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CIOIEIRI S 1I: B & TS =X

Recap: 58 £&(levels of measurement)
H=2(Nominal): =A1Jt 2101 A=Z HHEIXQ! BH=(0l: B1)
= Me(Ordinal): &A1 U= BR0: s £, 2IHE &EX)
JHE(0l: &=)

m

olgted(Binary): 0 =2 12 EM/gi36t

sZted(Iinterval): = M2t S2HAS JHE, &2ICl O&(0: 2&)
HIE€(Ratio): =AlQt SZtAE JHXIN S A0l ZCH 0O&= JHA(H:
HOIo| S £=2 221J1 MEE £ A= SH JIEE 23

A5, LIOI)
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HIOIEIQ 2 H ||: CHHi2t @ QFHiEE

° b b O
o LIOIEIZ= AlZt=lolOF ol=JI?
HIOIE! AlZt2Hvisualization)Z Eol INEIS &g & U

o HIOIEO =HE! =Al, HIW, CHE, Ol XIE sh=01l I

-

HIOIEIQ] Al2tshs S XtO| LIIELH 21233t 0[0FDIQt HIAIKIS Rrst

—_=.
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=S H

—_ O

M

Z]2HA 0] 10 Ololol)| +I2 HEH=Z H

o

s

ot= SE

4 /50



CIOIEIRI S 1I: B & TS =X

JI==SHl(Descriptive Statistics)

&5t HIOIEHE <6t, IHEE £36HH, =S 21206HH dE6lk= Ol A Ekl= SHIA &
EH

. MSFOI(typical) AS DAQIT}? SAIZEHA

« 2= & O 2IH= LHiE=2 '54=0I

(scatter plot)2| LIS

[}

Ol E2l A /}—=I1?', 24K(variance)dt 212EE

Al
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Part l. X (Univariate Distribution)
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o HIEEH (Frequency Table)

(Mode)

OtHH 2= (Bar Plot)

o
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HIOIEIQI & ||: CiHiZF @ QFHiZF

B B U

H

RCode  Output

# gapminder CjO/EIXI0fA 2007 H OfA[Of CHE =Vt=S| +& HLICH
library(gapminder); library(dplyr)

asia_2007 <- gapminder |>
dplyr::filter(year == 2007, continent == "Asia")

# sub_region2 OfAIZ Llaf 2/o/= H&st H+2/L/C),
set.seed(123)
asia_2007%sub_region <-
sample(c("East Asia", "Southeast Asia", "South Asia", "West Asia"),
size = nrow(asia_2007), replace = TRUE)

# X|9(sub_region) ¥ =} BlIZ®E MY
asia_2007 |> count(sub_region, sort = TRUE)
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http://127.0.0.1:7248/04-slides.html?panelset_001=r-code#panelset_001_r-code
http://127.0.0.1:7248/04-slides.html?panelset_001=output#panelset_001_output

X

IH

=it

CIOIEIRI SE |I: S & &

F
HA

(= OIOIE0IAM JHE BIHGHA| LIEH b=

ES LI

=2 HIOIEUIAL Al

2 "West Asia”.

-
HA

=

« 210 MIMICIA Z=IE
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FO| HI=EE SILHO| =O0I= HEi610d AIZASZ HIWE 4~ AUAH &l

R Code Plot

# geom_bar ()= GIO/ESl BIZEE XfsC= A0 T2{ZL/CE.
asia_2007 |> ggplot(aes(x = sub_region)) +
geom_bar(fill = "steelblue") +

labs(title = "20073 OfA[OF =7t59| X[HE ==",
x = 3%l X",
y — II:?l_jl_ AII)
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http://127.0.0.1:7248/04-slides.html?panelset_002=r-code2#panelset_002_r-code2
http://127.0.0.1:7248/04-slides.html?panelset_002=plot#panelset_002_plot

reorder() t4£E A6l SILHE 3J| == FEGHL, geom_text ()= SIH QU0 S &

R Code Plot

# B A = AlZf3}
asia_counts <- asia_2007 |>
count(sub_region)

asia_counts |> ggplot(aes(x = reorder(sub_region, n), y = n)) +

geom_col(fill = "skyblue") + # geom_col()=2 A=l S AIE
geom_text(aes(label = n), vjust = -0.3) +
coord_flip() + # x=Io} y=2 HIF
labs(title = "2007'd OfAlot Z7t=9| X|9H E=x (HFH)",
x = "t X", y = "IJ7 ")
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http://127.0.0.1:7248/04-slides.html?panelset_003=r-code3#panelset_003_r-code3
http://127.0.0.1:7248/04-slides.html?panelset_003=plot2#panelset_003_plot2
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CIOIEIRI S 1I: B & TS =X

