plot5#panelset_005_plot5
http://127.0.0.1:4486/03-slides.html?panelset_005=explanation5#panelset_005_explanation5

CiOIEiQ B I: JHES| S3

LEE(Scatterplots)
R Code Plot

library(patchwork)

pl <- Ornstein |> ggplot(aes(x = assets)) + geom_density() +
labs(x = "assets", subtitle = "(a)") + geom_rug() + theme_bw()

p2 <- Ornstein |> ggplot(aes(x = logl@(assets))) + geom_density() +
scale_x_continuous(labels = c(100, 1000, 10000, 100000)) +
labs(x = latex2exp::TeX("log$_{10}$(assets)"), y = "", subtitle = "(b)") +
geom_rug() + theme_bw()

p3 <— pl + p2 + plot_layout(ncol = 2)

print(p3)
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http://127.0.0.1:4486/03-slides.html?panelset_006=r-code5#panelset_006_r-code5
http://127.0.0.1:4486/03-slides.html?panelset_006=plot6#panelset_006_plot6

CIOIEIRI B I: JHEQ =3

LR (Scatterplots)
R Code Plot
Ol&td HIOIEICl BL, #=XIS0| SEEIN HMU= E=E 6| M=
o jitterz sHA.
library(ggExtra);library(gridExtra)
p5 <- Vocab |> ggplot(aes(vocabulary, education)) +
geom_point(size = 2, alpha = 0.5) +
geom_smooth(method = "lm", se = T, color = "black") + theme_bw()
p5 <- ggMarginal(p5, type="boxplot", size = 15)
p6 <— Vocab |> ggplot(aes(vocabulary, education)) +
geom_jitter(size = 2, alpha = 0.1) +
geom_smooth(method = "1lm", se = T, color = "black") + theme_bw()

p6 <- ggMarginal(p6, type="boxplot", size = 15)

grid.arrange(p5, p6, ncol = 2, nrow = 1)

U=l 0l 3
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http://127.0.0.1:4486/03-slides.html?panelset_007=r-code6#panelset_007_r-code6
http://127.0.0.1:4486/03-slides.html?panelset_007=plot7#panelset_007_plot7

CIOIEIQI EH I: JHE e =3
HIOIE! ¥1Z(Transforming Data)
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CIOIEIRI B I: JHEQ =3

HIOIE! ¥1Z(Transforming Data)
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CIOIEIQI EH I: JHE e =3
HIOIE! ¥1Z(Transforming Data)

R Code R Code Plot

T

HEZ Bz (Power transformations)t 2tHIE Ha6HH HE0iF= O =E20] & & US.

il

HIAHAH= S5 X, Y L= = D52 HES Biz2E o= HIZES
L. Mos’rellerg} TukeyOI s bulging rule g

= &Lk

te=ot
UL
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| B
AN
T
o
=
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http://127.0.0.1:4486/03-slides.html?panelset_008=r-code7#panelset_008_r-code7
http://127.0.0.1:4486/03-slides.html?panelset_008=r-code8#panelset_008_r-code8
http://127.0.0.1:4486/03-slides.html?panelset_008=plot8#panelset_008_plot8

CIOIEIR &= I: JHE e ST

HIOIE! ¥1Z(Transforming Data)

AT (Normalization)

EO

OHXISIO = ATH= HIOIH Bizh: A=t & HE=L

« = IF MZ LIE A /R0 B E St M= HEH6H0] HIWE 4~ UAH| o,

« 2k [0, 1] AtOIC] == HIOIEE Bist

N

Fat0lM Z[2gtS i 0120l ZICHEIOIA R4S M 2O = LISOE.

o X[AZICHaL0l HIEH BtE k= 2= OIEXI0 B
o LHIH A2 SUHIM= ArESHAIEE, SHZERNAM= ALE0HA 5.

o o L—Lmi
o Normalization = 1y

Lmax — Lmin
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CIOIEIQI EH I: JHE e =3
HIOIE! ¥1Z(Transforming Data)

KStandarization)
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s (Normalization)t E=3Standarization)
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HIOIEiIQI &H |: JHE9| =3
e Normalization)2t EEsKStandarization)
A ENHA
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s (Normalization)t E=3Standarization)

[

ETHE EHE
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TETETES
CI=ol D= 0I2610{ B= 50, E=TXI10= 2= 100H2] gt R&2I=Z= =20
=010 xUl A& stat

X <— c(rnorm(100, mean=50, sd=10), 1000)

1. normalize()Q} standardize()2i= 2
2t OI& 1HAIMIA colorsOl 2XIKEE HEO|= etLE [H=2] &M olal.

2. S St AE 0|20610] xE 22 s BEEgtol 2k20] g2 x _norm, x standi A&
St £|, 2r20] ™WAZHE A6kt
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