== -
Sa3Tde =3

HIOIE =X0| S& = HMEHQI gi= LIEHH= SHE
« Hxz(Mean): 2= gi= Ooll 810l 2 Liz =8

2 B2X9o| RHISA, BEH «Z0AM= JlHgk(expected value)Ol2tl e =&l

o B= HIOIH gi2 AME6t= §3&, Ol Kl(outlier)2l 22l= =HAQ! g0 L BlZ
« S2el(Median): 2= gi2 = AHZE LIZHE [ S0l IXISH= &84

o HIOIEIE T V1= = HEME [ S0l
percentile).

o OI”IION Iet= 'é*II 20t =XII SHEZO = XRM US [H(skewed), ==L} S&
= O & LIEtE
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o
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H

df <- data.frame(value = c(1, 2, 3, 4, 100))

mean_val <- mean(df$value)

ggplot(df, aes(x=value)) +
geom_dotplot(binwidth = 1.5) +
geom_vline(aes(xintercept=mean_val), color="red", linetype="dashed") +
annotate("text", x=mean_val+10, y=0.8, label=paste("Zz# =", mean_val), color="red") +
labs(title="0[&%|(100)0f 2lsf HrO| RLEZCZ 0|3") +
theme(axis.text.y=element_blank(), axis.ticks.y=element_blank())
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http://127.0.0.1:7248/04-slides.html?panelset_004=r-code4#panelset_004_r-code4
http://127.0.0.1:7248/04-slides.html?panelset_004=plot3#panelset_004_plot3
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o
Al
H

df <- data.frame(value = c(1, 2, 3, 4, 100))

median_val <- median(df$value)

ggplot(df, aes(x=value)) + geom_dotplot(binwidth = 1.5) +
geom_vline(aes(xintercept=median_val), color="blue", linetype="dashed") +
annotate("text", x=median_val+15, y=0.8, label=paste("&%Zf =", median_val), color="blue")
labs(title="0|&X[(100)0] Y= =X ¢t= ISAU") +
theme(axis.text.y=element_blank(), axis.ticks.y=element_blank())
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http://127.0.0.1:7248/04-slides.html?panelset_005=r-code5#panelset_005_r-code5
http://127.0.0.1:7248/04-slides.html?panelset_005=plot4#panelset_005_plot4

L
=
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o
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[0
rﬂ
o
0
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[
o
Al
H

gdp_2007 <- gapminder %>% dplyr::filter(year == 2007)
mean_gdp <- mean(gdp_2007%$gdpPercap)
median_gdp <- median(gdp_2007$gdpPercap)

gdp_2007 |> ggplot(aes(x = gdpPercap)) +
geom_histogram(bins = 30, fill = "lightblue", color = "black") +

geom_vline(aes(xintercept = mean_gdp, color = "H#"), linetype = "dashed", size = 1) +
geom_vline(aes(xintercept = median_gdp, color = "&Y4"), linetype = "dotted", size = 1) +
scale_color_manual(name = "EA&", values = c(""Z" = "red", "SYU" = "blue")) +

labs(title = "20074 12Y GDP ==", x = "1¢lgk GDP", y = "HIE") +
annotate("text", x=mean_gdp+12000, y=20, label=paste("Zz:", round(mean_gdp)), color="red"
annotate("text", x=median_gdp+12000, y=15, label=paste("&zf:", round(median_gdp)), colors=
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http://127.0.0.1:7248/04-slides.html?panelset_006=r-code6#panelset_006_r-code6
http://127.0.0.1:7248/04-slides.html?panelset_006=plot5#panelset_006_plot5

CIOIEIRI S 1I: B & TS =X

MELE 9| SF(Measures of Dispersion)

HIOIE I Sa3SEC=2H 20 M J}A=Kl, = Bisd(variability)Ol 20t 2XI=
LHEFEH.

« B2l (Range): ZICHgk - XA gk

« Al22I #2l (Interquartile Range, IQR): BAE I (75%) - TAFERI£(25%). Ol
OlEiCl &2t 50% It ZEetk|= He

« 2&H (Variance): 3=C=282H E0Zl He2lCl M&Q| B, Ere{JF &ed EreICl HI=O0l
E|01 oHA 0l O =.

« H=TX} (Standard Deviation): E412| Ml&=. & cH HIOIE QF ErIJF 20t sHA01 2
OloHH, E=AO= gi0l B=UIA 20t 20IH U=XIE LIEH.

=I
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CIOIEIRI & 1I: S & S =X
AL O] £J: B2t AlELI= B2l (Range & IQR)
summary () B2 SeH ROIM &1H HAIE £ US,

summary(gdp_2007$gdpPercap)

##t Min. 1st Qu. Median Mean 3rd Qu. Max.
#Hit 277.6 1624.8 6124.4 11680.1 18008.8 49357.2

« B2l (Range): 4935719 - 27765 = 49079.64
e Al

HII

2l B2l (IQR): 11981.85 - 1624.84 = 10357.01

o 0= 1218 GDP2l =2 50%Jt 2F $10,3579] B2 2Holl Lot

k)

[0
1110

{®
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[z

X

[

COIEIRI SE II: EHHEF & S

MELO| EX: EA(Variance)l EEMAKStandard Deviation)
Vari o0 S (i — T)? # 20079 Jlcf=~5i(1ifeExp) S £rtnf E=EH
arlance(s ) — n—1 var(gdp_2007$1ifeExp)
(z; — )? ## [1] 145.7578
Standard Deviation = \/ Z’ 1 ! 2
n - sd(gdp_2007$1ifeExp)

## [1] 12.07302
200749 IS0 8 JIHie32 2 67M|, E=TXl= 2124

« ZJISC| JIli+30| == SaC= 4 128 Sk IIMRJULH= 2Ol
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HIOIE Sl BI2IE 0121 "H2ZHbin)"Q=Z LI 2t A2t £6k= HIOIE Q| HI=E BHTHZ LIEL

LH
:.

« A2I9] L:II:II(bthld’rh)OH [t2t SIAETEO| BZ0| EC2HE £ UALH=, 0121 HHIZE Al
ColE= 2101 5
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CIOIEIRI B 1I: EHHE & SIS =X

RO £ slAE

R Code Plot

# 20074 =% 2%
gdp_2007 |> ggplot(aes(x = lifeExp)) +
geom_histogram(binwidth = 5, fill = "darkseagreen", color = "white") +
labs(title = "2007= ™ MHA 7=y 2=Z",
x = "7|ti=d (M), y = "Ik ")
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http://127.0.0.1:7248/04-slides.html?panelset_007=r-code7#panelset_007_r-code7
http://127.0.0.1:7248/04-slides.html?panelset_007=plot6#panelset_007_plot6

HIOIEIQI = II: E
MELEO| =3F: olA

-2t HHIJHHR &EQ
]IHE1':> HIl 0AHS.

Ho
=] = jro

—2F (binwidth = 15)

=EO
=

H2 72t (binwidth = 15)

80

60

<+

~ 40

rr

) --
0

40 60

OM ZXO| NE SH

Jt AREAIA, HR &2

72t (binwidth = 1)

80

LOI=JL &

=1 PE PSS EStel
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http://127.0.0.1:7248/04-slides.html?panelset_008=%EB%84%93%EC%9D%80-%EA%B5%AC%EA%B0%84-(binwidth-%3D-15)#panelset_008_%EB%84%93%EC%9D%80-%EA%B5%AC%EA%B0%84-(binwidth-%3D-15)
http://127.0.0.1:7248/04-slides.html?panelset_008=%EC%A2%81%EC%9D%80-%EA%B5%AC%EA%B0%84-(binwidth-%3D-1)#panelset_008_%EC%A2%81%EC%9D%80-%EA%B5%AC%EA%B0%84-(binwidth-%3D-1)

CIOIEIRI B 1I: EHHE & SIS =X

SR o| S3: HE 2 E2(Kernel Density Plot)

AE1E

1110

B2 =4 SEHEZ LIEHH A

Ot

O] HYE [H S=tol

X

| I

——

ofsl £ UHIGHE=.

Al
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CIOIEIRI B 1I: EHHE & SIS =X

SR o| S3: HE 2 E2(Kernel Density Plot)

R Code Plot

# 200749 Clti+% 2x
gdp_2007 |> ggplot(aes(x = lifeExp)) +
geom_density(fill = "indianred", alpha = 0.5) +

labs(title = "2007F ® MA 7|d=9 =% (= EX)",
x = "IlchaE (M),
y - “DEIE")
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http://127.0.0.1:7248/04-slides.html?panelset_009=r-code8#panelset_009_r-code8
http://127.0.0.1:7248/04-slides.html?panelset_009=plot7#panelset_009_plot7

CIOIEIRI S 1I: B & TS =X

AEEO| £F: HE 2 E=(Kernel Density Plot)

OIAETME BEMR =4 SHEHZ LIEHH =

=HO| RS [ S=tohAH Mefe £+ AN ois
« MO EX= F MO ER2I1E IRl =& (bimodal) EX=E HE.

« JILH23B0I E2 =JI 81 =2 =JI 5, & &EC=E Li=l & UASE AlAL
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CIOIEIRI SE II: EHHiE & SVSE =X

]
SR O| SH: SIAEEN 2 £ Z XD

£ EHEE & J2|H EX0 CHet O SRst 32E 22 + US.

R Code Plot

# 20074 ClCi+5% 2xZ
gdp_2007 |> ggplot(aes(x = lifeExp)) +

geom_histogram(aes(y = ..density..), binwidth = 5, fill = "darkseagreen", color
geom_density(color = "indianred", size = 1) +
labs(title = "20074 7|ti+d 2= (SIAEJ™ & TE ER)Y,

x = "7|ci=" (M),

y = "2E")

"white")
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http://127.0.0.1:7248/04-slides.html?panelset_010=r-code9#panelset_010_r-code9
http://127.0.0.1:7248/04-slides.html?panelset_010=plot8#panelset_010_plot8
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Part Il. X(Bivariate Distribution)
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CIOIEIQI FH II: EHE & HIS EX
QIHIZE ST EL?
otLtel 2t= Er2|0ll CHoH & JHel RIS SAI0I =& st HIOIEH &gt
« 5= B101 2t0] ZtH|I(relationship) L= At (association)S EHHGH= A

« &= BI0I2 Sl &20I=01? (& 2tH)? BIH= S£01=01? (A
A

ZHHI) OFLIH

=P,
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RCode  Output

# 20074 OfAloF =2f=9] X[9(sub_region) Zf
# 12/5F GDP +&(gdp_level) zZto/ &7
# gdp_level: 12/ GDP F2E= 7[Z2=Z 'High'et 'Low'Z Lf=
asia_2007 <- asia 2007 %>%
mutate(gdp_level = ifelse(gdpPercap > median(gdpPercap), "High", "Low"))

# LAE MY
asia_2007 %>%
count(sub_region, gdp_level) %>%
pivot_wider(names_from = gdp_level, values_from = n, values_fill = 0)
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http://127.0.0.1:7248/04-slides.html?panelset_011=r-code10#panelset_011_r-code10
http://127.0.0.1:7248/04-slides.html?panelset_011=output2#panelset_011_output2

CIOIEIQ B |I: EtHiS & 2T EX
HES-EHFS: O8 UH J28HE(Grouped Bar Plot)

W KHHO| AHE AlZtelol0i 5 2t0| XI0IE O &l Hl Hiw

RCode  Output

# 2007 OofAlo} ZItE9 X|9%(sub_region) Zf

# 12/5F GDP +&(gdp_level) zZto/ &7

# gdp_level: 19/5 GDP F2FlE 7[F2= 'High'2l 'Low'ZE L=
asia_2007 |> ggplot(aes(x = sub_region, fill = gdp_level)) +

geom_bar(position = "dodge") + # "dodge" = EICE YO= LIS HiX]
labs(title = "OfA[O} X|9¥E GDP & ==",
X - "6"‘?—' xloﬁ:lll’ y — Ili_7|_ _¢_II’ fi'L'L - IIGDP _JIK__DI'_C_II
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http://127.0.0.1:7248/04-slides.html?panelset_012=r-code11#panelset_012_r-code11
http://127.0.0.1:7248/04-slides.html?panelset_012=output3#panelset_012_output3

CIOIEIRI SE |I: B & SHIS =X
HTS-MIE: HIS S5 O J3E
Al

position = "fill" SHS

RCode  Output

# 20074 OFAlOF ZI7k=9] X9 (sub_region) Zf
# 1215 GDP +&=(gdp_level) zZto/ =7
# gdp_level: 12/5 GDP Z2gls 7[F2= 'High'el 'Low'E Lf=
asia_2007 |> ggplot(aes(x = sub_region, fill = gdp_level)) +
geom_bar(position = "fill") + # "fill"2 HEZ ZHA/
scale_y_continuous(labels = scales::percent) +
labs(title = "OtA[O} X|E GDP & H|E",
x = "st¢| Xg", y = "H|g", fill = "GDP #&")

= Hlw

otJl E0l
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http://127.0.0.1:7248/04-slides.html?panelset_013=r-code12#panelset_013_r-code12
http://127.0.0.1:7248/04-slides.html?panelset_013=output4#panelset_013_output4

MEN OIS IEN WA BE
Ol (k2 2156 BI210| 2T ({EH CHEKXI HIwsk=0l (HR = A

RCode  Output

# 20074 CHE(continent)d Z/Cf+Z(lifeExp) 2% H/
gdp_2007 |> ggplot(aes(x = continent, y = lifeExp, fill = continent)) +
geom_boxplot() +

labs(title = "CHEE 7|0+ Z=Z (2007)",
x = "Og", y = "7lti+=8") +
theme(legend.position = '"none")
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http://127.0.0.1:7248/04-slides.html?panelset_014=r-code13#panelset_014_r-code13
http://127.0.0.1:7248/04-slides.html?panelset_014=output5#panelset_014_output5

HE

CIOIEIRI B 1I: EHHE & SIS =X

e - O
redorder ()= 2tA E£ EEolDI|

E£2 JE6tH = 21| XI0I= O S=totH HInE + US.

o

Il
o]}

ST ENZ A

H
lH

RCode  Output

# 20074 CfE(continent) Z/0f+%(lifeExp) 2% H/u
gdp_2007 |> ggplot(aes(x = reorder(continent, lifeExp, FUN = median), y = lifeExp, fill =

geom_boxplot() +

labs(title = "OiEE 7|d=% == (54 = )",
X — IIEHEI_II’ y II7|EH_¢_DC:>|II) +
theme(legend.position = "none")
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http://127.0.0.1:7248/04-slides.html?panelset_015=r-code14#panelset_015_r-code14
http://127.0.0.1:7248/04-slides.html?panelset_015=output6#panelset_015_output6

ClIOIEIRI SE£ I

EHNSt g i En

e e O

013810181 MEIE(Scatter Plot)
T Oise B4 210 HHIE AlZtelch= JHE JIE R Q1 B, 2t 2= XIE x4 y=2l 20l 6
CHH= O

RCode  Output

# 20074 125 GDPSt Z|CH+529/ ZHA)
gdp_2007 |> ggplot(aes(x = gdpPercap, y = lifeExp)) +
geom_point() +
labs(title = "19lE GDP2t 7[cH+H (2007)",
x = "19lgt GDP", y = "7|cH5g")
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http://127.0.0.1:7248/04-slides.html?panelset_016=r-code15#panelset_016_r-code15
http://127.0.0.1:7248/04-slides.html?panelset_016=output7#panelset_016_output7

ClIOIEIRI SE£ I

E(Scatter Plot)
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CIOIEIRE S& |I: B & SHE =X

2t (Axis Transformation)

ZO=E XRE Hie= =7 Bizl(log transformation)S Soll £

B4 20| ME BIHIE O B = 4 US.

gdp_2007 |> ggplot(aes(x = gdpPercap, y = lifeExp)) +
geom_point() +
scale_x_10gl0() + # x== 23 A7Y=Z b5t
labs(title = "12& GDP(21)2} 7|ciH (2007)",
x = "10lzk GDP (21 AAHY)"™, y = "7|CHH")

=

1
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http://127.0.0.1:7248/04-slides.html?panelset_017=r-code16#panelset_017_r-code16
http://127.0.0.1:7248/04-slides.html?panelset_017=output8#panelset_017_output8

CIOIEIRI S 1I: B & TS =X

ZO=E XRE Hie= =1 Bizl(log transformation)S Sol EXE CHEN JRZH| Bt=

B 210 M ZHHIE O S=hohHl = £+ US.

210 et 5 & e 210] 0| Med 2HAHIDF W SEESHA LIEH.
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HIOIEIQ 2 ||: CiHiZF & QFHIE!

o1=31-01=31: ME T 0|J| Aesthetics =1

X

HE

aes() 20l color, size, shape S [IE H4LE FII6H0 O 2 AHE ot H

S —

2
f
I
T
1

RCode  Output

gdp_2007 |> ggplot(aes(x = gdpPercap, y = lifeExp, color = continent, size = pop)) +
geom_point(alpha = 0.7) + # &9 =Eg9- =&
scale_x_logl@(labels = scales::dollar) +

scale_size_continuous(range = c(1, 10), labels = scales::comma) + # & =7/ &2 =&
labs(title = "192l=k GDP2t 7|cH+™H (2007)",

x = "1¢9lek GDP (23 AFg)", y = "7|cf+H",

color = "CHE", size = "ol3")
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http://127.0.0.1:7248/04-slides.html?panelset_018=r-code17#panelset_018_r-code17
http://127.0.0.1:7248/04-slides.html?panelset_018=output9#panelset_018_output9
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ol=3i-0i£3l: ARG 21011 Aesthetics =Tt

H

aes() CtHl color, size, shape S [IE HAE 1610 O B2 FHE ot Hl| HESiE £
ol
[HEHE MZ CIFHE FO| AV|E LCI=A| 610 LKA FHE StNoZ ME

41/50



CIOIEIQ SE I &S & SHS =X
2HHIel X1 Qo

AZizh= 2EHIC| ZBHNQI HEHS H 0= XI8 2HHIQ| et ZEE FEHO = ROt 2

oHANE XA SEIER
« 32AKCovariance)

o &Z2tHI4(Correlation Coefficient)
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CIOIEIRE S& |I: B & SHE =X

ZHHICl XA Ko SE4

= BiLT) B Bigtsts Ak Cov > 0: & BiLJ| 22 wetoz 25|l
(BA 2HH)
2?21 (z; — Z)(yi — 9)
Cov(z,y) = — Cov < 0: & Hi4J} HI} WEto= 2|9
(2F 2tH)
Ct, B40| EQ|0]l 2t SEAQ| 242 I HtKIZE, BHHIC| ZEE ZIA HImsH = 012
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ClIOIEIRI BE I &

ZHHIC| £XIE QO SEL

= Hi40} SN Hisksts BE Cov > (: & BiJ} 22 WIsto= 222
A A aHH|)
2?21 (zi — Z)(yi — 9)
Cov(z,y) — Cov < 0: &= H14Jt BT Wato= S X

(2 2HH)

# 20074 12/ GDPS} Z|CH+2ef ZZEA
cov(gdp_2007%$gdpPercap, gdp_2007$lifeExp)

## [1] 105368
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ClIOIEIRI SE£ I

a3

m_
<0

ol
Kl

<k

ol

Hl

cor(gdp_2007%$gdpPercap, gdp_2007$lifeExp)

afQ=, 11t T ALOI9]

¥

e
o
|

H H=3)

_
T

20| HE=MKI=Z Lt
Cov(z,y)

= L-"T —

i

Zr d

=)

(r)Jt JHe el 48

b

A
L

=
| ==
A
-~

e}
o
Hl

[l

<

Al
R0
7l

## [1] 0.6786624

0.689 &
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P2t JICH

Al
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http://127.0.0.1:7248/sh.park.poli@gmail.com
https://www.sanghoon-park.com/

